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SN Title of paper Name of the author/s
Department of 

the teacher
Name of journal

Year of 

publication
ISSN number

Link to the recognition in UGC 

enlistment of the Journal

214 Contribution of Artificial Intelligence to the 
E-learning

S.B.Bele            
Computer 

Application 
IRJIET, Volume 2, Issue 5, 
PP 24-27, 1.98

2018-19 25813048
Not listed in present UGC approved list as 
well as in deleted approved UGC List

215 Contribution of Artificial Intelligence to the 
E Learning

S.B.Bele, Ms. S.K. 
Totade

Computer 
Application 

IJRECE Volume 6, Issue 3 2018-19 23482281
https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

216 INNOVATIVE TECHNIQUES IN 
HIGHER EDUCATION THROUGH E-
LEARNING

S.B.Bele, Ms. S.K. 
Totade, Ms. A.R.Raut

Computer 
Application 

IJRECE Volume 6, Issue 3 2018-19 23482281 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

217 Big Data Storage Technologies and 
Challenges of Big Data Storage and 
Management

Ms. S.K. Totade           &  
S.B.Bele           and            
Ms. A.R.Raut

Computer 
Application 

IJRECE  Volume 6, Issue 3 2018-19 23482281 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

218 Leap Protocol in Wireless Sensor Network
Ms. A.R.Raut & S.B.Bele  
&           Ms. S.K. Totade

Computer 
Application 

IJRECE ,Volume 6, Issue 3 2018-19 23482281
https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

219 A Comparative Study of Grid and Cloud 
computing

S.B.Bele            
Computer 

Application 
IJOCR,Volume 10,Issue 07, 
page no.71098-71102, 

2018-19 0975833X
Not listed in present UGC approved list as 
well as in deleted approved UGC List

220
Review on social security attacks on online 
social networking for Rumors Blocking 

Ms.S.M.Mohod Computer Science

International Journal Of 
Electronics,Communication 
And Soft Computing 
Science &Engineering 

2018-19 23487143
Not listed in present UGC approved list as 
well as in deleted approved UGC List

221 Study of Security Challenges in 
Multilayered Structure and Various Attacks 
on IoT.

S.B.Sarvaiya Computer Science

International Journal Of 
Electronics,Communication 
And Soft Computing 
Science &Engineering 

2018-19 23487143
Not listed in present UGC approved list as 
well as in deleted approved UGC List

222 Internet of Things Security Architecture: 
Challenges and Issues

Ms.S.B.Sarvaiya Computer Science
An International 
Multidisciplinary Quarterly 
Research Journal

2018-19 22775730
Not listed in present UGC approved list as 
well as in deleted approved UGC List

223 Factors Affecting Segmentation of Web 
Pages using Web Content Mining

Mr.D.M.Kene Computer Science
Research 
Journey,International E-
Research Journal

2018-19 22779477
Not listed in present UGC approved list as 
well as in deleted approved UGC List

224

Discrimination at work Place R.J.Gajbe Electronics

New Man International 
Journal of Mulltidciplinary 
studies

2018-19
23481390

Not listed in present UGC approved list as 
well as in deleted approved UGC List

3.3.2 Number of research papers per teachers in the Journals notified on UGC website during 

the Academc Year 2018-19
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225 Socialite Evenings: A Chronicle of Karuna‟s 
journey towards emancipation as a new 
woman

Dr.R.M.Patil English
Vidya Warta International 

Multilingual Refereed  
Research Journal

2018-19 23199318
Not listed in present UGC approved list as 
well as in deleted approved UGC List

226 Intertextuality in Ruskin Bond: Bridging 
The Gap Between Fact and Fiction

Dr.R.M.Patil English
LangLit An International 

Peer-Reviewed Open 
Access Journal

2018-19 23495189
Not listed in present UGC approved list as 
well as in deleted approved UGC List

227

Baby Haldar‟s“Life Less Ordinary: An 
Extraordinary Autobiography Dr. P.S. Yenkar English

Ayushi International 
Interdisciplinary Research 
Journal (AIIRJ), Special 
No.26,pp 2652-2654,March 
2018,ISSN 2349-678x, 
www.aiirjournal.comUGC 
Approved Journal (Journal 
No. 64259)

2018-19

2349678X

Not listed in present UGC approved list as 
well as in deleted approved UGC List

228 A Married Woman: an analysis in Feminist 
Perspective

Prof. V. P.Shekokar English
Vidya Warta International 

Multilingual Refereed  
Research Journal

2018-19 23199318
Not listed in present UGC approved list as 
well as in deleted approved UGC List

229
Kantowski–Sachs Bulk Viscous String 
Cosmological Model in f (R , T ) Gravity 
with Time Varying Deceleration Parameter

P. P. Khade, A. P. 
Wasnik, S. P. Kandalkar Mathematics

Global Journal of Science 
Frontier Research

2018-19

22494626

Not listed in present UGC approved list as 
well as in deleted approved UGC List

230

Yoga and Modern Life Dr. D. S. Wankhade
Physical Education 

and Sports

Research Journey 
Multidisciplinary 
International 2018-19

23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

231
Aarthatadnya Lokmanya Tilak Dr. D. S. Rangacharya Economics Research Journey 2018-19 23487143

https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

232 Indian Art and Architecture Dr. A. D. Chauhan Sociology Research Journey 2018-19 23487143
https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

233 Haematological responces to endosulfan 
toxicity in the Indian garden lizard, Calotes 

versicolar Dr. N. R. Thorat Zoology Review of Research 2018-19 2249894X

Not listed in present UGC approved list as 
well as in deleted approved UGC List

234 Endosulfan and parathion induced effect on 
liver and kidney of garden lizard Calotes 
versicolar in respect of metabolites: Glucose 
and Protein

Dr. N. R. Thorat and S. 
V. Gudadhe Zoology Review of Research 2018-19 2249894X

Not listed in present UGC approved list as 
well as in deleted approved UGC List

235

Adhunik kalatil : bhartiy stri Nitin Khobragade Zoology

Aarahat multidiciplicinary 
International education 
Research Journal 2018-19 22785655

Not listed in present UGC approved list as 
well as in deleted approved UGC List
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236 Root Causes of Pesticide poisoning among 
farmers in different villages of Yeotmal 
region

N.R. Thorat, Amjad 
Hussain and Abhishek 
Kadam Zoology Review of Research 2018-19 2249894X

Not listed in present UGC approved list as 
well as in deleted approved UGC List

237 Design of novel amyloid β aggregation 
inhibitors using QSAR, pharmacophore 
modeling, molecular docking and ADME 
prediction

Lilly Aswathy, 
Radhakrishnan S. Jisha, 
Vijay H. Masand, 
Jayant M. Gajbhiye, 
Indira G. Shibi

Chemistry In Silico Pharmacology, 
2018, 6:12

2018-19

21939616

Not listed in present UGC approved list as 
well as in deleted approved UGC List

238 Growing Cybercrimes Threats with 
Ransomware R B Patil

Management 
Studies SMART INDIA 2018-19 23194979 http://www.viirj.org/declaration.html

239 Exploration, Assesment and ethnobotanical 
studies of tribe korku inhabited in melghat 
forest area of Amravati, Maharashtra, India.

N. A. Wagay, Shah Rafiq, 
M. A. Gazi, A. A. 
Maheshwari, Nawaid 
Ahmad,

Botany

Research journal of Life 
sciences, bioinformatics, 
Pharmaceutical and 
Chemical Sciences.

2018-19 24546348
Not listed in present UGC approved list as 
well as in deleted approved UGC List

240 Cytotoxic Properties of Curcuma inodora 
Leaf Against (Miapaca-2) Human Pancreatic 
Carcinoma Cell Line

M.U.Ghurde & 
S.N.Malode

Botany
Research Journey‟ 
International E- Research 
Journal

2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

241 METAPHORICAL EFFECTS OF 
ORGANOPESTICIDES CARBENDEZIM 
AND MALATHION ON THE
GROWTH AND PHYSIOLOGICAL 
ACTIVITIES OF CYANOBACTERIA 
NOSTOC COMMUNE, VAUCHER 
INHABITING THE RICE FIELD OF 
BHANDARA DISTRICT

P. G. Bansod and H. A. 
Khobragade

Botany
International Journal of 
Current Advanced Research

2018-19 23196475
Not listed in present UGC approved list as 
well as in deleted approved UGC List

242 Arbuscular mycorrhizal biodiversity 
associated with Citrus aurentifolia  from 
amravati region

L.P.Khalid,Pulate P.V Botany
International Journal of Life 
Science 

2018-19 23207817
Not listed in present UGC approved list as 
well as in deleted approved UGC List

243 Embedded System Security
Ms. A.R.Raut &           
Ms. S.K. Totade

Computer 
Application 

Research journey 2018-19 23487143
https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

244 Study of Advances in Artificial Intelligence 
and Deep Learning

V.R. Dhawale
Computer 

Application 
Research journey 2018-19 23487143

https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

245 An Overview of “Cloud Computing” S. B. Bele
Computer 

Application 
Research journey 2018-19 23487143

https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

246 Universal Knowledge Discovery from Big 
Data

V.N. Mohod
Computer 

Application 
Research journey 2018-19 23487143

https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

247 The Role of Cloud Computing in Education M. S. Sharma
Computer 

Application 
Research journey 2018-19 23487143

https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf
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248 A Survey on one Time Password: That 
Provides Protection Against Various 
Password - Based Attacks.

Bhushan R. Padar
Computer 

Application 
Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

249 The Risk And Limitations of Security 
Mechanisms on IoT Environments

S.B.Sarvaiya Computer Science
International Engineering 
Journal for Research & 
Development

2018-19 23490721
Not listed in present UGC approved list as 
well as in deleted approved UGC List

250 Study of Various Implemented Approaches 
for Rumour Detection over Social Media 
Platform.

S.M.Mohod Computer Science
International Engineering 
Journal for Research & 
Development

2018-19 23490721
Not listed in present UGC approved list as 
well as in deleted approved UGC List

251 Formulation and Evaluation of moisturizing 
skin serum with hyaluronic acid by using 
nano technology.

MS. Y.V. DHOTE & DR. 
S.D. PANDE.

Cosmetic 
Technology

Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

252 Encapsulation of moisturizer in bath 
preparation to improve skin conditioning

DR. LALIT K. VYAS & 
MR. BHUSHAN 
LADDHA

Cosmetic 
Technology

Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

253 The Dead Sea Mud & Salt: Its 
characterization, Contaminants & Benefical 
Effects

PROF. P.A. KOLHE & 
A.V. Gulalkari

Cosmetic 
Technology

Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

254 Activated charcoal used in cosmetics PROF. RASHMI TALE 
Cosmetic 

Technology
Research journey 2018-19 23487143

https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

255 Formulation and development of 
clerodendrum sulphate free face wash

KHUSHBU JAIN,  & 
MRUNAL 
WARANAKAR & 

Cosmetic 
Technology

Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

256 Metallic nanotechnology as a novel drug 
carrier in cosmetics

MS. UNNATI 
KALMEGH

Cosmetic 
Technology

Research journey 2018-19 23487143
https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

257 Formulation and development of hydrating 
gel by using liposome technology

Ms. Ashwini Sangle & 
Ms.yogita Dhote

Cosmetic 
Technology

Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

258 Formulation and Evaluation Multiple use 
hair lotion with Herbal actives

Mrs. B.R.Dahikar
Cosmetic 

Technology
Research journey 2018-19 23487143

https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

259 Formulation and development of 
antibacterial and antifungal sanitizer

Mrs. R.A. Vishwakarma
Cosmetic 

Technology
Research journey 2018-19 23487143

https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

260 Characteristiccs of Electronics Transducer in 
Biomedical Instruments N.B.Raut Electronics Research journey 2018-19 23487143

https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

261 Use of AINN Filters for Reduction of Noise 
From ECG Signals R.J.Gajbe Electronics Research journey 2018-19 23487143

https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

262 Necessity of Internatinalization of the 
Curriculum for Indian Universities

Dr.R.M.Patil English
RESEARCH REVIEW 
International Journal of 

Multidisciplinary
2018-19 24553085

Not listed in present UGC approved list as 
well as in deleted approved UGC List
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263

Dr. BabasahebAmbedkar‟s Contribution to 
the Emancipation of Women 

Dr. P.S. Yenkar English

„Ajanta‟ An International 
Multidisciplinary Quarterly 
Research Journal Vol. IX, 
Issue 2,pp 23-26 April-June 
2019, ISSN No. 2277-5730

2018-19 22775730
Not listed in present UGC approved list as 
well as in deleted approved UGC List

264 Resource Sharing and Knowledge 
Management System in Acadamic Libraries

Dr.Vishal R.Shekhawat

Library and 
Information 

Sciences

International  E-Research 
Journal

2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

265 Bianchi Type VI Model With Anisotropic 
Dark Energy In A Scalar Tensor Theory of 
Gravitation

A. P. Wasnik, P.P. Khade Mathematics
Research Journey 
International E Research 
Journal

2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

266

Sports Nutrition Dr. D. S. Wankhade
Physical Education 

and Sports

An international 
Multidisciplinary 
Quarterly research Journal

2018-19 22775730
Not listed in present UGC approved list as 
well as in deleted approved UGC List

267 Synthesis and Humidity Sensing 
Investigations of Nanostructured ZnO 
Doped SnO2 Thick Films                                 

R. M. Agrawal, G. T. 
Lamdhade

Physics Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

268 Effect of UV Radiation on the Dielectric 
Properties of Salicylic Acid Doped Polymer 
Thin Film of PMMA

Vidhale S.G. Belsare N. 
G., Wadatkar A. S., 
Wasnik T. S.

Physics Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

269 Surface Activated Cr2O3 Based Thick Film 
for Ammonia Gas Sensing

P.M. Chandak , F.C. 
Raghuwanshi , S. V. 
Agarkar  & V.D. Kapse

Physics Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

270 Study of Variation of AC Electrical 
Conductivity of 4:1 PMMA+PS Polyblends 
With Constant Temperature and Varying 
Frequency, 

H. G.  Pande, G. T. 
Lamdhade, R. V. Joat, T. 
S. Wasnik

Physics Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

271 AC Conductivity and Dielectric Study of 
Pva Based Solid Polymer Electrolyte

S.R.Jadhao, R.V.Joat, S. 
P. Bakde

Physics Research journey 2018-19 23487143
https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

272 The DC Electrical Properties of Composites 
Polymer Electrolytes

S. P. Bakde, R. V. Joat &  
S. R. Jadhao

Physics Research journey 2018-19 23487143
https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

273 Study of Effect of ZnO on Changing 
Electrical Properties of Polyprrole 
Composites  

Raulkar K. B. , R. V. Joat 
&  Lamdhade G. T.

Physics Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

274 Effect of Oxalic Acid on DC Electrical 
Conductivity of Doped Polyvinylchloride 
and Poly(Methyl Methacrylate) Polyblends

A. B. Dakare, G. T. 
Lamdhade, V. Ganesan

Physics Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf
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275 Synthesis of Nanocrystalline Tin Oxide 
Doped With Copper Oxide And Study of 
Their Electrical Conductivity  Under The 
Influence of CO2 Gas

V.M.Balkhande, G. T. 
Lamdhade, F. 
C.Raghuwanshi, V. 
Ganesan

Physics Research journey 2018-19 23487143
https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

276 Physical Properties of Nanostructured WO3 

Thin Films Grown by SILAR Method  
Ishaque Ahmed Khan & 
R. V. Joat

Physics Research journey 2018-19 23487143 https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

277 Study of AC Electrical Conductivity of 
Polypyrrole Based Composites

Nisha S.Bais, T.S. 
Wasnik , R.V. Joat, 

Physics Research journey 2018-19 23487143
https://www.ugc.ac.in/pdfnews/5283580_U

GC-Cancelled-List.pdf

278 Synthesis and Characterization of 
Magnesium Oxide  Nanoparticles By Co-
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Department of MCA, Vidya Bharati Mahividyalaya, Amravati.

Abstract - Artificial intelligence (AI) is a property of 

machines which gives the ability to copy the human 

thought process.  It is concerned with the design of 

intelligence in an artificial device. This term was defined 

by McCarthy in 1956.  

There are two ideas in the definition.  

1. Intelligence  

2. Artificial device 

This paper highlight to potential contribution of Artificial 

Intelligence (AI) to the e-learning environment. Artificial 

Intelligence enhances computer assist instruction systems 

by providing human like intelligence to the system. Here, 

we are focusing some AI techniques, which could be the 

main technology for e-learning. Also we discuss how 

Intelligent Tutoring System (ITS) is proved as promising 

field to the training programs and how AI could contribute 

to issues like Naural intelligence, learning from experience 

& intelligent interaction between human being & machine. 

Keywords: Artificial Intelligence, ITS, CAI, ML, NLP, e-
learning, CA, ILE. 

I. INTRODUCTION 

       If you ask to our respected senior citizen those who have 
retired from service or business, they all have very common 
thing that, the respect & memories of the educational 
institutions where they studied and old days traditional 
teaching. They shared their warm memories which are 
associated with institutes. In today modern time as the field of 
computer science and information technology has reformed 
day-to-day activities of entire human life.  The computing 
field has provided us all that even we could not have dreamt.  
The remarkable growth of this field has impacted educating in 
many ways.  
        Artificial Intelligence (AI) is the science & engineering 
of making intelligent machine, especially intelligent computer 
programs. It is related to the similar task of using computer to 
understand human intelligence. In fact, intelligence involves 
mechanism & AI research has discussed how to make 
computers to carry out some of them. AI makes traditional 
teaching more effective.  

II. WHAT IS E- LEARNING 

        E- Learning refers to learn that is to be delivered or 
enable via electronic technology. It encompasses learning 
delivered via a range of technologies such as the internet, 
television, videotape, intelligent tutoring systems, and 
computer-based training. 
         E-learning is subset of two large words, specifically, 
“information technology” and “education and training”. It can 
be valuable when used as a part of well-planned and properly 
supported education and training environment. However, e-
learning does not replace or render existing educational 
theories and approaches.  
 

III. INTELLIGENT TUTORIAL SYSTEM 

(ITS) 

         An intelligent tutoring system (ITS) is a computer 
system that aims to provide immediate and customized 
instruction to learners, usually without requiring intervention 
from a human teacher like online teaching. It is difficult to 
provide a personal training assistant for each learner, however, 
a virtual training assistant that captures the subject matters and 
teaching expertise of experienced trainers provides a 
captivating new option. The concept, known as Intelligent 
Tutoring System (ITS) has been pursued by researchers in 
education, psychology and artificial intelligent. ITS can also 
be classified by model tracing tutor algorithm One of the 
objectives of Intelligent Tutorial System is to adopt 
hypermedia courses to each individual user by means of 
control of learning level, control of the course navigation, 
revision to available information, revision of the training 
methodology, explanation of errors, answers to the student’s 
questions, advice,  etc. In other words, intelligent tutoring 
system is a model which enables student to be evaluated and 
taught a subject and also for the education to be adapted to the 
students performance.  
  
The traditional ITS model contains four components:  

 Expert Module / Domain model / cognitive model / 
expert knowledge model 

 Student Module / model tracing 
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 Curriculum Module / Tutoring model 
 Interface Module 
 Expert Module contains information about the 

subject knowledge domain. Its contain the concepts, 
rules, and problem-solving strategies of the domain 
which is to be learned. 

 Student Module can be thought of as an overlay on 
the domain model. It contains information about the 
student's understanding of the knowledge domain. It 
is considered as the core component of an ITS. 

 Curriculum Module contains rules that allow it to 
judge how well the student's understanding of the 
subject domain matches actual knowledge structure. 

 It also accepts information from the domain and 
student models and makes choices about tutoring 
strategies and actions.  

 Interface Module presents the user with a uniform 
environment within which instruction, analysis, 
remediation, and user driven learning may take place. 
The user interface component integrates three types 
of information  

 Knowledge about patterns of interpretation and 
action 

 domain knowledge needed for communicating 
content; and 

 knowledge needed for communicating intent 
 

        The Aim of ITS is to create a learning environment 
where the role of human teachers is replaced by the tutor 
module and domain knowledge module. A system plans and 
teaches individuals by maintaining its belief about each in the 
student module and acts according to the best teaching 
strategy ITS can also be classified by model tracing tutor 
algorithm. 
 

IV. WHAT AI PRESENT 

       Teaching and learning is not a simple process. Only train 
humans can teach effectively. Computer Assisted Instructions 
(CAI) could be useful in learning at an elementary level and 
even then cannot compete with train humans in term of 
teaching quality. The creation of the ALGOL programming 
language in 1958 which was enabled in many schools and 
universities for beginning to develop Computer Assisted 
Instruction (CAI) programs and Computer Aided Learning 
(CAL) which are lacking "the flexibility and learner- centered 
orientation of ITS" The complexity of the teaching task is the 
result of following main factors: 

 Adaptive teaching strategies - Depending on the stage 
in the learning process, different subjects requires 
different instructional strategies at different levels.  

 Continuous assessment of students - Human teachers 
do not rely on the test result for student’s 
assessments, but they constantly assess the class and 
individual through various inputs like attention level, 
understanding level etc. 

 Personalized teaching - Human teachers are flexible.  
To make their teaching effective, they deliver the 
content ranges from class level down to the 
individual student’s level.  

       Artificial Intelligence enhances CAI systems by providing 
human like intelligence to the system. To enhance the 
efficiency of computer programs in handling the above 
mentioned factors, computer must be equipped with necessary 
sensors. They must be able to make sense out of their senses, 
and then they can act logically. They should be able to learn 
and be adaptable to new environment. We highlight the 
current developments in these issues and their applications in 
intelligent tutoring systems. 

i) Aural Capability 

        Domains such as language and music require hearing 
ability in computers. The ability to here also implies to an 
understanding of   what is being heard. Advances in speech 
recognition, speech processing and natural languages 
processing provides useful applications in many areas 
including ITS. At the current state-of-the-art, we have enquiry 
counters where clients can make the enquiries using 
interactive telephone dialogue. Clients talk to a computer as if 
they are talking to another human being.  

ii) Visual Perception   

        Many recent works in education address the issues of 
affects and emotions. Information regarding students’ affects 
could be useful in the adaptation of teaching strategies. This 
area is however still not mature. 
       The ability to visualize can be useful in teaching music 
performance as well. In many performing skills, the 
techniques are closely related to the poster (e.g. hand-shape, 
sequence of movements, etc.) 

iii) Inference mechanisms 

       The talking which so far about perceives and acting (via 
speaking). Perhaps, the most important aspects of intelligent 
behaviors is about inference power. This is the area where 
most AI researchers have been investigating. 
        Logical inference is suitable for domains at a course grain 
abstraction. For example, the encoding of domain knowledge 
in a rule-based expert module. Probabilistic and statistical 
inferences are suitable in handing uncertainties in the domain. 
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Bayesian networks, artificial neural networks are the most 
popular inference techniques. 

iv) Machines that learn (ML) 

         One of the main secret ingredients for the success of any 
ITS system is the accuracy of its student model. Real students 
are dynamic. As such, ITS systems must possess the learning 
capability so that changes in students could be tracked. 
Learning is along standing research in AI and this is one of the 
areas where AI could make a useful contribution to ITS in e-
learning environments. 

v) Interactive learning environment (ILE) 

         Finally, we would like to comment on the interaction 
between human and machine. The interaction between learner 
and computer in the main ingredient in the success of an ITS. 
Information from the interactions serves three purposes:  

 To perceive useful information from the 
environment, 

 To model an accurate student model, and 
 To actuate the environment (e.g., feedback) with 

useful information. 

V. APPLICATION IN E-LEARNING 

        Here we highlight AI application in ITS which a part of 
the e-learning environment. Let us look one application of 
language teaching. 

Language Teaching  

         Teaching language involves the teaching of reading and 
writing skills. The whole scene involves content development, 
the delivering of content and an assessment of the delivering 
process. Here, we highlight the assessment dimension in 
language teaching. 
        Speech recognition is a hard problem. Same words or 
phrase contribute two different meaning in two different 
contexts. However, with a supplied context, this is not too 
hard problem. Given a word, a phrase, or a sentence, 
assessment of pronunciations could be automated using speech 
technology. This opens up a whole new approach for language 
teaching and learning. An ITS could be very useful in 
enhancing essay writing. Students have a constant need for 
tutors to give feedbacks on errors or mistake as well as 
meritorious use of language. Highlighting errors and mistakes 
could be easily automated using the spelling check and 
grammar check utilities. One of the major restrictions in most 
spelling check and grammar check utilities is the lack of 
context analysis (CA). To handle context dependency, 
sophisticated Natural Language Processing (NLP) techniques 

could be employed then the promise of an ITS which could 
benefits writing skills is not far away. 

VI. CONCLUSION 

        Many traditional instructional methods presents learners 
with facts and concepts followed by test questions, but 
artificial intelligence involves in capturing domain knowledge, 
providing intelligent assessment power and providing 
intelligent feedback etc. Thus as compare to old days of our 
citizens, use of information technology in general and 
Artificial Intelligence in particular area makes the education 
highly interactive, highly accessible, and highly 
individualized. 
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Abstract-Artificial intelligence (AI) is a property of 
machines which gives the ability to copy the human thought 
process.  It is concerned with the design of intelligence in an 
artificial device.  This term was defined by McCarthy in 1956.  

There are two ideas in the definition.  

1. Intelligence  

2. Artificial device 

This paper highlight to potential contribution of Artificial 
Intelligence (AI) to the e-learning environment. Artificial 
Intelligence enhances computer assist instruction systems by 
providing human like intelligence to the system. Here, we are 
focusing some AI techniques, which could be the main 
technology for e-learning. Also we discuss, how Intelligent 
Tutoring System (ITS) is proved as promising field to the 
training programmes and how AI could contribute to issues 
like Naural intelligence, learning from experience & 
intelligent interaction between human being & machine. 

Keywords: Artificial Intelligence, ITS, CAI, ML, NLP, e-
learning, CA, ILE 

 

1. Introduction  

If you ask to our respected senior citizen those who have 
retired from service or business, they all have very common 
thing that, the respect & memories of the educational 
institutions where they studied and old days traditional 
teaching. They shared their warm memories which are 
associated with institutes. In today modern time as the field of 
computer science and information technology has reformed 
day-to-day activities of entire human life.  The computing 
field has provided us all that even we could not have dreamt.  

The remarkable growth of this field has impacted 
educating in many ways.  

Artificial Intelligence (AI) is the science & engineering of 
making intelligent machine, especially intelligent computer 
programs. It is related to the similar task of using computer to 
understand human intelligence. In fact, intelligence involves 
mechanism & AI research has discussed how to make 
computers to carry out some of them. AI makes traditional 
teaching more effective.  

 

2. What is E- learning 

E- Learning refers to learn that is to be delivered or enable 
via electronic technology. It encompasses learning delivered 
via a range of technologies such as the internet, television, 
videotape, intelligent tutoring systems, and computer-based 
training. 

 E-learning is subset of two large words, specifically, 
“information technology” and “education and training”. It can 
be valuable when used as a part of well-planned and properly 
supported education and training environment. However, e-
learning does not replace or render existing educational 
theories and approaches.  

 

3. Intelligent Tutorial System (ITS) 

An intelligent tutoring system (ITS) is a computer 
system that aims to provide immediate and customized 
instruction to learners, usually without requiring intervention 
from a human teacher like online teaching. It is difficult to 
provide a personal training assistant for each learner, however, 
a virtual training assistant that captures the subject matters and 
teaching expertise of experienced trainers provides a 
captivating new option. The concept, known as Intelligent 
Tutoring System (ITS) has been pursued by researchers in 
education, psychology and artificial intelligent. ITS can also 
be classified by model tracing tutor algorithm One of the 
objectives of Intelligent Tutorial System is to adopt 
hypermedia courses to each individual user by means of 
control of learning level, control of the course navigation, 
revision to available information, revision of the training 
methodology, explanation of errors, answers to the student’s 
questions, advice,  etc. In other words, intelligent tutoring 
system is a model which enables student to be evaluated and 
taught a subject and also for the education to be adapted to the 
students performance.   

The traditional ITS model contains four components:  

 Expert Module / Domain model /    cognitive model / 
expert knowledge model 

 Student Module / model tracing  

 Curriculum Module / Tutoring model 

 Interface Module. 

  Expert Module contains information about the 
subject knowledge domain. Its contain the concepts, rules, and 
problem-solving strategies of the domain which is to be 
learned. 

 Student Module can be thought of as an overlay on 
the domain model. It contains information about the student's 
understanding of the knowledge domain. It is considered as 
the core component of an ITS.  

 Curriculum Module contains rules that allow it to 
judge how well the student's understanding of the subject 
domain matches actual knowledge structure. 
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It also accepts information from the domain and student 
models and makes choices about tutoring strategies and 
actions.  

 Interface Module presents the user with a uniform 
environment within which instruction, analysis, remediation, 
and user driven learning may take place. 

The user interface component integrates three types of 
information  

 Knowledge about patterns of interpretation  and action  

 domain knowledge needed for communicating content; 
and  

 knowledge needed for communicating intent 

 

The Aim of ITS is to create a learning environment where 
the role of human teachers is replaced by the tutor module and 
domain knowledge module. A system plans and teaches 
individuals by maintaining its belief about each in the student 
module and acts according to the best teaching strategy 

ITS can also be classified by model tracing tutor 
algorithm.    

                                                       

4. What AI present 

Teaching and learning is not a simple process. Only train 
humans can teach effectively. Computer Assisted Instructions 
(CAI) could be useful in learning at an elementary level and 
even then can not compete with train humans in term of 
teaching quality. The creation of the ALGOL programming 
language in 1958 which was enabled in many schools and 
universities for beginning to develop Computer Assisted 
Instruction (CAI) programs and  

Computer Aided Learning (CAL) which are lacking "the 
flexibility and learner- centered orientation of ITS" The 
complexity of the teaching task is the result of following main 
factors: 

 Adaptive teaching strategies - Depending on the stage 
in the learning process, different subjects requires different 
instructional strategies at different levels. 

 Continuous assessment  of students - Human teachers 
do not rely on the test result for student’s assessments, but 
they constantly assess the class and individual through various 
inputs like attention level, understanding level etc. 

 Personalized teaching - Human teachers are flexible.  
To make their teaching effective, they deliver the content 
ranges from class level down to the individual student’s level.  

Artificial Intelligence enhances CAI systems by providing 
human like intelligence to the system. To enhance the 
efficiency of computer programs in handling the above 
mentioned factors, computer must be equipped with necessary 
sensors. They must be able to make sense out of their senses, 
and then they can act logically. They should be able to learn 
and be adaptable to new environment. We highlight the 

current developments in these issues and their applications in 
intelligent tutoring systems. 

i) Aural Capability 

Domains such as language and music require hearing 
ability in computers. The ability to here also implies to an 
understanding of   what is being heard. Advances in speech 
recognition, speech processing and natural languages 
processing provides useful applications in many areas 
including ITS. At the current state-of-the-art, we have enquiry 
counters where clients can make the enquiries using 
interactive telephone dialogue. Clients talk to a computer as if 
they are talking to another human being.  

ii) Visual Perception   

Many recent works in education address the issues of 
affects and emotions. Information regarding students’ affects 
could be useful in the adaptation of teaching strategies. This 
area is however still not mature. 

The ability to visualize can be useful in teaching music 
performance as well. In many performing skills, the 
techniques are closely related to the poster (e.g. hand-shape, 
sequence of movements, etc.) 

iii) Inference mechanisms 

The talking which so far about perceives and acting (via 
speaking). Perhaps, the most important aspects of intelligent 
behaviors is about inference power. This is the area where 
most AI researchers have been investigating. 

Logical inference is suitable for domains at a course grain 
abstraction. For example, the encoding of domain knowledge 
in a rule-based expert module. Probabilistic and statistical 
inferences are suitable in handing uncertainties in the domain. 
Bayesian networks, artificial neural networks are the most 
popular inference techniques. 

 iv) Machines that learn (ML) 

One of the main secret ingredients for the success of any 
ITS system is the accuracy of its student model. Real students 
are dynamic. As such, ITS systems must possess the learning 
capability so that changes in students could be tracked. 
Learning is along standing research in AI and this is one of the 
areas where AI could make a useful contribution to ITS in e-
learning environments. 

v) Interactive learning environment(ILE) 

Finally, we would like to comment on the interaction 
between human and machine. The interaction between learner 
and computer in the main ingredient in the success of an ITS. 
Information from the interactions serves three purposes:  

(i) to perceive useful information from the environment,  

(ii)  to model an accurate student model, and  

(iii)  to actuate the environment (e.g., feedback) with 
useful information. 
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5. Application in E-learning 

Here we highlight AI application in ITS which a part of the 
e-learning environment.  . Let us look one application of 
language teaching 

5.1 Language Teaching  

Teaching language involves the teaching of reading and 
writing skills. The whole scene involves content development, 
the delivering of content and an assessment of the delivering 
process. Here, we highlight the assessment dimension in 
language teaching. 

Speech recognition is a hard problem. Same words or 
phrase contribute two different meaning in two different 
contexts. However, with a supplied context, this is not too 
hard problem. Given a word, a phrase, or a sentence, 
assessment of pronunciations could be automated using speech 
technology. This opens up a whole new approach for language 
teaching and learning. An ITS could be very useful in 
enhancing essay writing. Students have a constant need for 
tutors to give feedbacks on errors or mistake as well as 
meritorious use of language. Highlighting errors and mistakes 
could be easily automated using the spelling check and 
grammar check utilities. One of the major restrictions in most 
spelling check and grammar check utilities is the lack of 
context analysis(CA). To handle context dependency, 
sophisticated Natural Language Processing (NLP) techniques 
could be employed then the promise of an ITS which could 
benefits writing skills is not far away.  

 

6. Conclusion  

Many traditional instructional methods presents learners 
with facts and concepts followed by test questions, but 
artificial intelligence involves in capturing domain knowledge, 
providing intelligent assessment power and providing 
intelligent feedback etc. Thus as compare to old days of our 
citizens, use of information technology in general and 
Artificial Intelligence in particular area  makes the education 
highly interactive, highly accessible, and highly 
individualized.  
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Abstract- The term E-learning refers to a novel teaching 
and learning in education. This educational high technology is 
an important part of today’s world, which delivers supports 
and enhances the quality of learning. E-learning involves the 
participation of educator, and students who are use this 
technology to update their work.  E-learning is the technique 
for how to understand and how to memorize the topic for long 
time. The E-learning is the use of technologies to improve 
knowledge and performance, and gives the advantage of 24x7 
and 365 days a year. E-learning technologies offer learners 
control over content, learning sequence, pace of learning, time 
and often media, allowing them to adapt their experiences 
with to collect their personal learning objectives. Innovation in 
e-learning technologies point toward a revolution in education, 
especially higher education allowing learning to be 
individualized, enhancing learner’s interaction with others and 
transforming the role of educator / teacher in higher education. 

  

Keyword: ALT, ITS, ICT, VLE, MIS, VRT 

 

1. Introduction 

 The brisk growth of the information age has made a big 
impact on the educational process in the last few years. The  
growth of information together with recent technological 
achievements has led to Computer Assisted Learning (e-
learning) is enabling wider access to education to an 
increasing variety of people, independent of time or location.  

 E–learning is defined as acquisition of knowledge and 
skill using electronic technologies such as computer and 
Internet-based courseware at local and wide area networks.   
Electronic learning or e-learning is general term used for to 
refer to computer enhanced learning. It is commonly 
associated with the field of advanced learning technology 
(ALT), which deals with learning using network and/or 
multimedia technologies, it uses various technological tools 
that may be web based, web distributed or web capable for 
solving the purpose of education. E-learning facilities, such as 
3D models and animations which are elements of Virtual 
Reality Technology, used for acquiring new knowledge. 

 The main objective of e-learning is to improve the 
quality of the learning experience for students who are in 
higher education. 

 

2. What is E- learning 

Learning system based on formalized teaching but with the 
help of electronic resources is known as E-learning. While 
teaching can be based in or out of the classrooms, the use of 
computers and the Internet forms the major component of E-
learning. E-learning can also be termed as a network enabled 
transfer of skills and knowledge, and the delivery of education 
is made to a large number of recipients at the same or different 
times. 

E- Learning refers to learn that is to be delivered or enable 
via electronic technology. It encompasses learning delivered 
via a range of technologies such as the internet, television, 
videotape, intelligent tutoring systems, and computer-based 
training. 

  E-learning is subset of two large words, specifically, 
“information technology” and “education and training”. It can 
be valuable when used as a part of well-planned and properly 
supported education and training environment. However, e-
learning does not replace or render existing educational 
theories and approaches.  

 

3. Importance of E-learning in Higher Education 

 A student who is learning in higher education is a way 
that uses information and communication technologies (ICTs) 
by using e-learning. Following are different types of 
capability: 

 Internet access to digital versions of materials unavailable 
locally. 

 Internet access to search, and transactional services. 

 Interactive diagnostic or adaptive tutorials. 

 Interactive educational games 

 Remote control access to local physical devices. 

 Personalized information and guidance for learning 
support. 

 Simulations or models of scientific systems. 

 Communications tools for collaboration with other 
students and teachers. 

 Tools for creativity and design. 
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 Virtual reality environments for development and 
manipulation.  

 Data analysis, modeling or organization tools and 
applications. 

 Tele-Medicine 

For each of these, there is a learning application that could 
be exploited within higher education. Each one encompasses a 
wide range of different types of interaction – internet access to 
services, for example, includes news services, blogs, online 
auctions, self-testing sites, etc. Imagine, for example, a 
remotely controlled observatory web cam embedded in an on 
line conference environment for astronomy students, or 
computer aided design (CAD) device embedded in role play 
environment for students of urban planning. 

 The range and scale of possible applications of new 
technologies in Higher Education is almost beyond 
imagination because, while we are trying to cope with what is 
possible now, another technological application is becoming 
available that will extend those possibilities even further. 
Everything will need updating again when 3G/4G or even 
advance generations in mobile phones begin to have an impact 
on our behavior.  

 

4. Intelligent Tutorial System (ITS) 

An intelligent tutoring system (ITS) is a computer 
system that aims to provide immediate and customized 
instruction to learners, usually without requiring intervention 
from a human teacher like online teaching. It is difficult to 
provide a personal training assistant for each learner, however, 
a virtual training assistant that captures the subject matters and 
teaching expertise of experienced trainers provides a 
captivating new option. The concept, known as Intelligent 
Tutoring System (ITS) has been pursued by researchers in 
education, psychology and artificial intelligent. ITS can also 
be classified by model tracing tutor algorithm One of the 
objectives of Intelligent Tutorial System is to adopt 
hypermedia courses to each individual user by means of 
control of learning level, control of the course navigation, 
revision to available information, revision of the training 
methodology, explanation of errors, answers to the student’s 
questions, advice,  etc. In other words, intelligent tutoring 
system is a model which enables student to be evaluated and 
taught a subject and also for the education to be adapted to the 
students performance.   

The traditional ITS model contains four components:  

 Expert Module / Domain model /    cognitive model / 
expert knowledge model 

 Student Module / model tracing  

 Curriculum Module / Tutoring model 

 Interface Module. 

 

 

5. Advantages of ITS:- 

Intelligent Tutoring systems (ITS) are effectively used for 
teaching the course of the specified domain with following 
features and benefits: 

 Increases student / instructor ratio from around 1:1 so that 
it reduce training costs extremely, and still deliver close to 
a one on - one learning experience. 

 Shortens training time and / or improve skill level. 

 Automatically optimizes individual learning. 

 Builds "student module" for each student that includes: 
Performance on training exercises. 

 Details of information / remediation received 

 Details of knowledge mastered / failed / unknown / 
misunderstood. 

 Performance on remediation activities.  

 Student preferred learning style. 

It is important because e-learning can make a significant 
difference: to how learners learn, how quickly they master a 
skill, how easy it is to study, and equally important, how much 
they enjoy learning. Such a complex set of technologies will 
make different kinds of impact on the experience of learning: 

 Cultural: - Students are comfortable with e-learning 
methods, as they are similar to the forms of information search 
and communications methods they use in other parts of their 
lives. 

 Intellectual: - Interactive technology offers a new 
mode of engagement with ideas via both material and social 
interactivity online. 

 Social: - The reduction in social difference affordable 
by online networking fits with the idea that students should 
take greater responsibility for their own learning. 

 Practical :- e-learning offers the ability to manage 
quality at scale, and share resources across networks; its 
greater flexibility of provision in time and place makes it good 
for widening participation. 

 Financial :- Networks and access to online materials 
offer an alternative to place-based education which reduces 
the requirement for expensive buildings, and the cost of 
delivery of distance learning materials 

 

6. Technology used in E-learning  

Many technologies can be, and are used in E-learning, 
including: 

 Blogs 

 Classroom Response System. 

 Collaborative Software. 
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 Computer Aided Assessment. 

 Discussion Boards. 

 E-mail. 

 Educational animation. 

 Electronic Performance Support System. 

 ePortfolios 

 Games. 

 Hypermedia in general. 

 Learning Management Systems(LMS) 

 PDA’s 

 MP3 players with multimedia capabilities. 

 Interactive Board 

 Virtual Classrooms 

 Web-based teaching materials 

 

In higher education especially, the increasing tendency is 
to create Virtual learning Environment (VLE) which is 
sometimes combined with a Management Information System 
(MIS) to create a Managed Learning Environment. in which 
all aspects of a course handled through a consistent user 
interface standard throughout the institution. While some 
programs require students to attend some campus classes or 
orientations, many are delivered completely online. In 
addition, several universities offer online student support 
services, such as online advising and registration, e-
counseling, online textbook purchase, student governments 
and student newspapers. E-learning can also refer to education 
web site such as those offering learning scenarios, worksheets 
and interactive exercise for children. The term also used 
extensively in the business sector where it generally refers to 
cost effective on line training. 

 

7. Advantages of E-Learning  

 More active learning class  

 Diversified teaching method  

 Better student attention and realization  

 Effective time management for lecturers  

 Visual stimulation  

 Convenient for students 

  Lower cost 

  Up-to-date learning materials 

  Flexible way of learning 

   World-wide learning society  

   Scalable e-learning systems 

   Higher degree of freedom for students 

   Better maintenance   

 

8. Objectives:  

E-learning represents an innovative shift in the field of 
learning, providing a rapid access to specific knowledge and 
information. It offers online instruction that can be delivered 
anytime and anywhere through a wide range of electronic 
learning solution such as web based courseware, online 
discussion groups, live virtual classes, video and audio 
streaming, web chat, online simulations, and virtual 
mentoring.  

E-learning enables organizations to transcend distance and 
other organizational gaps by providing a cohesive virtual 
learning environment. Companies must educate and train their 
employees, partners, and clients to stay competitive, and 
elearning can provide such just in time training in a cost-
effective way. 

Following are main objectives of E-Learning:- 

 Computer based learning. 

 Computer based training. 

 To reduce learning costs. 

 To motivate employees. 

 To improve flexibility of course delivery. 

 To expand the capabilities of the business. 

 

9. Methodology 

 The implementation of e-learning into contact teaching 
allows elimination of number of hours of contact teaching and 
giving space to individual work with student. The 
implementation of e-learning into distance learning allows 
simulating classical forms and methods of education by 
creating a virtual environment, which imitates classical 
classroom with whiteboard and the possibility of visual 
communication.  

The following methods are used for the implementation of 
e-learning. 

 Survey of existing tools for creation of information 
infrastructure. 

 Comparison of individual programs for creation of 
electronic teaching materials and selection of the most 
appropriate ones. 

 Distance learning project team training. 

 CASE tool method for the creation of databases. 
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10. Conclusion 

 E-learning refers to the use of Internet technologies (IT) to 
deliver overseas array of learning modes that enhance 
learner’s knowledge and performance. E-learning for higher 
education is designed, implemented and delivered.  For 
students, e-learning can provide an educationally- superior 
alternative to traditional lectures, in which learning can take 
place outside the lecture hall/Class room. E-learning is also 
providing a model for students on how to become self directed 
independent learners, which may support them to lifelong 
learners. They also used for easily and useful understanding of 
subject by using Graphical / Pictorial form and can be 
remembered for long times. 
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Abstract - Big data is a term to refer to huge data sets, 
have high Velocity, high Volume and high Variety and 
complex structure with difficulties of management, analyzing 
storing and processing. Due to characteristics of big data it 
becomes very difficult to management, analysis, storage, 
Transport and processing the data using the existing traditional 
techniques. This paper introduces Big Data Analysis and 
Storage Technologies, Challenges of Big Data Storage and 
Management and Suggestions for Big Data Storage and 
Management. Storage and Management are major concern in 
this era of big data. The ability for storage devices to scale to 
meet the rate of data growth, enhance access time and data 
transfer rate is equally challenging. These factors, to a 
considerable extent, determine the overall performance of data 
storage and management. 

Keywords: Big Data Definition, Characteristics, Data 
Storage Technologies, Challenges Of Big Data Storage And 
Management, Suggestion For A Big Data Storage And 
Management. 

 

Big Data Definition 

“Big Data is at the foundation of all the megatrends that 
are happing.” 

                 Chris Lynch, Vertica Systems 

Data is everywhere, in fact the amount of digital data that 
is growing at a rapid rate, and changing the way. This is the 
field that didn’t even exist 20years back. Now data is growing 
faster than ever faster before and by the year 2020; about 
1.7megabytes of new information will be created every second 
for every human being on the planet.  

Data is essentially just raw bits of information science. 

 Big data is basically a term that describes large amount of 
data. Big data sets those are so big and complex that 
traditional data-processing application software is in adequate 
to deal with them. Big data challenges include capturing data, 
data storage, data analysis, search, sharing, transfer, 
visualization, querying, updating, information privacy and 
data source. There are number of concepts associated with big 
data: originally there were 3 concepts volume, variety, and 

velocity. Other concepts later attributed with big data are 
veracity (i.e., how much noise is in the data) and value. 

The position of big data storage within the overall big data 
value chain can be seen in figure 1. Big data storage systems 
typically address the volume challenges by making use of 
distributed shared nothing architectures. This allows 
addressing increased storage requirements by scaling out new 
nodes providing computational power and storage. New 
machines can seamlessly be added to a storage cluster and 
storage system takes care of distributing the data between 
individual nodes transparently. Storage solutions also need to 
cope with the velocity and variety of data.    

Velocity is important in the sense of query latencies, i.e. 
how long does it take to get a reply for a query? This is 
particularly important in the face of high rate of incoming 
data. For instance, random write access to a database can slow 
down query performance considerably if it needs to provide 
transactional guarantees. In contrast, variety relates to the 
level of effort that is required to integrate the work with the 
data that originates from a large number of different sources. 
For instance graph databases are suitable storage systems to 
address these challenges. 

 

Big Data Characteristics  

The three Vs (volume, velocity and variety) are known as 
the main characteristics of big data. The characteristics are 
described in figure 2 below. 
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Volume: refers to amount of data and there are many 
factors that can contribute to the volume increase in data it 
could amount to hundreds of terabytes or even pet bytes of 
information generated for everywhere. The number of sources 
of data for an organization is growing.  

 

Figure 2 shows that the data volume is growing from 
megabytes (106) to petabytes(1015) and beyond. 

 

Figure 3 indicates that the volume of data stored in the 
world would be more than 40 zettabytes(1021) by 2020 . 

 

Velocity: refers to data speed measures the velocity of 
information creation, gushing and collection, velocity is the 
most misunderstood big data characteristic. The data velocity 
is also about the rate changes, and about combining datasets 
that are coming with different speeds. The velocity of data 
also describes bursts of activities, rather than the usual steady 
tempo where velocity frequency equated to only real-time 
analytics.  

 

Figure 4 shows few examples of the pace of data. Data 
speed administration is significantly more than a bandwidth 
issue; Figure 2 also reflect velocity as characteristics of big 
data, showing how it requires near real-time and/or real-time 
analytics. 

Variety: Other than typical structured data, big data 
contains text, audio, images, videos, and many more 
unstructured and semi-structured data, which are available in 
many analog and digital formats. From an analytic 
perspective, variety of data is the biggest challenge to 
effectively use it. Some researchers believe that, taming the 
data variety and volatility is the key of big data analytics. 

Figure 5 shows the comparison between increment of 
unstructured, semi-structured data and structured data by 
years.    

 

This paper investigates and analyzes big data storage 
technology from the following four aspects: distributed file 
system, NoSQL database, new-type data storage technology of 
MPP architecture and database all-in-one machine. 

 Distributed File Systems: File system such as 
Hadoop file system(HDFS) 

HDFS is an integral part of the Hadoop framework and has 
already reached the level of de-facto standard. It has been 
designed for large data files and is well suited for quickly 
ingesting data and bulk processing Data Storage Technologies 

• Big Data Querying Platforms: Technologies that 
provide query facades in front of big data stores such as 
distributed file systems or NoSQL databases. The main 
concern is providing a high-level interface, e.g. via SQL like 
query languages and achieving low query latencies. 

 NoSQL Databases: Probably the most important 
family of big data storage technologies are NoSQL database 
management systems. NoSQL databases use data models from 
outside the relational world that do not necessarily adhere to 
transactional properties of atomicity, consistency, isolation, 
and durability (ACID). 

 NewSQL Databases: A modern form of relational 
databases that aim for comparable scalability as NoSQL 
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databases while maintaining the transactional guarantees made 
by transactional database systems. 

 Big Data Querying Platforms: Technologies that 
provide query facades in front of big data stores such as 
distributed file systems or NoSQL databases. The main 
concern is providing a high level interface, e.g. via SQL like 
query languages and achieving low query latencies. 

 
1. NoSQL Databases : 
NoSQL databases are design for scalability, often by 

sacrificing consistency. Compared to relational databases they 
often use low-level, non-standardized query interfaces, which 
make them more difficult to integrate in existing applications 
that expect an SQL interfaces. The lack of standard interfaces 
makes it harder to switch vendors. NoSQL databases can be 
distinguished by the data models they use.    

 Key-Value Stores: Key-value stores allow storage of 
data a schema-less way. Data objects can be completely 
unstructured or structured and are accessed by a single key. As 
no schema is used, it is not even necessary  that data objects 
share the same structure. 

 Columnar Stores: “A column-oriented DBMS is a 
database management system(DBMS) that stores data table as 
sections of columns of data rather than as rows of data, like 
most relational DBMSs”. Such databases are typically sparse, 
distributed, and persistent multi-dimentional sorted maps in 
which data is indexed by a triple of a row key, column key, 
and a timestamp. 

 Document Databases: In contrast to the values in a 
key- value store, documents are structured. However, there is 
no requirement of common schema that all document are must 
adhere to as in the case for records in a relational databases. 
Thus document databases are referred as a storing semi-
structured data similar to key-value stores, documents can be 
querying their internal structure, such as requesting all 
documents that contain a field with a specified value.  

 Graph Databases: Graph databases store in graph 
structured making them suitable for storing highly associative 
data such as social networking graphs. 

2. NewSQL Databases : 
NewSQL databases are modern form of relational 

databases that aim for comparable scalability with NoSQL 
databases while maintaining the transactional guarantees made 
by transactional database systems. The expectation is that 
NewSQL systems are about 50 times faster than traditional 
OLTP RDBMS. 

3. Big Data Query Platforms : 
Big data query platform provide query facades on top of 

underlying data stores. They typically offer an SQL like query 
interface for accessing the data, but differ in their approach 
and performance. 

4. Cloud Storage : 
As cloud computing grows in popularity, its influence on 

big data grows as well. While Amazon, Microsoft, and Google 
build on their own cloud platforms, other companies including 
IBM, HP, Dell, Cisco  etc., build their proposal around Open 
Stack, an open source platform for building cloud systems, 
Cloud in general, and particularly cloud storage, can be used 
by both enterprises and end users. For end users, storing their 

data in the cloud enable access from everywhere and from 
every device in a reliable way. As cloud storage is a service, 
applications using this storage have less control and may 
experience decreased performance as a result of networking. 
These performance differences need to be taken into account 
during design and implementation stages. 

 

Challenges of big data storage and management 

With the rate of data explosion, storage system of 
organizations and enterprises are facing major challenges from 
huge quantities of data, and ever increasing of generated data. 
Data irrespective of its size play a vital role in the industry. 
Value can be created from large data set. For example, 
Facebook increases its ad revenue by mining its user personal 
preferences and creating profiles, showcasing advertisers 
which products they are most interested in. Google also uses 
data from Google search, Google hangouts, YouTube, and 
Gmail accounts to profile user’s behavior. 

In spite of numerous benefits that can be gained in large 
data set, big data demand for storage and processing poses a 
major challenge. The total size of data that will be generated 
by the end of 2015 is estimated at 7.9 zettabytes(ZB), and by 
2020, is expected to reach 35 ZB. It is clear that big data has 
outgrown its current infrastructure, and pushes the limit on 
storage capacity and storage network. Existing traditional 
techniques cannot support and perform effective analysis, due 
to large scale of data.    

 

Big Data Storage Management 

Due to massive increase, and the heterogeneous nature of 
application data, one main challenge of big data is effectively, 
manage the petabyte (PB) of data being generated daily. 
Storage management encompasses technologies and process 
organization to improve data storage performance. Big data 
require more efficient technologies in processing large 
quantities of data within an acceptable time frame. A wide 
range of techniques and technologies have been developed and 
adopted to manipulate, analyze and visualize big data. 
Technologies such as massive parallel processing (MPP) 
database, data mining grids, distributed file system, cloud 
computing platforms, and scalable storage systems are highly 
desirable. The development of Map-Reduce, with Yahoo’s 
Pig, alongside Facebook’s Cassandra applications, has gotten 
the attention of the industry. Google file system, GFS, is 
designed to meet the increasing demands of big data, such as 
scalability, reliability and availability. GFS is composed of 
clusters, which is made up of hundreds of storage servers that 
support several terabytes of disk space. This meets the 
scalability issue of big data. Hadoop is free version of Map- 
reduce implementation by Apache Foundation. Hadoop 
distributed file system(HDFS), is a distributed file system 
designed to run on commodity hardware. HDFS can store data 
across thousands of servers. All data in HDFS is reduced into 
block size chunk, and distributed across different nodes and 
are managed by the Hadoop cluster 
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Figure 6 shows the distribution of data across different 
data nodes to enhance performance of the entire Hadoop 
system. Storage vendors such as NetApp, EMC, Hitachi Data 
Systems, and many more are offering storage management 
solutions to big data inclined companies.  EMC VPLEX 
enables manageability of storage area network, through a vital 
storage infrastructure that consolidates heterogeneous storage 
devices.  

Suggestion for a Big Data Storage and Management 

System Big data storage and management has been 
challenge in the face of the increasing volume of 
organizational data. This paper suggests approaches that we 
think in our opinion efficiently mitigate challenges of big data 
storage and management. 

1. Big Data Storage Mediums: All storage 
management solutions have at their end, storage devices. The 
qualities of these storage devices can have significant impact 
on the entire storage effectiveness; can be critical in the big 
data environment. We suggest the use of a hybrid storage 
device, which is an aggregate of hard disk drive (HDDs), and 
solid state drives (SSDs). HDDs provide huge storage 
capacity, at a relatively cheap price. This characteristic of the 
HDDs allows storage system to scale to meet the rate of 
growth of data. The disadvantage here is that, HDDs has a 
slow data transfer rate becoming a bottleneck for performance. 
On the other hand, SSDs provides avenue for high 
performance and reliability. They have low latency, thus 
providing a much faster, random access. SSDs are very 
expensive for the storage capacity they provide. The 
combination of these storage devices into a logical unit in an 
array should solve the storage demands posed by large 
datasets. 

2. Backup Strategies:  Recovery is the main objective 
for backup. The ability of production system to recover, and in 
a timely manner is very crucial in the era of big data. From 
this prospective, this paper recommend full back as a 
favorable choice over the others. Full backup ensures speedy 
recovery, through it takes a considerable amount of time to 
back up a large dataset. Applying full backup to large datasets 
may increase the data block repetition. Data reduplication 
technology, significantly reduce the volume of stored data 
block for every single full backup, and allow users to backup, 
and recover data within relatively short period of time. Rather 
than directly from the production system. Replication keeps 
copy of production data in real time.  

3. Business Continuity and Disaster Recovery: An 
optimal business continuity solution, takes into account, two 
parameters, to a negligible level – Recovery Point Objective 
(RPO), which is the point in time that a production system, 
and data must be recovered after a disaster. Recovery Time 
Objective (RTO) is the time frame within which production 
system, and data must be recovered after a disaster. In a large 
dataset, the complexity of business continuity increases, with 
the influx of a variety of data, which must be maintained in 
their formats. Business continuity planning requires, saving a 
copy, or multiple copies of production data, through backups, 
local or remote replication. The use of enterprise software 
such as EMC Power path can be beneficial. EMC Power path 
provides features such as cluster support, dynamic load 
balancing, configuration and management, automatic path 
failover.   

 

Conclusion  

In the recent years, a academia pays more attention to 
cloud computing. Big data focuses on “data”, like data service, 
data acquisition, analysis and data mining which pays more 
attention on ability on data storage. Cloud computing focuses 
on computing architecture and practices. Big data and cloud 
computing are two sides of same issue. 

Big data era has brought about an explosive growth of 
data. The increase of mobile applications, social media, and 
big data analytic initiatives has cause big data storage 
challenges to become even greater. Choosing the right storage 
devices, management tool, and efficient techniques is relevant 
and determines the rate of growth. 

The approaches to big data storage and management can 
significantly, affect the entire organization. This paper 
examines and summarizes existing current storage 
technologies for big data applications. Variables such as 
capacity, scalability, data transfer rate, access time, and cost of 
storage devices, are also highlighted. Finally some suggestions 
are made to curb the problems posed by big data storage.        
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ABSTRACT- Wireless sensor network are becoming 
significantly vital to many applications, and they were initially 
used by the military for surveillance purpose. One of the 
biggest concerns of WNS is that they are very defenseless to 
security threats. Due to the fact that these networks are 
susceptible to hackers, it is possible for one to enter and  

render a network. For Example, such network may be 
hacked into the military, using the system to attack friendly 
forces, for this a key management protocol for sensor network 
i.e. LEAP (Localized Encryption and Authentication Protocol) 
is designed to support in-network processing. The design of 
protocol is motivated by the observation of different types of 
messages exchanged  between sensor nodes have different 
security requirements and that single keying mechanism is not 
suitable for meeting these different security requirements , and 
LEAP uses four types of key for each sensor node. The 
prototype implementation of LEAP in sensor network is also 
reported. 

Keywords: Key Management ( four key used by LEAP) , 
Sensor Network , Designing Goal of LEAP, Working of LEAP, 
TDMA-slot, TDMA-cycle, NS2Platform. 

 

INTRODUCTON 

Wireless Sensor Network spatially consist of distributed 
autonomous sensors to monitor physical and environmental 
conditions such as temperature, sound, vibration, pressure    
motion and pollutants and to cooperatively pass their data 
through network to main location with the help of protocol. 

Protocol: It specifies the standard for communication and 
provides detail information on processes involve in data 
transmission. A single process can handle by more than one 
protocol simultaneously. 

LEAP (Localized Encryption and Authentication Protocol) 
is a proprietary wireless LAN (Local Area Network) 
authentication method developed by Cisco System. Important 
feature of LEAP is dynamic WEP (Wired Equivalent Privacy) 
Keys and mutual authentication between a wireless client and 
RADIUS (Remote Authentication Dial In User Service) 
Server. 

LEAP (Localized Encryption and Authentication Protocol) 
, sometimes called EAP(Extensible Authentication Protocol)-
Cisco Wireless, is interesting in that it was really the first 
commercial use of IEEE 802.1X and EAP(Extensible 
Authentication Protocol) for wireless LAN(Local Area 
Network) 

LEAP (Localized Encryption and Authentication Protocol) 
PROTOCOL: 

LEAP (Localized Encryption and Authentication Protocol) 
is the authentication protocol used in wireless network and 
point-to-point connection. LEAP is designed to provide more 
secured authentication for 802.11 WLANs (wireless local area 
networks) that support 802.1X port access control. It is a key 
management protocol for sensor network that is designed to 
support in-network processing, while providing security 
properties similar to those provided by pair wise key sharing 
schemes. LEAP includes support for multiple keying 
mechanisms. The design of this mechanism is motivated by 
the observation that different types of messages exchange 
between sensor nodes have different security requirements.  

 

DESIGN GOAL  

LEAP is designed to support secure communication in 
sensor network, therefore it provide the basic security services 
such as confidentiality and authentication. In addition LEAP is 
to meet several security and performance requirement that are 
considering more challenging to sensor network.  

o Supporting Various Communication Patterns : 
There are typically three types of communication pattern 

in sensor network : unicast (addressing a message to single 
node) , local broadcast (addressing a message to all the nodes 
in the neighborhood) , and global broadcast (addressing a 
message to all the nodes in the network). 

o Supporting In-network Processing: Security 
mechanism should permit in network processing operation 
such as data aggregation and passive participation. In network 
processing could significantly reduce energy consumption in 
sensor network. 

 
o Survivability: Due to the unattended nature of sensor 

network an attacker could launch various security attacks and 
even compromise sensor node without being detected. 
Therefore , a sensor network should be robust against security 
attacks, and if an attack succeed , its impact should be 
minimized . 

 
o Energy Efficiency: Due to the limited battery life 

time, security mechanism for sensor network must be energy 
efficient. Especially, the no of message transmission and the 
number of expensive computation should be as few as 
possible. Moreover size of sensor should not be limited by the 
pre-node storage and energy resources. 

 
o Avoiding Message Fragmentation: A unique 

challenge in sensor network is due to small packet size. The 
default supported packet size is only 36 bytes for increasing 
the reliability of packet delivery. Thus the message in security 
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protocol has to be small enough to fit in one packet to avoid 
message fragmentation.  

 
 

Key Management Scheme:  

LEAP supports the establishment of four types of keys for 
each sensor node : 

An individual key shared with the base station. Every key 
has unique key that it shares with the base station. This Key is 
used with secure communication between nodes and the base 
station. Individual key is used to compute message 
authentication code for its sensed reading by node, if it is 
verified by base station.         

   A pair wise key shared with another   sensor nod: 

 Every node shares pair-wise key with each of its 
neighboring node. In LEAP pair wise key is used for securing 
communication that requires privacy and source 
authentication. Each node can used its pair-wise key to secure 
the distribution of cluster key to its neighbor or to secure the 
transmission of its sensor reading to an aggregation node. 

A cluster key shared with multiple neighboring nodes: 

A cluster key is key shared by node and its neighbors and 
it is mainly used for securing locally broadcast message i. e. 
routing control information or securing sensor messages which 
can benefit from passive participation. 

A group key shared by all nodes in the network: 

This is globally shared key used that is used by base 
station for encrypting message that are broadcast to the whole 
group. For Ex: The base station issues missions , send queries 
and interests. 

Security Requirements for Key Management 

To provide secured communication in WSN, sensor node 
first need to setup pair-wise with each other. There are some 
majors: 

Data Confidentiality:  In sensor network data flows from 
many intermediate nodes and chances of data leak is more 
hence only encrypted data is used so that only recipient 
decrypts the data to its original form. 

Data Integrity: Data receive by receiver should not be 
altered or modified is data integrity. 

Data Authentication: It is the procedure for confirmation 
that the communicating nodes is the one that it claims to be. It 
is important for receiver to do verification that the data is 
receive from authenticate node. 

Data Availability: This means the services are available all 
the time even in case of some attacks such as Denial of 
service. 

Source Localization: For Data transmission some 
application use location information of the sink node. It is 
important to give security to the location information. Non-

secured data can be controlled by the malicious node by 
sending false signal strength or replaying signals. 

Self-Organization: In WNS no fixed infrastructure exists , 
hence every node is independent having properties of adaption 
to the different situation and maintain self organizing and self 
healing properties. This is the great challenge for security in 
WNS. 

 

Working of LEAP  

The process is summarized as: 

1. The authentication server challenges the device by 
sending a random string. The device must prove it knows the 
key by sending response derived from challenge. 

2. The device sends a challenge to the authentication 
server, which must also respond correctly. 

3. The authentication server generates and sends a 
session key to access point with the EAP (Extensible 
Authentication Protocol) success notification in RADIUS 
(Remote Authentication Dial In User Service) message. 

4. The access point notifies the device of authentication 
using the EAPOL (Extensible Authentication Protocol Over 
LAN)-Success message. At this point the client computes the 
matching session key. 

5. The access point sends an EAPOL(Extensible 
Authentication Protocol Over LAN) key to activate 
encryption. 

6. The device and access point communicate using 
WEP encryption. 

 

Figure 1: EAP-LEAP 

 

Hardware Technologies  

A sensor network is an embedded system, or rather a 
digital system committed to specific duties. Each node consist 
of sensor board and a programming board. The sensor board 
could be differentiating by specific kind of sensor. Light, 
temperature, humidity but also distance tracking or GPS 
receiver. The programming board supplies wireless between a 
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node and a base station. A node is equipped with a 
microcontroller and low storage memories. 

NS2 Platform : It is an open source simulation tool that 
runs on LINUX . It is a node platform for low power and high 
data rate sensor network applications designed with dual goal 
of fault tolerance and development ease. The low power 
operation of the module is due to the low power T1 MSP430 
microcontroller. This 16-bit RISC processor features low 
active and sleep current consumption. In order to minimize 
power consumption, the processor in sleep during majority of 
the time , wakes up s fast as possible to process , then return to 
sleep mode again. 

 

Software Technologies  

It follows the demand of specific ad hoc software 
technologies. Hence, operating system for WSN nodes are 
typically less complex than general-purpose operating system. 
In general operating system in WSN should fulfill 
requirements like:  

1. Robustness:  once deployed, a sensor network must 
work unattended for months and years. 

2. Low resource usage: sensor network node includes 
very small RAM, and run off batteries. 

3. Multiple service implementations: application should 
be able to choose between various implementations. 

4. Adaptability to evaluations: mote hardware is in 
constant evaluation, application and most system service must 
be portable across hardware generation. 

5. Adaptability to application requirements: applications 
have very different requirements in terms of life time, 
communication, sensing etc.  

 

Leap implement token passing procedure that: 

 Ensures synchronization between nodes and clusters. 
 Allows initializing and self configuring to the optimal 

working point 
 Allows for the addition of new nodes 

A token is a particular message that carries the information 
on the duration of TDMA-slot and a TDMA-cycle, the 
transmitting and receiving schedule of TDMA-cycle, a 
synchronization message carrying the current execution state 
of the TDMA-cycle. The controller has all the information to 
calculate the optimal set of parameters, consequently, it is able 
to generate a token before the network starts operating. The 
network initialization algorithm works as : 

1. When the network starts all nodes are awake and 
listening. 

2. The controller multi cast the token to all nodes of one 
of the connected cluster.  

3. Nodes of the selected cluster read the information on 
scheduling and duration of TDMA-slot and TDMA-cycle. 
Moreover each node acquires the information about the global 
time and launches periodic timer for CSMA and TDMA slot. 
In the midtime, a random back-off timer starts for each node 
before sending an acknowledgement. 

4. The first node that expires the back-off time sends the 
acknowledgement to the controller and become the token 
forwarder. Then all nodes in the cluster go to sleep. 

5. At the beginning of the second TDMA-slot the token 
forwarder wake up and immediately multi-casts the token to 
all nodes in the next cluster. 

6. With the same random acknowledgement-based 
scheme, a node is elected token forwarder for nodes in 
following cluster. 

7. Information about routing and TDMA-slot duration 
needs also to be updated during network operation. Hence, the 
Controller periodically performs a token refreshing procedure. 

 

Conclusion 

The LEAP protocol was implemented and simulated using 
one base station and fifty sensor nodes situated randomly. 
Initially, an individual key was generated for each node from a 
randomly generated master key. Then a cluster key was 
generated by each node and published to their neighboring 
nodes using the pair –wise keys. Finally the global key was 
generated in order to enable public broadcasts.  

The whole idea behind LEAP was to implement a system 
whereby multiple base station have been employed for the 
soul purpose of improving tha data transmission amongst node 
and to come up with a solution for base station , should it be 
compromised. 
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INTRODUCTION 
 
In olden days, there was time shared computing system
(Robert, 2009). Grid computing is a processor architecture that 
associates computer resources from various areas to reach an 
objective. In grid computing, an individual, computer can 
connect with network of computer that can perform the task 
together, thus working as a Super Processor (
Dhivya, 2015). The idea of cloud computing is to come to 
existence to reduce the cost of computing, to increase reliability 
and increase flexibility by transforming computers
2018). Technically speaking, grid computing enables the 
virtualization of the distributed computing and
i.e. processing, network bandwidth and storage cap
create a single system image, granting users 
access to vast information technology(IT) capabilities (
Kumar, 2013). 
  
Grid Computing: It is a combination of computer resources 
which is from multiple administrative domains app
common task. It is a type of parallel and distributed systems 
that enable the sharing, selection, aggregation of 
geographically distributed autonomous resources at runtime 
which is depending on their availability, capability, 
performance, cost and user-quality-of-service requirements 
(Future generation Computer Systems, 2009).
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ABSTRACT 

The Cloud computing is the development of parallel Computing, Distributed Computing 
Computing. The Cloud Computing is not a very new concept because it is connected to Grid 
Computing Paradigm, whose concept came into thirteen years ago. Cloud comp
related to grid computing but also related to utility and cluster computing.
computing platform for sharing resources which include software’s, business process, infrastructure 

applications. It is also relies on technology of virtualization. 
and cloud computing and how cloud computing is different from other. In this paper, we will also 

highlight the future of computing as cloud computing. Also to find the actuality of the fi
computing in the form of Cloud Computing. 
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existing resources with their hardware, operating system, local 
resource management and security infrastructure. Grids define 
and provide a set of std. protocols, mid
services built on top of these protocols. Grid provides protocols 
and services at five different layers as identified in Grid 
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cluster computing. Cloud computing is 
computing platform for sharing resources which include software’s, business process, infrastructure 
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how cloud computing is different from other. In this paper, we will also 

highlight the future of computing as cloud computing. Also to find the actuality of the fifth generation 
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It is shared collection of reliable and unreliable resources. It is 
a collection of servers that are clustered together. Grid 
computing is all about sharing, aggregating, hosting and 
offering service across the world (Indu Gandotra, 2011). The 
concept of Grid Computing will get cleared from Fig. 1. 

 

Grid Computing 
 

Grid Computing Architecture: Grid targeted on integrating 
existing resources with their hardware, operating system, local 

security infrastructure. Grids define 
provide a set of std. protocols, middleware toolkits and 

services built on top of these protocols. Grid provides protocols 
services at five different layers as identified in Grid 

Devika Rani Dhivya, 2015). 
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Fig. 2. Architecture of Grid Computing

 
Fig. 3. Grid computing concept

 
The above fig. shows the general concept of grid computing 
which shows that various resources are segregated from across 
the globe or geographically dispersed locations towards a 
central location i.e. Grid system. 
 
Types of Grid Computing 
 
Different types of Grids in Grid Computing 
 

 Data Grid 
 Computational Grid 

 
Data grid is a grid computing system that deals with the 
controlled sharing and management of distributed data
 

 Storage Resource Broker (SRB) 
 Computational Grid is a Grid computing system that is 

concerned with the computation 
 
Applications 
 
A. Advantages of Grid Computing (Grid Computing
 

 Access to Additional Resources: In addition to CPU 
and other storage resources, a grid can also provide 
other resources as well.  

 Resource Balancing: A grid incorporates large number 
of systems into a single system image. For applications 
that are grid enabled, grid performs the resource 
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computing concept 

The above fig. shows the general concept of grid computing 
which shows that various resources are segregated from across 
the globe or geographically dispersed locations towards a 

 

Data grid is a grid computing system that deals with the  
controlled sharing and management of distributed data 

computing system that is 

Grid Computing) 

In addition to CPU 
and other storage resources, a grid can also provide 

A grid incorporates large number 
of systems into a single system image. For applications 
that are grid enabled, grid performs the resource 

balancing by scheduling grid jobs on machines that are 
showing low utilization. 

 Reliability: The systems in grid are cheap and 
geographically dispersed. If, for example, there is 
power or cooling failure at one site, then that will not 
affect the other site, thus high reliability will be there 
specially in case of real time systems.
 

B. Disadvantages of Grid Computing
 

 Not Stable: Grid software and standards are not stable 
in comparison to other computing. Its standards are still 
evolving.  

 High Internet Connection Required
assembling various resources from geographically 
dispersed sites require high internet connection which 
results in high monetary cost.

 Different Administrator Domains:
political issues arise when sharing resources among 
different domains. Some additional tools are required 
for having proper syncing and managing among 
different environment. 
 

Cloud Computing 
 
The main idea behind cloud computing is to make applications 
available on flexible execution environments located in 
Internet (Indu Gandotra, 2011).
technology. It is the development of parallel computing, 
distributed computing, and 
combination and evolution of virtualization, utility computing, 
Software – as –a-Service(SaaS), Infracture
Platform-as-a-Service(PaaS) 
(Santosh Kumar, 2012). “Cloud is a Parallel 
computing system of a collec
virtualized computer based on service level agreements (SLA).
 

             
Fig. 4. Cloud Computing

Forrester defines cloud computing as
 
“A pool of abstracted, highly scalable, and managed compute 
infrastructure capable of hosting end
and billed by consumption.” 
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systems in grid are cheap and 
geographically dispersed. If, for example, there is 
power or cooling failure at one site, then that will not 
affect the other site, thus high reliability will be there 
specially in case of real time systems. 

of Grid Computing (Grid Computing) 

Grid software and standards are not stable 
in comparison to other computing. Its standards are still 
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dispersed sites require high internet connection which 
results in high monetary cost. 
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political issues arise when sharing resources among 

omains. Some additional tools are required 
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The main idea behind cloud computing is to make applications 
available on flexible execution environments located in 

, 2011). It is a complete new 
technology. It is the development of parallel computing, 

 grid computing. It is the 
evolution of virtualization, utility computing, 
Service(SaaS), Infracture-as-a-Service(IaaS), 

Service(PaaS) and Data-as-a-Service(DaaS) 
“Cloud is a Parallel and Distributed 

computing system of a collection of inter-connected and 
virtualized computer based on service level agreements (SLA). 

 

Cloud Computing 
 

Forrester defines cloud computing as 

“A pool of abstracted, highly scalable, and managed compute 
osting end-customer applications 



 
Fig. 5. Five features of Cloud Computing

 
Cloud Computing architecture  
 

 
Fig. 6. The Cloud reference architecture

 
The Fig. 6 shows a cloud reference architecture 
Kumar, 2012), that makes the most important security cloud 
components explicit and provides an abstract overview of 
cloud computing for security issue analysis. 
 
The services (http//www.Dolcera.com/wiki/ondex.php?
title=cloud_computing#cloud_computing_comparison_of_dif
erent_vendors) provided by cloud provides are 
 

  SaaS – Software as a Service Network
application. (By Google Apps, Salesforce.com)

  DaaS – Data as a Service Customer queries against 
provider’s database. (By Google Big
simple DB) 

  PaaS– Platform as a Service Network 
software development platform. (By Windows Azure, 
Google App Engine) 

  IaaS – Infrastructure as a Service Provider hosts 
customer VMs or provides network storage. (By 
Amazon web service EC2, Gogrid, Rackspace)

  IPMaaS – Identity and Policy Management as  a 
Service Provider manages identity and/or  access 
control policy for customer ( By Rightscale, Appistry)

  NaaS – Network as a Service  Provider offers 
virtualized networks  (e.g.VPNs) 

 

71100                                               International Journal of Current Research,
 

 

Five features of Cloud Computing 

 

Cloud reference architecture 

The Fig. 6 shows a cloud reference architecture (Santosh 
that makes the most important security cloud 

provides an abstract overview of 
 

Dolcera.com/wiki/ondex.php? 
title=cloud_computing#cloud_computing_comparison_of_diff

provided by cloud provides are –  

Software as a Service Network-hosted 
(By Google Apps, Salesforce.com) 

Data as a Service Customer queries against 
(By Google Big Table, Amazon 

Platform as a Service Network – hosted 
(By Windows Azure, 

Infrastructure as a Service Provider hosts 
customer VMs or provides network storage. (By 
Amazon web service EC2, Gogrid, Rackspace) 

Identity and Policy Management as  a 
Service Provider manages identity and/or  access 
control policy for customer ( By Rightscale, Appistry) 

Network as a Service  Provider offers 

The concept of Cloud Computing will get cleared from Gig. 7.
                  

 
Fig. 7. Cloud Computing

Cloud Computing Types 
 
Public, Private and Hybrid Cloud
 

Fig. 8. Cloud computing Types

Public Cloud  
 
Public clouds are owned and operated by third parties; they 
deliver better economies of scale to customers, as the 
infrastructure costs are spread among a mix of users, giving 
each individual client an attractive low
model. One of the advantages of a Public cloud is that they 
may be larger than an enterprises cloud, thus providing the 
ability to scale seamlessly, on demand. 
 
Private Cloud  
 
Private clouds are built exclusively for a single enterprise. 
They aim of Private Cloud is to address concerns on data 
security.  
 
There are two variations to a private cloud:
 

 On-premise Private Cloud:
clouds are hosted within one o

 Externally hosted Private Cloud:
cloud is hosted externally with a cloud provider. 
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computing Types 
 

Public clouds are owned and operated by third parties; they 
deliver better economies of scale to customers, as the 
infrastructure costs are spread among a mix of users, giving 
each individual client an attractive low-cost, “Pay-as-you-go” 

advantages of a Public cloud is that they 
may be larger than an enterprises cloud, thus providing the 
ability to scale seamlessly, on demand.  

Private clouds are built exclusively for a single enterprise. 
They aim of Private Cloud is to address concerns on data 

variations to a private cloud: 

premise Private Cloud: also known as internal 
clouds are hosted within one own data center.  
Externally hosted Private Cloud: This type of private 
cloud is hosted externally with a cloud provider.  

, 2018 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hybrid Cloud  
 

Hybrid Clouds combine both public and private cloud models. 
The Hybrid cloud environment is capable of providing on-
demand, externally provisioned scale.  
 
Advantages of Cloud Computing 
 
Shared Resources: It shares resources to provide the services 
to multiple users.  
 
 Pay-As-You-Go: Users only need to pay those resources 

which are used by them. They can demand for more 
resources if they required.  

 Better Hardware Management:  It is easy for cloud 
service provider (CSP) (provider.techtarget.com/ 
definition/cloud-provider.) to manage the hardware easily 
because all computers run the same hardware.  

 
Applications of Cloud Computing 
 
Following are some applications of cloud computing 
(Zhang, 2010) 
 

 Cloud computing provides dependable and secure 
data storage center. 

 Cloud computing can realize data sharing between 
different equipments. 

 The cloud provides nearly infinite possibility for users 
to use the internet. 

 Cloud computing does not need high quality 
equipment for the user and it is easy to use. 
 

Benefits of Cloud Computing 
 
The cloud computing is the next big future in computing. It has 
many benefits like better hardware management.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It also provides better and easier management of data, because 
all data is located on central server so that administrator can 
control who have access to files (Indu Gandotra, 2011). It also 
reduces runtime and response time, minimizing the purchasing 
and deployment of physical infrastructure. 
 
Conclusion 
 
Cloud computing is a new technology of computer network, 
providing the web services at lower comparing to normal 
techniques. It contribute to improve the service in other related 
technologies like 
 
Grid Computing, Cluster Computing 
Utility Computing / Automatic Computing 
Distributed Computing 
 
Cloud computing is growing part of IT. It has the potential to 
become a favorite in promoting a secure, virtual and 
economically viable IT solution in the future. EUCALYPTUS 
is an open source software framework for cloud computing.  
In this way we can say, that fifth generation of the Computing 
in the form of Cloud Computing has been already started. 
 
REFERENCES 
 
“Article on Grid computing Architecture and Benefits”, Ms. K. 

Devika Rani Dhivya, Mrs. C. Sunitha, International 
Research Journal of Engineering and Technology, Vol 2, 
Issue 9, Dec. 2015. ISSN 2395-0056,  

Ian Foster, C. Yong Zhao, Ioan Raicu, Shiyong Lu. Loud 2008. 
“Computing and Grid Computing 360 Degrees Compared” 

Rahul Kumar, I.A. Khan and V.D. Gupta, “ Literature review 
on Grid Computing”, Vol. 6(7), pp. 144-148, July 2013. 

Comparism between Grid and Cloud Computing: 
 

Grid Computing Cloud Computing 
Cha. Of Grid Computing 
 Loosely coupled (Decentralization) 
 Diversity and Dynamism 
 Distributed Job Management and 

scheduling(http;//www.jatit.org/research/introduction_grid_computing.html
) 

Cha. Of Cloud Computing 
 Dynamic computing infrastructure 
 It service-centric approach 
 Self-service based usage model 
 Minimally or self-manged platform 
 Consumption-based billing 

In grid computing, the computers do not have to be in the same physical location 7 
can be operated in dependently. As far as other computers are concerned each 
computer on the grid is a distinct computer. 

In cloud computing, the computers need not to be in the same 
physical location. 

The computers that are part of a grid can run different operating systems and have 
different hardware. 

The memory, storage device 7 network communications are 
manged by the operating system of the basic physical cloud 
units. Open source software like LINUX can support the basic 
physical unit management and virtualization computing. 

Grid is inherently distributed by its nature over a LAN, WAN. Clouds are mainly distributed over MAN. 
Areas of Grid Computing(http;// 
www.jatit.org/research/introduction_grid_computing.html) 
 Predictive Modeling and Simulations 
 Engineering Design and Automation. 
 Energy Resources Exploration 
 Medical, Militry and Basic Research 
 Visualization 

Areas of Cloud Computing 
 Banking 
 Insurance 
 Weather Forecasting 
 Space Exploration 
 Software as a service 
 Platform as a service 
 Infrastructure as a service 
 Data as a service 

Any Std. OS(dominated by Unix) A hypervisor(VM) on which multiple Oss run 
Benefits of Grid Computing (Shruti, 2013) 

 Exploiting underutilized resources 
 Parallel CPU capacity 
 Virtual organization for collaboration and virtual resources 
 Access to additional resources 
 Reliability 
 Management 

Benefits of Cloud Computing (Usha Albuquerque, 2017) 
 Flexibility 
 Disaster recovery 
 Automatic Software updates 
 Free capital-expenditure 
 Work from anywhere 
 Document control 
 Security 
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,lhtract- \\(,rncn are cnjoving more licedom today and

hi*c loinr'cl the work.l\ docrcrs, la\,!yers. tcachers.

designer. truck drivcrs attd in many ()lhcr professtrns.

But discrinlination againsl women still cxists in various

ti)rnrs. pafticularly at the workplace. Wonlcn should know

lhcir ri!ht\ n\ r \''orker nd take rcsPonsihility ttt stop

r'uhl\ \ lolutr(rr\ ut lhg wrlrkplrce.

Keyuords Discrinrination. l-c8i\llllon. Scrual

Accolding to Hindu mythology. lhe Manustrriti is lhe

rvord 1)l- BrJhnu. ln Milnu'\ scl of luu\. wonren were

lrcnted on pur with slaves or Shudras. ll nrcans tiom (he

arrr.'icIt lrnrc. our socicly i\ mule dominalitr8 or supremxc]

of thc mcn oler the wonlcn. Another \i8n of thc lot{cr

stiltus ol wonrcn wa. thc practice of nlonoganr! tin lhc

wile whi['lhc husbilnd wus frce lo havc scveral wtves.

Thet $crc lJrgeted ol variou\ typc\ ol liolcncc and

discrinrinatot'] pritclicc\ d(ntc bv mc .

No$ lhe tinrc is chunging. From lhc lxsl li!e dec.ldcs.

the \\onrrn il[e activcly panicipatinl. ul lhc workplacc

with thc rolc ol houscwile. mother, und carc tuker. Many

wonlcn urc nruking her carccr in the tleld ol intercsl. They

want k) b€come selt- indepe[denl. She shows aPttless and

assiduity rn hcr work whethcr \he mirl- at home or at

uorlpluer. ()rre thing rr tleirred thut wrrtnct) rrc slrirtll!

to girirl rqtlillrt) in lhe work.

But c\c[ toda]. \rorren ure nol trcatcd lhc santc as

men. one arca where this oppression \hows i\ the 'equul

pay for equal jobs'. Another area in which womcn arc

inconvcnicnr irl the workplace is through dircrimination.

Discrimindtion can be iln uncomfonablc situation tbr the

women coDccrncd- There are two types of discrimination-

rrr,lrrcil unJ drre!1. Illdlrccl dircnnlinullon rllu\ \'()nlilill il

wonran bcrng ne8lcclcd ti)r the promoli()n or an er plolcrj

drrplu!ing intproper \c\ual nlalter or ulkrlrilent ot nxne

$ork ll lhc workplacc. On the olhcr hund. dirccl

discrinrinatirrn may include a women hcing look oul l-ronl

her enrploymcnl durinU pregnancy, or being ercludcd

tio r atter work Sroup evcnl\.

Another major are! where being the women have

been sultered at the workplace is sexuul harassmenl.

Sexual harassment is the direcl sign of sex discrimination

and nrostly lhe sexudl di\crimination i' occurred rlherc

thc w(,nrcn huving lowcr payin8 job\. 'lhc scxual

hara\\n1cnt ot rcrual discrimination al rrorkplncc (lcxtc\

len\ions lhrt nukc thc women doing job nx)rc diflictrll

Thu\ thc cqldilior ol working women is particularly

vulnerablc. fhey need equal trealmenl and special

protcclior under the laws. To protect the working women.

many legislative provisions have becn pR)vided in almosl

all labour sratutes which address the problenrs of wonrcll

labour in their cmploymcnt situation. Thc SccLnld

National Conrnrission on lrbour. 2002 has also.iuslrticd

the protcctivc discriminatory legislation by

reconrnrcncling thal nll \uch lcgislations dre nccessarY li)r

wonlcll t!orkcr\.

There ure a provision tbr protcction ol women undcr

lahour laws such as' Thc Factorics Act' 1948. The

Employees' State Insurance Act- l94lt, The Matcrnity

Benetlt Act-1961, Thc Equal Remunerution Act- 1976.

The Workmen Compensation AcF 1923. Thc Minimum

Wu-!cs Act- I9.18. Ndlional Rural Entploynlent Cuarantcc

Act- :(x)5. Thc Conlrucl [-abou[ (Rcguluti([ xnd

Abolition) Act-lc)70 itnd Scxual Harrsslllcnl ol'W(,ltco ilt

Workplircc (Prcrention. Prohibi(ion and Rcdres\al) Act.

l0l-1.

These legislations in lhe Indian lab<tur laws regulates

the cnrploymenl in dangerous occupution\. prohibition of

night work. restriclt,n on carriage of heavy Iouds. wages.

health, grutuity. maternily relicf, equal puy for equal

work. :ocial \ccuritv. provision of crcches and txhcr

\{clture luciliti!'\ (lc. l'h!'se labour luws lbr women havc

bccn .ln\\illcd inlo thllc cat!'Sories \uch us { l) Measures

in rclirrd to heallh. sllfcl) and welfare (2) Social securily

mca\urc\ (-1) Wagc protection. Everyonc should know
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trpowers will try to fish in troubled waters which

will be suicidal for lndia in particular and the

entire subcontinent in general. lt is thus the
geographic factor that has played a determining

role in shaping the bi- lateral relations.
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Abstract:

Women have always been given a

subordinate role in the family system of lndia.

They have been fighting a perennial battle

against their counterparts for their dominance

and to avail equal status. But women can carve

a niche forthemselves if they are strong in mind

and body, and bold enough in their outlook to
put their traditional identity and nature of

submissiveness aside.

This paper discusses the journey of.

Karuna from assertion to emancipation in the

maiden novel Socialite Evenings by Shobha De.

A middle class girl, Karuna dreams of being a'
part of the upper class society, who rebels

against her family and tries to create an

independent world of her own. The novel is

about the journey of a prominent Bombay

socialite Karuna from a middle class girl to a

self-sufficient woman. Making a feminist

approach, the novel gives us the picture of the

marginalization of the lndian women at the

hands of their husbands. Many a times Karuna

adopts a militant attitude towards her husband

as she does not want to be marginalized in a

patriarchal society. The portrayal is authentic,
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ctive on ewo eY

tde, suffused with feminist traits.

Ielurords: . Society, patriarchal, emancipation,

perennial, submissiveness, militant'

The journey from assertion to emancip

*ion is symbolic of the winds of social change

&wing across the world and intends to focus

oo "women who are today in a fair way to

dethrone the myth of femininit'7, they are

beginning to affirm their independence in

*rrar"t" ways; but they do not easily succeed

ir living completely the life of a human being'"

{Beauvoir,Sex)'.The battle to come out of the

shadow of male dominance has been going on

Sarcenturies. The fight for autonomy in a male

ddninated and traditional society is a tough one

'but women can find a respectable place for

themselves in the society only if they have an

intellectually strong mind to put aside all

raditional factors and come out of the Sita-

Savitri image and the tradition of submissive

ness." (Shirwadkar, lmage of Woman"'p'55)

Shobha De's first novel - Socialite

Evenings deals with the story of a middle class

girl Karuna who wants to rise above her ranks'

ih" i, not ashamed of her sexuality and does

not miss any opportunity to cut down to size her

male counterparts' But the tug of war between

her role as a house maker and her desire for

individual freedom and happiness creates a

problem for her' The novel describes heriourney

wher" she reaches the cross- roads' Her

dilemma is to go back to her old life or to be a

part of the elite world' Though they have
-discarded 

the old order, but have not been able

to carve out any new concrete niche for

themselves. Finally, the realization is there that

indivlciual freedom is just a myth and not a

reality.

lndian fiction in English has been

ngs to t ts e nove

en richeo bY several talented women novelists

have written about lndian women, their struggle,

their suffering and their awkward position.

keeping in view their image and role which the

society has created. Their chief confiibution

consisis oftheir exploring the moral strength of

women characters and their struggle with

challenges in creating their own identity'

Shobha De is a prolific writer born in

Maharashtrian Brahmin Family in Mumbai,she

writes about the high-flying upperclass society

of lndia. She has dealt with issues related to

woman.To project urban culture, she has

changed traditional picture of enduring'

submissive and self-sacrificing women with a

new picture of bold and liberated urban women'

Shobha Oe is renowned for bold and frank style

of writing. She explored the lives of bored

housewives and their loveless rich husbands and

family. Her novels mirror the life styles of the

elite and the middle classes of urban world'

Socialite Evenings is Shobha De's first

novel published in 1988- The novel portrays

Mumbai high society and explores the lives of

bored rich housewives trapped in loveless

marriages and engaging in ill-fated' extra-

marital affairs, smug selfish husbands'

fashionable parties, false splritual leaders' and

a portrait of general moral, spiritual and

iniellectual bankruptcy and decadence of the

elite who have traded their traditional culture

for westernization and modernization' ln the

novel, Karuna the main protagonist and narrator

caught up in a drab, boring life that she seeks

to eicape by writing memoirs' Her memoirs are

successful and she achieves a measure of fame

and pride in herself as she becomes an active

socialite and eventually uses her new found

prominence as celebrity to 8et herself a position

as an advertising copy writer and creator of a

television series.

ln the novel Socialite Evenings Karuna

including Kamala MarkandaYa, Anita Desai,

is the main

out of suc
N ayanata ra Sahyagal, Attai Hosain, Santhara

rnaloud JRefereen LlauIu Itilnasct
qInterd typ

marau, Shashi DeshP ande and Shobha De. TheY

protagonist. She is all agog to break-

h thralldom which comPels her to
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itd ma de or introsp ection. The average ln tan
womant conjugal life is to her an exhausted
generation of wives with no dreams left and
marriage is like a skin allergy, an irritant.But she
is not afraid to face this irritant, this allergy. She
boldly and defiantly encounters it, for she
realizes "marriage is nothing to get excited or
worried about. lt is just something to get used
to" (De, Socialite, p.68) and she gets used to
this stereotyped social institution in the course
of time. She deteststhe stand-offish and callous
attitude of the husbands who often kept
themselves busy in drab monotonous activities
- like reading and business pages of The Times
of lndia. But despite these laxities, a husband
was above all, a sheltering tree, a rock to the
wife. They were not wholly bad or evil and the
wife as a woman was only peripheral being,
Karuna says:

We were reduced to being marginal
people. Everything that mattered to us was
trivialized. ,..roof over our head and four square
meals a day. (De, Socialite, p.69)

The subordination of women as
housewives stems from a castration-panic on
the part of the husband. The lndian male is
presented by Shobha De as a person ,,terribly

threatened by self-sufficient women.,,(De,
Socialite, p.59) He is inadequate and incomplete
as a husband since he lacks the traits of an ideal
husband. Fear of the loss of domination and
control over the self-affirming wife makes him
resort to several defense mechanisms. One of
these strategies is his male chauvinism and
power-assertion ventilating in bullying and
committing atrocities upon his wife, But his
stupid self-conceit and ego restricts a free
exchange of views among sexes. Karuna
in q uisitively wonders: ,.how could he
communicate anything at all to men who
perpetually sat reading pages of The Times of
lndia while concentratedly picking their noses
?" (p.6e)

Karuna learns from Ritu, whom she

t
both at home and at school, she declines a dog
the traditional path of etiqu ette and manners.
At home, she refused to cower before elders and
at school she wore her sash hipster style. As
she grows in age there develops in her the
emotional urge to identity with the outside
world, the modern crowd, the bewitching and
fascinating world of affluent girls who had the
lewd and clandestine world of modeling with
her secret assignment as the Terkos; Girl.
Throughoutthe novel Karuna figures as a woman
who asserts herfeminine psyche through protest
and defiance. She figures as a woman, not
victim. Shobha De deals with the sullenly skewed
of art. We do not have here the stereotypes
associated with male artistic representations of
women. Karunat initiation into the fashionable
world of modern life begins at Anjali,s fancy
place in Malabar Hill. But Anjali accuses Karuna
of bitchiness and lechery her insatiable appetite
forsex. This is borneout when Karuna dates with
the New Delhi ad film-maker in London. Further
her stay in the United States gives her a feeling
of superiority and makes her assertive. Karuna,
with all her attempts at ego assertion, refuses
subscription to stereotypes, to succumb to the
hegemony of the malist culture.

Socialite Evenings gives us the image
of new women at the hands of their husbands.
ShobhaDet is the picture of women not only as
protagonists but also as motivating factors in
society, initiating and regulating their own lives
as well as the lives of others in the voluptuously
fascinating world of Bombayites, its enticing
glitter and glamour enamoring many a Karuna
to its ensnaring and captivating gossamer.
Karuna's marriage is a failure since it is loveless,
joyless and bridgeless. There is no under
standing between the husband and the wife. She
feels that she has married ,,the 

wrong man for
the wrong reasons at the wrong time. Her
husband is just the average lndian husband,
unexciting, uninspiring, untutored. He was not
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(p.1 6 ema an ingenuousnces upon at a finance irector's party at mortems.

'men like dogs could be conditioned through

rdrard and punishment." (p.87). But could she

ondition her husband in the like manner. But

she was fed up with her husband's compulsive

socializing, his horrible safari suits and the gum

he constantly chewed. She could not turn to

anything in such a boring milieu save her books

and her fantasies. Crosswords and newspaper

drcsswere other alternatives to utter boredom,

She realizes that despite her little a cts of protest,

she is "a well-trained lndian wife" (p.54) but

she shares the same rational human nature as

men do. Karuna is not "the toy of man, his rattle,"

which "must jingle in his ears whenever,

dismissing reason, he chooses to be

amused."(Surendran, Another De..., p.12)

The subordination of women in the

malist culture is symptomatic of hiera rchization

of socio-moral values between the sexes. lt

symbolizes the polarity between activity and

passivity, between meek obedience and

defiance. Helene Cixous observes: "A male

privilege can be seen in the opposition between

activity and passivity. Tnditionally, the question

of sexual difference is coupled with the same

opposition : activity/passivityJ' Women are often

the symbols of passivity.Helene Cixous further

maintains: "Either the woman is passive; or she

doesn't exist. What is left is unthinkable,

unthought of. She does not enter into the

opposition, she is not coupled with the father

who is coupled with the son." (p.288)

Woman is thus reduced to matter, a mere

object. This reduction of woman to matter or a

commodity is in the main a phallocentric pattern'

Karuna's husband treats her as matter, a mere

object subjected to his own will. Karuna's

humorously sarcastic approach to her problems

in the patriarchal male culture apparently

deconstructs the traditional gender hostility

used to elaborate the polarities of connubial

ties. Karuna undermines male superiority' She

loathes her husband's dwelling in "post-

t/; aerada@

s

declaration about her inner urge to express

herself through love:

"l love this friend of yours, and I want to

be with him in Venice. There is a good chance

...It's the Taurean in me that's surfacing these

days. Treat this as a short-term mania that will

wear itself out." (p.186)

It is clear that Karuna has just a formal

relationship with her husband. lntimacy

between the husband and wife is lacking for

Karuna who never calls her husband by his name

but derogatorily as 'Black Label'' Shobha De

resorts to the technique of manipulating

language in order to deconstruct the male ego:

"the fact that his wife had taken a lover excited

him. resisting - it would have only consumed

more time." (p.188)

Shoba De in her long narration depicts

the pathetic story of Karuna and her incessant

struggle tobe free from the dominance of her

husband and herjourney towards emancipation;

she also has added the other female character

such as Anjali, Ritu and Gul. They faced a

dilemma which is the outcome of their own

undoing, their blind urge to emulate the elites

and in this process they are uprooted and

wandered aimlessly in the jungle fully of female

devourers. ln the beginning, these women

discard the social norms and march ahead on

the path of emancipation and liberation and once

they achieved their desire, they find themselves

all alone and feel lost. With no support and no

clear path outlined for them, disillusionment sets

in and plunges them into dilemma, now they

have two choices to make- either to come back

to their roots or to continue suffering.

Women in Shobha De's novels symbolize

the overpowering materialism and the lack of

spirituality that characterizes modern age. With

the crumbling of moral and ethical values there

is an inner conflict which drives the modern

lndian women to seek shelter in different

identities for momentary solace. One of the most
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nota e features of t ese women is they lack nt8 stosu ryD _t

an identity. But the whole blame cannot be laid
on women only because in ShobhaDet novels
there are type of men who use and abuse women
and then discard them. ln Socialite Evenings
one encounters a liberal lndian husband who
allows his lndian wife to go abroad and get
herself screwed once for all iis the last gesture
of good will. From the individual, it comes to
the family. lt is the family which is the centre of
deviance. Subhash Chandra regards family,s
disinteBration is the instrument of degeneration
of Sociallte Evenings.

Thus ShobhaDe's novel Socia lite
Evenings shows the image of new woman
against predatory male-dominated society. But
her vamp ideology of feminism provides no
redemption for the deviant and fallen women
who in their frantic struggle to escape male-
domination and attain individuality, meet with
failure and are victimized in one way or the other.
ln enacting the drama ofseduction and betrayal
in her foray against patriarchal structures, the
glamorous vamp in De's novels, may end up
being as seductively treacherous to women as
to men. A woman in lndian society marries not
just the man but also his family and
subsequently loses her identity in marriage,
relinquishes her freedom and sets about
pleasing everybody. But the new generation of
women with their new-found release from
matrimonial bondage adopts different
perspectives, and revolt against the old order.
De! women are such liberated individuals in
search of a niche in their lives.
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INTERTEXTUALITY IN RUSKIN BOND: BRIDGING THE GAP
BETWEEN FACT AND FICTION

DR.R.M.PATIL
Associate Professor & Head,

Department of English
Vidya Bharati Mahavidyalaya, Amravati.

ABSTRACT
The fact that Ruskin Bond's literature is autobiographical in nature has been
widely established. He can easily be tented as one of the most self-indulgent
writers who hatte always fed on his life- people, places and experiences- to
sustain the y)riter in him. Most of Bond's writings have taken roots in his
biography- in its broad sense. There are some distinctive features -stylistic as
well as thematic- which make his teritings uniquely subjective and
biographical in ndture. Some characters, themes, settings and philosophy
return again and again in his stories, essays and novellas in different contexts.
Many of these characters are drawn on real life persons; the themes and
settings could also be easily traced to the writer's biography. These recurrent
oppearances of the certain characters, themes and settings can be taken as
instances of intertextual borrowings. Such intertextual references in Bond,s
case assume the shape of the bridge between duthor's life and his art. This
paper aims at locating the intertextuql sources in the works of Ruskin Bond in
order to prove their relation to his biography. Ruskin Bond having remained
unmarried adopted a family of his former help. So in a way he has been
successful in seeking union with mankind as he has been living with prem Sing
and his family-just as Rusty tried to do the same while living in Room on the
Roofwith Kishen and Menna Kapoor or sharing a room with Suraj and Kamla
the prostitute in Delhi is Not Far. The names have changed, contexts may have
become different but the characters, their mind, heart and soul have remained
the same.

The fact that Ruskin Bond's literature is autobiographical in natue has been widely
established. He can easily be tented as one of the most self-indulgent writers who have
always fed on his life- people, places and experiences- to sustain the writer in him. Most of
Bond's writings have taken roots in his biography- in its broad sense. There are some
distinctive features -stylistic as well as thematic- which make his writings uriquely subjective
and biographical in nature. Some characters, themes, settings and philosophy return again and
again in his stories, essays and novellas in different contexts. Many of these characters are
drawn on real life persons; the themes and settings could also be easily traced to the writer's
biography. These recurrent appearances of the certain characters, themes and settings can be
taken as instances of intertextual borrowings. Such interlextual references in Bond's case
assume the shape ofthe bridge between author's life and his ar1.

This paper aims at locating the intertextual sources in the works of Ruskin Bond in order to
prove their relation to his biography. Ruskin Bond wrote his first novel at the age of 17 and
since then he has been making his living by writing books. He published his first
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autobiographical work in 1989. Three more works, autobiographical in nature, followed till
2002. Apart from his interviews these four volumes can be taken as the only 'unadulterated'
sources for looking into writer's personal life. The very first work rhe Room on the Roof
(hereafter referred to as The Room) set the mood and tone for Bond's future writings. Bond
certainly has come a long way as a writer, since his first book written as a teenager. But the
basic fabric of his writing remained the same. The Room was set against the backdrop of his
own teenage life. The setting, the characters and the incidents have so much common to the
writer's life that it can be easily taken as an autobiographical writing. However the writer has
blended the reality of his life with fiction so cleverly that at times it becomes impossible to
distinguish one from the other. The teenager Ruskin did certainly live in the room on the roof,
But this one piece of reality has been weaved into the fabric of his imagination. After his
quarrel with his mother, he decided not to live with her. So he was a given a room on the
roof. In his novel he fictionalized it as a room given to Rusty by a Mrs. Kapoor for giving her
son tuitions. Rusty, the teenager protagonist, left Mr. John Harrison's house, after beating the
guardian for torturing him. After spending a few days on street he shifted to the room on the
roof. Here his guardian John Harrison is a fictional character. But he is drawn in such a way
as to remind us of his headmaster at Bishop Cotton School and his stepfather. In this context
Meena Khorana writes: "Bond admits that Mr. Harrison's character is based on the people he
had resented as a teenager: his stepfather, his uncle in Jersey, and Mr. Fisher, the teacher and
headmaster at Bishop cotton School" (35). Mr. Harrison's character retums again in number
of stories with only the cosmetic changes like the name, and its relationship with the
protagonist.

In the story A Job lYell Done Mr. Harison reappears as Major Summerskill, the stepfather
who hates the boy for being "too soft" (Collected Fiction 103) Here when we read the story,
we can't help but thinking about the novel The Room. We don't have to understand the
character of Suimerskill as his initial description connects him to Mr. Harrison whom we
already knew. "The 'Major Sahib' was my stepfather, Major Summerskill. A tall, hearty,

' back-slapping mart, who liked polo and pig-sticking. He was quite unlike my father... The
Major said I would become a dreamer if I read too much and took the books away. I hated
him..." (103). We are instantly reminded of Mr. John Harison who ".. felt only contempt for
the (good lady's) buoyancy of spirit, "Harrison tells the lady that the boy "dreams too much"
(550). These descriptions borrowed from the two different texts, if read simultaneously,
convinces us of what Julia Kristeva says about the notion of intertextuality. "The notion of
intertextuality replaces the notion of intersubjectivity" (Kristeva 69) Here we don't form the
impression of Sumrnerskill by reading about him; we are transported back to the character of
Harrison. We realize that meaning is not transferred directly from the writer but from the
certain preconceived and established understanding of the reader based on the earlier text.
Secondly the character of Mr. Harrison is also a result of author's real life experiences of
some individuals. In short, we may prove that a fine blending of fact and fiction has been
achieved by the author through a subtle use of intertextuality.

The similar technique seemed to have shaped most of the characters, themes, setting and
philosophy in the writings of Ruskin Bond. The principal characters like Rusty the teenage
boy, his mother and the stepfather certainly come out as the archetypes of Bond's fiction.
Most of the time these characters remain faithful to their original counterparts as revealed
through Bond's autobiographical volumes. However even the minor characters like Ganpati
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the beggar, Seth Govindram, Mrs. Meena Kapoor, her son Kishan, the young prostitute
Kamla and his friends also appear in more or less the same way with some contextual
changes. Mrs. Meena Kapoor in The Room "was a capable person, still young, a charming
hostess; and in her red sari and white silk jacket, her hair plaited and scented with jasmine,

she looked beautiful." (CF 584) Rusty much younger than Meena, falls in love with her. He,
as inexperienced teenager,, gets seduced and "intoxicated" by the charming beauty of his
pupil's mother. We are reminded of Meena when we are told about Leela, another woman in
her early thirties. In the short story, His Neighbour wife, "Leela was a most attractive
woman... I was herjunior by about five years and she called me her 'younger brother" (40).

This typical character of a woman marrying or romancing a younger boy has a peculiat
biographical background. Bond rvhile in his early thirties fell for a girl of seventeen "Sashi
Kishore" (MK86). He could not marry her due to the age difference and cultural differences.

Apart from this unfulfitled love affair "Bond was romantically involved with a couple of
women" (86). So in a way Bond, while portraying these, characters, was gratifying his own
unfulfilled desires through them. Here we may say that Bond was bridging the gap between
the reality and imagination by blending the fact so tactfully with fiction. Meena Khorana's

observes: "He is loyal to his characters (iust as he is loyal to his friends and neighbours),

hence the same characters or character types (sometimes with different names) appear in
several stories, essays and novels" (60).

Sashi Kishore was Bond's neighbor when he was living in Delhi. She appeared as Sushila in
his short story called, Love is a Sad Song. The protagonist is a writer like him who tried

everything to marry the girl. But she chooses a bank oflicer over the writer. The teenager

Sushila returns in another story Time stops dt Shamli as a matue married woman. She has

grown to be "the liberated woman, free from compunctions and taboos" (Haider 86). That is

why she is very much willing to have extramarital relations with the writer, as she has been

struggling in her "incompatible rnarriage" (MK 86). Here we do not have proof to further link
Sushila's response to Bond's teenager sweetheart. However the intertextual pattem of the

character further moves on the thematic level. Seeking emotional and spiritual liberation

through sexual relations has been the recurrent theme in the literature of Ruskin Bond. The

novels. like The Room, Delhi is Not Far, The Sensualist have the principal characters

indulging in extramarital affairs to find either his "true identity" (MX 87) or to explore "the

unsuspected depths of feeling and passion" (CF 72). Both the male and female characters use

extramarital sex as a medium to find some meaningful companionship. Secondly most of the

time, they are found to be simply responding to the bare needs of the flesh. Mrs. Meena

Kapoor responded to the young boy's kiss when she was being neglected by her drunkard

husband. The young boy living on his own simply fell in love with the mature woman. The

entire incident of the love between a woman and a young boy has been narrated in the most

mailer-of-the-fact manner, retaining purity of the relationship. While on the picnic Meena and

Rusty were alone listening to the "silence" of the dense forest. A sudden sharp shrieking of
the bird made the boy hold Meena tightly as if to protect her; he didn't release her even after

realizing the truth ofthe shriek-

But he was unable to release his hold, and she mode no elfort to free herself. She

laughed into his face and her eyes danced in lhe shadows. But he stifled her

laugh with his lips, it was a clumsy, awkward kiss, but fiercely passionate, and
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Meena responded, tightening the embrace, returning the femor intoxicated with
beauty and sweetness, Meena with freedom and the comfort of being loved. (CF
612-613)

The narrator's bisexual relationship with his friend Suraj and Kamala the prostitute, seeks
both physical gratification and the emotional solace the young author needed when living
alone on his own. Such relationships found in all these novels and in number of stories prove
the intertextual bonowing occurred on the thematic level in the writings of Ruskin Bond.

On the thematic level the biographical linkages of the intertextual borrowings related to the
extramarital affairs are easy to be traced. Bond is more of a true naturalist in almost all the
aspects of life. So most of his love stories involve "the carefree and natural love between a

male and a female" (MK 84). As is the case with him in his personal life, the male
protagonists in his love stories remain unrewarded though they might have had sexual
relations. The stories like, The Time Stops at Shamli, Love is a Sad Song, The Night train at
Deoli, The Girl from Copenhegan have the heroes waiting forever for the consummation of
their relationship.

One ofhis most controversial novels, The Sensuolist: A Cautionary Tale gives us the author's
take on the sexual passion. He prefers "the unbridled enjoyment of sensual pleasures "over"
the total abstinence or renunciation of the world" (87). Most of his characters share this same

primal belief that physical passion can help man come face to face with his true self. Rusty's
encounter with Meena gave him a new confidence to pursue his interests on his own with
fierce passion. Archetypal analysis of the novel The Sensualist, give us the sense of conflict
between unbridled passion of primal nature and civilized thinking of "control of the matter
over mind" (87). The two male protagonists the Pilgrim and the Ascetic are the two sides of
the same personality at the end of the novel, the later being proven to be the shadow of the
former. The Pilgrim decides to go in search of 'the hill woman'who had stolen his (Ascetic's)

manhood. This for him is the only way to leave "...my dead self in the cave and continue my
search for the perfect stranger in the night" (CF 946). The similar kind of echoes can be

found in the novels like Delhi is not Far, The Room and the stories like, The Time Stops at
Shamli, The Night Train at Deoli and others. After having slept with prostitute Kamla in
presence of his friend Suraj, the young protagonist confesses: "l have been seeking through
sex something beyond sex- a r"rnion with all mankind" (CF 805). His search to have union
with the mankind continues in these stories through the unfulfilled relationships with Sushila,
the girl selling baskets, Sashi, Meena and others. His unfulfilled relationships are symbolic of
the unbridled physical passion that cannot be quenched in one lifetime These intertextual
references offer us a glimpse into author's personal life. His failed relationships with women
can be taken as part of his attempts to "seek union with all mankind." Ruskin Bond having
remained unmarried adopted a family of his former help. So in a way he has been successful

in seeking union with mankind as he has been living with Prem Sing and his family-just as

Rusty tried to do the same while living in Room on the Roof with Kishen and Menna Kapoor
or sharing a room with Suraj and Kamla the prostitute in Delhi is Not Far. The names have

changed, contexts may have become different but the characters, their mind, heart and soul
have remained the same.
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it should be accepted or not without solid

decisions of its acceptance or not' The question

of evaluating the act of death in the variety of

methods prevatent is often intricate' thus

contemporary debate on euthanasia being

morally valid is continual throughout the world'

It has been studied that, all over the world that

ohilosophies and religion plays a central

character in determining ethical standing of

euthanasia. While active euthanasia is not easy

to be implemented, it is not impossible to secure

passive euthanasia. lt appears to be ethically

acceptable.
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Abstract: Manju Kapur, an internationally

famous lndian woman novelist has written five

novels. She reveals the life of women' their

ooorarrion as well as their struggle for rights'

survival and quest for identity ln this paper'

"tfon, 
t,ur" made to analyze Manju Kapur's

novel A Married Woman, from the feminist

point of view. lndian writers have made a

iignificant contribution in enriching the novel

.r-, gunru. Despite all challenges and problems

tndiJn English novel has carved a niche of its

own. Many of the female writers during post

independent era have used their pens to

delineate lndian women in new perspective'

They have mainly focused on the issues related

io-*orun such as self-reliance' financial

independence, self-respect and above all their

emancipation from the male dominance'

Feminism is rational movement that

advocates for seeking equal political' economic

and social rights for women' lt focuses on

*omen's woes and sufferings allover the world'

and struggle for eradicating gender inequality

prevailing in the society' The maior component

Lf tne feminist theory is to challenge the

oatriarchal beliefs for attaining independence

and individuality. The first feminist movement

started from Britain and gradually' it took the

pl rnu a)d oeer eRefauItu nMnasct snI terd ry

of a global association' Anita Desai'

tara Sahgal, Manju KaPur 'Shashi
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or ren an everyt ing. Ast agets admitted in the col lege. Her father was in
rrginalize and oppress women in the favor of her higher education. During her colle ge
Srbrchal society. These writers protest the days she was attracted towards Bun ty. Her first
Epression and suppression of women. This love disappears when she ,received the letter
1ryer discusses issu es related to women,s from Bunty which reveals that he rs not able to
&!tity, self-respect th eir role in decision meet herfurther. ln fact, she never spoke openly
et and above all spirit of gender equality about her love. With this letter everything corfies
fur feminist point oi view as reflected in A to an end in her life. lt is very hard to imagine
lbried Woman a novel by Manju Kapur. the condition ofAsthat hea rt that aches inside.

*rrd: Feminist, Feminism, independence, ln the process she dates with a couple of young
IoerBent

men of her own choice like her western counterManju Kapur like tha t of her contem parts, marrres a man of her parents' choice and
femaie writers described human psyche discovers the joys of intimacy with her hus band,

the plight of female world. A Married begets ch ildren, yet grows d istant from him,andis the story of an art ist whose canvas struggles to become a painter. Much against
ges the constra ints of middle class her husba nd and her other family members she

. The story is simple_ a married woman becomes a social activist, and falls in love withto keep her identity . The novelcenters 
a woman, and finds herse lf -sort of, more. She

a middle class Delhi_ based Hindu family. reflects the middle class values and seems toan America-returned Delhi bus iness enjoy her mental bliss for a long time but
married Astha Bha dra a midd le-class gradually experiences that there is somethinHindu girl. tnitially their married life certa inly lacki ng in her life. She suffers froma

snooth and they have two c hildren a sense of inc ompleteness suppression and
Anuradha and a son Himanshu. Therr agony which is further p rovoked by hermarriage is soft, sound and healthY involvement into the outer world of upheaval

,ldrri meets Aijaz Khan. Ihe death of the and protest.trhan scattered her world. Then Astha i

n e r

with pipeelika, the widow of Ai jaz. level as

This novel can be read at th
it has dealt with many issues related to

e feministic
s a qualified Hindu gi rl. She is an M.A. the fem ale world. Manju Kapur is in one of her

and Sociology. As tha and pipeelika interviews reveals her vi ews: "l am a feminist.biv a lesbian cou ple. Their love And what is a feminist? I mean I believe in the
reaches a climax when pipeelika rights of women to exp ress themselves in the

b rhe US for her ph.D Man.ju Kapur is rights of women to work. I believe in equality,
that the new educated lndian you know domestic equality, legal equali ty. l

lB the ability to decide her priorit tes believe in all that. And the thing is that women
$discovery. She h

ated Indian woman

as vis u a,ize d the don't really have that_you know even educatedmage of the educ
represented by Astha.

women, working wom en. There is a trappingof
trEe moveI is the story of well educated not really equal (Unh

equality but you scra

eard Melodies, p.4).

tch the surface and it is
.Sheis traditionally well broucht The female protagonist Astha who is the

by her parents. But, rn an lndian dauchter of a cultu red father and an orthodoxfamily, a girl is a liability to the m other, has an ea rnest desire for passive co-

5
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se. stress and epresslon.
st an iscrim nated at er-tn-

, she is made-up to have a willing body at thinking that "with goodjob comes independenc

acher but this
a willing Pair of hands and feet in the day

submissive mouth. Her marriaBe with

nt, does not show to be based on mutual

tion and appreciative. She is duty-

to be a stable wife and sacrificing mother,

sacred cow in the position of married

an. lt traps to her bodily exploitation and

ional hunger. Being depressed of her

ional discharge, she recklessly seeks for it

ivesto a "substitute-husband" (Rationa le,

lesbianism. Astha, has stamped out a

verning life of the woman for self-

ent and advocated for inter-religious

rriage and female- female relationshiP

to the Patriarchal norms of traditional

. Astha had the passions or infatuations

nager like any other Birl. But those

ations are turned into oblivion' She has to

a diverse life after her marriage with

t. She is cynical with her husband's love

(AMW p. 4) so, she joins as a te

.iob also does not keeP her free

and trauma of discrimination'

from distress

her family relationships are not right with

. Her mother-inlaw likes her to be a stable

lndian Society prefers a baby-boy rather

than a baby-girl. "Manju Kapur gently digs at

the lndian attitude of preferring a baby-boy to a

baby-girl in the novel" (Rationale, p' 107)' Astha

s famiiy proves that their need of baby-boy by

their superstitional belief, "When her daughter

Anuradha was four, Astha conceived again' Her

mother brought in a poojari to perform special

pooja to propitiate the gods to grant them a boy

ior Astha" (Rationale, p. 107)' Having given

birth to Himanshu a son, she does not feel

substandard to anyone in the society and the

familv members are thankful to her because

they feel "the family is cbmplete at last" (AMW

p. 68). Astha also feels happy about her

motherhood like a married woman but she does

not like the gender discrimination' She ls much

traumatizeJ at the uninterested response of

members of the family and society at her

daughter, Anuuradha's birthday' But she obtains

an Jppraisal and sanction of motherhood after

the birth of her son-Himanshu' She abhors such

a false notion and discrimination between a

daughter and a son, such an outlook of lndian

traditional society is injurious to equal status

of women who "feel caught up in the web of

daily life"(AMW p.84) and fall a victim to tension

and depression that is "the disease of modern

life"(AMW p.76). The narrow-minded socio-

cultural tradition is responsible for such a

dilemma of women in our society "Where we

must recognize the critical role played by

popular culture in reinforcing prejudices against

women". lt gives women to be broadminded like

earth instead of conveying them equal status

like men. Maniu Kapur has responded harshly

sacrificing woman like customary wives and

ers. She is constantlY under stress of work

suffocating with her respon s ibilities to meet

body's need. She is "always adjusting to

nbodY's need" (AMW P.227). She senses

t a married woman's status in the familY is

dependent on her husband. She is torn

her responsibility and socio-religious

ion. She has no emotional free willfrom

domestic relationshi ps. She is exhausted of

responsibility and thinks'A tired woman

not make wife good" (AMW p' 154)' She is

ling under the pressure and dejection of a

rried woman who is no better than an u npaid

nt. She has to give pleasure to her husband

leasing him; she must be 'A willing body

a rvilling pair of hands and feet in the

ay and a n obedient mouth" (AMW P. 231)' She

margin alized in her own family by sadistic

al atmosphere. She thinks of freedom from

il

I
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I treatment of women in our

. The percePtion of male

that women should
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works forthe awakening of society' Pipee

uns an N.G.O. and Astha is also shown

with a Manch. Her Paintings also
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conomlc om is not enough em.

reliBiou s culture has to accePt their

uality. The researchers have to Permit her

er be what she decides and let her have

ity wh ich has been ignored to her for

:.TheY can no longer remain submissive,

gated and discriminated' ln Astha-Aijaz-

episode, relig ion has been decreased '

imself is a secula r and oPen-minded

e is connected with a theatre group

ousness. There are no embarrassments

matters such as lesbianism, extra marital

nshiP etc' A Post-modernistic trend has

'seen bY the nove listthrough this novel' ln

Man.iu Kapur is a femi nist bY vocationand

ctice. Her female Protagonist, Astha has

ented her all ideas lurki ng in her mind to

her ideologY as far as t

ale world is concerned'

he emanciPation

rence:'

1. Chandra, Subash. A Flea for Social

ce Lesbianism

es.lndian Journal of English StudiesVolume

2-2003.

GnanamonY,

al Diversity in ManjuKaPur s A Married

an. LiterarY PolYrhYthms: New Writings in

h. New Delhi: SaruP and Sons' 2005'

3. Goel, Mona. 'At Home with M a nlu

r" (An lnterview), Unheard Melodies: A
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RelationshiP Between

Economics and SociologY

Dr. Viiay Surve

Lokseva education society's Arts and

Commerce College Garkheda Parisar'

Aurangabad

Abstract:
There is a relationshiP between

u.onori., and sociology' These are long

"ti.Ufitf't"a, 
as is the interest in sociology

;;;;; ;;;;;. 
"conomists' 

we need onlY recall

if',"'ti. ,r.r"o in both disciplines by Vilfredo

ort"a ,irn. ,rrn of the last century' we will

nlal*"rnp, ,o summarize the history of these

r"f.,'""t, ["*."er, which are often presented

,ll""ff 
'.,"4, 

or even define the frontier

;il;;;;;"mics and sociolosY' lt is well

i""*"ir,riir,.,wo disciplines are distinguished

.r ,rJ or',n.ir methods as their focus of

;r;r, ii is easy to think of points of contact

ui-rri""n tlt"tn, such as social reference points

In-roiiu.tto, 
".onomic 

behavior or intervention

"i'' """-rnrtf,.t," 
social relationshlps in

busin"ss, government, and sometimes even tn

;; ;;rkei itself' ln this article' an attempt is

,.a" ro discuss the relationship between

;;;;;;l.t and sociologv in general and the

.*.-ioi Jiff"run." between both sociology and

economics.

x"-v*otJ tt g.on om ic sociology' social conse

ouences of economtc exchanges' social

associations, economic welfare' etc'

lntrod u ction:
The drive to understand the evolution of

human societY in all its dimensions is one that

comes naturallY;
: Heinemann, 1985'

7. Sunday Times. March 09-2008' 12'

Ttrnes of lndian' March, 08-2008' -ro

it has always been and remains
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Abstract-

 

We propose a specially homogeneous and 
anisotropic Kantowski-Sachs string cosmological model with 

bulk viscosity in the framework of ( )TRf , gravity by 

considering two cases (i) the special form and (ii) linearly 
varying deceleration parameter. To obtain a deterministic 
solution of the field equation we have been used some 
physical plausible condition. In this theory, cosmological 
model is presented in both cases. Also some important 
features of the models, thus obtained, have been discussed.

 

Keywords:

 

( )TRf , gravity, bulk viscous fluid,

 

cosmic 

string, deceleration parameter.

 

I.

 

Introduction

 

n the light of the recent discovery of the accelerated 

expansion of the universe [1-3]. However, final 

satisfactory explanation about physical mechanism 

and driving force of accelerated expansion of the 

universe is yet to achieve as human mind has not 

achieved perfection. It is known that a point of universe 
is filled with dark energy. It has been addressed by 

various slow rolling scalar fields. It is supposed that the 

dark energy is responsible for producing sufficient 

acceleration in the late time of evolution of the universe. 

Thus, it is much more essential to study the fundamental 

nature of the dark energy and several approaches have 

been made to understand it. The cosmological constant 

is assumed to be the simplest candidate of dark energy. 

It is the classical correction made to Einstein’s field 

equation by adding cosmological constant to the field 

equations. The introduction of cosmological constant to 

Einstein’s field equation is the most efficient way of 

generating accelerated expansion, but it faces serious 

problems like fine tuning and cosmic coincidence 

problem in cosmology [4, 5]. Quintessence [6], 

phantom [7], k-essence [8], tachyons [9], and 

Chaplygin gas [10] are the other representative of dark 

energy. However, there is no direct detection of such 

exotic fluids. Dark energy can be explored in several 
ways, and modifying the geometric part of the Einstein-

Hilbert action [11] is treated as the most efficient 

possible way. Based on its modifications, several 

alternative theories of gravity came into existence. 

Modified theories of gravity are attracting more and 

more attention of cosmologists because of the fact that 

these theories may serve as the possible candidates for 

explaining the late time acceleration of the universe. 

Some of the modified theories of gravity are (𝑇𝑇), (𝑅𝑅), (𝐺𝐺), 

and (𝑅𝑅, 𝑇𝑇) gravity. These models are proposed to 

explore the dark energy and other cosmological 

problems. Sharif and Azeem [12] discussed the 

Cosmological evolution for dark energy models in (𝑇𝑇) 

gravity. Jamil et al. [13] have studied the stability of the 

interactive models of the dark energy, matter, and 

radiation for a FRW model in (𝑇𝑇) gravity.  Generalized 

second law of thermodynamics in (𝑇𝑇) gravity with 

entropy corrections has been studied by Bamba et al. 

[14]. Recently, Harko et al. [15] developed another 

modified gravity known as ( )TRf ,
 

gravity. In this 

theory, the gravitational Lagrangian is given by an 

arbitrary function of the Ricci scalar R and of the trace of 
T of the stress energy tensor. In this paper, we 

concentrate on (𝑅𝑅, 𝑇𝑇) gravity, with 𝑓𝑓being in this case a 

function of both 𝑅𝑅 and 𝑇𝑇, manifesting a coupling 

between matter and geometry. Before going into the 

details of (𝑅𝑅, 𝑇𝑇) gravity, The field equations of ( )TRf ,

gravity obtained from the action  

               

( )[ ] ,,
16

1 4 xdgLTRfS m −+= ∫π  
       

(1) 

where ( )TRf , is an arbitrary function of the Ricci 

scalar TR,  is the stress energy tensor ijT  of matter 

and mL  is the matter Lagrangian density, are given by 

( ) ( ) ( )[ ] .228
2

1
ijijijijij gTfTfpTTfTRgR +′+′+=− π

      
(2) 

Studies of cosmic strings and bulk viscosity are 

crucial as they play an important role in structure 

formation of the early stages of evolution of the universe. 

Cosmic strings are one dimensional topological defects, 
which may be formed during symmetry breaking phase 

transition in the early universe along with other defects 

like domain walls and monopoles. Bulk viscosity driven 
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inflation is primarily due to the negative effective 

pressure which may overcome the pressure due to the 

usual gravity of matter distribution in the universe and 

provides an impetus for rapid expansion of the universe. 

Hence construction of bulk viscous string cosmological 

models have received considerable attention of 

research workers in the field. Many authors have 

investigated the astrophysical and cosmological 

implications of the (𝑅𝑅, 𝑇𝑇) gravity [16–19]. Jamil et al. [20] 

have reconstructed some cosmological models for 
some specific forms of (𝑅𝑅, 𝑇𝑇) in this modified gravity. 

Shamir et al. [21] obtained exact solution of anisotropic 

Bianchi type I and type V cosmological models whereas 

Chaubey and Shukla [22] have obtained a newclass of 

Bianchi cosmological models using special law of 

variation of parameter. Using a decoupled form of (𝑅𝑅, 𝑇𝑇), that is, (𝑅𝑅, 𝑇𝑇) = (𝑅𝑅) + (𝑇𝑇) for Bianchi type V universe, 

Ahmed and Pradhan [23] have studied the energy 

conditions of perfect fluid cosmological models and 

Yadav [24] obtained some string solutions. Pawar and 

Solanke [25] have studied cosmological model filled 

with perfect fluid source in (𝑅𝑅, 𝑇𝑇) gravity. Pawar and 

Agrawal [26] have obtained the solutions of dark energy 

cosmological model in the framework of the (𝑅𝑅, 𝑇𝑇) 

theory of gravity. Recently Pawar et al. [27] have 

explored two fluid cosmological models in (𝑅𝑅, 𝑇𝑇) theory. 

Mishra and Sahoo [28] solved the field equations of 

Bianchi type-VIh cosmological model in presence of 

perfect fluid in f (R,T) gravity. Sahoo and Mishra [29] 
studied Kaluza–Klein dark energy model in form of wet 

dark fluid in this theory. Reddy et al. [30] presented 

Kantowski-Sachs bulk viscous string model in (𝑅𝑅, 𝑇𝑇) 

theory. Recently,  Naidu et al. [31], Kiran and Reddy 

[32], and Reddy et al. [33] discussed the Bianchi type-V, 

Bianchi type-III, Kaluza-Klein space time with cosmic 

strings, and bulk viscosity in 𝑓𝑓(𝑅𝑅, 𝑇𝑇) gravity, respectively. 

Caroll et al.[34], Nojiri and Odintsov [35-37] and Chiba 

et al.[38] are some of the authors who have investigated 

several aspects of f (R) gravity. Recently, Adhav [39] has 

obtained Bianchi type-I cosmological model in f (R,T ) 

gravity. Reddy et al.[40, 41] have discussed Bianchi 

type-III and Kaluza-Klein cosmological models in f (R,T ) 

gravity while Reddy and Shantikumar [42] studied some 

anisotropic cosmological models and Bianchi type-III 

dark energy model, respectively, in f (R,T ) gravity. 

Subsequently Kiran and Reddy [43] established the 

non-existence of Bianchi type-III bulk viscous string 

cosmological model in f (R,T ) gravity. Recently, Naidu et 
al. [44] presented Bianchi type-V bulk viscous string 

model in f (R,T ) gravity while Reddy et al. [45] have 

obtained the same in Saez-Ballester theory. We 

describe some important features of the (𝑅𝑅) gravity. The 

recent motivation for studying (𝑅𝑅) gravity came from the 

necessity to explain the apparent late-time accelerating 

expansion of the universe. Detailed reviews on (𝑅𝑅) 

gravity can be found in [46–49]. Thermodynamic 

aspects of (𝑅𝑅) gravity have been investigated in the 

works of [50, 51]. 

Inspired by the above investigation and 

discussion, in this paper we investigate the role of 

variable deceleration parameter in Kantowski-Sachs 

space time with bulk viscous string and ( )TRf ,

gravity. The plan of this paper is as follows: In sec. 2, we 

derive the field equations of ( )TRf , gravity in 

Kantowski-Sach space-time when the matter source is 

bulk viscous fluid with on dimensional cosmic strings. In 

Section 3, we find the solution of the field equations and 

the model. Some physical and kinematical properties of 

the model are discussed in section 4. Concluding 

remarks are presented in section 5. 

II. Metric and Field Equations 

The Spatially homogeneous and anisotropic 

Kantowski-Sachs space-time in the form 

        ( ),sin 22222222 φθθ ddBdrAdtds +−−=
   

(3) 

where A and B are the cosmic time t only.
 

The energy momentum tensor for a bulk 

viscous fluid containing one dimensional cosmic string 

is considered as
 

               ( ) ,jiijjiij xxgpuupT λρ −−+=
          

(4)

 

                            

      
,3 Hpp ξ−=

 

                  
(5)

 

where ρ
 

is the rest energy density of the system, Hξ3
is usually known as bulk viscous pressure, H is Hubble’s 

parameter, p is the pressure andλ
 

is the string tension 

density. Also 
iiu 4δ=
 

is the four velocity

 

vector, which 

satisfies 

 

              
0,1 ==−= i

i

j

i

j

i

ij xuxxuug
              

(6)

 

Here, we also consider λρ ,, p

 

as functions 

of cosmic time t only.

 

Now, by adopting commoving coordinates the 

field equations (2) of ( )TRf , gravity

 

for the metric (3),

 

with the help of eqs. (4)-(6), for the particular choice of 
the function 

 

                           ( ) TTf µ=

 

                           
(7)

 

where µ is constant, can be written as

 

( ) ( ) µρµπλµπ −+−+=++ 3838
1

2
22
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p
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B

B 

          

 

       (8)
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( ) µρµλµπ −−+=++ 38p

AB

BA

B

B

A

A 

    

(9)  

    

( ) µλµπρµ −+−=++ 38
1

2
22

2

p
BB

B

AB

BA 
      (10)

 

where an overhead dot indicates differentiation with 
respect  to t.

 

Spatial volume and the scale factor for the 

metric (3) are respectively, defined by

 

                                       2ABV =                             (11)

 

                                   ( ) 3

1
2ABa =

 

                 (12)

 

The physical quantities which play a significant 

role in the discussion of cosmological models are 

expansion scalar θ
 

the mean anisotropy parameter hA
and shear scalar

2σ
 

which are defined as 
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222 3
2

1
HAhij

ij −== σσσ
    

(15) 

where H is the mean Hubble parameter. 

III. Solutions of the Field Equations 

The field equations (8)-(10) reduce to the 

following two independent equations:
 

          
( )λµπ 28

1
22

2

+=−+−−
BAB

BA

B

B

B

B

A
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( ) ( )µπρµπ 2828
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+++=−−−+ p
BAB

BA

B

B

B

B

A
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 (17)

 

 

(i)

 

The scalar expansion θ in the model is proportional 

to the shear scalar 
2σ which yields

 

                                   
mBA =                                (18)

 

where 1≠m

 

is a constant, takes care of anisotropy of  

the space-time (Collins et al. [52])

 

(ii) The combined effect of the proper pressure and the 

bulk viscous pressure for barotropic  fluid can be  

written as 

   ( ) ρεεργεξ 000 ,10,3 =≤≤−=−= pHpp  (19) 

where 0ε and γ are constants. 

Case (i) 

The case (i) consists of (i), (ii) and special form 

of deceleration parameter [53] 

                                 
β

β
a

q
+

+−=
1

1
                  

(20) 

where 0>β is a constant and a  is a scale factor of the 

metric. 

In this case, we have discussed the solution of 

the field equations by considering the extra conditions 

as above. 

The Hubble parameter H is defined as
a

a
H


=  

and from (20) we obtained
 

                    

( )β−+== aa
a

a
H 11



                 

(21)
 

where 1a is a constant of integration. 
Integrating (21) and using the initial conditions 

00 == tata we have found 

                                  
( )ββ

1

11 −= ta
ea

      
(22)

 

The scale factor of metric (3) is defined as  

                                   
( )3

1
2ABa =

      
(23) 

With the help of (18), (22)and (23), we have found
 

                         
( ) ( )m

m
ta

eA +−= 2

3

11 ββ
    

(24)
 

                         
( ) ( )mta
eB +−= 2

3

11 ββ
      

(25)

 

Using (24) and (25), the metric (3) can be written as 
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Here there are two equations involving five 

unknowns. Since the field equations are highly nonlinear 
for the complete determinacy, we need extra conditions 

among the variables. We consider these conditions in 

the form case (i) and case (ii) as defined below



                                   
( ) ( ) ( ) ( ) ( )2222

6
22

6
22 sin11 11 φθθββββ

ddedredtds mtam

m
ta +−−−−= ++

                          
(26)

 

From (16), with the help of (24)-(25) we obtain the string tension density λ  as  
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From (17), with the help of (19) and (25), we obtained the rest energy density ρ  as 
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From (19), with the help of (28), we have obtained the total pressure p , proper pressure p and the 

coefficient of bulk viscosity ξ as follows: 
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a)
 

Some Physical Properties of the Model
 

Some physical properties of the model are 

given below, which have crucial role in the discussion of 

cosmological models are the spatial volume V, scalar 

expansion θ , The Hubble’s parameter H, shear scalar
2σ  and mean anisotropy parameter hA , for the model 

(26) the above quantities are given by 
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(36)

 In this model we observed that at initial epoch 

the values of energy density ρ, proper pressure p, 

total pressure p , coefficient of bulk viscosity ξ , and

 

Hubble prarmaeter H are very high and these quantities 

gradually decreases with the evolution of time; and as 

0,,,,, →∞→ Hppt ξρ . Spatial volume increases 

with the evolution of time; that is ∞→∞→ Vt , , 

when

 

0=t spatial volume vanishes and the expansion 

scalar is infinite. Which shows that the universe starts 

evolving with zero volume. The scale factor vanishes at 
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0=t and hence the model has a point singularity at the 

initial epoch. As t increases, the scale factor and the 

spatial volume increases but the expansion scalar 

decreases. Anisotropy parameter is constant which 
shows that model is model remains anisotropic 



throughout the evolution of the universe. It  is noted that 

bulk viscosity in the universe decreases with time so 

 

Case (ii)

 

The case (ii) consists of (i), (ii) and special form of deceleration parameter [54]

 

(37)

 

From (37) we have Akarsu and Dereli [54]:
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where 321321 ,,,,, ccckkk are constants of integration. The last two values of a  give the constant deceleration 

parameter. So we neglect these values of a as tconsq tan=  is studied by earlier researcher. Thus we focus on 

the first  value of scale factor. 

The scale factor a can also be expressed as follows for 01 1 => cn  

                                                            














 −

=
n

nkt
h

n
ka arctan

2
exp1

 
                                                    

(39)

  















 −

=
1arctan

2

1

n

kt
h

n
eka

 

With the help of (18), (23) and (39) we have obtained 
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From (16), with the help of (41), we found the string tension density as 
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From (17), with the help of (19) and (42), we found the rest energy density ρ : 
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q k=− t+ n−1

that, we obtain, inflationary models. In this model as t  

increases string tension densityλ increases slowly.
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From (19), with the help of (43), we obtained the total pressure p , proper pressure p and the coefficient of 

bulk viscosity ξ as follows: 
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b)

 

Some

 

Physical Properties of the Model

 

Some physical properties of the model are 

given below, which have significant role in the 

discussion of cosmological models are the spatial 

volume V, scalar expansion θ
 

, The Hubble’s parameter 

H, shear scalar
2σ
 
and mean anisotropy parameter

hA
 
,  

the above quantities are given by
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(51)

 

In this model the energy density ρ, proper 

pressure p, total pressure p , coefficient of bulk 

viscosity ξ , and Hubble prarmaeter

 

H gradually 

decrease with  the  evolution of time. Spatial volume 

increases with evolution of time, after that it also 

diverges. Anisotropy parameter is constant so the model 

is anisotropic model throughout the evolution of the 

universe. In this model cosmic string decreases as t 

increases.

 

IV.

 

Concluding Remarks

 

In this paper we have studied the Kantowski-

Sachs bulk viscous string cosmological model in 

( )TRf , theory of gravity with variable deceleration 

parameters. According the choice of deceleration 

parameter  (20) and (37) we have presented two 
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cosmological models. The observations of both the 

models are as follows: 

• It is observed that in the first case the model has 

point singularity at the initial epoch. In the second 

case there is no point type singularity. 

• In both the model as 0,,,, →∞→ Hppthent ξρ  

• In both cases the mean anisotropy parameter

0≠hA the model do not approach isotropy and it
 

is
 
time independent in which gives the indication 

that the anisotropy in expansion rates is maintained 

throughout the cosmic evolution.
 •

 

In the first model The spatial volume is zero at 0=t
and the expansion scalar is infinite, which suggest

 that the universe starts evolving with zero volume at 

0=t , i.e. we have big bang scenario.

 
•

 

We observed that the type of time variations of 
deceleration parameter considered here affect the 

nonexistence of cosmic string in this model. Hence 

the consideration of variable deceleration parameter 

contribute towards the existence of cosmic strings 

in the  theory of Kantowski-Sachs space time.
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India is well-knovrn in the world due to its cultural heritage, art and architecture. Ancient

Indian civilization is remarkable in various felid like language, literature, science, technology, art

and architecture.

Follorving is the area of Art and Architecture achievement in India.

Indus valley civilization-

Urban civilization having the knowledge of urban suuctrue.

Indian art contains various form such as plastic, visual art, textile etc. Indian arts exposed the

symbol of religion like Hinduism, Buddhism, Jainism and Islam.

Indus valley civilization consisting different type of arts like dancing girl in Mohenjo-Daro seals,

yoga poset idol of Pashupari, figure of Lord Shiva etc.

Mauryan art (340 BCE - 232 BCE)-

Monumental art is famous related to Mauryan art. lndian rock architecture, Ashoka pillars,

Emblem of India etc are remarkable achievements in the area of art.

Buddhist art -
There are many sites scattered in India which ekplorer the art in Buddhism. Sanchi, Bharut,

Amravati, and Ajanta, caves are the main example,

Gupta Art-

Jain religion art found in northem part of India.

Dynastic of South Asia

is fuIl of Badami caves, shore temples, Shiva and Nataraj sculpture, Temple of Khajuraho is

considered as a world heritage.

Akabamama, Jama Masjid, Taj Mahal, etc art and painting is the part of Mogul art.

Charminar, Golkumbha are the symbol of Deccan art oi south. Central India Later on in British

Kingdom also has great impact on Indian art. Super wall painting, natural maintaining, jewel-ry,

temple art, folk and tribal art etc are the various types of Indian art.

The Indian Art has many aspects to explore the various chapter of Indian culture.

Following are some of Indian art forms-

Visual Arts

l. Lalit Kala Akadami (National Academy of Fine Arts established 1.954 in New Delhi.

Basically it promotes painting, sculpture, print making and ceramics. It also organizes the

exhibitions on contemporary Indian Arts,

Performing Art
Types of performing art.

1. Music

2. Dance
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3" Theatre

4. Literature

Institution of Arts -

1. Sahitya Academy

2. National School of Drama

3. Lalit Kala Academy

4. Sangit Natak Academy

There is a provision to award and sponsor the various fellowship, scholarship and grants for

promotion of Indian A:t. Archeological survey of India (ASI) also plays an important role to

present the lndian art, Department of culture and ministry of tourism maintain conservation and

perseverance of centrally protected monuments and museums, libraries, etc.

Indian art is most traditional and has the oldest history in the world with highly realistic approach.

Literature and architecture, philosophy are the main components of lndian art. Sacred dnd

ho immonal art of Indian art.

tE"

,iE-

Following are some of the feathers of Indian,art-

1. Earth, water, fire, air, sky are the main symbols in Indian art

2. Cuisine, trip, rangoli fresco, mosaic, sketch etc are the various medium of Indian art

3. Oldest, spiritual and uniqueness are different than other culture.

4. Remarkable about food, language, festivals, religion, epic, sculpture, painting,

agriculture, clothing, music, dance etc expose 'unity in diversity'.

5. Performing dance, spolts, literature, and films along with recreation, education ale

inserted as Indian Art,

6. Heritage of Ayurveda, yoga, culture, folkdances, handcrafts and artefacts are

universal things related to Indian art.

7. Indian culture is 5000 years old culture having richness of an ancient heritage and

contemporary art.

8. Beliefs, purans, costumes, Eaditions also reflect in lndian art,

Indian Architecture

The architecture of India is deeply inserted in history, culture, religion, and civilization

Indian architecture explores the verious feathers of the stages.

ln the early niiddle era, Vijayanagar kingdom was well-known in south lndia. Chankya, Hoyasala,

Pandya and Chola styies provided best, simplest, and attractive art of India. Qutub Minar, Red

fort, Fatepur Sikri, Taj Mahal are the achievement of Islamic architecture and Mogul era around

(1s26 AD-1857 AD)
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Ellora in Westem lndia, Khaj uraho in central India, Konark in South lndia are remarkable

achievement in the architecture of India. lndian architecture represents the diversity of Indian

culture.

Following are the some of the fantastic evidence of Indian architecture-

l. Lingraja Temple - 100 A.D.

2. Mukteshwar Temple

3. Jagnath Temple- Puri

4. Sun Temple- Pattadakkal

5, Parasnath Temple- Konark

6. Somnathpur Temple

7. Shore Temple Mahabalipuram

8. Brihadishwara Ternple- Tanjore

9. Meenakshi Ternple- Madurai

10. Hampi-Kamataka

Conclusion-

Indian architecture is a symbol of pluralistic and unique approaches. Temples, building,

paintings in this duration has special and unique attraction in the world. [t also explores the culture

and Iiving standard of the region. Difterent types of lndian architecture styles express the space and

time in history. Glaciers of Hindus and Islam's, artcient, cave rock and temple etc are the nain

examples of Indian architecture.

lndian architecture preserves and creates v.4giedness, beautifully and blended monumental scripts

archi tecture style.
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Abstract

The inhibition of abnormal amyloid β (Aβ) aggregation has been regarded as a good target to control Alzheimer’s disease. 
The present study adopted 2D-QSAR, HQSAR and 3D QSAR (CoMFA & CoMSIA) modeling approaches to identify the 
structural and physicochemical requirements for the potential Aβ aggregation inhibition. A structure-based molecular docking 
technique is utilized to approve the features that are obtained from the ligand-based techniques on 30 curcumin derivatives. 
The combined outputs were then used to screen the modified 10 compounds. The 2D QSAR model on curcumin deriva-
tives gave statistical values  R2 = 0.9086 and SEE = 0.1837. The model was further confirmed by Y-randomization test and 
Applicability domain analysis by the standardization approach. The HQSAR study  (Q2 = 0.615, R2

ncv = 0.931, R2
pred = 0.956) 

illustrated the important molecular fingerprints for inhibition. Contour maps of 3D QSAR models, CoMFA  (Q2 = 0.687, 
R2

ncv = 0.787, R2
pred = 0.731) and CoMSIA  (Q2 = 0.743, R2

ncv = 0.972, R2
pred = 0.713), depict that the models are robust and 

provide explanation of the important features, like steric, electrostatic and hydrogen bond acceptor, which play important 
role for interaction with the receptor site cavity. The molecular docking study of the curcumin derivatives elucidates the 
important interactions between the amino acid residues at the catalytic site of the receptor and the ligands, indicating the 
structural requirements of the inhibitors. The ligand–receptor interactions of top hits were analyzed to explore the pharma-
cophore features of Aβ aggregation inhibition. The Aβ aggregation inhibitory activities of novel chemical entities were then 
obtained through inverse QSAR. The newly designed molecules were further screened through machine learning, prediction 
of toxicity and nature of metabolism to get the proposed six lead compounds.

Keywords Alzheimer’s disease · Curcuma longa · 2D-QSAR · 3D-QSAR · Molecular docking

Introduction

Alzheimer’s disease (AD), a devastating neurodegenerative 
disease, remains epidemic for public health in the twenty-
first century (Alzheimer’s Association 2017). AD is charac-
terized by the disintegration of the nervous system, which 
results in episodic memory problems leading to abnormal 
behavior and is the leading cause of dementia (Citron 2010). 
The presence of the extracellular deposits of misfolded and 

aggregated amyloid-β (Aβ) peptides in the brain is widely 
considered to be critically concerned in the progression of 
AD (Hardy and Selkoe 2002; Jack et al. 2010). The sequen-
tial enzymatic actions of β-secretase and γ-secretase result in 
the proteolytic cleavage of amyloid precursor protein (APP) 
(Selkoe 1997). The formation of Aβ is a two-step process 
which involves the cleavage of APP by BACE1 to form a 
β-secretase derived C-terminal fragment of APP, followed 
by an action of γ-secretase to generate Aβ isoforms ranging 
from 37 to 42 amino acid residues. Aβ40 is the most abundant 
isoform, whereas the Aβ, which is mainly associated with 
AD pathogenesis, is aggregated Aβ42 (Selkoe 1994; Golde 
et al. 2000). Thus in AD, Aβ monomers form undesirable Aβ 
aggregates of long insoluble fibrils. They aggregate in the 
extracellular deposits known as senile plaques. These abnor-
mal changes in Aβ induce abnormal hyperphosphorylation 
of tau and tangle formation as well as neuronal loss, bringing 
about cognitive impairment (Haass and Selkoe 2007). The 

 * Indira G. Shibi 
 igshibi@sncollegechempazhanthy.ac.in

1 Department of Chemistry, Sree Narayana College, 
Chempazhanthy, Thiruvananthapuram, Kerala 695587, India

2 Department of Chemistry, Vidya Bharati College, Camp, 
Amravati, Maharashtra 444 602, India

3 Division of Organic Chemistry, CSIR-National Chemical 
Laboratory, Pune 411 008, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s40203-018-0049-1&domain=pdf


 In Silico Pharmacology  (2018) 6:12 

1 3

 12  Page 2 of 19

inhibition of abnormal Aβ aggregation is considered as one 
of the most important etiological agents and is an attractive 
therapeutic target to control AD (Xiao et al. 2015).

Curcumin is a bioactive phenolic compound present in 
the rhizome of Curcuma longa L. (Zingiberaceae). Cur-
cumin exhibits various biological and pharmacological 
activities like anti-inflammatory (Jin et al. 2014), antioxidant 
(Nishikawa et al. 2013), antimicrobial (Dubey et al. 2008), 
anti-fungal (Nguyen et al. 2014), and antibacterial activities 
(Negi et al. 1999). Moreover, various in vivo and in vitro 
experiments reveal the effects of curcumin on treating or 
preventing AD pathology (Caesar et al. 2012; Garcia-Alloza 
et al. 2007; Hamaguchi et al. 2009; Ma et al. 2013). One of 
the most significant features of curcumin is that it directly 
inhibits the formation and extension of fibrillar Aβ aggre-
gates and also destabilizes preformed fibrillar Aβ aggre-
gates (Ono et al. 2004). It was reported that chronic dietary 
curcumin lowered Aβ deposition in Alzheimer Transgenic 
Mouse (Lim et al. 2001). Some researchers have reported 
that AD model mice treated with curcumin displayed a 
reduction in Aβ accumulation in the brain (Begum et al. 
2008; Yang et al. 2005a, b). The unique benefit of the cur-
cumin is that it is nontoxic to human even with high dosage 
(Sharma et al. 2001).

Nowadays, the in vitro assessment of Aβ aggregation 
inhibitors is still a time consuming and labor intensive task. 
So we are interested in identifying potential novel leads as 
Aβ aggregation inhibitors using techniques based on Com-
puter Aided Drug Design (CADD). (Kapetanovic 2008). 
Molecular modeling in combination with Quantitative 
Structure–Activity Relationship (QSAR) is used to test the 
activity of a ligand and the type of interaction into the active 
site of the protein (Elfiky and Elshemey 2016; Saleh 2015; 
Aswathy et al. 2017).

The ligand-based molecular modeling techniques used 
are Pharmacophore mapping and QSAR analysis. The 
pharmacophore model gives information regarding hydro-
phobic properties, hydrogen binding properties (acceptor 
or donor) and aromatic functionality of the compounds in 
the dataset. The 3D-QSAR studies, which include CoMFA 
(Cramer et al. 1988) and CoMSIA (Klebe et al. 1994), 
cover an entire force field around a molecule instead of 
only spotlighting the pharmacophoric information (Cru-
ciani and Watson 1994). Various properties like elec-
trostatic, steric, hydrophobic and hydrogen-bond donor/
acceptor factors were considered in 3D-QSAR for the 
force field calculations which give the best results when 
target-recognizing ligands share a unique structural scaf-
fold (Ballante and Ragno 2012; Shibi et al. 2015; Jisha 
et al. 2017). Molecular docking studies have been exten-
sively employed to identify the exact conformation of 
ligands in the precise location of the binding cavity of a 
protein receptor molecule (Lengauer and Rarey 1996). It 

also predicts the affinity between the ligand and the active 
site residues of the protein receptor. Therefore, these can 
be useful to find out the best lead molecule and their fur-
ther modification by rational drug design approach. On 
this ground, we chose 30 curcumin derivatives with Aβ 
aggregation inhibition values reported by Yanagisawa 
et al. (2015) for the present study.

Materials and methods

Dataset preparation

A desirable set comprising 30 structurally diverse com-
pounds which inhibit abnormal Aβ aggregation has been 
considered for the study. In this study, the  IC50 values of 
these compounds were converted to  pIC50 (− log  IC50). 
The structures of the compounds along with their  pIC50 
values are specified in Table  1. The compounds were 
divided into 80% training and 20% test sets. While divid-
ing datasets, a wide range of activity data was confirmed 
in training as well as test sets. The inhibitory activities on 
Aβ aggregation  (pIC50) have been used as the dependent 
variables for doing QSAR studies.

Calculation of descriptors

Using powerMV software, about 179 descriptors, which 
include Pharmacophore fingerprints, weighted burden 
number and eight drug-like properties were computed 
for the development of 2D-QSAR analysis. Using PAdel-
Descriptor, about 15,345 descriptors were also calculated 
(Yap 2011). In addition, by employing the QuaSAR mod-
ule of Molecular Operating Environment (MOE), a total 
of 365 descriptors belonging to three classes: 2D descrip-
tors, which use the atoms and connection information of 
the molecules, external 3D (x3D), which uses 3D coordi-
nate information with an absolute frame of reference and 
internal 3D (i3D), which uses 3D coordinate information 
about each molecule, were calculated. Thus a total pool of 
15,889 descriptors was generated for this study.

The pool of 15,889 descriptors was then reduced to 
1495 by removing those descriptors that have the same 
value for 90% of the dataset using “General” descriptor 
selection algorithm. It is further reduced to 137 by elimi-
nating descriptors highly correlated using “CORCHOP” 
descriptor selection algorithm. Finally by applying subjec-
tive selection using Genetic algorithm method, the pool 
of descriptors was eventually reduced to six. These six 
descriptors were used to build the 2D-QSAR model.
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2D QSAR study

In the present work, the multiple linear regression (MLR) 
based QSAR model was developed, to obtain specific infor-
mation regarding the contribution of different structural and 
physicochemical characteristics of the compounds towards 
the inhibitory activity.

Validation of 2D‑QSAR model

The leave-one-out (LOO) cross-validation method was 
used as an internal validation tool to check the predictive 

ability of the built 2D-QSAR model (Tetko et al. 2001). 
The internal predictabilities of the model were verified 
by LOO cross-validated regression coefficient  (Q2). Inter-
nal validation parameters like standard error of estimate 
(SEE), the square of correlation coefficient  (R2), adjusted 
 R2 (RA

2), variance ratio (F) and predicted residual sums of 
squares standard deviation (PRESS) were used, along with 
parameters like rm

2(LOO) and ∆ rm
2(LOO) (Roy et al. 2015a, 

b). For external validation, the parameter R2
pred was used, 

to verify the predictive ability of the model on the test set. 
External validation parameters (without scaling) like  r2, 

Table 1  Molecular structures and corresponding experimental  pIC50 values of the curcumin derivatives

ID R1 R2 R3 R4 R5 pIC50

O

R5

R4

O

R1

R2

R3

1 CH3O HO H CH3O HO 5.6990

2 CF3O HO CH3 CF3O HO 5.4949

3
a

CF3O HO H CF3O HO 5.5850

4 CF3O HO CH3O–CO–CH2–CH2 CF3O HO 5.3565

5 CF3O HO HOOC–CH2–CH2 CF3O HO 5.0862

6 CF3O HO CH3O–CO–CH2 CF3O HO 5.2441

7
a

CF3O HO CH3O–CO–CH2–CH2–CH2 CF3O HO 5.4559

8 CF3O HO CH3–CH2–O–CO CF3O HO 5.8861

9 CF3O HO CH3–CH2O–CO–CH2–CH2 CF3O HO 5.4202

10 CF3O HO (CH3)3C–O–CO–CH2–CH2 CF3O HO 5.1871

11 CF3O HO (CH3)2CH–O–CO–CH2–CH2 CF3O HO 5.4089

12 O O

OH OH

F

O O

F

FF

5.2291

13 CF3O HO (CH3)2 CF3O HO 3.9931

14 CF3O CH3O CH3 CF3O CH3O 3.7905

15
a
CF3O HO CH3O–CH2–O–CH2–CH2–CH2 CF3O HO 5.3010

16 CF3O CH3O–CH2–

O

CH3O–CO–CH2–CH2 CF3O CH3O–CH2–O 4.3270

17
a
CF3O CH3O–CH2–

O

(CH3)3C–O–CO–CH2–CH2 CF3O CH3O–CH2–O 3.6925

18 CH3O HO CH3O–CO–CH2–CH2 CH3O HO 5.4949
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r0
2, Concordance Correlation Coefficient (CCC), Q2

F1, Q2
F2, 

Q2
F3 were also used. Golbraikh and Tropsha (2002) met-

rics were also found out. Y-randomization technique and 
Applicability domain analysis were also performed for the 
MLR model to ascertain the robustness, significance, and 
reliability of the 2D-QSAR model (Tropsha et al. 2003). 
The parameter cRp

2 was taken into consideration as the 
validation parameters for the Y-based randomization test 
(Ojha and Roy 2011).

HQSAR

Hologram QSAR (HQSAR) module available at SYBYL-
X software v.1.3 was used for the generation of HQSAR 
models (Sybyl 1.3, Triops Inc, St). A predefined set of rules 
was used to have a molecule into a molecular fingerprint that 
encoded the frequency of occurrence of different molecu-
lar fragment types. Then the molecular fingerprint was cut 
into strings at a fixed interval as specified by a hologram 
length (HL) parameter. All of the generated strings were 

Table 1  (continued)

19 CF3O HO

OCH2CH2CH2

O CF3O HO 5.5086

20 CF3O HO
O(CH2CH2O)3CH2CH2

O CF3O HO 5.0315

21
a

OOH

OH

O
F

F
F

O

O

F
F

F

4.9101

22 CF3O HO HO–(CH2–CH2–O)3–CH2–CH2 CF3O HO 4.7328

23 CF3O HO (CH3)2N–CO–CH2–CH2 CF3O HO 5.3010

24
a

CF3O HO
OCH2CH2OCH2CH2

O CF3O HO 5.1871

25 CF3O HO HO–CH2–CH2–O–CH2–CH2 CF3O HO 5.1549

26 CF3O HO

OCH2CH2

O CF3O HO 5.2441

27

O
OH

OH

O

O
F

F
F

F

F
F

O

5.6026

28 CH3O HO H CH3O CH3O–CO–

CH2–O

5.8539

29 CH3O HO H CH3O HOOC–CH2–O 5.5086

30 O O

OH

O

O O

F

F
F

O

5.1871

a Test compounds
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hashed into a fixed length array. HQSAR does not neces-
sitate 3D alignment for model generation. HQSAR uses 
different parameters such as atom count, hologram length, 
and fragment distinction, which are the most important fac-
tors involved in the model development. 21 different models 
were derived using the default fragment size (4–7 atoms) 
and various combinations of fragment distinctions (A-atoms; 
C-connections; B-bonds; H-hydrogen; Ch-chirality; DA-
donor and acceptors of hydrogen bonds).

3D‑QSAR

Molecular modeling and alignment

The partial atomic charges for electrostatic contribution were 
calculated by the method of Gasteiger–Hückel. Tripos force 
field was employed for optimization and energy minimiza-
tion of the compounds with the convergence criterion of 
0.01 kcal/mol Å. The most active molecule, compound 8, 
which has the minimum energy conformation, was selected 
as a reference molecule (Fig. 1). The remaining compounds 
were aligned on it by the common substructure alignment.

CoMFA model

The CoMFA model illustrates steric (S) and electrostatic (E) 
features of the scaffold for showing the selective inhibition 
of the target. The S and E fields were calculated at each lat-
tice with a grid size of 2 Å. A  sp3 hybridized carbon atom 
was used with + 1 charge serving as a probe atom. Column 
filtering was set to 1.0 kcal/mol to reduce noise and improve 
the outcomes of the built model. The cut-off value for steric 
and electrostatic fields was set to 30 kcal/mol.

CoMSIA model

The CoMSIA model helps to understand the hydrogen 
bond acceptor (A) and donor (D), the hydrophobic (H) 
features in addition to the ‘S’ and ‘E’ features. The same 

lattice box utilized for the creation of the CoMFA model 
was also employed during the CoMSIA calculation. CoM-
SIA descriptors were calculated based on a  sp3 hybrid-
ized carbon as a probe atom with + 1 positive charge, 
+ 1 hydrophobicity, + 1 hydrogen bond donor and + 1 
hydrogen bond acceptor at each lattice and grid spacing 
of 2.0 Å.

Validation of 3D‑QSAR models

The partial least squares (PLS) were adopted for the regres-
sion analysis to build the 3D-QSAR equations. The optimal 
number of components and the cross-validation correlation 
coefficient  (Q2) were determined by leave-one-out (LOO) 
cross-validation procedures. Then, the non-cross-validated 
analysis was performed to calculate the non-cross-validation 
correlation coefficient  (R2), SEE and F value.

The predictive abilities of the 3D-QSAR models were 
identified by a test set of 6 compounds, and their  pIC50 
values were predicted using the following Eq. (1):

where  Ypredicted,  Yobserved and  Ymean are predicted, 
actual and mean values of the activity, respectively. 
∑

(Ypredicted − Yobserved)
2 is the predictive sum of squares 

(PRESS).

Generation of a pharmacophore model

Using the MOE pharmacophore consensus search module, 
a pharmacophoric model was generated to highlight the 
most important key features shown by each group of com-
pounds belonging to the dataset. It was comprised of four 
different annotation points such as H-bond donor, H-bond 
acceptor, hydrophobic and aromatic features.

(1)R2

pred
= 1 −

∑

(Ypredicted − Yobserved)
2

∑

(Yobserved − Ymean)
2

Fig. 1  Structure of the template 
compound (8) and the three 
regions A, B and C

Region A

Region B

Region C

O O

OH OH

O O

F F

F

FF

F

O O
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Molecular docking

Primary and secondary structure prediction and validation 

of the protein molecules

For physico-chemical characterization, theoretical iso-
electric point (pI), total number of positive and negative 
residues, aliphatic index (AI) (Ikai 1980), instability index 
(II) (Guruprasad et al. 1990), extinction co-efficient (EC) 
(Gill and Von Hippel 1989) and grand average hydropathy 
(GRAVY) (Kyte and Doolittle 1982) were computed using 
the Expasy’s ProtParam server (Gasteiger et al. 2005).

The secondary structural features of the proteins were 
studied using Self-Optimized Prediction method With Align-
ment (SOPMA) (Geourjon and Deléage 1995). It give details 
of Alpha helix, Pi helix, Beta bridge, Extended strand, Beta 
turn, Bend region, Random coil and Ambiguous states.

Protein–ligand molecular docking analysis

Molecular docking studies representing the correct con-
formation of the curcumin derivative in protein binding 
sites was performed using MOE (Chemical Computing 
Group Inc, Montreal, Quebec, Canada). The 3D structure 
of the protein complex was downloaded from the Protein 
Databank (http://www.rcsb.org) with the PDB ID 2BEG 
(Lührs et al. 2005). This structure was 3D protonated and 
energy minimized in a MMFF94x force field to a gradient 
of 0.0001 kcal/mol/Å (Halgren 1996). The active site of 
the protein molecule was generated using the MOE-Alpha 
site finder. Then the dummy atoms were created from the 
obtained alpha spheres. The default settings for all of the 
parameters including Ligand Placement (Triangle Matcher) 
and Rescoring (London dG) were found to be suitable for 
reproduction of the ligand–receptor complexes. After molec-
ular docking, LigX feature of MOE was used to locate the 
hydrogen bonding interactions between ligand and receptor 
protein. The top scoring ligand poses from each docking run 
were used for calculation of binding energy.

Machine learning model

In machine learning approach, predictive models were gen-
erated with the help of a set of known active compounds 
and their extracted properties were used to predict the 
activity of unknown compounds (Wahi et al. 2015). In the 
present study, random forest (RF) was employed as a clas-
sifier (Shibi et al. 2016). RF is chosen as the classifier, due 
to its suboptimal performance in cases of strongly unbal-
anced data (Dong et al. 2015; Hsu et al. 2015; Janitza et al. 
2013). The RF algorithm parameters include a forest of ten 

classification trees with ten attributes randomly selected 
for splitting at each node, and predictions are based on a 
majority vote. The WEKA (Waikato University, Hamilton, 
New Zealand, v3.7), data mining software, was used for 
the classification. It contains tools for data pre-processing, 
regression, clustering, association rules, classification, and 
visualization. The PubChem bioassay dataset AID 647 was 
selected for model generation which contains 1420 actives 
and 820 inactives. The machine learning based classifica-
tion model was generated using training set (80%) and 
the quality of the generated model was assessed through 
test set (20%) with tenfold cross validation. Sensitivity, 
specificity, accuracy and receiver operating characteristic 
(ROC) were used to understand the performance of the 
classifier. True positive rate (TPR) or sensitivity is defined 
as the ratio of true actives, correctly classified as active. 
True negative rate (TNR) or Specificity is defined as the 
ratio of true inactives, correctly classified as inactive. The 
overall effectiveness is assessed by the accuracy.

Prediction of metabolic behavior and ADME properties 

of the virtual molecules

The metabolic information about compounds in the drug 
discovery pipeline is critical because of the fact that an 
extensive first-pass metabolism can result in low bioavail-
ability. Metabolism that occurs too rapidly causes a short 
therapeutic window requiring a frequent dosing schedule. 
On the contrary, metabolism that proceeds too slowly 
can cause an accumulation of the drug molecule in the 
body which could result in an increase in the risk of toxic 
effects.

The cytochrome P450s (CYPs) are heme-thiolate 
enzymes that can metabolize a variety of xenobiotics. 
There are 57 CYP isoforms in humans, out of which five 
CYP isoforms, CYP3A4, 2D6, 2C19, 2C9, and 1A2, are 
accountable for ~ 90% of drug metabolism. Molecular 
docking method can be utilized to identify the binding 
conformations of the curcumin derivatives into the site of 
CYP enzymes (Mannu et al. 2011).

The crystal structures of human CYP3A4 in the unli-
ganded form (1WOE) (Chatake et al. 2005) and bound to 
substrate (1WOF) (Yang et al. 2005a, b) are downloaded 
from Protein Data Bank. The protein 1WOE is a wild-type 
enzyme, except that the N-terminal membrane insertion 
peptide has been removed to increase solubility for crystal-
lization. There was no substrate or inhibitor bound in the 
active site of this crystal structure.

In vitro human intestinal absorption (HIA), Caco2 
and blood brain barrier (BBB) penetration values were 
obtained using web based PreADMET program (https ://
pread met.bmdrc .kr/).

http://www.rcsb.org
https://preadmet.bmdrc.kr/
https://preadmet.bmdrc.kr/
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Results and discussion

2D‑QSAR

The Aβ aggregation inhibitory activities of the molecules 
are mainly dominated by the type of substituent and the sub-
stituted positions on curcumin framework. Therefore, 2D 
QSAR technique can exert its advantages on discovering the 
dependence of activity on their molecular structures.

A 2D QSAR model was developed through the MLR 
analysis and the obtained model is depicted in the Eq. (2).

The negative coefficient of the MDEC-44 in the model 
suggests that a lower value favors the biological activity. 
MDEC-44 is Molecular distance edge between all quater-
nary carbons. Similarly, ExtFP728 and GraphFP295 also 
show negative contribution. WK.eneg is Non-directional 
WHIM, weighted by Mulliken atomic electronegativities and 
the descriptor, GraphFP912 show positive contribution to 
the biological activity.

S E E  =  0 . 1 8 3 7 ;   R 2  =  0 . 9 0 8 6 ;  R A
2  =  0 . 8 7 6 3 ; 

PRESS = 0.5734; F = 28.162;  r2 = 0.8987; r0
2 = 0.8098; 

Q2
F1 = 0.8211; Q2

F2 = 0.8073; Q2
F3 = 0.7062; CCC = 0.8656; 

|r0
2  −  r′02| = 0.2576, [(r2  −  r0

2)/r2] = 0.0989, [(r2  −  r′02)/
r2]  = 0.3856,  k = 0.9939,  k ′  = 1.0032;  Average 
r2

m(test) = 0.5063; ∆r2
m(test) = 0.2421 indicate a good predic-

tive capability.
Since the R2

m(Overall) value is 0.712 and is more than 0.6, 
indicates the acceptable overall fitting of the developed 
model. The predicted versus experimental  pIC50 values are 

(2)

pIC50 = 5.17173(± 0.03835) − 5.687(± 0.60642)MDEC − 44

+ 1.29883(± 0.2094)WK.eneg − 0.20612(± 0.1117)ExtFP728

− 0.36098(± 0.09881)GraphFP295 + 1.20961(± 0.12137)GraphFP912

+ 0.0091(± 0.0057)PEOE_VSA + 4

shown in Fig. 2a. The predicted Aβ aggregation inhibitory 
activities of the developed model obtained are shown in 
Table 2.

The robustness of the built 2D-QSAR model was further 
assessed by applying Y-randomization test. The test is car-
ried out by shuffling the biological activity  (pIC50) at 100 
random trials for the same number of training set molecules, 
and the new QSAR models have low  R2 values in the range 
from 0.033 to 0.573 and  Q2 values in the range of − 0.537 
to − 0.243. But the  R2 and  Q2 value of the 2D-QSAR model 
is significantly greater  (R2 = 0.908;  Q2 = 0.747). Also, for 

an acceptable QSAR model, the average correlation coeffi-
cient  (Rr) of randomized models should be less than the cor-
relation coefficient (R) of the non-randomized model. The 
extent of the difference in the values of the mean squared 
correlation coefficients of the randomized (Rr

2) and that of 
the non-randomized  (R2) models is reflected in the value of 
cRp

2 parameter. The value of cRp
2 should be more than 0.5 for 

passing Y-randomization test.

Since the cRp
2 value obtained is 0.780, the Y-randomiza-

tion test was passed for our model.
Applicability domain plays a vital role in checking the 

reliability of the QSAR models by filtering the chemical 
structures that cannot be tolerated by the model. We have 
used applicability domain using standardization approach 
which uses the molecular descriptors used to build the 

(3)cR2

p
= R ×

√

R2 × R2

r
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Fig. 2  Correlations between actual and predicted  pIC50 in the training and test sets for a 2D QSAR and b HQSAR
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QSAR model and to predict activity values (Roy et al. 
2015a, b). If the training set of the compounds contains 
properties very dissimilar to the rest of the compounds, 
then these compounds are considered as X-outliers. In 
the test set, molecules which are not similar to any of the 
training set of molecules are considered outside the appli-
cability domain. In our 2D-QSAR model, no compound 
from the training set or test set was found as X-outlier. 
As all the compounds of the dataset used to develop 
2D-QSAR model fell inside the domain of applicability, 
our model was not obtained by mere chance.

HQSAR

A total of 21 HQSAR models were constructed by varying 
the fragment distinction and maintaining the default frag-
ment size (4–7 atoms) with the endeavor of evaluating the 
influence of the descriptors on the robustness of the models 
(Table 3). For each constructed model, we also accessed the 
influence of the hologram length (HL) by building models 
varying HL as 53, 59, 61, 71, 83, 97, 151 199, 257, 307, 353 
and 401 bins. All constructed models showed acceptable 
LOO validation coefficients  (Q2) indicating that the HQSAR 
method is suitable to generate robust statistical models. 
According to the highest  Q2 value, the best HQSAR model 
was constructed with A/B/C/Ch. The model had a higher  Q2 
value and lowered standard error of prediction (SEP) than 
the two second best models (A/C/DA and A/B/C/H/Ch/DA).

The model A/B/C/Ch was subjected to external valida-
tions employing the test set of compounds. The predicted 
 pIC50 values for all test set of compounds showed a residual 
error lower than 1 log unit. The predictive potential for the 
test set (Rm

2) is equal to 0.910 and the predictive potential for 
all compounds (R2

m overall) is equal to 0.849. The graphical 
plot of predicted versus actual  pIC50 values is represented in 
Fig. 2b. The predicted Aβ aggregation inhibitory activities 
of the developed model A/B/C/Ch are shown in Table 2.

Contour maps of the HQSAR analysis (Fig. 3) show the 
different colors of the atoms or fragments, which determine 
the overall contribution to the activity profiles of the mol-
ecules. The contributions of (i) red colour indicates a bad 
contribution less than − 0.244 (ii) red–orange color indicates 
a bad contribution ranging from − 0.244 to − 0.146, (iii) 
orange color ranges from − 0.146 to − 0.098 (iv) the white 
color indicates an average contribution ranging from − 0.098 
to 0.0303, (v) a yellow color indicates a good contribution of 
0.0303 to 0.045, and (vi) the green color signifies the maxi-
mum contribution of 0.076 and above. The most significant 
green contribution is observed in the benzene ring (Fig. 3). 
Backbone alkyl chains also depict the average contribution 
as per the most active compound. The contour map of the 
least active compound 17 is assigned red-orange and yellow 
color, indicating the most unfavorable fragment contributing 
to the activity and has a negative impact towards the inhibi-
tory activity.

CoMFA analysis

CoMFA study analysis is implemented by the most 
potent ligand compound 8, used as a template to align 
all the ligands. The training set is used to build the 
CoMFA model. The statistical parameters derived from 
the CoMFA studies are provided in Table 4. The devel-
oped CoMFA model has a cross-validated  Q2 of 0.687, 
with five Optimum Number of Components (ONC), a 

Table 2  Experimental and predicted activities  (pIC50) of the com-
pounds

a Test compounds

Compounds Actual 
 pIC50

Predicted  pIC50

2D QSAR HQSAR CoMFA CoMSIA

1 5.699 5.698 5.854 5.384 5.395
2 5.495 5.312 5.054 5.412 5.445
3a 5.585 5.331 5.703 5.407 5.414
4 5.357 5.332 5.390 5.343 5.304
5 5.086 5.208 5.339 5.345 5.372
6 5.244 5.516 5.246 5.314 5.283
7a 5.456 5.523 5.472 5.365 5.328
8 5.886 6.050 5.862 5.417 5.462
9 5.420 5.428 5.369 5.347 5.324
10 5.187 4.919 5.135 5.304 5.296
11 5.409 5.306 5.293 5.345 5.322
12 5.229 5.148 5.241 5.368 5.386
13 3.993 4.144 4.092 4.172 4.158
14 3.791 3.987 3.964 3.426 3.431
15a 5.301 5.305 5.398 5.378 5.419
16 4.327 4.212 4.093 4.786 4.747
17a 3.693 4.246 3.838 2.987 2.996
18 5.495 5.679 5.541 5.375 5.359
19 5.509 5.296 5.541 5.405 5.455
20 5.032 4.924 4.916 5.284 5.268
21a 4.910 5.065 5.134 5.266 5.307
22 4.733 4.828 4.843 5.139 5.083
23 5.301 5.417 5.359 5.353 5.359
24a 5.187 4.939 5.147 5.338 5.382
25 5.155 5.122 5.062 5.304 5.297
26 5.244 5.456 5.262 5.310 5.307
27 5.602 5.401 5.411 5.395 5.406
28 5.854 5.610 5.624 5.453 5.467
29 5.509 5.526 5.564 5.424 5.437

30 5.187 5.222 5.126 5.337 5.382
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non-cross-validated R2
ncv of 0.787, F-value of 181.42 and 

low SEE of 0.246. Thus the resulted CoMFA model is 
statistically significant in depicting the novel curcumin 
derivative’s inhibitory activities.

The predictive ability of the developed model is assessed 
by a test set of six ligands. The estimated predictive 

correlation coefficient (R2
pred) of the CoMFA model on the 

test set is 0.731.
The calculated  pIC50 values of the compounds for the 

CoMFA model are listed in Table 2. The correlation between 
the experimental  pIC50 and the calculated ones for the 
CoMFA model is displayed in Fig. 4. Most of the ligands 

Table 3  Statistical results of 
the 21 initial HQSAR models 
obtained from the variation 
of the fragment distinction 
and maintaining the default 
fragment size (4–7 atoms)

Selected model is given in bold

Fdist Q2 SEP R2
ncv HL PCs R2

pred

A/B/C 0.543 0.353 0.928 257 5 0.423
A/B/H 0.549 0.408 0.921 61 6 0.317
A/C/H 0.446 0.428 0.876 151 4 0.489
A/B/Ch 0.439 0.455 0.948 353 6 0.386
A/C/Ch 0.550 0.349 0.942 97 5 0.138
A/B/DA 0.512 0.424 0.943 83 6 0.168
A/C/DA 0.609 0.380 0.946 257 6 0.423
A/B/C/H 0.438 0.431 0.852 307 4 0.861
A/B/C/Ch 0.615 0.306 0.931 257 5 0.956

A/C/H/Ch 0.434 0.432 0.878 151 4 0.909
A/C/H/DA 0.565 0.400 0.954 53 6 0.538
A/B/H/Ch 0.484 0.413 0.812 59 4 0.848
A/B/C/DA 0.577 0.384 0.917 59 5 0.948
A/H/Ch/DA 0.542 0.400 0.897 199 5 0.891
A/B/Ch/DA 0.502 0.417 0.934 401 5 0.418
A/B/H/DA 0.527 0.406 0.936 257 5 0.898
A/B/C/H/Ch 0.424 0.436 0.851 307 4 0.887
A/B/C/Ch/DA 0.568 0.388 0.910 401 5 0.948
A/B/H/Ch/DA 0.522 0.408 0.916 307 5 0.876
A/B/C/H/DA 0.578 0.373 0.912 83 4 0.899

A/B/C/H/Ch/DA 0.585 0.370 0.915 83 4 0.904

Fig. 3  Contribution map generated by HQSAR model
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are located on or nearer to the trend line  (R2 = 0.798) speci-
fying that the predictive power of the developed model is 
good. The analysis of statistical results from CoMFA and 
graphical output (Fig. 5a) of the correlation analysis reveals 
that the predicted  pIC50 values are in line with the experi-
mental  pIC50.

The higher contributions of electrostatic field (55.4%) 
than the steric field (44.6%) demonstrate that the electro-
static field is more dominant than the steric field to the 
inhibitory activity for CoMFA model.

CoMFA contour plots

The information about the steric and electrostatic fields sur-
rounding the molecule can be acquired from the polyhedral 
contour plots. The contour plots show the regions in 3D 
space where the variation of the molecular fields is highly 
related to the corresponding changes in biological activity. 
The contour plots showing various fields’ contribution of 

Table 4  Statistical results of CoMFA and the best CoMSIA models

a Cross-validated correlation coefficient
b Non cross-validated correlation coefficient
c Standard errors of estimate
d Predicted correlation coefficient for the test set

CoMFA CoMSIA (Model 6)

aQ2/ONC 0.687/5 0.743/3
bR2

ncv 0.787 0.972
cSEE 0.246 0.094
dR2

pred 0.731 0.713
F value 181.420 230.975
Field contribution
 Steric 55.4 19.7
 Electrostatic 44.6 52.0

 H-bond acceptor – 28.3

Fig. 4  Contour maps of CoMFA: a electrostatic and b steric based on compound 8
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Fig. 5  Correlations between actual and predicted  pIC50 in the training and test sets for a CoMFA and b CoMSIA models
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CoMFA model is demonstrated with the template compound 
8. Figure 4 represents the steric and electrostatic contour 
plots of CoMFA respectively. The favorable and unfavorable 
steric interactions are shown in green and yellow colored 
polyhedrons (80 and 20% contributions) respectively, while 
the favorable electropositive and electronegative interactions 
are given in the blue and red polyhedron (80 and 20% contri-
butions) respectively. 3D color contour plots offer valuable 
contributions for the change in the design of new ligands.

Steric contour maps (Fig. 4a) indicate that if the bulky 
groups of the compounds are oriented towards the green 
region, then it can increase the biological activity. The 
opposite is true for yellow contours. In template compound 
8, which is the most active compound, the contour map 
shows three large green contours around regions A, B and 
C, while these regions also show small yellow contours 
around regions A and C, and large contour around region B, 
indicating that bulkier substituents are not favorable in these 
regions. A favorable steric contour around region C can be 
supported with the good inhibitory potency  (pIC50 = 5.854) 
shown by compound 28, having bulky  CH3O–CO–CH2–O 
group when compared with compound 1  (pIC50 = 5.699). 
The  (CH3)3C–O–CO–CH2–CH2 group attached in the region 
B of compound 10 is embedded in the yellow region, and the 
 CH3O–CO–CH2–CH2 group in the same region of the com-
pound 4 seems partially embedded in the yellow contour. 
Thus compound 4 shows highest activity  (pIC50 = 5.357) 
than compound 10. Compounds 20 and 24 with  pIC50 
value of 5.032 and 5.187, respectively, have poor activity 
due to the presence of the bulkier groups in the region B 
oriented in the yellow region. Similarly, for compound 17 
 (pIC50 = 3.692), compound 22  (pIC50 = 4.733), and com-
pound 10  (pIC50 = 5.187), having bulkier groups at the B 
region oriented towards the yellow region indicates poor 
activity for these compounds.

Electrostatic contour maps are shown in Fig. 4b, wherein 
the blue area specifies the favorable region for electroposi-
tive groups and the red area specifies an unfavorable region 
for electropositive groups. There are 80 and 20% contribu-
tions to favorable and unfavorable areas, respectively. Elec-
trostatic contour maps show that the red contour is present 
over the HOOC–CH2–CH2 group in the region B of the com-
pound 5 with low activity value of  pIC50 = 5.086. Compound 
23  (pIC50 = 5.301) showed good inhibitory activity due to 
the blue contour present around the  (CH3)2N–CO–CH2–CH2 
group at the B region of the compound. Compounds 18 and 7 
 (pIC50 = 5.495 and 5.456, respectively) showed good inhibi-
tory activity due to the red region present over the electron-
egative oxygen of the carbonyl group of these compounds. 
Electronegative oxygen of the carbonyl group and hydroxyl 
group were oriented towards the blue contour, indicating 
poor activity of compound 22  (pIC50 = 4.733) and compound 
16  (pIC50 = 4.327), respectively. Compounds 20, 24 and 26 

 (pIC50 = 5.031, 5.187 and 5.244, respectively) contain elec-
tronegative oxygen atom oriented towards the blue region, 
showing lower activity.

CoMSIA analysis

Different combinations of 5 fields (S, E, D, A and H) are 
combined to generate a total of 16 CoMSIA models. The 
statistical results of the constructed 16 CoMSIA models are 
summarized in Table 5. Out of these we selected the model 
6 as it has  Q2 value greater than 0.5, high F value, high R2

ncv 
when compared to other models.

The statistical results of the CoMSIA studies are listed in 
Table 4. The generated CoMSIA model illustrated a  Q2 LOO 
value of 0.743 (> 0.5) by three components. The non-cross 
validated PLS analysis with the ONC = 3 gave a non-cross-
validated  R2 (R2

ncv = 0.972), a test set  R2 (R2
pred = 0.713), 

SEE = 0.094, F value of 230.975, steric = 19.7%, electro-
static contribution = 52.0% and H-bond acceptor contribu-
tion = 28.3%. The obtained high R2

ncv,  Q
2 and F values along 

with the lower  SEEncv indicated the satisfactory predictive 
ability of the derived model. The  pIC50 values predicted by 
the CoMSIA model are listed in Table 2. Figure 5b demon-
strates the correlation between experimental and predicted 
 pIC50 values by the CoMSIA model.

CoMSIA contour plots

The steric, electrostatic and H-bond acceptor contour 
maps derived from the CoMSIA model based on the ref-
erence compound 8 are shown in the Fig.  6. As shown 
in Fig. 6a, a large yellow contour is present near regions 
B, indicating that the bioactivity of molecules is influ-
enced by the introduction of bulky groups near these 
regions. The inhibitory activity would be decreased by 
the introduction of bulky groups in the B region, such 
as compounds 17 and 16 where the use of bulky groups 
((CH3)3C–O–CO–CH2–CH2>CH3O–CO–CH2–CH2) 
resulted in lower  pIC50 values (3.693 < 4.327). This can 
also be observed by the comparison of molecules 22 (substi-
tuted by HO–(CH2–CH2–O)3–CH2–CH2 with  pIC50 value of 
4.733) and 25 (substituted by HO–CH2–CH2–O–CH2–CH2 
with  pIC50 value of 5.155). This can also be observed 
by a comparison of compounds 9 (substituted by 
 CH3–CH2O–CO–CH2–CH2 with  pIC50 value of 5.420) and 
11 (substituted by  (CH3)2CH–O–CO–CH2–CH2 with  pIC50 
value of 5.409).

Two large green contours are found in the regions A and 
C, which shows that bulky groups at these regions would 
lead to increase the inhibitory activity. In compound 28, 
the green region covers the  CH3O–CO–CH2–O group at 
the region C, which can be supported with the good inhibi-
tory potency  (pIC50 = 5.854) shown by compound 28. For 
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Table 5  Statistical parameters 
of CoMSIA models

Selected model is given in bold

Model Descriptors R2
LOO(Q2)/ONC R2

ncv/SEEncv F value R2
m (overall) R2

pred

1 S, D and A 0.661/1 0.802/0.238 88.968 0.7763 0.7092
2 S, H and A 0.718/3 0.974/0.091 245.649 0.8182 0.5971
3 E, D and H 0.674/1 0.807/0.235 91.854 0.7748 0.7219
4 E, A and H 0.683/1 0.807/0.234 92.100 0.7729 0.7174
5 S, E and H 0.692/3 0.963/0.108 173.486 0.8248 0.6131
6 S, E and A 0.743/3 0.972/0.094 230.975 0.7773 0.7127

7 S, E and D 0.673/1 0.807/0.235 91.907 0.7779 0.7167
8 D, A and H 0.660/1 0.802/0.237 89.359 0.7735 0.7135
9 D, A and E 0.672/1 0.811/0.232 94.306 0.7804 0.7210
10 S, D and H 0.664/1 0.790/0.245 82.890 0.7692 0.7114
11 S, E, D and A 0.698/1 0.820/0.227 99.913 0.7787 0.7194
12 S, E, D and H 0.699/1 0.816/0.229 97.252 0.7856 0.7228
13 S, E, A and H 0.726/3 0.944/0.132 112.754 0.8326 0.6382
14 D, A, H and S 0.690/1 0.812/0.232 94.753 0.7851 0.7119
15 D, A, H and E 0.697/1 0.819/0.227 99.511 0.7867 0.7036

16 S, E, D, A and H 0.714/1 0.827/0.222 105.027 0.7913 0.7197

Fig. 6  Contour maps of CoMSIA: a steric; b electrostatic and c H-bond acceptor based on compound 8
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instance, the agonist activity of compounds 29 (substituted 
by HOOC–CH2–O–) and 18 (substituted by –OH) was var-
ied in the order: 18 < 29. This can also be observed by com-
paring molecules 16 (having  CH3O–CH2–O group at regions 
A and B) and 14 (having  CH3O group at regions A and B), 
where using a bulky group influenced the outcome of  pIC50 
values (4.327 > 3.790).

Electrostatic contour maps are displayed in Fig.  6b, 
wherein the blue region designates the favorable region for 
electropositive groups, and the red region designates an 
unfavorable region for electropositive groups. There are 80 
and 20% contributions to favorable and unfavorable areas, 
respectively. Electrostatic contour maps show that a medium 
red contour and a medium blue contour is present over the 
region B. The compound 5  (pIC50 = 5.086) showed good 
inhibitory activity due to the red region present over the oxy-
gen of the carboxyl group, when compared with compound 
14  (pIC50 = 3.790). Electronegative oxygen of the hydroxyl 
group was oriented towards the blue contour, indicating poor 
activity of compound 22  (pIC50 = 4.733). Compounds 7 and 
9  (pIC50 = 5.456 and 5.420, respectively) contain an elec-
tronegative oxygen atom at the region B oriented towards 
the red region, showing higher activity. In compound 17 
 (pIC50 = 3.693) the electronegative oxygen of carbonyl group 
is oriented towards the blue region, justifying the poor activ-
ity of the compound.

H-bond acceptor contour maps are shown in Fig. 6c, 
wherein the magenta region shows the favorable region 
for H-bond acceptor groups and the cyan region shows 
an unfavorable region. Almost 80 and 20% contributions 
to the favorable and unfavorable region, respectively, are 
shown. The significantly increased potency of compound 
23  (pIC50 = 5.301) may be explained by its atom N as the 
H-bond acceptor at the region B is oriented towards the 
magenta contour compared to molecule 14  (pIC50 = 3.790) 
with a  CH3 group at the same position. In fact, com-
pounds with significant activity, for instance compounds 
18  (pIC50 = 5.495), 7  (pIC50 = 5.456), 9  (pIC50 = 5.420), 11 

 (pIC50 = 5.409), 4  (pIC50 = 5.237) and 15  (pIC50 = 5.301), all 
have such H-bond acceptor groups at the region B, oriented 
towards the magenta contour map, which are consistent with 
this contour implication. The compounds 13  (pIC50 = 3.993) 
and 14  (pIC50 = 3.790) exhibits reduced inhibitory affinity as 
these compounds do not have the H-bond acceptor.

Pharmacophore analysis

A pharmacophore is an incorporation of steric, electrostatic, 
H-bond donor, H-bond acceptor and hydrophobic charac-
teristics that were necessary to ensure the optimal molecu-
lar interactions with the biological target. Ten structurally 
diverse curcumin derivatives with high inhibitory activity 
were used for developing pharmacophore model. Results 
indicated that pharmacophore model generated have the fol-
lowing requirements: two hydrophobic & aromatic features, 
two hydrogen bond donor function, and one hydrogen accep-
tor function as seen in Fig. 7.

Molecular docking

Primary and secondary structure prediction and validation

Isoelectric point (pI) value is the pH at which a protein is 
stable and compact has no net charge. The computed pI 
value of 2BEG (5.31) is less than 7 (pI < 7) indicated that 
these proteins were acidic. The II value provides an assess-
ment of the stability of protein and when the value is smaller 
than 40, the protein is predicted as stable and when the value 
is above 40, the protein is predicted to be unstable. The II 
value for the protein 2BEG is found to be 18.17 suggesting 
that 2BEG is stable.

The AI is defined as the relative volume of a protein 
occupied by aliphatic side chains and is a positive factor 
for the increase of thermal stability of globular proteins. AI 
for 2BEG is found to be 97.38. The very high AI values of 

Fig. 7  Pharmacophore models a of all the 30 curcumin derivatives b most active compound 8
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the protein indicate that the protein may be stable for a wide 
temperature range.

The secondary structures analysis of the protein pre-
dicted by SOPMA shows that, the percentages of random 
coils were more in the protein molecule. The conformational 
entropy associated with the random coil state contributes to 
the energetic stabilization of the protein and accounts for 
much of the energy barrier to protein folding.

Protein–ligand molecular docking analysis

In the present study, the binding mode for 30 curcumin-
based molecular hybrids in the active site of the protein 
structure 2BEG was explored using molecular docking 
studies. The optimal conformations of these compounds 
when docked were identified. The active site of the protein 
2BEG contains the highly conserved residues. To further 
elucidate the interaction mechanism, we selected the most 
potent compound 8 and least potent compound 17, Aβ aggre-
gation inhibitor to perform the deeper docking study and 
discussion.

The results of the molecular docking studies are summa-
rized in Table 6. These docking results clearly indicate that 
the most active compounds in the study exhibited signifi-
cant binding affinities towards the active site of the protein 
(− 12.250 to − 11.110 kcal/mol), and the energy ranges are 
comparable to the Aβ aggregation inhibitor.

Molecular design of novel chemical entities

The detailed analysis of 2D-QSAR, HQSAR, 3D-QSAR, 
Pharmacophore and Molecular docking studies empower 
us to identify structural requirements for the observed 
inhibitory activity. According to the information derived 
from 2D-QSAR, HQSAR, 3D-QSAR, pharmacophore and 
molecular docking studies, some important facts about the 
chemical structures requirement was presented to examine 
the effect of each kind of group as the substituent for regions 

A, B and C on the inhibitory activity. The HQSAR result 
shows that the presence of hydroxyl group and oxygen would 
enhance the inhibitory activity. So it is retained in some 
of the molecules. 3D-QSAR studies indicate that the pres-
ence of bulky groups at regions A and C were considered to 
enhance the activity. However, the presence of bulky groups 
at region B would decrease the activity. Molecular docking 
studies demonstrate that the presence of hydroxyl and car-
bonyl groups increases the interaction with the active site 
of the protein moiety. Also, the presence of oxygen atom 
increases the inhibitory activity of the molecules. Based on 
these, some novel chemical entities were designed.

For predicting their biological activity, 2D-QSAR model 
is applied to these new molecules and the corresponding 
results are listed in Table 7. The descriptors of the newly 
designed virtual molecules were calculated using PaDEL-
Descriptor and MOE softwares. The results show that the 
eight compounds, M(1), M(2), M(5), M(6), M(7), M(8), 
M(9) and M(10) show predicted biological activity values 
higher than before, indicative of their good inhibitory activ-
ity. Therefore it is expected that these compounds perhaps 
should be regarded as the good candidate molecules for 
experimental synthesis.

Data mining

Data mining techniques can examine the main useful pat-
terns emerging from a set of data. Machine learning (ML) 
technique can be effective in generating a model out of such 
data, and the model can be further used to predict the activ-
ity any molecule present in a set of selected molecules. This 
provides good results and accurate information which can be 
helpful for solving many of the health-related problems. An 
understanding of the structural features of a set of molecules 
may thus throw light on the factors that are characteristic of 
the activity of the molecules.

WEKA (Waikato Environment for Knowledge Analysis) 
3.7.3 with ML method was used to screen and to recognize 
the Aβ aggregation inhibitory activity of the newly designed 
curcumin derivatives (Frank et al. 2005). The process of 
classification requires building a classifier (model) which is 
a mathematical function that assigns class (e.g., active/inac-
tive) labels to instances defined by a set of attributes (e.g., 
descriptors). The active (n = 1420) and inactive (n = 820) 
molecules present in the AID 647 dataset downloaded from 
PubChem were used for the development of classification 
models. For each molecule, 179 different molecular descrip-
tors were computed using the software called powerMV. The 
Random Forest (RF) algorithm of WEKA gives high accu-
racy and time efficiency for predictive data modeling and 
is regarded as the best classifier (Sajeev et al. 2013; Seal 
et al. 2012). Therefore in the present study, we tested the 
activity of the novel chemical entities’ using the classifier 

Table 6  Molecular docking scores (kcal/mol) of the active molecules 
in the binding site of the protein 2BEG

Compound ID E_score (kcal/mol)

5 − 11.5212
6 − 11.1483
11 − 11.9898
15 − 11.1105
16 − 11.3656
21 − 12.2503
23 − 11.4561
25 − 11.1258

29 − 12.2175
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based on RF. Using the tenfold cross-validation (CV), the 
RF classifier was evaluated. A cross-validation is a standard 
tool in analytics, which helps to develop and fine-tune data 
mining models. The model was used by taking 80% of the 
data as the training cum validation set and 20% of data as 
an independent test set.

Data mining results show that out of the ten novel chemi-
cal entities, molecules M(1), M(2), M(3), M(4), M(5), M(7), 
M(8) and M(9) were active. The model displayed better 
statistical indices like 63.24% accuracy, 84.8% sensitiv-
ity, specificity 30.2%, 63.2% BCR (Balanced Classification 
Rate). This model achieves a precision of 61.6% and recall 
of 63.2%. The classifier achieved an F-measure of 0.601 and 
ROC area of 0.644.

Prediction of site of metabolism and ADME properties

In drug design process, the information of site of metabolism 
(SOM) is vital to mitigate the toxicity issues and to improve 
the metabolic behavior of a molecule. For metabolite iden-
tification, we have used the Toxtreev2.6.13 software. The 
methylene group (–CH2–) in between two carbonyl groups 
is ranked as the best SOM in most of the compounds M(2), 
M(5), M(7), M(8) and M(9). This SOM involves aliphatic 
hydroxylation reaction for metabolism. For the compound 
M(1), the methylene group attached to the –NH2 group is 

ranked as the best SOM. In compound M(2), the double 
bonds of the benzene ring adjacent to the oxygen atom are 
regarded as the SOM with the second rank and the metabo-
lism occurs through aromatic hydroxylation. In compound 
M(4), the alkyl groups attached to the N atom, are consid-
ered as SOM with highest ranks. It undergoes N-dealkyla-
tion reaction. This site undergoes O-dealkylation reaction. 
In compounds M(8) and M(9), the –CH3 of the methoxy 
group is regarded as the SOM with second position. This 
site also undergoes O-dealkylation reaction for metabolism.

The ADME properties of the selected six compounds 
were studied using web based PreADMET program. It gives 
the details of properties such as HIA rate, BBB penetration 
and in vitro Caco-2 cell permeability (nm/s). The predicted 
values of these properties are shown in Table 8.

The BBB penetration values give us an idea whether a 
compound can pass across the BBB or not. A compound 
having BBB value > 2.0 is considered as highly absorbing to 
CNS (Central Nervous System), that with the value 2.0–0.1 
is considered as with middle absorption to CNS and that 
with the value < 0.1 is to be considered as low absorbing to 
CNS (Ma et al. 2005; Ajay et al. 1999). The result showed 
that the compounds M(5) and M(7) have high absorption to 
CNS and the compounds M(1), M(2), M(8) and M(9) have 
middle absorption to CNS.

Table 7  Predicted  pIC50 values of novel chemical entities using inverse QSAR

ID R1 R2 R3 R4 R5 Predicted  pIC50

O

R5

R4

O

R1

R2

R3

M(1) (CH3)3O HO (CH3)2CH–CH(NH2)–CO–O (CH3)3O HO 6.5814
M(2) (CH3)3O HO C6H5–CO (CH3)3O HO 6.5314
M(3) (CH3)3O (CH3)3O (CH3)3C–CH2–CH2 (CH3)3O (CH3)3O 5.4683
M(4) (CH3)3C (CH3)3C (CH3)2N(CH3) (CH3)3C (CH3)3C 5.5780
M(5) (CH3)3O HO CH3–CH2–C6H5 (CH3)3O HO 6.5886
M(6) C6H11O HO CH3 (CH3)3O C6H11O 6.8062
M(7) ((CH3)2CH) 3CO HO CH3–CH2 ((CH3)2CH) 3CO HO 6.5836
M(8) ((CH3)2CH) 3CO CH3O CH3–CO–O– ((CH3)2CH) 3CO CH3O 5.9633
M(9) Cl3O CH3O CH3–CO–O– Cl3O CH3O 5.9396

M(10) Cl3O CH3O CH3–CH2 Cl3O CH3O 6.7362

Table 8  ADME properties for 
novel chemical entities

Compound ID M(1) M(2) M(5) M(7) M(9) M(8)

BBB 0.1434 0.7918 4.8833 10.4024 0.9439 0.2978
Caco2 21.9193 36.4299 46.0038 51.4046 56.2054 22.8121

HIA 94.1330 95.7125 96.2881 96.5479 97.7153 98.0645



 In Silico Pharmacology  (2018) 6:12 

1 3

 12  Page 16 of 19

For understanding the intestinal absorption of the com-
pounds under study, several in vitro methods have been 
used. Caco-2 cell permeability is suggested as a dependable 
in vitro model for the prediction of oral drug absorption. For 
a low permeable compound, Caco-2 value should be less 
than 4; while for a middle permeable one the value should be 
between 4 and 70; and one with more than 70 is considered 
as a highly permeable compound (Yamashita et al. 2000). In 
this study, the result demonstrated that the compounds M(1), 
M(2), M(5), M(7), M(8) and M(9) have moderate cellular 
permeability against Caco-2 cells.

The HIA data is the summation of absorption evaluated 
from the ratio of cumulative excretion and bioavailability. 
The HIA value for poorly absorbed compounds is between 
0 and 20%. For a moderately absorbed compound, the HIA 
value is 20–70%, and for the well-absorbed compounds, the 
HIA value ranges from 70 to 100% (Zhao et al. 2001). In this 
study, we obtained very good HIA values for the compounds 
M(1), M(2), M(5), M(7), M(8) and M(9).

Molecular docking studies were carried out to propose 
the binding pose for the identified hit compounds in the 
binding site of CYP3A4, which would lead to helpful 
insights for the development of new medications. Here, 
we present the molecular interactions of Aβ aggregation 

inhibitors with CYP3A4 using an in silico docking study. 
CYP3A4 is a complex heme-containing enzyme. It metab-
olizes more than 50% of the administered drugs. It is the 
isozyme most implicated in drug-drug interaction profiles 
(Gibbs and Hosea 2003). The active site of the CYP3A4 
enzyme is larger and considerably flexible. The results 
show that the molecules are not tightly locked into the 
CYP3A4 active site. They can dissociate and rebind during 
different stages of the metabolism cycle.

Molecular docking studies of the 10 new virtual active 
compounds were also performed in the binding pocket 
of the protein 2BEG. These docking results clearly indi-
cate that the new virtual active compounds in the study 
exhibited significant binding affinities towards the active 
site of the protein (− 12.625 to − 10.1492 kcal/mol), and 
the energy ranges are comparable to the Aβ aggregation 
inhibitor activity.

Thus compounds M(1), M(2), M(5), M(7), M(8) and 
M(9) (Fig. 8) are selected as the lead molecules metabolise 
through aliphatic hydroxylation, aromatic hydroxylation, 
N-dealkylation, and O-dealkylation reactions.

 

O

O

O

OH

O

OH

CH3

CH3

CH3

CH3

CH3 CH3

O

O

NH2

CH3

CH3

M (1)

O

O

O

OH

O

OH

CH3CH3

CH3

CH3

CH3

CH3

CH3M (5)

O

O

O

O

O

O

CH3

CH3

CH3

CH3
CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

O

O

CH3

M (8)

O
O

OH

O

O

OH

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

M (7)

O

O

O

OH

OOH

CH3

CH3

CH3

CH3

CH3

CH3

O

M (2)

O

O

O

O

O

O

CH3

CH3

O

O

CH3

Cl

Cl
Cl

Cl

Cl
Cl

M (9)

Fig. 8  Structures of the lead molecules
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Conclusion

In the current study, an effort has been made by extract-
ing the relevant properties of a known Aβ aggregation 
inhibitory activity set and extrapolating this knowledge 
to develop predictive cheminformatic models for the 
classification, identification, and prioritization of new 
Aβ aggregation inhibitors. For the purpose, a series of 
30 curcumin derivatives which are reported as potent Aβ 
aggregation inhibitors were selected to develop various 
QSAR and pharmacophore models. The established 2D 
and 3D-QSAR models showed significant statistical qual-
ity and excellent predictive ability. To verify the reliability 
of the models, the inhibitory activities were evaluated and 
predicted. Molecular docking analyses of the representa-
tive inhibitors were performed to determine the binding 
modes of the inhibitors at the active site of the protein 
molecule 2BEG. Based on the QSAR and molecular dock-
ing results, some new potent inhibitors were designed, 
and their activities are then predicted using an inverse 
QSAR technique. These molecules were further filtered 
using data mining techniques by Weka, ADME properties 
were evaluated and the binding interactions understood 
by molecular docking studies. This resulted in the selec-
tion of six lead molecules, M(1), M(2), M(5), M(7), M(8) 
and M(9). Finally, our in silico results provide compelling 
evidence for the utility of curcumin derivatives as a pre-
ventive medication for neurodegenerative diseases such as 
Aβ1-42 induced AD. Further investigations are necessary 
to examine the mechanisms of these molecules and their 
in vivo effect. Yet, the results of the present study open 
up the possibility that these derivatives can be developed 
as promising therapeutics to reach to advanced studies for 
treatment against Alzheimer’s disease.
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ABSTRACT: Melghat forest is rich in biodiversity of medicinal plants and this area is inhabited by 
scheduled tribe Korku. The purpose of the present study was to record the ethnobotanical knowledge 
of korku tribe using these wildly growing medicinal plants and the survey was conducted during the 
years 2014-2017.  Forty eight plant species belonging to thirty four families which are extensively 
being used as medicinal plants as well as for food were collected and their traditional usage by korku 
tribe were studied. The botanical name, family, vernacular name, Flowering periods, Voucher 
specimen, date of collection, Precise GPS Location, Height above Sea level, Life form, Abundance, 
Frequency Citation, Relative Frequency Citation index, parts used, Drug formulation & dosage to 
cure various ailments are discussed in this study. The indigenous extraction and drug formation 
practices recorded in the present study can be tested and standardized on scientific scale. This study 
will be helpful in providing awareness about harvesting these medicinally important plants in a 
conservative manner. 
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1.INTRODUCTION 

Forest structure and floristics knowledge are necessary for the study of forest dynamics, animal –
plant interactions and cycling of nutrients. As life support system forests are the most important 
component on the earth. These days Biodiversity has always remained the topic of hot debate and 
discussion. Biodiversity conservation strategy needs strong basis of Biodiversity Assessment. Until 
and unless we know what is our biodiversity, we can't decide what is to be conserved and how. As 
far as plants are concerned most of the region of the country are floristically explored – are 
continuously being explored - and to good extent we have idea about our species wealth [1]. Besides 
the detailed assessment of floristic diversity of area of conservation, whether they are endemic, 
endangered or medicinally important plant species, the causes of forest destruction are also equally 
important in assigning conservation values. Plants have now been used as traditional medicines from 
about more than five thousand years for curing, suppressing, and prevention of diseases of humans 
[2]. Ancient methods of using plants for various diseases is known as herbal medicine which refers 
to the use of different parts of the plant for medicinal purposes [3]. The herbal medicines are 
considered to be of great importance among different indigenous and rural communities in many 
developing countries [4]. Herbal drugs constitute only those traditional medicines which primarily 
use medicinal plant preparations for therapy [5]. According to WHO, traditional medicines is 
therapeutic practices which have an existence from more than hundreds of years [6]. Analyses of 
published information on medicinal plants used by the six major systems of medicine in India are 
as; 1250-1400 plants in Ayurveda [7]; 342 plants in Unani; and 328 plants in Siddha; 4671 in Folk; 
482 in Homoepathy; 1106-3600 plants in Tibetan Medicine [8]. Even most world population 
belonging to developing countries are still dependent on these traditionally used medicinal plants 
for their health care [9]. The information about the usage and importance of these medicinal plants 
was discovered by local tribal communities. Due to the rich biodiversity of Melghat forest certain 
scheduled tribes are inhabited in this area which includes ‘Korku’, ‘Gond’, ‘Nihal’, ‘Balai’ and 
‘Gaoli’ etc but majority of population and area is covered by Korku tribe while as percentage of 
other tribes is limited [10]. According to official website of Melghat Tiger Reserve, Korku’s had 
been drawing their sustenance from a period of almost one century from the forests of this area and 
are mainly engaging themselves in forest produce harvesting. This tribe has very important role in 
providing laborers for development works and forest conservation. They have acquired skills which 
are required for harvesting these forest products which are later processed and send to markets as 
forest products. The main purpose of this survey is that it can be very important for research students 
dealing with medicinal plants. Some already studied plants of this area have shown that nutritional 
value of those plant foods is quite high, as they contain greater amounts of vitamins, minerals, 
carbohydrates, protein, and fat than cultivated plant foods. Taking these perspectives in 
consideration, the exploratory study for the study of plants with medicinal use was carried out within 
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korku tribe inhabiting in the Melghat forest.  This area being hilly in character, tribal people are 
mostly relying on the plants or plant derived products for the basic health care and foods. Most of 
the human ailments and veterinary diseases are cured by prescriptions of local bhagat (vaidoo) and 
elderly people with the help of herbal products. 

2. MATERIALS AND METHODS 

Demography  

The Melghat area is in the Northern part of Amravati District of Maharashtra State and was declared 
a tiger reserve in 1974. The total area of the biosphere reserve is around 1677 km2. The forest 
vegetation is tropical dry deciduous in nature. The study was done in the Korku tribe which reside 
in Melghat area at coordinates 21˚ 26́ 45̎ N and 77˚11́ 50̋ E which is also shown by map in “Figures 
1, 2, &3”. 

                                               

 

Figures 1, 2, & 3: Map of India showing Maharashtra State in which study area     Melghat 
Forest Area has been shown 

Methodology  

The study was planned in the beginning of the May 2014 - January 2017 to investigate and 
enumerate the flowering plant which are used by people of korku tribe in their routine health care 
system to cure various ailments. Nature of ailments was identified with the help of elderly tribal 
healers of the particular area. Seven trips were done to the understudy area during investigating time 

http://www.rjlbpcs.com/


Wagay et al  RJLBPCS 2019             www.rjlbpcs.com          Life Science Informatics Publications 

© 2019 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 
2019 March – April RJLBPCS 5(2) Page No.552 

 

period (May & September, 2014; March & November, 2015; November & December, 2016; January, 
2017) by all the authors from time to time in order to record the diversity and ethnic knowledge of 
the plant diversity found in the understudy area. For collection of data questionnaire, semi-structured 
interviews and direct observations were done [11]. Before each interview, researchers and the 
informants signed a Prior informed consent (PIC) according to Kyoto protocol concerning the 
intellectual property rights (IPR) of local inhabitants and plant resources of the area. The sole 
purpose of this study was designed for unveiling the precious wealth of indigenous knowledge. The 
information about local name, part used and methodology of usage from the korku tribe was noted 
during the survey [12]. During observation field notes were recorded in field notebooks and voucher 
specimens of these species were collected. The collected specimens were processed using usual 
taxonomic methods of drying and mounting [13] and herbarium were prepared by standard methods 
[14]. The specimens were identified with the help of existing literature [15],[16],[17],[18],[19] and 
authorized taxonomist of the area. These collected specimens have been preserved in the herbarium 
of Department of Botany, Vidyabharati Mahavidyalaya College, Amravati (M.S.). The plants were 
classified according to the classification of Bentham and Hooker (1862-1883) [20] and their 
botanical name, local name, family, flowering phonology, altitudinal range, life form representation, 
part used and methodology of using these parts (wherever necessary) and most frequently treated 
diseases. The plants in this survey were classified into herbs, shrubs, trees and climbers using the 
Raunkiar’s (1934) [21] life form classification system. Data documented during the ethnobotanical 
survey was entered on a Microsoft excel database and analyzed to determine the proportions of 
different variables. Relative Frequency of Citation (RFC) of reported species was also determined 
by using formula; 

RFC=FC / N (0<RFC<1) 
This index shows the local importance of each species and it is given by the frequency of citation 
(FC, the number of informants mentioning the use of the species) divided by the total number of 
informants participating in the survey (N), without considering the use-categories [22], [23],[24]. 

3. RESULTS AND DISCUSSION 

The local inhabitants have learnt to utilize plants for treating various diseases. Thus there is a vast 
list of plants used by this tribe but some important wildly growing forty eight plant species belonging 
to thirty four families which are extensively being used to cure various ailments are given in “Table 
1”. In the present study, a total of 51 persons were interviewed among which 20 were males and 31 
were females. The informants were divided into four age groups; (1) 12-20 years; (2) 20-35 years; 
(3) 35-65 years and (4) above 65 years old. Age group of 35-65 years old comprised the most 
informants. 6 drug formulations practices or recipes formulations were harvested from 1st age group, 
29 from 2nd age group, 23 from 3rd age group and 43 from 4th age group. Present study was unique 
in comparison to the previous ethnobotanical studies all around the world as we interviewed first 
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time the female community of the korku tribe residing in Melghat tiger reserve of Amravati, 
Maharashtra. In this area, the females of the said community are traditional and very conservative 
in talking to males (strangers or outsiders) except their close relatives within the community. Authors 
were assisted by an elderly woman of the same community for interviewing these females within 
their houses. This strategy was adopted for the purpose of the data collection from female informants 
and also to compare their indigenous knowledge with male members of the same community. Other 
purpose was to know their interest regarding the use of medicinal plants to treat different ailments. 
The aim of the data collection was explained to the local inhabitants and then semi-structured 
questionnaire based interviews were carried out. The inhabitants of the korku community were 
requested to share the knowledge of utilizing these medicinal plants in their local language in order 
to collect the detailed information which was converted to common tongue by a member (Mama) 
of the same community. It can be assumed from this study, that most members of the community 
generally rely on traditional herbal medicines due to easy availability and rich diversity of medicinal 
plants in the area. It is noted during the survey, that the female informants in comparison to male 
members have a significant knowledge about the preparation and administration of herbal drugs 
which reflect their role in house hold management and disease treatment in order to keep the family 
healthy. However, the technique for diagnosis of the various ailments is very primitive in the tribe. 
Different diseases are being diagnosed on the external characters of the patient by these elder men 
and women of the tribe. Color of the tongue, eyes, cold and hot conditions of the body are common 
indicators which are being used to understand the patient’s problem. The specimens studied, their 
assessment and ethnobotanical usage are given in the Table 1. The study was undertaken for the first 
time in the understudy tribe and the results revealed that Korku tribe is good in plant based ethno-
medicine. The gender, related age group from which the knowledge was harvested and number of 
recipes has been presented in “Figure 4”. During the field work of the present study, 48 plant species 
belonging to 44 genera and thirty four families were collected. The complete inventory of ethnoflora 
consisting of taxon name, with their family, Local name / vernacular name, flowering period, 
voucher specimen number, date of collection, life form, abundance, Frequency citation, Relative 
frequency of Citation, part used, mode of administration and dosage has been recorded in the present 
study shown in “Table 1”. The best represented families are Ceasalpinaceae (four species), 
Euphorbiaceae (3 species) while as Liliaceae, Anacardiaceae, Papilionaceae, Zingiberaceae, 
Lamiaceae, Moraceae, Lythraceae, Myrtaceae, Rhamnaceae each represented by two species and 
other 23 families with one species each. Some of the species were commonly found in the study 
area while as some the species showed different abundance patterns. However, we can also state 
that, more commonly a plant taxon found in an area, the greater will be the probability of its popular 
use. In accordance with the life form, tree species (26) were the highest followed by herbs (17), 
shrubs (4) and climbers (1) as shown in “Figure 6”. This is not surprising as the area is deciduous 

http://www.rjlbpcs.com/


Wagay et al  RJLBPCS 2019             www.rjlbpcs.com          Life Science Informatics Publications 

© 2019 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 
2019 March – April RJLBPCS 5(2) Page No.554 

 

forest type in which dominant vegetation is Trees followed by the growth of herbs in rainy monsoons. 
The findings of this study indicate that aerial parts (67.54%) were mostly used, followed by the 
usage of underground parts (29.87%) and whole plants (2.59%) for the formulations of recipes 
shown in “Figure 8”. The present study also shows that the area has vast medicinal flora with major 
potential to cure many diseases. Both fresh and dried parts are used for making drugs in crude form.  
Mostly, the drugs are prepared in the form of paste, tablets, powder, latex, decoction, and even as 
extracts shown in “Figure 7”. The dosage and mode of administration against different ailments is 
subject to approximation during treatment procedure. The ailments which were cured by these under 
study plants are anti-emetic, skin diseases, cough, menstruation disorders, stomach pains, cholera, 
indigestion, muscle pains, rheumatic pains, Diabetes, anti-fertility, breast ulcers, gastric disorders, 
ophthalmic disorders, Blisters, jaundice, headache, paralysis, etc. The study also gives the 
approximate GPS location where these medicinal plants can be collected and harvested as well as 
can be protected from unsustainable harvesting or over harvesting in that area. The photographs 
taken during the data collection (interviewing the informants and collection of plant specimens) are 
presented in Photoplate 1 and Photoplate 2 & 3 show the digitalized pictures of some important 
species of the area.  

Some plant species of this study area are widely distributed in other parts of country as 
they have wide adaptability for different ecological zones. Among all medicinal plants reported in 
present study Syzygium cumini, Ficus religiosa, Euphorbia hirta, Butea monosperma, Sterculia 

urens, Hemidesmus indicus, Emblica officinalis, Cassia fistula and Aegle marmelos have high RFC 
values which indicates that these are well-known plants of the korku tribe.  Findings of the present 
study are in contrast to most of the previous ethnobotanical studies where different plant species are 
being reported with respect to their preference use [13, 25, 26, 27]. The other most cited medicinal 
plants based on RFC data includes Acalypha indica L., Cayratia  auriculata, Chlorophytum 
tuberosum, Costus speciosus, Dendrocalamus strictus, Colebrookea oppositifolia, Lagerstroemia 

parviflora, Madhuca indica, Miliusa tomentosa, Wrightia tinctoria, Zizipus xylopyra, Anisochilus 

carnosus. 
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Table 1: Exploration, Assessment and Ethnobotanical Usage 

Botanical name / Family/ 
Vernacular name /  Fls 
& frts./ Voucher 
specimen No./ Date of 
Collection Lo
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/ H

ei
gh
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ab

ov
e S

ea
 le

ve
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Li
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or

m
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nd
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FC
 

RFC 

Pa
rt
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U
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Methodology of Usage/ Formulation of 
Recipes and Disease Treated 

Acalypha indica L. / 
Euphorbiaceae/ Khajoti/ 
Throughout the year. 

(NAW-1361)/ 07-05-14 

N
-2

10 .2
8.

23
4_

  
E-

07
70 2

3.
32

6 
89

7m
 

S 1 17 0.33 

Ro
ot
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Roots ground with black peper (Piper nigrum) 
and the extract orally administered as an anti-
emetic. Leaves with turmeric (Curcuma longa) 
ground in to fine paste applied for skin 
diseases. 

Le
av

es
 

Achyranthes  aspera L. / 

Amaranthaceae/ Agahada / 
Throughout the year. 

(NAW-1362) 03-09-14 

N
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10 .2
8.
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3_
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Root ash with honey used medicinally to 
relieve cough.  Root extract used for normal 
delivery. 

Aegle marmelos (L.) 
Correa / Rutaceae  

Bela   / Fls.:  May June; 
Frts:  Oct.–Nov. 

(NAW-1363) 22-03-15 

N
-2

10 .2
8.

29
6_

 

E-
07

70 2
4.

29
1 

66
7m

 

T 3 20 0.39 

St
em

 

Stem bark ground with black pepper (Piper 
nigrum) and the filtered extract administered 
for cholera (2 spoonful s thrice a day for 3 
days) Extract from stem bark ground with 
Saccharum officinarum administered for chest 
pain (5 spoonfuls thrice a day for 2 days). Leaf 
juice poured in to paste and applied on head 
and also taken internally for cooling the body. 
Fruits edible use medicinally in gastric 
disorder. 

Le
av

es
 

Fr
ui

ts 

Asparagus racemosus 
Willd. / Liliaceae/ 

Shatavari. / Fls, & frts. : 
Oct .- Dec./ 

 (VBMV-1739) 03-09-14 

N
-2

10 .2
8.

81
5_

  

E-
07

70 2
3.

93
1 

63
4m

 

H 3 15 0.29 

Tu
be

r 

Tuber crush with turmeric (Curcuma longa) 
and the filtrate administered for chest pain and 
stomach pain (2 spoonfuls twice for three 
days). Also tuber chewed to stop dehydration.  
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Bauhinia racemosa Lam. / 
Caesalpinaceae /Bhusa / 
Fls .: Apr – June ; Frts, : 
Nov - Jan. 

(NAW-1364) 22-03-15 
N

-2
10 .2

8.
82

7_
 

E-
07

70 2
3.

03
4 

62
8m

 

T 3 12 0.23 

Ro
ot

s 

Root bark crushed and the filtrate administered 
for diarrhea by 5 spoonfuls twice a day for 5 
days. Stem bark crushed and filter mixed with 
goats milk administered orally for epilepsy by 
kurku. Tender leaf juice poured in to eyes 
(2drops) for ophthalmic infections and tender 
leaves and fruits used as vegetable. 

St
em

 
Le

af
 

Bauhinia vahlii Wight & 
Arn. / Caesalpinaceae 

Mahul / Fls: June - Aug  ; 
Frts: Dec - Jan./ (NAW-
1365) 11-12-16 

N
-2

10 .2
8.

30
0_

 

 E
-0

77
0 2

4.
19

5 
69

9m
 

T 2 16 0.31 

St
em

 
Ba

rk
 

Decoction of bark is used to treat jaundice. 
Fruits are used as vegetable or eaten raw and 
used to cure infertility. 

Fr
ui

ts 
Bombax ceiba L. / 

Bombacaceae 

Katasavar / Fls: Feb;   
Frts: Mar. 

(NAW-1366) 11-12-16 

N
-2

10 .2
8.

44
7_

 

E-
07

70 2
3.

95
4 

68
5m

 

T 4 13 0.25 
Ro

ot
 

ba
rk

 

Root bark crushed with garlic (Allium sativum) 
and the extract administered (Spoonfuls once a 
day for 5 days after menstruation) for 
menstrual disorders. Stem bark ground with 
urine of infant and paste mildly heated and 
applied on blisters and ulcers.  

St
em

 b
ar

k 

Buchanania lanzan 
Spreng./ Anacardiaceae 

Charodi  / Fls: Jan - Feb;  
Frts.: Apr- May 

(NAW-1367) 24-03-15 

N
-2

10 .2
8.

42
3_

 

E-
07

70 2
3.

84
8 

67
7m

 

T 4 8 0.15 

St
em

 b
ar

k 

Stem bark ground with soaked rice (Oryza 
sativa) and the filtrate administered for chest 
pain by kurku 2 spoonful twice a days for 5 
days. Stem bark paste mixed with castor oil 
(Ricinus communis) and applied on boils and 
ulcers. 

Butea monosperma (Lam.) 
Taub. / Papilionaceae 

Palas / Fls  & Frts.: Feb - 
Mar./  

(NAW-1368) 24-12-16 

N
-2

10 .2
8.

81
8_

  
E-

07
70 2

3.
99

6 
62

9m
 

T 1 24 0.47 

St
em

 b
ar

k 

Stem bark crushed with oil (Sesamum indicum) 
and the filtrate administered for antifertility 
(One spoonful twice a day for 7 days after 
menstruation). 
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Cayratia  auriculata 
(Roxb.) Gamble / Vitaceae 

Kumbli / Fls.& Frts.: Sep- 
Nov./ (VBMV-1740) 24-
11-16 

N
-2

10 .2
8.

83
7_

  
E-

07
70 2

3.
08

2 
62

4m
 

H 2 16 0.31 

Le
av

es
 

Leaves ground with turmeric (Curcuma longa) 
and the paste applied externally for chicken 
pox and is also used to feed domestic cattle.  

Chlorophytum tuberosum 
(Roxb.) Baker     
Liliaceae/ Musli / Fls.: 
June & frts.:  Sep 

(VBMV-1523) 03-09-14 

N
-2

10 .2
8.

90
0_

  
E-

07
70 2

3.
18

7 
62

2m
 

H 4 16 0.31 

Tu
be

rs
 

Tubers collected by tribal people and are good 
demand from traders as they are sweet in taste 
and also used against indigestion. Leaves used 
as vegetable. 

Le
av

es
 

Cissampelos  pareira  L./ 
Menispermaceae  

Pahadmul / Fls.: Aug-Oct; 
Frts.: Oct. Nov. 
(VBMV-1488) 20-11-16 

N
-2

10 .2
8.

45
5_

 

E-
07

70 2
3.

84
8 

68
5m

 

C 3 12 0.23 

Tu
be

rs
 

Tuber extract mixed with a pinch of salt 
administered for chest pain and stomach pain. 
2 spoonfuls thrice a day till cure. Leaves 
crushed with that of Andrographis paniculata 
and Pongamia pinnata and the extract given 
orally to kill intestinal worms (3 spoonfuls 
thrice a day for 3days). 

Le
av

es
 

Costus speciosus (J. 
Koenig) Sm.  / 
Zingiberaceae/Jangli adrak  
/ Fls: Aug;  Frts: Nov./ 
(VBMV-1742) 04-09-14 

N
-2

10 .2
8.

48
9_

 

 E
-0

77
0 2

3.
82

4 
68

5m
 

H 3 15 0.29 

Rh
iz

om
e 

Rhizome ground with Pennisetum 

americanum (bajra) and formulated as tablets 
(eaten continuously for almost 21 days) for 
muscular rheumatism (waat). 

Curcuma pseudomontana 
J. Graham / Zingiberaceae 
Kuksuma root / Fls & Frts. 
July-Aug. 

(VBMV-1028) 22-05-14 

N
-2

10 .2
8.

50
7_

 

E-
07

70 2
3.

81
1 

68
5m

 

H 3 10 0.19 

Ro
ot

s 

Root powder one spoonful twice a day with 
milk use in tuberculosis (T.B). Tuber extract 
administered for jaundice (2 spoonfuls twice a 
day till cure). Warm tuber paste applied on 
body swelling and on head for cooling effect. 
Boiled tubers ground with a pinch of salt and 
given orally for increased lactation.  

Tu
be

rs
 

Dendrocalamus strictus 
(Roxb.) Nees  / Poaceae/ 
Katbans / Flower not seen. 

(VBMV-1034) 04-05-14 

N
-2

10 .2
8.

89
3 

_ 
E-

07
70 2

3.
15

2 
62

7m
 

T 1 18 0.35 

Le
av

es
 

Tender leaves boiled, cooled and tied over the 
eyes for sores.  Tender sprouts used as 
vegetable. Grains boiled and eaten.   

 G
ra

in
s 
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Desmodium gangeticum 

(L.) DC. / Papilionaceae 

Chikum ghass / Fls & Frts:  
Oct- Nov./ (VBMV-1746)  
24-11-16 

N
-2

10 .2
8.

88
6_

 

 E
-0

77
0 2

3.
28

6 
63

2m
 

H 3 12 0.23 

Ro
ot

s 

Roots ground with garlic (Allium sativum) and 
made in to pills and administered for epilepsy 
by korku 2-3 pills twice a day till cure. 

 

Dioscorea hispida Dennst. 
/ Dioscoreaceae/ Baichan / 
Fls & Frts.:  Sep. Nov. 

(NAW-1296) 20-11-16 

N
-2

10 .2
8.

89
2_

 
E-

07
70 2

3.
24

7 
63

0m
 

H 2 14 0.27 

Tu
be

rs
 

Tubers kept in running water for a day and 
boiled with the leaves of tamarind and water 
filtered then cooked and eaten. 

Cassia fistula L. / 

Caesalpinaceae 

Amaltas / Fls.: May – Aug;  
Frts.:  Oct - Feb. 
(VBMV-1366) 20-11-16 

N
-2

10 .2
8.

52
4_

  
E-

07
70 2

3.
78

5 
65

9m
 

T 1 22 0.43 

St
em

 
ba

rk
 

Tender leaves cooked with juice of tamarind 
eaten as vegetable and also used as a purgative. 
Stem bark pieces tied together and worn as 
necklace for malarial fever. Tender leaves 
ground with turmeric and this paste is applied 
for skin diseases. 

Le
av

es
 

Cassia obtusifolia L.  / 
Caesalpinaceae/ Tarota / 
Fls, & Frts. : Aug.- Nov. 

(VBMV-1365) 22-11-16 

N
-2

10 .2
8.

49
7_

  

E-
07

70 2
3.

66
1 

65
4m

 

S 3 8 0.15 

W
ho

le
 

pl
an

t 

Whole plants crushed and the extract 
administered for epilepsy (two spoonfuls once 
a day for 15 days). The leaf paste applied for 
cuts, wounds and scorpion stings. Tender 
leaves used as vegetable. Le

av
es

 

Clerodendrum serratum 
(L.) Moon  / Verbenaceae  

Bharanga / Fls-Frts.: Sep.- 
Dec 

(NAW-1531) 09-05-14 

N
-2

10 .2
8.

90
2_

  

E-
07

70 2
3.

35
2 

64
8m

 

S 2 9 0.17 

Ro
ot

s 

Roots crushed with that of Rauwolfia 
serpentina and the filtrate administered for 
fever stomach pain and menstrual disorders (3 
spoonfuls once a days for 5 days).  

Colebrookea oppositifolia 
Sm./ Lamiaceae  

Bhaman / Fls. & Frts.: 
Dec.- Mar. 
(NAW-1369) 22-12-16 

 

 

N
-2

10 .2
8.

89
8_

  
E-

07
70 2

3.
41

5 
65

7m
 

S 2 18 0.35 

St
em

 b
ar

k 

Stem bark crushed and the filtrate administered 
for giddiness (2 spoonfuls twice a day for 3 
days). The dried inflorescence used in sorcery.  

In
flo

re
se

nc
e 
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Curculigo orchioides 

Gaertn. / Amaryllidaceae 

Kali musli / Fls. & Frts: 
June – Sep 

(VBMV-1750) 22-05-14 
N

-2
10 .2

8.
89

8_
 

 E
-0

77
0 2

3.
41

5 
65

7m
 

H 3 8 0.15 

Tu
be

r 

Tuber extract administered for asthma and 
piles and extract administered for asthma and 
piles (2 spoonfuls twice a day till cure) and the 
paste applied on cuts. Raw tuber eaten for 
dysentery.  

Euphorbia hirta L. / 

Euphorbiaceae/ Dhodhi / 
Fls. & Frts: Throughout 
Year/ (NAW-1370) 09-11-
15 

N
-2

10 .2
8.

59
6_

 

 E
-0

77
0 2

3.
59

3 
64

6m
 

H 1 26 0.50 

Le
av

es
 

Tender leaf extract mixed with sugar 
administered for dysentery (2 -3 spoonfuls 
thrice a day). Latex applied on cuts by kurku. 

La
te

x 

Ficus benghalensis L./ 
Moraceae/ Wad / Fls.:  
Feb - June; Frts: Nov.- Jan. 
(NAW-1107) 08-11-15 N

-2
10 .2

8.
57

4_
 

E-
07

70 2
3.

58
8 

67
5m

 

T 2 6 0.11 

La
te

x 

Latex applied for breast ulcer. 

 

Ficus religiosa  L./ 
Moraceae/ Piple / 
Receptacle: Feb –May. 

(NAW-1108) 08-11-15 

N
-2

10 .2
8.

44
7_

 
E-

07
70 2

3.
95

4 
68

5m
 

T 2 27 0.52 

St
em

 b
ar

k 

Stem bark extract mixed with buttermilk 
administered for paralysis (3 spoonfuls twice a 
day for 30 days). Branches used in festivals 
and religious ceremonies. 

Adina cordifolia (Roxb.) 
Hook. f. / Rubiaceae/Haldu 
/ Fls : June-July;   Frts. : 
Feb.-May. 
(NAW-1373) 22-12-16 

N
-2

10 .2
8.

89
5_

  
E-

07
70 2

3.
46

2 
65

5m
 

T 2 15 0.29 

Ro
ot

 
ba

rk
 

Root and Stem bark extract mixed with oil of 
Sesasum indicum administered for antifertility 
(2 spoonfuls thrice a day for 9 days after 
menstruation). St

em
 

ba
rk

 

Hemidesmus indicus (L.) 
R. Br. Ex Schult. / 
Periplocaceae 

Dhodhkadi  / Fls . & Frts.: 
Sep.-Jan. 

(VBMV-1120) 09-05-14 

N
-2

10 .2
8.

84
6_

 

 E
-0

77
0 2

3.
64

1 
67

5m
 

H 2 24 0.47 

Ro
ot

s 

Roots crushed with garlic (Allium sativum) and 
the extract administered for menstrual 
disorders (2 spoonfuls twice a day for 5 days). 
Root powder along with goat milk given orally 
for impotency and also to tone the health (3-4 
spoonfuls once a day for 30 days). Root 
powder with garlic administered orally as 
lactagogue. 
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Holarrhena 

antidysenterica (Roth) 
Wall. ex. A. DC.  / 
Apocynaceae 

Kudda.  / Fls.: Apr - July;   
Frts.: Nov. - Feb. 
(NAW-1564) 04-05-14 

N
-2

10 .2
8.

88
8_

 

E-
07

70 2
3.

57
3 

66
0m

 

T 3 12 0.23 

Ro
ot

 
ba

rk
 

Root bark ground with the roots of 
Hemidesmus indicus and the paste made twice 
a day till cure. Stem bark ground with black 
pepper and the paste made into pills 
administered for cough (1-2 pills twice a day 
for 3 days). Latex applied on cuts. 

St
em

 
ba

rk
 

La
te

x 

Lagerstroemia parviflora 
Roxb. / Lythraceae 

Landiya  / Fls . : Apr.- 
May; Frts. : Dec.- Jan. 
(NAW-1142) 08-11-15 

N
-2

10 .2
8.

61
7_

  
E-

07
70 2

3.
56

1 
63

7m
 

T 2 18 0.35 

Le
av

es
 

Leaves crushed with that of Magnifera indica  
and Syzygium cumini and the filtrate 
administered for stomach pain. Wood also used 
for making agricultural implements and house 
construction. 

Lannea coromandelica 

(Houtt.) Merr. / 
Anacardiaceae 

Moin / Fls . : Feb. – Apr.; 
Frts. : May. - June. 
(VBMV-1330) 07-01-17 

N
-2

10 .2
8.

60
7_

  
E-

07
70 2

3.
45

9 
64

5m
 

T 3 16 0.31 
St

em
 b

ar
k 

Stem bark decoction administered for chest 
pain gastric trouble and muscle pain (1 
spoonful twice a day till cure). Stem bark paste 
or gum applied on cuts and wounds also used 
for head ache.  

Leea macrophylla Roxb. 
ex Hornem. / Leeaceae 

Hattikand  / Fls. & Frts. : 
Oct.-Dec. 
(VBMV-1156) 09-05-14 

N
-2

10 .2
8.

82
0_

  

E-
07

70 2
3.

68
7 

68
3m

 

H 3 14 0.27 

Ro
ot

 b
ar

k 

Root bark extract administered orally for stiff 
joint and rheumatic pains by 2 spoonfuls once 
a day till cure. Stem bark paste mixed with 
castor oil mildly heated and applied on cuts 
and wounds. St

e m
 

ba
r k

Madhuca indica  J.F. 
Gmel. / Sapotaceae 

Moha / Fls. : Feb.-Mar ; 
Frts. : June-July. 
(VBMV-1226) 09-05-14 

N
-2

10 .2
8.

74
2_

  
E-

07
70 2

3.
75

2 
70

7m
 

T 2 18 0.35 

Ro
ot

s 

Root paste applied on abscess boils. Seed 
cooked and eaten.  

 

Martynia annua  L. / 
Martyniaceae 

Moha / Fls. & Frts. : Sep.-
Nov. 

(VBMV-1199) 11-12-16 

N
-2

10 .2
8.

71
0_

 

 E
-0

77
0 2

3.
79

7 
71

1m
 

H 2 12 0.23 

Ro
ot

s 

Roots decoction administered orally for 
bronchitis by Chenchus. Leaf paste applied 
over head for cooling effect and headache. 

Le
av

es
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Miliusa tomentosa (Roxb.) 
J. Sinclair / Annonaceae 

Humba  / Fls. : May- 
June; Frts. : June - July. 
(VBMV-1200) 22-11-16 

N
-2

10 .2
8.

49
7_

  
E-

07
70 2

3.
66

1 
65

9m
 

T 3 16 0.31 

Fr
ui

ts Fruits edible and Wood also used for making 
agricultural implements and for house 
construction. 

Mitragyna parviflora 
(Roxb.) Korth. / Rubiaceae 

Kalam / Fls . :May.- June;  
Frts. : Mar.-Apr. 
(NAW-1203) 07-01-17 

N
-2

10 .2
8.

90
2_

 

E-
07

70 2
3.

35
2 

64
8m

 

T 2 14 0.27 

St
em

 
ba

rk
 

Stem bark crushed with that of Haldina 

cordifolia and the extract administered for 
peptic ulcers (2 spoonfuls twice a day for 3 
days). Stem bark extract missed with jaggery 
given orally for dysentery (2 spoonfuls twice a 
day, till cure). Leaf juice poured into eyes for 
jaundice.  

Le
av

es
 

Sida cordata  (Burm. f.) 
Borss. Waalk. / Malvaceae 

Bhumi / Fls . & Frts. : 
Aug.- Jan. 
(VBMV-1146) 24-11-16 

N
-2

10 .2
8.

61
7_

 

 E
-0

77
0 2

3.
56

1 
63

7m
 

H 2 13 0.25 

Le
av

es
 

Leaf juice mixed with goats milk administered 
for paralysis (2 spoonful twice a day till cure). 
Leaf paste applied for scorpion sting. 

Sterculia urens Roxb. / 

Sterculiaceae 

Sardol / Fls.: Dec. - Feb;  
Frts.: Mar. - Apr. 
(NAW-1376) 03-09-14 

N
-2

10 .2
8.

69
3_

  
E-

07
70 2

3.
81

0 
70

0m
 

T 3 24 0.47 

St
em

 
ba

rk
 

Stem bark ground with turmeric, the filtrate 
mildly heated, and administered for rheumatic 
pains and peptic ulcers (2 spoonfuls twice a 
day for 5 days). Gum dissolved in water given 
orally for cooling the body and also to cure 
dysentery.  

G
um

 

Syzygium cumini (L.) 
Skeels / Myrtaceae 

Jamun  / Fls . : Apr. – 
June;Frts. : July.- Aug. 
(VBMV-1108) 04-05-14 

N
-2

10 .2
8.

63
2_

  
E-

07
70 2

3.
86

7 
69

7m
 

T 2 34 0.66 

St
em

 
ba

rk
 

Stem bark extract administered for leucorrhoea 
and also for cough (2 spoonfuls twice a day for 
5 days). Stem bark ash mixed with niger oil 
and applied over burns and wounds. Crushed 
stem bark used as fish-poison. Fruits edible.  Fr

ui
ts 

Syzygium heyneanum 

(Duthie) Gamble / 

Myrtaceae/ Jamon / Fls. : 
Apr. – June & Frts. : July.-
Aug/ (NAW-1344) 
 04-05-14 

N
-2

10 .2
8.

89
8_

 

 E
-0

77
0 2

3.
41

5 
65

7m
 

T 3 13 0.25 

Fr
ui

ts Fruits powder used to control diabetes. 
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Terminalia chebula Retz. / 
Combretaceae 

Hirda / Fls. :Mar. – May 
Frts.: May.-June. 
(NAW-1377) 07-01-17 

N
-2

10 .2
8.

89
5_

 

E-
07

70 2
3.

46
2 

65
5m

 

T 3 14 0.27 

St
em

 
ba

rk
 

Fruits ground with the latex of Ficus racemosa 
and the paste applied over for muscle pain and 
rheumatic pain. Fruit paste mixed with breast 
milk, administered orally to infants for cough, 
and also applied on wounds. Crushed stem 
bark and fruits used as fish-poison.  

Fr
ui

ts 

Wrightia tinctoria  R. Br. / 
Apocynaceae 

Dodhi / Fls . :Mar.-May;   
Frts : Oct.-Feb. 
(NAW-1124) 07-05-14 

N
-2

10 .2
8.

90
8_

 

 E
-0

77
0 2

3.
51

3 
65

5m
 

T 2 16 0.31 

La
te

x 

Latex applied on cuts and also 3-5 drops for 
preparing instant curd. Bark fiber used for 
making cordage.  

Woodfordia fruticosa (L.) 
Kurz / Lythraceae 

Dhin  / Fls. : Jan.-Apr & 
Frts. : Apr.- May 

(NAW-1378) 07-11-15 

N
-2

10 .2
8.

59
3_

 

 E
-0

77
0 2

3.
89

7 
70

1m
 

T 3 12 0.23 

St
em

 
ba

rk
 

Dried stem bark added to toddy to enhance 
taste and intoxication. Leaves crushed and 
mildly heated, gently massaged for rheumatic 
pain. Leaves boiled in water and taken bath for 
body pains. Le

av
es

 

Zizipus xylopyrus (Retz.) 
Willd. / Rhamnaceae 

Gorgot / Fls.: Apr. - June &  
Frts.: Dec. - Jan. 
(NAW-1286) 07-01-17 

N
-2

10 .2
8.

50
8_

  
E-

07
70 2

3.
89

1 
69

7m
 

T 2 18 0.35 

St
em

 
ba

rk
 

Stem bark paste made into pills and 
administered orally for cholera by taking 2 
pills thrice a day for 2 days. Fruits edible. 

Fr
ui

ts 

Ensete superbum (Roxb.) 
Cheesman  / Musaceae 

Jangli kela  / Fls . & Frts. : 
Oct. - Jan. 
(NAW-1287) 04-05-14 

N
-2

10 .2
8.

42
8_

 

 E
-0

77
0 2

3.
92

6 
68

9m
 

H 3 12 0.23 

Ro
ot

s 

Root powder mix with curd and crystal sugar 
(1 glass daily) for menstruation problems. 
Fruits and pithy inner part of stem eaten by 
local people.  

Fr
ui

ts 

Anisochilus carnosus (L.f.) 
Wall. / Lamiaceae 

Chikhal ghass  / Fls . & 
Frts. : Sep.-Nov 

(NAW-1690) 07-01-17 

N
-2

10 .2
8.

46
6_

  

E-
07

70 2
3.

69
1 

69
2m

 

H 2 16 0.31 

In
flo

re
se

nc
e 

Inflorescences burnt in a plate and the ash 
mixed with coconut oil is applied to boils and 
pimples. 

Zizyphus mauritiana Lam. 
/ Rhamnaceae 

Bor  / Fls.: Dec. - Feb & 

Frts. : Feb. - Apr. 

N
-

21
0 .2

8.
63

2_
 

E-
07

70 2
3.

51
3 

89
7mT 2 14 0.27 

Fr
ui

ts Tender fruits crushed and the extract 
administered for diarrhea (2 spoonfuls twice a 
day for 5 days) and fruit paste applied on head 
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Life Form (Habit of plant): H= Herb; S= Shrub; T= Tree; C= Climber 
Abundance: 1 = very common; 2 = common; 3 = uncommon; 4 = rare; 5 = very rare 

FC: Frequency Citation 

RFC: Relative Frequency Citation 

                Table No. 2: Definitions of Abundance categories 

 

 

 

 

 

 

 

(NAW-1379) 07-01-17 for cooling effect. Fruits edible.  

Emblica officinalis Gaertn. 
/ Euphorbiaceae 

Aola / Fls.: Feb. - Mar & 
Frts.: Oct. - Dec. 
(VBMV-1092) 22-11-15 

N
-2

10 .2
8.

46
1_

 

 E
-0

77
0 2

3.
95

8 
69

1m
 

T 2 22 0.43 

Le
av

es
 

Fruits pickled by korku tribals. Leaf ash mixed 
with oil applied to burnt skin which prevents 
black scar formation. 

Fr
ui

ts 

Cyathocline lutea law ex 
Wight / Asteraceae 

Piwali Gangawan / Fls 
&Frts: Feb. – April 
(NAW/-1380) 04-05-14 

N
-2

10 .2
8.

81
8_

  
E-

07
70 2

3.
99

6 
62

9m
 

H 4 9 0.17 

Ro
ot

s 

Root decoctions are used to relieve stomach 
pains. Crushed plant is applied on wounds as 
antimicrobial. Decoctions of whole plant are 
used as anti-helminthic. 

W
ho

le
 

pl
an

t 

Value Category Definition 

1  Very common Easy to find close to all houses 

2  Common Close to houses, but not always all houses 

3  Uncommon Close to few houses, but very scarce in the natural environment 

4  Rare Hard to find in valleys (inhabited area) 

5  Very rare Hard to find at the scale of the valley 
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Figure 4: Distribution of gender, age groups and drug formulations of the interviewed 
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Figure 5 : Familes with their respective genera and species studied 
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Figure 6 : Life form representation of medicinal plants

28%

43%

18%

11%
6%

Figure 7: Recipes formulation/ preparation mode

Paste,   Tablets

Juice, Filtrate, Extracts, Decoctions

Edible fruits, eaten raw or cooked as
Vegetables

Latex

Other methods

2

16

1

6

19

5

14

2

11

1

Whole plant Underground parts Aerial parts

         Figure 8: Plant parts used for Herbal drug preparation and Utilization 

http://www.rjlbpcs.com/


Wagay et al  RJLBPCS 2019             www.rjlbpcs.com          Life Science Informatics Publications 

© 2019 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 
2019 March – April RJLBPCS 5(2) Page No.566 

 

 

Photoplate 1 

  

  

  

  

Photoplate 1 showing various pictures of authors taken during the collection and interviewing 
of the persons of the korku tribe. 
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Photoplate 2 

   

 Bahaunia vahilli                           Chlorophytum tuberosum 

   

Clerodendrum serratum        Costus speciosus 

   

Curcilago orchoides                         Curcuma pseudomontana 
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Photoplate 3 

 

Leae microphylla                             Dioscorea bulbifera   

 

Sterculi urens                                       Wrightia tinctoria  

           

            Cyathocline lutea                             Butea monosperma 
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4. CONCLUSION 

This study contributed to the establishment of an inventory of plant based medicines used by korku 
tribe inhabited in Chikhaldara of Melghat Tiger Reserve, Amravati, Maharashtra, India. A total of 
51 inhabitants were interviewed during the survey to document the indigenous knowledge about the 
use of wildly growing medicinal plants. The paper summarizes a adata of 48 plant species used to 
treat 101 common ailments. RFC values ranked Syzygium cumini; Ficus religiosa, Euphorbia hirta, 
Butea monosperma as top most cited and well known species in the area. A vast number of ailments 
were cured by this community with the help of these locally growing medicinal plants.  The data 
provided by informants of the korku tribe clearly shows that they are still dependent on the 
indigenous knowledge of medicinal plants. This novel information has provided rich 
ethnopharmacological knowledge that will provide basis for new avenues in future for the 
pharmacological screening of novel natural compounds which can be used to improve healthcare 
systems. However, detailed pharmacological investigations must be carried out to improve the use 
of these medicinal plants globally. The study has also provided good information regarding the used 
plant parts, formulation and dosage which can be used as medicine. It will also provide various 
socioeconomic dimensions associated with the common people. 
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METAPHORICAL EFFECTS OF ORGANOPESTICIDES CARBENDEZIM AND MALATHION ON THE 
GROWTH AND PHYSIOLOGICAL ACTIVITIES OF CYANOBACTERIA 

INHABITING THE RICE FIELD OF B 
Bansod 1Vidya Bharati Mahavidyalaya, Amravati, 

  
A R T I C L E  I N F O                              

INTRODUCTION 
 

Several unique features of cyanobacteria such as cosmopolitan, 
pioneer, oxygenic photosynthesis, high biomass yield, growth 
on non-arable lands and on a wide variety of polluted water 
sources, generation of useful by-products and bio
them, enhancing the soil fertility, reducing green house gas 
emissions, have collectively offered these bio
precious bio-resource for sustainable development (
and Subramanian, 2005). They are phototrophic, and naturally 
occur in several agro-ecosystems like paddy fields and from 
Antarctica to Arctic poles (Pandey et. al., 200
Cyanobacterial biomass is the effective bio-fertilizer source to 
improve soil health and physico-chemical characteristics such 
as water-holding capacity and mineral nutrient status of the 
degraded lands (Nanjappan et. al, 2007.) 
microbe, cyanobacteria could play a potential role in the 
enhancement of agriculture productivity and mitigation of 
GHG emissions (Prasad et. al., 2005). It has been proposed 
that cyanobacteria could be the vital bio-agents in ecological 
restoration of degraded land (Singh et al. 1988). Cyanobacteria 
are the group of photosynthetic organisms which can easily 
survive on bare minimum requirement of light, ca
(CO2)  and water (Brouwer et. al. 1999).                     
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METAPHORICAL EFFECTS OF ORGANOPESTICIDES CARBENDEZIM AND MALATHION ON THE 
GROWTH AND PHYSIOLOGICAL ACTIVITIES OF CYANOBACTERIA  NOSTOC 

INHABITING THE RICE FIELD OF BHANDARA DISTRICT 

Bansod P.G1 and Khobragade H. A2  Vidya Bharati Mahavidyalaya, Amravati,  2P.G.T.D. of Botany RTMNU Nagpur 
   

                             A B S T R A C T  
 

 

The effect of pesticides on Cyanobacteria (Nostoc commune 
in vitro in the laboratory, for which the pure culture of 
treated with various concentrations of two pesticides i.e. carbendazim and malathion and its 
metabolic effect was analyzed using parameters like concentration of  proline and protein 
along with change in biomass production. The result obtained in the study indicates that
amount of biomass and extracellular protein was increased with enhancing incubation time 
as well as with increase in concentrations of pesticides but decline after certain limit. 
present data obtained cleared a way that the use of high
of organophosphorus pesticide causes detrimental effect on rice field cyanob
 
 
 
  
 
 
 

Several unique features of cyanobacteria such as cosmopolitan, 
pioneer, oxygenic photosynthesis, high biomass yield, growth 

on a wide variety of polluted water 
products and bio-fuels by 

them, enhancing the soil fertility, reducing green house gas 
emissions, have collectively offered these bio-agents as the 

development (Thajuddin 
They are phototrophic, and naturally 

ecosystems like paddy fields and from 
Pandey et. al., 2002). 

fertilizer source to 
chemical characteristics such 

g capacity and mineral nutrient status of the 
Nanjappan et. al, 2007.) As a beneficial 

microbe, cyanobacteria could play a potential role in the 
enhancement of agriculture productivity and mitigation of 

It has been proposed 
agents in ecological 

restoration of degraded land (Singh et al. 1988). Cyanobacteria 
are the group of photosynthetic organisms which can easily 
survive on bare minimum requirement of light, carbon dioxide 

.                      

The term pesticide covers a wide range of compounds 
including insecticide, fungicides, herbicides, 
molluscicides, nematicide, plant growth regulator (PGR) and 
others. There has been steady growth in the production of   
technical grade pesticide in India, from 5000 metric tons in 
1958 to 102,240 metric tons in 1998.  India ranks 10
world in pesticide consumption, as its total consumption 
amounts to about 500 million tons (Lari et. al. 2014).
Indian pesticides market is the 12th largest in the world with a 
value of US$ 0.6 bn. which is 1.6% of the global market 
(Hundal B. S., 2006; Lari et. al. 2014, )
research efforts toward crop improvement by methods 
obviating the use of pesticides, agriculture remains heavily 
dependent on these chemicals (Gadkari, 1988). C
photosynthesis, growth and heterocysts 
reduced or inhibited by herbicides and pesticides, such as, 2,4
D, atrazine, metsulfuron methyl (Berard 
2001). The biochemical constituents of cyanobactreia depend 
on the nature of strains, physiological state of the cul
environment (Mounika et. al. 2018). In correlation with these 
studies the present analysis was carried out to evaluate the 
effect of two pesticides i.e. 
(diethyl (dimethoxy phosphinothioyl) thiobutanedioate)
growth and physiological activities of cyanobacteria 
commune Voucher. 
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METAPHORICAL EFFECTS OF ORGANOPESTICIDES CARBENDEZIM AND MALATHION ON THE 
NOSTOC COMMUNE, VAUCHER 

HANDARA DISTRICT (M.S.) 

 

commune vaucher ) has been analyzed 
in vitro in the laboratory, for which the pure culture of Nostoc  commune (Voucher) was 
treated with various concentrations of two pesticides i.e. carbendazim and malathion and its 

was analyzed using parameters like concentration of  proline and protein 
along with change in biomass production. The result obtained in the study indicates that 
amount of biomass and extracellular protein was increased with enhancing incubation time 

ll as with increase in concentrations of pesticides but decline after certain limit. The 
present data obtained cleared a way that the use of high concentrations and continuous use 
of organophosphorus pesticide causes detrimental effect on rice field cyanobacteria. 

The term pesticide covers a wide range of compounds 
including insecticide, fungicides, herbicides, rodenticides, 
molluscicides, nematicide, plant growth regulator (PGR) and 
others. There has been steady growth in the production of   
technical grade pesticide in India, from 5000 metric tons in 
1958 to 102,240 metric tons in 1998.  India ranks 10th in the 
world in pesticide consumption, as its total consumption 
amounts to about 500 million tons (Lari et. al. 2014). The 
Indian pesticides market is the 12th largest in the world with a 
value of US$ 0.6 bn. which is 1.6% of the global market 

6; Lari et. al. 2014, ) Despite increasing 
research efforts toward crop improvement by methods 
obviating the use of pesticides, agriculture remains heavily 
dependent on these chemicals (Gadkari, 1988). Cyanobacterial 
photosynthesis, growth and heterocysts differentiation is 
reduced or inhibited by herbicides and pesticides, such as, 2,4-
D, atrazine, metsulfuron methyl (Berard and Benninghoff, 

he biochemical constituents of cyanobactreia depend 
on the nature of strains, physiological state of the culture & the 
environment (Mounika et. al. 2018). In correlation with these 
studies the present analysis was carried out to evaluate the 
effect of two pesticides i.e. carbendazim and malathion 
diethyl (dimethoxy phosphinothioyl) thiobutanedioate) on the 

th and physiological activities of cyanobacteria Nostoc 
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Metaphorical Effects of Organopesticides Carbendezim and Malathion on the Growth and Physiological Activities of 
Cyanobacteria Nostoc Commune, Inhabiting the Rice Field of Bhandara District (M.S.)
 

 

MATERIAL AND METHOD 
 

Sample collection, isolation and identification
 

The culture of Nostoc commune was isolated from rice field of 
Lakhandur  (Bhandara), then it was sub-cultured and pure 
culture of Nostoc  commune Voucher  in vitro 
Microscopic observation and identification was done by 
spreading isolated culture on glass slide and observing it under 
high power microscope. Pure forms of cyanobacteria were 
identified on the basis of morphological characteristics 
mentioned in Bergey’s Manual of Determinative Bacteriology 
and Bergey’s Manual of Systematic Bacteriology, 2nd ed. Vol. 
1 (Buchanan and Gibbons, 1994) and Desikachary  (1959).
 

Estimation of proline 
 

Proline is a basic amino acid found in high percentage in basic 
protein. Free intracellular proline is said to play a role in plants 
under stress conditions. Though the molecular mechanism has 
not yet been established for the increased level of proline, o
of the hypotheses refers to breakdown of protein into amino 
acids and conversion to proline for storage. Many workers 
have reported a several-fold increase in the proline content 
under physiological and pathological stress conditions. Hence, 
the analysis of proline in plants has become routine in 
pathology and physiology division of agricultural sciences 
(Bates, 1973). 
 

Optimization of Biomass Production  
 

Pure culture of Nostoc commune  was inoculated in conical 
flask containing 100 ml BG-11(Andersen, 20
incubated at 30ºC for 15 days in continuously illuminated 
chamber at 4000 lux. The best growth medium was selected to 
carry out further experiments. At the stationary phase, 
commune  was harvested using centrifugation at 2000 rpm. 
Biomass was obtained by filtration using Whatman No. 1 filter 
paper and dried in hot air oven at 50ºC for 2 hrs to remove 
extra moisture then total biomass was weighed. Same process 
was followed by control test and pesticide different gradient 
concentration. 
 

Protein estimation 
 

The Lowry method (Lowry et al., 1951) was used to measure 
the protein content of the pretreated culture of 
commune,  The cells were pretreated with aluminum oxide for 
5-min to release all the cellular protein followed by crushing. 
It resulted into total disruption of algal cells and longer periods 
of milling did not further increase the concentration of protein 
in the cell homogenates for liquid suspension
extract then analyzed for protein estimation. 
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Sample collection, isolation and identification 

The culture of Nostoc commune was isolated from rice field of 
cultured and pure 

in vitro was obtained. 
Microscopic observation and identification was done by 
spreading isolated culture on glass slide and observing it under 
high power microscope. Pure forms of cyanobacteria were 
identified on the basis of morphological characteristics 
mentioned in Bergey’s Manual of Determinative Bacteriology 
and Bergey’s Manual of Systematic Bacteriology, 2nd ed. Vol. 
1 (Buchanan and Gibbons, 1994) and Desikachary  (1959). 

Proline is a basic amino acid found in high percentage in basic 
protein. Free intracellular proline is said to play a role in plants 
under stress conditions. Though the molecular mechanism has 
not yet been established for the increased level of proline, one 
of the hypotheses refers to breakdown of protein into amino 
acids and conversion to proline for storage. Many workers 

fold increase in the proline content 
under physiological and pathological stress conditions. Hence, 

s of proline in plants has become routine in 
pathology and physiology division of agricultural sciences 

was inoculated in conical 
11(Andersen, 2005) broth and 

incubated at 30ºC for 15 days in continuously illuminated 
chamber at 4000 lux. The best growth medium was selected to 
carry out further experiments. At the stationary phase, Nostoc 

was harvested using centrifugation at 2000 rpm. 
ss was obtained by filtration using Whatman No. 1 filter 

paper and dried in hot air oven at 50ºC for 2 hrs to remove 
extra moisture then total biomass was weighed. Same process 
was followed by control test and pesticide different gradient 

The Lowry method (Lowry et al., 1951) was used to measure 
the protein content of the pretreated culture of Nostoc 

The cells were pretreated with aluminum oxide for 
min to release all the cellular protein followed by crushing. 

It resulted into total disruption of algal cells and longer periods 
of milling did not further increase the concentration of protein 
in the cell homogenates for liquid suspension.  The obtained 
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Fig 4 Total biomass estimation of  Nostoc  commune in different 
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Fig 5 Biomass estimation of Nostoc commune in different concentration 
of pesticide Malathion after 15 days incubation
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Total biomass estimation of  Nostoc  commune in different 
after 15 days incubation 

The data obtained in the present study reveals that proline 
content was increased as the concentrations of pesticide 
enhances but it remains lowered as compare to control of both 

Proline is a basic amino acid found in high 
percentage in basic protein. Free proline is said to play a role 

in plants under stress conditions. Though the molecular 
mechanism has not yet been established for the increased level 
of proline, one of the hypot
protein into amino acids and conversion to proline for storage. 
Many workers have reported a several
proline content under physiological and pathological stress 
conditions.  
 

The biomass and metabolite esti
extract was evaluated using standard protocols and results 
obtained showed that biomass was increased as incubation 
period augmented as well as it depends on the concentrations 
of pesticide. It has been found that minimum bioma
mg was produced in 0.5% concentration of pesticide malathion 
after 15 days incubation in Nostoc commune. The biomass was 
maximum i.e. 293 mg at 1.0 conccentration of pesticide during 
15 day incubation. Results indicates that amount of proteins 
was increased up to 15 days incubation time but not 
significantly. Amount of protein was maximum i.e. 1430 ug at 
9th  day in carbendazim  and 560 ug in  malathion treated group 
respectively. 
 

The biochemical constituents of cyanobactreia depend on the 
nature of strains, physiological state of the culture & the 
environment. Rosaleset al.2005, observed significant variation 
in protein content among the isolated of Nostoc sp. Due to this 
biochemical variation he could enabled to distinguished 
between the sub species in several cyanobacterial genera. 
There are certain factors including pesticide stress, which also 
influence the protein synthesis (Borbely et al. 1985). 
 

cyanbacteria are nurtured by soil and in spite that most 
reverend providing health, fertility a
Because of it exhibit novel properties such as bio indicator and 
bio-remediator in contaminated agriculture field due to 
pollutant stress at moderately. But Nosoc commune in general 
do not resist to a very high concentration of i
carbendazim and malathion as it is revealed in present 
analysis. However the effect of pesticide on the population of 
nitrogen fixing cyanobacteria in rice fields also depends on 
other insecticide concentration and flooding of water 
associated with paddy fields. More detailed field studies are 
needed, avoiding the use of high application rates more than 
recommended will likely increase the more tolerant 
cyanobacteria.  
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Arbuscular Mychorrhizai fungus is a key component of soil, which 

associate with root and rhizosphere of soil and create symbiotic 

association. In the present work, five soil samples were collected from five 

different sites of Amravati region (Maharashtra) for isolation and 

identification of AM spores, for this sieves and decanting method were 

used and observed that all the collected sample were infected by AM fungi 

but there population varied according to the soil sample, the Chandur 

Railway and Mardi site having maximum population of Am fungi but the 

Malkhed site contain very less population. The isolated spore belongs to 

five Genera which are Acaulospora, Entrophosphora, Gigospora, Glomus 

and Scutelospora. Glomus species was observed high amount. 
 

Key words: Citrus plant, Rhizosphere soil, AM spore, AM species. 
 

 

 

 
INTRODUCTION 

 

Arbuscular Mycorrhiza is fungus-root symbiosis that occurs in the vast 

majority of plants have existed since the Devonian period and might have 

been essential for the evolution of land plants. Fungal species involved in 

the formation of arbuscular mychorhiza (AM) with higher plants are 

worldwide distributed in all terrestrial ecosystems. During the past 

decade, it has been established that AMF influences soil fertility and thus 

the growth and development of plant and therefore, these can be an 

alternative to rising agriculture and fertilizer costs. AMF form a key 

functional group of soil biota that can contribute towards the ecosystem 

sustainability and plant productivity (Urcoviche et al. 2014). AMF, which 

belong to phylum Glomeromycota (Schubler et al., 2001), Arbuscular 

mycorrizal fungi (AMF) propagule composition has an important effect on 

root colonization (Klironomos and Hart, 2002). The occurrence of AMF at 

four soil depths i.e. 8, 15, 23 and 30cm. were studied by and registered 

more species at 15cm. depth. (Charles et al., 2008). The ability of soil to  
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support AMF population decreased significantly with 

increased soil depth and the involvement of factor 

other than soil PH and moisture content in AMF 

distribution (Shukla et al., 2013). 

 

Arbuscular Mycorrhiza are associate with the root of 

majority of the land plants, the most important role of 

Arbuscular Mycorrhiza is that they uptake 

phosphorus, which is a limiting nutrient in most of the 

soils (Yao et al., 2001; Koide and Schreiner, 1992) and 

nitrogen (N) and also water from the soil and 

transport them to the plant root. AM fungi not only 

uptake the nutrient from the soil but also it enhance 

the productivity of plant by suppressing plant disease 

(Khaosaad et al., 2007), controlling nematode infection 

(Elsen et al., 2008), stimulation of phytohormones 

production (Martínez-Medina et al., 2011), improve 

soil texture (Wu et al.,2008) and plant tolerance to 

stress conditions including drought (Pinior et al., 

2005) and salinity (Hajiboland et al., 2010). The Biotic 

and Abiotic factor are greatly affected the diversity 

and distribution of Arbuscular mycorrhiza 

(Mohammad et al. 2003). The recent experimental 

study showing that AMF can grow and form spores in 

vitro, if provided with a carbon source and stimulated 

by particular bacterial strains (Hildebrandt et al., 

2006). On global basis, Mycorrhiza occurs in 83% dicot 

and 79% monocot, whereas all gymnosperms are 

having Mycorrhizal colonization (Wilcox, 1991). Am 

fungi are fatty acid heterotrophs(Wewer, 2014) that 

depend on host deliverd organic carbon (C) in the 

form of fatty acids (Bravo, 2017, Keymer  et al. 2017) 

in order to complete their life cycle. 

 

 

MATERIALS AND METHODS 

 

Sampling: 

 

The Rhizosphere soil samples of Citrus aurentifolia 

were collected in sterile polythene bags. The collection 

was carried out in the month of February 2013 from 

Mardi, Amravati, Chandur Railway, Malkhed and 

Phora. All soil samples were dried and stored at 40C. 

 

Quantitative and Qualitative Estimation of AM 

fungi: 

 

Different methods are used for counting AM fungal 

spores. The procedure describe by (Gaur and Adholeya, 

1994) was used for counting Am spores as it is a 

simplified method for counting Am fungal spores. In 

the present study, the wet sieving and decanting 

technique was used (Gerdemann and Nicolson, 1963) 

for isolation of AM fungi. Isolated fungi were scanned 

and mounted on slide in Polyvinyl Lactic Acid as 

mounting medium. The AM fungi were identified by 

using standard manual of (Schenck and perez, 1990) 

keys of (Morton and Benny, 1990) and of (Mehrotra 

and Baijal, 1994). The Isolated AM fungi were 

identified by morphology of spores especially on the 

basis on their wall layer.  

 

Observation: 

 

Qualitative Analysis of AM fungi: 

 

Root and rhizosphere soil sample of Citrus aurentifolia 

from five different sites of Amravati were collected in 

sterile polythene bags during the month of February 

2013. 

 

Quantification Analysis: 

 

The isolated AM fungi from each soil samples were 

varied according to the soil sample. Soil PH, soil 

moisture, micronutrients and soil depth all are major 

factor which effect on AM fungi population. In the 

present study, found that Glomus species in high 

amount in all the five samples total 18 species, out of 

18 species Glomus aggregatum and Glomus 

fasciculatum observed in maximum site then after 

Glomus albidum, Glomus arborense, Glomus 

fecundisporum, Glomus flavisporum, Glomus fulvum, 

Glomus geosporum, Glomus globiferum, Glomus 

glomerulatum, Glomus halon, Glomus leptotichum, 

Glomus manihot, Glomus maculosum, Glomus 

microaggregatum, Glomus verseforme and Glomus 

pulvinatum also isolated and identified then 

Acaulospora with 8 species and Enthrophosphora and 

Gigospora found very less in number, Enthrophosphora 

Am fungi observed only at site number 1, 3, 5 and 

Gigaspora found in site 1 and 4. The total numbers of 

AM fungi were recorded during the study in soil 

sample showing in the Table2.  

 

Quantification analysis show the number of species 

found in all the sites, one the basis of the above 

observation following graph is formed, it show the 

number of spore in each 100g of soil sample. 
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Table-1. Showing the site number of collected samples and identifies species. 

Sr.   no. Site no. Genera Species identified 

1 S1, S2, S3, S4, S5 Acaulospora Acaulospora appendicular 

2 S1, S4, S5 Acaulospora Acaulospora delicate 

3 S2, S4,S5 Acaulospora Acaulospora bireticulata 

4 S1,S2,S3,S4,S5 Acaulospora Acaulospora denticulate 

5 S3 Acaulospora Acaulospora foveta 

6 S2, S4 Acaulospora Acaulospora lacunose 

7 S1, S3 Acaulospora Acaulospora laevis 

8 S3 Acaulospora Acaulospora tuberculata 

9 S5 Entrophosphora Entrophosphora colombiana 

10 S1, S3 Entrophosphora Entrophosphora infrequens 

11 S1,  S4 Gigaspora Gigaspora decipiens 

12 S1, S2  ,S4,S3 Glomus Glomus aggregatum 

13 S1,S2, S4 Glomus  Glomus albidum 

14 S1 Glomus Glomus arborense 

15 S1, S2, S3, S4, S5 Glomus Glomus fasciculatum 

16 S1, S3 Glomus Glomus fecundisporum 

17 S1, S4,S5 Glomus Glomus flavisporum 

18 S2,S4,S5 Glomus Glomus fulvum 

19 S2,S4,S5 Glomus Glomus geosporum 

20 S3,S2 Glomus Glomus globiferum 

21 S5 Glomus Glomus citriculata 

22 S3 Glomus Glomus glomerulatum 

23 S2,S4,S5 Glomus Glomus halon 

24 S1,S3 Glomus Glomus hoi 

25 S3 Glomus Glomus leptotichum 

26 S1,S4,S5 Glomus Glomus manihot 

27 S5 Glomus Glomus maculosum 

28 S3,S2 Glomus Glomus microaggregatum 

29 S5 Glomus Glomus verseforme 

30 S3 Glomus Glomus pulvinatum 

31 S1,S2,S3,S4,S5 Scutelospora Scutelospora nigra 

32 S5 Scutelospora Scutelospora clavispora 

{S1-Chandur railway, S2- Malkhed, S3-Mardi, S4-Amravati, S5- Pohra} 
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Figure 1 : A, B  Glomus fasciculatum; C,D,E: G.aggregatum; F: Glomus citriculata; G: G. dominikii;  

H- G.glomerulatum; I- G.tuberculatum; J: G.albidum; K :- A.foveata; L, M: A. bireticulata; N: A.sporocarpa;  

O: Scutellospora nigra.; P :E.infraquens; Q: E.colombiane 

 

 

Table-2. Total number of AM fungi species as follow 

Serial 

No. 

Name of AM Genra No. of spores found in each   Sites Number No. of 

 Species 
S.1 S.2 S.3 S.4 S.5 

1 Acaulospora 4 4 5 5 4 8 

2 Glomus 8 8 9 8 9 19 

3 Gigospora 1 - - 1 - 1 

4 Enthrophosphora 1 - 1 - 1 2 

5 Scutelospora 1 1 1 1 2 2 
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Fig:2. Showing the number of spores found in each soil sample and identified spores in each sample. 

 

 

Result and Discussion: 

An extensive field investigation was carried out in 

Amravati region, Maharashtra (India), on a Citrus plant 

which belongs to Rutaceae family. The association of 

AM fungi with Citrus aurentifolia plant and their 

colonization and population in the Rhizosphere is 

presented in (Table 1). All the sites having low to 

moderate AM population but in site1 (Chandur 

railway) maximum population were observed with 

maximum AMF colonization. More than 102 AM 

species have so far been reported from India 

(Manoharachary,C. ,2005). AMF colonization is about 

20 % of the fine root segments in Citrus volkameriana. 

A total of 32 AMF species were isolated from 

rhizospheric soil. Maximum species belongs to Glomus 

(Fig 1-10) and Acaulospora (Fig 11-14) isolated 

species were 19 & 8 in numbers, remaining belongs to 

Enthrophosphora, Gigospora and Scutelospora which 

were 2, 1 & 2 in numbers they were isolated and 

identified on the basis of their morphological 

characteristics. Seasonal variation is a major factor in 

biodiversity of AM fungus was quite evident from the 

fluctuations of spores in soils (Sampath Kumar, 2001). 

Glomus species were the most commonly found in all 

type of different soil (Panneerselvam and  

Thamizhiniyan, 2011; Camprubí and Calvet,1996; 

Beena et al., 2000; Bhuvaneswari, 2010; Unegbu et al., 

2016) and in present work also the major isolated 

species was belongs to Glomus.  Acaulospora 

appendicula and A. denticulata were also observed in 

all five sites. Gigaspora spore was frequently observed 

in the two soils sites (Chandur railway, Amravati), but 

they were apparently from only one species. The soil 

sample of village Malkhed (s-2)contains least number 

of AM spores, the possible reason behind these 

variation  season, age of plant, soil PH, salinity etc. 

(Abbott and Robson, 1991; Johnson et al., 1992), 

whereas Mardi(S3) and Amravati sites (S4)contain the 

widest variety of AM species. All the five sites of soils 

exhibit different physico-chemical and microbiological 

characteristics. Citrus plant mostly contain Glomus and 

Acaulospora species in major quantity but absence of 

other genera or they may be present in low rate is not 

surprising because sometimes they are not detected at 

the time of survey of Am fungi, in present survey also 

found that Glomus and Acaulospora were present in 

high rate, (Singh et al.,2008). A total 32 species were 

isolated from all the sites. 19 species belonging to 

Glomus, 8 species from Acaulospora, Enthrophosphora 

and Scutelospora both were having 2 species and only 

one species in Gigospora. G. fasciculatum was found in 

all the five site and G. aggregatum found in four site. 

Similarly A. appendicula and A. denticulate were found 

in all the sites. 

 

 

CONCLUSION 

 

Arbuscular Mycorrhiza is associate with the soil and 

root of major land plants. AMF is an ecofriendly it 

increase the soil fertility by up taking phosphorus 

from the soil and improve plant productivity. AMF is a 

natural tool so, it is necessary to retain the AM 

population in soil. In the present study, only few site 
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having high AM population and that site productivity 

was good the only reason that site uptake phosphorus 

compound from the soil, these compound 

concentration in soil is low but it is soluble 

phosphorus. 
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Abstract: 

Security is an important aspect of embedded system design. The characteristics of 

embedded systems give rise to a number of novel vulnerabilities. A variety of different Solutions 

are being developed to address these security problems. In this paper, we provide a brief 

overview of important research topics in this domain. 

With the increasing use of embedded devices in our daily life, security threats have also 

been increasing in a proportional rate. However, ensuring security in the embedded systems has 

become a great challenge not only for the embedded device experts but also for the 

manufacturers. The problem especially arises because of the limited hardware and software 

implementation options for the designers. At the same time, companies are trying to keep the 

vulnerabilities of the operating system of those embedded devices in secret and they are not 

relieving any necessary security updates quickly. It has become very urgent to ensure proper 

security of the embedded systems to save it from any major technological disaster near future. In 

this paper, we have broadly discussed the structures, characteristics and applications of different 

embedded devices in our daily life. Beside this, we have also discussed about the different causes 

of security threats and some of our suggested solutions to protect the systems from the attackers 

as well that we have found in our research.  
 

Keywords: cryptography, firmware, hackers, microcontroller, real-time constraints, 
Vulnerabilities 
 

Introduction 

 An embedded system can be defined as a special type of computer system that performs 
some specific pre-defined programs which is generally used within a larger scale of electrical or 
mechanical system. Generally, it is started from small MP3 players to largely complex hybrid 
vehicle systems. Some other examples of frequently used embedded systems in our daily life are 
keyboard, mouse, ATM, TV, PDA, cell phone, printer, elevator, smoke detector, DVD player, 
refrigerator, camera, GPS navigator, radio, TV remote, telephone, game controller, monitor, 
digital image processor, bar code reader, SD card, washing machine, anti-lock breaking system, 
blender etc. We use embedded systems especially because of its dependability, efficiency and it 
meets the real-time constrains 
 

Characteristics Of Embedded Systems: 

In general, embedded systems are designed to perform any particular pre-defined task 
that must meet any real time constraint. The main difference between a computer and an 
embedded system is a computer is used to perform multiple tasks defined by the user. On the 
other hand, an embedded system is used to perform a specific task that is pre-defined by the 
manufacturers. Here, meeting all the real-time constraints is a very important characteristic of an 
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embedded system. A real-time constraint is divided into two parts. One is hard real-time system 
and the other is soft real-time system. Hard real-time system means it must meet all its deadlines 
with a zero degree of flexibility and it is acceptable to be little flexible in the soft real-time 
system. It is not necessary to be standalone always for the embedded devices. Actually most of 
the embedded systems are integrated within a large computerized device. Devices such as MP3s, 
cameras and TV remotes are the example of standalone embedded devices. For the example of 
integrated embedded devices car and nuclear power plant are some good examples. GPS, fuel 
injection controller, anti-locking brake system, transmission controller, cruise control, active 
suspension, air- bag system, air-conditioner, display monitor-all the devices are integrated in a 
modern car system. The term ‘firmware’ is used to refer the program instructions written for 
embedded systems. It is stored in ROM (Read Only Memory) or in a flash memory chip. 
Resources like computer hardware do not need much to run. Another important characteristic of 
embedded systems is the dedicated user interface. It may range from no user interface to 
complex graphical user interface. For simple button and LED system, no user interface is 
needed. User interface means the task of button can change with the on-screen display and the 
selection depends on the user.  
The specialization of embedded system often comes with one or more drawbacks of the 
following type: 

• Limited processing power implies that an embedded system typically cannot run 
applicationsthat are used for defenses against attacks in conventional computer systems 
(e.g.,virus scanner, intrusion detection system). 

•  Limited available power is one of the key constraints in embedded systems. Many such 
systems operate on batteries and increased power consumption reduces system lifetime(or 
increases maintenance frequency). Therefore embedded system can dedicate only limited 
power resources to providing system security. 

•  Physical exposure is typical of embedded systems that are deployed outside the 
immediate control of the owner or operator (e.g., public location, customer premise). 
Thus, embedded systems are inherently vulnerable to attacks that exploit physical 
proximity of the attacker. 

• Remoteness and unmanned operation is necessary for embedded system that are 
deployed in inaccessible locations (e.g., harsh environment, remote field location). This 
limitation implies that deploying updates and patches as done with conventional 
workstations is difficult and has to be automated. Such automated mechanisms provide 
potential targets for attacks. 

•  Network connectivity via wireless or wired access is increasingly common for 
embedded systems. Such access is necessary for remote control, data collection, updates. 
In cases where the embedded system is connected to the Internet, vulnerabilities can be 
exploited remotely from anywhere. 

These characteristics lead to a unique set of vulnerabilities that need to be considered in 
embedded systems. 
 

Vulnerabilities 
Embedded system are vulnerable to a range of abuses that can aim at stealing private 

information, draining the power supply, destroying the system, or hijacking the system for other 
than its intended purpose. Examples of vulnerabilities in embedded systems are: 
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• Energy drainage (exhaustion attack): Limited battery power in embedded systems 
makes them vulnerable to attacks that drain this resource. Energy drainage can be 
achieved by increasing the computational load, reducing sleep cycles, or increasing the 
use of sensors or other peripherals. 

• Physical intrusion (tampering): The proximity of embedded systems to a potential 
attacker create vulnerabilities to attacks where physical access to the system is necessary. 
Examples are power analysis attacks or snooping attacks on the system bus. 

 

Applications Of Embedded Systems: 

As we describes earlier, embedded systems have become parts and parcels of our daily 
life in term of use. From the following table we can easily understand our daily use of embedded 
systems. 
Home Applications  Dishwasher, Washing Machine, Microwave 

Oven, Top-set Box, Home Security Systems, 
HVAC system, DVD player, Answering 
Machine, Garden Sprinkler Systems, Lighting 
Systems, Remote Controls, Air Conditioners, 
Sprinklers.  

Consumer Electronic Products  Cell phones, Cordless Phones, Digital Cameras, 
Video recorders, DVD players, TV set, 
Calculators, MP3 Players, Stereo Systems, 
Cable TV tuners, Digital watches, Personal 
PDA, iPhone.  

Industrial applications  Personal Smart Phone, Fax Machines, Photo 
Copy Machines, Printers, Scanners, Assembly 
Line, Data Collection System, Monitoring 
Systems on Pressure, Voltage, Current, 
Temperature, Hazard Detecting System, 
Industrial Robot.  

Business Equipment  ATM, Cash Registers, Alarm Systems, Card 
Readers, Finger Print Detectors, Automatic Toll 
Systems, Voice recognizers, Smart Vendor 
Machine, Cash Register, Bar Code Reader.  

Automobile  GPS, Fuel Injection Controller, Anti-locking 
Brake System, Transmission Controller, Cruise 
Control, Active Suspension, Air- bag System, 
Air-Conditioner.  

Communication Systems  Router, Hub, Cell Phone, Web Camera, Modem, 
Network Cards, Tele-conferencing System.  

Aerospace  GPS system, Automatic Landing System, Flight 
Attitude Controller Inertial Guidance System, 
Space Robotics, RADAR.  

Medical Technology  CT scanner, ECG, EEG, EMG, MRI, Glucose 
Monitor, Blood Pressure Monitor, Diagnostic 
Device, X-ray machines, Digital Pulse Monitor.  

Security Systems  Face Recognition System, Finger Recognition, 
Irish Recognition, Building Security System, 
Airport Security System, Alarm System, Digital 
Access Card, Fingerprint based Smart Card.  
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Classroom applications  Smart Board, Smart Room, OCR, Calculator, 
Smart Cord, Stereo Systems, Projector.  

Game and Entertainment  Video games  

 

Causes Of Security Threats Of Embedded Systems 

In this age of advanced technology, almost all of the embedded systems are connected to 
different network systems such as internet. At one side, these embedded devices are being more 
connected to our life day by day whereas on the other hand its security threats are also increasing 
as a proportional rate. Security threats in the embedded systems are not a new concept at all.. 
Some major causes of embedded system security threats are explained below: One of the major 
limitations of embedded systems are they are very cost sensitive. A little change in cost can 
make a big difference in the case of heavy manufacture devices. This cost sensitivity leads 
manufactures to use4-bit processor or 8-bit processor. Bigger cryptographic key cannot be stored 
by many of these 8-bit microcontrollers. Embedded devices have to perform same task again and 
again usually by using loop. Here, speed can easily reach to 100 loops in every 5 seconds with 
strong real-time constraints. Therefore, a single delay of even 0.01 second can cause a loss of 
control loop stability which means the system can be vulnerable to attack that is designed to 
destroy the system timing. In the most of the time, embedded systems have no real administrator 
by which an internet connected device can be easily launched by distributed denial-of-service 
(DoS) attacks by the hackers. Many embedded systems are designed and developed by the small 
development teams even by the single engineer sometime. Organizations that write few kilobytes 
of code per year usually cannot afford any embedded system security specialist even they do not 
understand the importance the necessity of the security specialists as well. There are many 
embedded systems that have significant battery constraints and powered by battery as well such 
as PDAs or cell phones. Some embedded systems can get fresh battery charge daily but other 
must last months or years depending on a single battery only. An attacker can create system 
failure by seeking to drain the battery especially when the security of the system is very high or 
almost impossible to break the security system of that particular device. This vulnerability is 
very much critical and worsens the security of the device. As an example, ensuring enough 
security in the battery-powered device is not easy at all that uses the power-hungry wireless 
communication system. Firmware is being completed day by day and will be more completed in 
near future. This will increase more bugs and other security problems. One reason may be the 
use of more popular programming languages such as C and C++ as they are very efficient for 
embedded systems. However they cannot protect against the simple kinds of attacks such as 
buffer overflows. Although small programs can be theoretically prove as safe but it is about 
impossible against complex programs. 
 

Solutions Of Security Threats In Embedded Systems 

Security requirements of embedded devices can vary from different aspects. As an 
example of a cell phone system, end user may be concerned about his private data protection 
while content provider may be concerned about copy protection of the multimedia contents 
delivered to the cell phone and manufacturers may be concerned about the proprietary firmware 
that has been used in that cell phone. Here the system of attack may also vary for users, content 
providers, manufacturers etc. We have already described different challenges of embedded 
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systems in term of security and in this section we will describe some probable solutions also to 
get rid of those problems also. Modern cryptography techniques provide strong defiance against 
the conventional attacks. However, much more effort and care is still required in the software 
design to make the system more protected from bugs and design flaws. Designers should be 
emphasizing more on Software Development Life Cycle (SDLC). Different secure level 
practices should be applied which can be classified into three. They are the design level, the 
implementation level and the testing level. Tamper-resistance techniques should be strengthening 
more to protect the system against different software and hardware attacks. These techniques can 
be used for attack detection, recovery and prevention as well. To prevent side-channel attacks, 
different hardware and software level approaches have been proposed to identify symptoms that 
allow the leak of the system’s side-channel information like power dissipation, timing and 
electromagnetic radiations. Software based countermeasures include randomization instruction 
sequence, introducing dummy instructions, bit splitting and balancing hamming weights of 
internal data. Randomization can also be applied on the clock signal or the power consumption. 
It has been experimented that software based countermeasures are most efficient although they 
slightly 
 

Conclusions 

Embedded devices have made our life more easy and comfortable by meeting almost all 
the real-time constraints. Although it is very popular among the mass people but they are quite 
unconscious about the probable security threats till now even the manufactures and the engineers 
associated with embedded devices. Expert hackers from the different parts of the world have 
already found many security pitfalls of the embedded devices and they are further working on it. 
So, it is very clear that it could create a huge blow in near future for the technological industry if 
the engineers and the manufactures do not take the necessary security solutions as proposed in 
this paper to protect the unauthorized access from the unsecured third party. We heartily believe 
that more concentration on cryptography, tamper-resistance techniques, advanced 
microcontroller and algorithms can mostly make the embedded devices secure enough. At the 
same time, it is also important for the manufacturer companies to design and implement the 
whole embedded system with much more security concern. 
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Abstract – 

 Artificial Intelligence (AI) is a multidisciplinary field whose goal is to automate 

activities that presently require human intelligence. Reasoning is concerned with higher level 

cognitive functions such as planning, drawing inferential conclusions from a world model, 

diagnosing, designing, etc. In this paper we have observed the extended goals of Artificial 

Intelligence including logical reasoning, knowledge representation, planning and navigation, 

natural language processing, perception and emergent intelligence. 

Machine learning is an integral part of artificial intelligence, which is used to design 

algorithms based on the data trends and historical relationships between data. Also, Deep 

learning is an emerging area of machine learning (ML) research. It comprises multiple hidden 

layers of artificial neural networks. 

This paper elaborates some basic machine learning tasks adopted by researchers in their 

common applications of AI. The recent machine learning techniques accomplished by the 

researchers has also been presented in this paper. It has been noted that, in recent years, 

machine learning has achieved great success in many fields, such as computer vision and 

natural language processing. Compared to traditional computer based learning methods, 

machine learning has a strong learning ability and can make better use of datasets for feature 

extraction. The study concludes that, we need to provide a machine learning framework to 

construct and implement models for general purpose tasks useful for common people for 

successful delivery of AI-based systems. 
 

Keywords – Artificial Intelligence, Machine Learning, AI Assistants, Supervised Learning, 
Unsupervised Learning, Chatbots 
 

Introduction 

Artificial Intelligence is a method of making a computer, a computer-controlled robot or 
a software think intelligently in a manner similar to the human mind. AI is accomplished by 
studying the patterns of the human brain and by analyzing the cognitive process. The outcome of 
these studies develops intelligent software’s and systems. Researchers extend the goals of AI to 
the following: 

Logical Reasoning: AI programs enable computers to perform sophisticated tasks. On 
February 10, 1996, a computer called Deep Blue, designed by IBM, won a game of chess against 
the former world champion, Garry Kasparov.  

Knowledge Representation: Smalltalk is an object-oriented, dynamically typed, reflective 
programming language that was created as the language to underpin the “new world” of 
computing demonstrated by “human-computer symbiosis.” 



       ‘RESEARCH JOURNEY’ International E- Research Journal 
         

                             Impact Factor - (SJIF) – 6.261, (CIF ) - 3.452(2015), (GIF)–0.676�(2013) 

Special Issue 110 (C)- Computer Science 

UGC Approved Journal  

  ISSN :  

  2348-7143 

  February-2019 

   
 

 

168 
Website – www.researchjourney.net         Email - researchjourney2014gmail.com 

 
 

Planning and Navigation: The process enabling a computer to get from point A to point B. A 
prime example of this is Google’s self-driving Toyota Prius. 

Natural Language Processing: Set up computers that can understand and process 
language. 
Perception: Use computers to interact with the world through sight, hearing, touch, and smell. 
Emergent Intelligence: An intelligence that is not explicitly programmed, but emerges from the 
rest of the explicit AI features. The vision for this goal is to have machines exhibit emotional 
intelligence, moral reasoning and more. 

Some of the Artificial Intelligence based applications used today are given below:  Top 
companies are constantly rolling out revolutionary changes to how there should be an interaction 
with machine-learning technology. For Example, DeepMind Technologies, a British artificial 
intelligence company created a Neural Turing Machine, allowing computers to mimic the short-
term memory of the human brain. Google’s driverless cars and Tesla’s Autopilot features are the 
introductions of AI into the automotive sector. It uses vast amounts of data from image and audio 
recognition systems, along with new ML called Deep Learning and Deep Nets, to build systems 
that can drive autonomously. The technology teaches the cars about the nature of objects on the 
road and understand how they would react, the audio recognition technology using audio sensors  
based ML systems to teach the vehicle to diagnose cars problem themselves whereas, the Deep 
nets are used for everything from prediction to planning to mapping and simulation. 

Common applications of AI utilized by most of the people is virtual personal assistants in 
the smartphones. These applications collect information, interpret what is being asked and then 
supply the answer via fetched data and each one gradually improves based on user preferences. 
 

Machine Learning – 
 Machine Learning is a form of artificial intelligence that automate data analysis to enable 

computers to learn and adopt through experience to do specific tasks without explicit 
programming.  

Machine learning, as a key subset of artificial intelligence (AI), Machine Learning has 
come a long way and with its numerous algorithms, can accomplish a great deal of impressive 
tasks. Machine Learning concepts and techniques includes supervised and unsupervised learning, 
mathematical and heuristic aspects to develop algorithms.  

Netflix recommendations and virtual personal or AI assistants like Siri, Cortana, Alexa 
and Google Assistant are some of AI’s best-known applications which uses machine learning 
techniques and are found in iOS, Windows and Android phones. AI assistants emulates human 
interaction using the voice enabled technology to perform particular tasks like personal 
assistance. It has the capacity for learning, reasoning and understanding which the three key 
elements are required to emulate the ability to solve the problems. The trouble is that collecting, 
analyzing and utilizing all this data has grown beyond what is humanly possible, even using 
traditional data analytics.  

The solution to process this ore of data into material that’s suitable for construction lies in 
using machine learning to automate the creation of data analysis models. Humans can typically 
create one or two good models a week; machine learning can create thousands of models a week. 
Machine learning not only handles vast amount of raw, unlabeled data, it craves it. The more you 
feed it, the smarter it gets. Machine learning algorithms can determine clusters, patterns and 
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relations among data and then predict outcomes and even recommend actions. With the power of 
machine learning and other applications of AI, the users can make the data useful for the growth 
to business and the customers. 

Armed with this huge volume and wide variety of data, machine learning algorithms can 
be “trained” based on past experience, then exposed to new data and unleashed to hunt for 
patterns, learn from what they find and even build predictive models on their own.Machine 
learning is now useful to organizations of any type andany size, for processes ranging from 
theroutine to the revolutionary.  

The two most widely adopted machine learning methods involved supervised learning 
andunsupervised learning. 
1. Supervised learning uses structured data, stored in relational databases, this is the type of data 
that’s most familiar to businesses, but it was noted that, only comprises about 20 percent of all 
data. Structured data comes in from human input, mechanical sensors, website or other 
automated logs, point of sale devices and similar sources. Supervised learning algorithms are 
useful when the desired output is known, or if you have a specific question you want to ask such 
as finding new data points that match a specific target value. This is useful for functions like 
inventory control, recommendation engines and predictive maintenance.  
2. Unsupervised learning uses data that is unstructured, contains no historical labelsand doesn’t 
fit neatly into a database. Such data includes customer transactions, social media, document text, 
graphics, video and other content. It was observed that, approximately 80 to 90 percent of the 
data in most organizations is unstructured. With unsupervised learning, the algorithm must draw 
its own inferences to figureout what it’s looking at. It does this by finding clusters and hidden 
patterns, such as similarities between behaviors and customers. This type of learning is 
especially useful for market segmentation (marketing campaigns), fraud detection and hardware 
fault diagnostics.  
 

Some of the top roles of AI and ML includes 

AI/machine learning researcher make its use to Research and identify improvements to 
machine learning algorithms. AI software development, program management, and testing:  
Develop systems and infrastructure that can apply machine learning to an input data set. 
Data mining and analysis: Investigate large data sources, often creating and training systems to 
recognize patterns. 
 

Basic Machine Learning Tasks 
ML techniques provides a set of tools that can automatically detect patterns in data which 

can be utilized for predictions and for developing models. Developments in ML algorithms and 
computational capabilities have now made it possible to scale engineering analysis, decision 
making and design rapidly. Following ML tasks are prominently done, 
• Performance Measures 
• Classification 
• Regression 
• Clustering 
Some of the live projects on which researcher are working recently that can be found on the 
internet are  
Project 1: Build a Predictive Model for Housing Prices 
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Project 2: Build a Phishing Website Detector Using LR Algorithms 
Project 3: Build a Phishing Website Detector Using KNN Algorithms 
Project 4: Build an MNIST Classifier 
 

Machine learning applications:  
Apply machine learning or AI framework to a specific problem in a different domain. For 

example, applying machine learning to gesture recognition, ad analysis or fraud detection. 
The researchers used supervised or unsupervised machine learning, or a combination of 

the two (known as semi-supervised learning), these are the three ways for any business, 
regardless of industry, can utilize such algorithms to help build a competitive advantage. 
1. Automating Business Processes 
2. Marketing - AI and machine learning are commonplace tools for digital marketers. 
3. Improving Customer Experience–Some of the ways of utilizing machine learning used today 
to optimize the marketing and advertising, both online and offline are:  

• Demand forecasting and sales projection  

• Determining customer lifetime value  

• Streamlining lead sourcing  

• Customer churn risk modeling  

• Product pricing and dynamic pricing (based on real-time demand)  

• Dynamic and personalized product ranking (website)  

• Visual merchandising placement (retail)  

• Augmented reality (AR) integration (retail)  

• Purchase recommendations  

• Micro-segmentation  

• Personalized headline and ad/email copy  

• Optimized message targeting  

• Automated and real-time media buying/ ad insertion  

• Customer qualifying/lead scoring using web data  

• Content research and creation  

• Automatic translations  

• Plagiarism detection  

• Social monitoring (for issues, affinity and competition)  

• Social media posting and advertising  

• Text-to-video creation 
To get the most out of machine learning, all this diverse data is usually stored in a type of 

repository known as a “data lake”. A term coined in 2010 by James Dixon, the founder and CTO 
of Pentaho, data lakes differ from traditional data warehouses in that they store all their data in 
its raw, natural state, regardless of whether it is structured, semi-structured, or unstructured. A 
data warehouse only keeps data in a very structured format.  

While this makes data easier to find specific things, its inflexibility makes it difficult to 
perform innovative analyses. “Structured data enables us to answer certain questions, but the 
structure may not accommodate questions that arise at some point in the future,” explains Jared 
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Crapo, Senior Vice-President at Health Catalyst. “The data lake concept allows for unstructured 
data—and more flexibility to answer new questions. 

Machine learning not only automates this intelligence gathering from familiar sources 
and internal databases; the algorithms actually go into the outside world to collect, analyze, learn 
and predict. 

A form of artificial intelligence, machine learning is revolutionizing the world of 
computing as well as all people’s digital interactions. By making it possible to quickly, cheaply 
and automatically process and analyze huge volumes of complex data, machine learning is 
critical to countless new and future applications. Machine learning powers such innovative 
automated technologies as recommendation engines, facial recognition, fraud protection and 
even self-driving cars. 
The Machine Learning techniques are used to accomplish the following:  
• Master the concepts of supervised, unsupervised and reinforcement learning concepts and 

modeling. 
• Gain practical mastery over principles, algorithms, and applications of machine learning 

through a hands-on approach which includes working on various projects. 
• Acquire thorough knowledge of the mathematical and heuristic aspects of machine learning. 
• Understand the concepts and operation of support vector machines, kernel SVM, naive Bayes, 

decision tree classifier, random forest classifier, logistic regression, K-nearest neighbours, K-
means clustering and more. 

• Comprehend the theoretical concepts and how they relate to the practical aspects of machine 
learning. 

• Be able to model a wide variety of robust machine learning algorithms including deep 
learning, clustering, and recommendation systems 

Chatbots and other applications of machine learning can handle a number of routine, repetitive 
HR tasks, including: 

• Screening and shortlisting job applicants from hundreds of résumés 

• Scheduling interviews, performance reviews and other group meetings 

• Measuring and managing employee engagement 

• Streamlining office workflows 

• Tracking and enhancing employee rewards and recognition programs 

• Identifying knowledge gaps or opportunities for employee development 

• Answering questions about company policies, benefits, office procedures and even basic 
conflict resolution 

• Attracting and reaching out to top talent (through such sites as Glassdoor, LinkedIn or 
Indeed) 
Machine learning is also excellent at examining vast amounts of historical sensor, 

logistics and failure data from appliances, machinery or vehicles. The models’ predictions could 
then recommend preventive maintenance, mitigate transportation or supply chain risks or even 
detect anomalies in real time that would indicate a failure is imminent. 
 

Future Scope 
Machine learning is set to redefine the world of software and IT in the near future. 

Machine Learning supports the technologies such as Data Science, Big Data and Data Analytics 
which are increasingly shaping future of work and jobs. 
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Data Science:  
Dealing with unstructured and structured data, Data Science is a field that comprises of 

everything that related to data cleansing, preparation, and analysis. Data Science is the 
combination of statistics, mathematics, programming, problem-solving, capturing data in 
ingenious ways, the ability to look at things differently, and the activity of cleansing, preparing 
and aligning the data. 
 

Applications of Data Science 

Internet search: Search engines make use of data science algorithms to deliver best results 
for search queries in a fraction of seconds. 
Digital Advertisements: The entire digital marketing spectrum uses the data science algorithms - 
from display banners to digital billboards. This is the mean reason for digital ads getting higher 
Click Through Rate (CTR) than traditional advertisements. 

Recommender systems: The recommender systems not only make it easy to find relevant 
products from billions of products available but also adds a lot to user-experience. A lot of 
companies use this system to promote their products and suggestions in accordance with the 
user’s demands and relevance of information. The recommendations are based on the user’s 
previous search results. 
 

Big Data:  
Big Data refers to humongous volumes of data that cannot be processed effectively with 

the traditional applications that exist. The processing of Big Data begins with the raw data that 
isn’t aggregated and is most often impossible to store in the memory of a single computer. A 
buzzword that is used to describe immense volumes of data, both unstructured and structured, 
Big Data inundates a business on a day-to-day basis. Big Data is something that can be used to 
analyze insights which can lead to better decisions and strategic business moves. 

The definition of Big Data, given by Gartner is, “Big data is high-volume, and high-
velocity and/or high-variety information assets that demand cost-effective, innovative forms of 
information processing that enable enhanced insight, decision making, and process automation”. 
 

Applications of Big Data 

Big Data for financial services: Credit card companies, retail banks, private wealth 
management advisories, insurance firms, venture funds, and institutional investment banks use 
big data for their financial services. The common problem among them all is the massive 
amounts of multi-structured data living in multiple disparate systems which can be solved by big 
data. Thus big data is used in a number of ways like:  

• Customer analytics 

• Compliance analytics 

• Fraud analytics 

• Operational analytics 
Big Data in communications: Gaining new subscribers, retaining customers, and 

expanding within current subscriber bases are top priorities for telecommunication service 
providers. The solutions to these challenges lie in the ability to combine and analyze the masses 
of customer-generated data and machine-generated data that is being created every day. 
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Big Data for Retail: Brick and Mortar or an online e-tailer, the answer to staying the 
game and being competitive is understanding the customer better to serve them. This requires the 
ability to analyze all the disparate data sources that companies deal with every day, including the 
weblogs, customer transaction data, social media, store-branded credit card data, and loyalty 
program data. 
 

Data Analytics:  
Data Analytics the science of examining raw data with the purpose of drawing 

conclusions about that information. Data Analytics involves applying an algorithmic or 
mechanical process to derive insights. For example, running through a number of data sets to 
look for meaningful correlations between each other. 

It is used in a number of industries to allow the organizations and companies to make 
better decisions as well as verify and disprove existing theories or models. The focus of Data 
Analytics lies in inference, which is the process of deriving conclusions that are solely based on 
what the researcher already knows. 
 

Applications of Data Analysis 

Healthcare: The main challenge for hospitals with cost pressures tightens is to treat as 
many patients as they can efficiently, keeping in mind the improvement of the quality of care. 
Instrument and machine data is being used increasingly to track as well as optimize patient flow, 
treatment, and equipment used in the hospitals. It is estimated that there will be a 1% efficiency 
gain that could yield more than $63 billion in the global healthcare savings. 

Travel: Data analytics is able to optimize the buying experience through the mobile/ 
weblog and the social media data analysis. Travel sights can gain insights into the customer’s 
desires and preferences. Products can be up-sold by correlating the current sales to the 
subsequent browsing increase browse-to-buy conversions via customized packages and offers. 
Personalized travel recommendations can also be delivered by data analytics based on social 
media data. 

Gaming: Data Analytics helps in collecting data to optimize and spend within as well as 
across games. Game companies gain insight into the dislikes, the relationships, and the likes of 
the users. 

Energy Management: Most firms are using data analytics for energy management, 
including smart-grid management, energy optimization, energy distribution, and building 
automation in utility companies. The application here is centered on the controlling and 
monitoring of network devices, dispatch crews, and manage service outages. Utilities are given 
the ability to integrate millions of data points in the network performance and lets the engineers 
use the analytics to monitor the network. 
 

Conclusions 
This is the early stages of AI world in which machine learning is morphing from a lab 

curiosity to a rich, pervasive technology value-add. 
ML is at the centre of a new enterprise to build computational models of intelligence. The 

main assumption is that intelligence (human or otherwise) can be trained by using voluminous 
data available on the Internet to solve the above mentioned problems where ML  can be 
rigorously used with the help of a digital computer.  Aspects of intelligent behaviour, such as 
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solving problems, making inferences, learning, and understanding language, have already been 
done using ML, and within very limited domains. ML can outperform human experts. Now the 
great challenge of AI and ML is to find ways of representing the commonsense knowledge and 
experience that enable people to carry out everyday activities such as holding a wide-ranging 
conversation, or finding their way along a busy street. Conventional digital computers may be 
capable of running such programs, or there is a need to develop new machines that can support 
the complexity of human thought. 

Machine Learning Architects have defined, evaluated and recommended machine 
learning architectures and frameworks that support ML and AI initiatives.The need is to develop 
a ML prototype utilizing ML frameworks. There is an availability of pre-trained models and 
machine learning services — also called machine learning APIs which can be utilized for the 
designated problems. There is a need to provide a machine learning framework to construct and 
implement models for general purpose tasks useful for common people for successful delivery of 
AI-based systems. 
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Abstract: 

In the last few years there has been a rapid exponential increase in computer processing 
power, communication and data storage. But still many complex and computation intensive 
problems, which cannot be solved by supercomputers. In the field of computing, a lot of changes 
have been observed due to the increased use and popularity of the Internet and the availability of 
high-speed networks.  

 Resource sharing in a pure plug and play model that dramatically simplifies 
infrastructure planning is the promise of “Cloud computing”. 
The paper aims to provide a means of understanding the model and exploring options available 
for complementing your technology and infrastructure needs. Also explore some of the basics of 
cloud computing with the aim of introducing aspects such as:  

1. Realities and risks of the model  
2. Components in the model  
3. Characteristics and Usage of the model  

 

Keywords: Cloud computing, SLA, SaaS, Paas, Iaas, Daas, Cloud Service Provider, Cloud 
computing metaphor 
 

Introduction:- 

Cloud Computing  

Cloud computing is an on demand service model for IT provision. Cloud Computing is a 
technology which depends on sharing of computing resources. 
In Cloud Computing, the word “Cloud” means “The Internet”, so Cloud Computing means a 
type of computing in which services are delivered through the Internet. 

 
                  In the past, people would run application or programs from software downloaded on a 
physical computer or server in their building. Cloud computing allows access tom the same kinds 
of applications through the internet on a virtual server. 
Cloud computing is a complete new technology. It is the development of parallel computing, 
distributed  omputinggrid computing, and is the combination and evolution of Virtualization, 
Utility computing,  software as a service,(SaaS), Platform as a Service (PaaS), Infrastructure as a 
Service (IaaS), Desktop as a Service(DaaS) or as a utility.  cloud computing provides shared 
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resources, software and information through Internet as a PAYGO (Pay-as-you-go) basis. We 
just by using the need internet.  

 
Cloud computing metaphor: the group of networked elements providing services need not be 
individually addressed or managed by users; instead, the entire provider-managed suite of 
hardware and software can be thought of as an amorphous cloud. 

“Cloud is a parallel and distributed computing system consisting of a collection of inter-
connected and virtualized computers based on service-level agreements (SLA) which established 
through cooperation between the service provider and consumers.” 

Cloud computing is a computing example, where a large pool of systems are connected in 
private or public networks which provide dynamically scalable infrastructure for application, 
data and file storage. 

Cloud computing is a practical approach for to experience direct cost benefits and it has 
the potential to transform a data center from a capital-intensive set up.  

The idea is based on a very fundamental principal of „reusability of IT capabilities'. The 
difference is that to bring compared to traditional concepts of “grid computing”, “distributed 
computing”, “utility computing”, or “autonomic computing”. 
.  “Cloud is a parallel and distributed computing system consisting of a collection of inter-
connected and virtualized computers that are dynamically provisioned and presented as one or 
more unified computing resources based on service-level agreements (SLA) established through 
negotiation between the service provider and consumers.” 

 
Fig. 1: Cloud computing concept 
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 Fig. 1 shows that how users can connect to the cloud services which is  provided by cloud 
service provider by using any device over the internet. It includes scalable resources in storage, 
network, and compute & also contain virtualized infrastructure and provide that services to the 
users. 
 

Forrester defines cloud computing as:  

“A pool of abstracted, highly scalable, and managed compute infrastructure capable of 
hosting end-customer applications and billed by consumption.” 

 
 It cuts the operational and capital costs and permits the IT departments to focus on 

strategic projects instead of keeping the datacenter running. It provides the services on 
Infrastructure level, Platform level, and Software level,  many features such as speed, scalability 
of resources, parallel processing,  to choose another technology at any time to further work like 
24/7 availability of services, device and location independent and security etc. Cloud computing 
has five essential features such as rapid elasticity, measured services, on-demand self-service, 
resource pooling, and board network access. as shown in Fig. 2.  

 
Fig. 2: Five features of cloud computing 
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Cloud Computing Models: 

Cloud service Providers following 3 types of Models:- 

1. Software as a Service (SaaS): In this model, a complete application is offered to the customer, 
as a service on demand. A single instance of the service runs on the cloud & multiple end users 
are serviced. Today SaaS is offered by companies such as Google, Salesforce, Microsoft, Zoho, 
etc.  
2. Platform as a Service (Paas): a layer of software, or development environment is encapsulate 
& offered as a service, upon which other higher levels of service can be built. In this model The 
customer has the freedom to build his own applications, which run on the provider‟s 
infrastructure. PaaS providers offer a predefined combination of OS and application servers, such 
as LAMP platform (Linux, Apache, MySql and PHP), classified J2EE, Ruby etc. Google‟s App 
Engine, Force.com, etc  
3. Infrastructure as a Service (Iaas): IaaS provides basic storage and computing capabilities as 
standardized services over the network. Servers, storage systems, networking equipment, data 
centre space etc. The customer would typically deploy his own software on the infrastructure. 
Some common examples are Amazon, GoGrid, 3 Tera, etc.  
 

 
Public, Private, Hybrid & Community Cloud:- 
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Fig. 3: cloud computing Types 
Public Cloud  

Public clouds are owned and operated by third parties; they deliver better economies of 
scale to customers, as the infrastructure costs are spread among a mix of users, giving each 
individual client an attractive low-cost, “Pay-as-you-go” model. One of the advantages of a 
Public cloud is that they may be larger than an enterprises cloud, thus providing the ability to 
scale seamlessly, on demand.  
For example the Internet and Public 
Switched Telephone Network (PSTN) etc 
Private Cloud  
Private clouds are built exclusively for a single enterprise. They aim of Private Cloud is to 
address concerns on data security  
 

There are two variations to a private cloud:- 

- On-premise Private Cloud: also known as internal clouds are hosted within one own data 
center.  
- Externally hosted Private Cloud: This type of private cloud is hosted externally with a cloud 
provider.  
Hybrid Cloud  

Hybrid Clouds combine both public and private cloud models.. The Hybrid cloud 
environment is capable of providing on-demand, externally provisioned scale.  
Community cloud 

Community cloud implies an infrastructure shared between organizations, usually with 
the shared data and data management concerns. For example, a community cloud can belong to a 
government of a single country. Community clouds can be located both on and off the premises. 
Cloud Computing Characteristic:- 
1: Dynamic computing infrastructure 
2: IT service-centric approach 
3: Self-service based usage model 
4: Minimally or self-managed platform 
5: Consumption-based billing 
6. Reduced Cost  
7. Increased Storage 
8. Flexibility 
9. Data Protection  
10 Data Recovery and Availability  
11. Management Capabilities 
12. Disaster Recovery 
13. Automatic Software updates 
14. Free Capital- expenditure 
15. Work from anywhere 
16. Document control 
17. Security 
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Advantages of Cloud Computing 
Shared Resources:  
it shares resources to provide the services to multiple users.  
 

Pay-As-You-Go:  
Users only need to pay those resources which are used by them. They can demand for 

more resources if they required  
 

Better Hardware Management: 
 It is easy for cloud service provider (CSP) to manage the hardware easily because all 

computers run the same hardware. 
Area of Cloud Computing: 
1. Banking 
2. Insurance 
3. Weather Forecasting 
4. Space Exploration 
5. Software as a service 
6. Platform as a Service  
7. Infrastructure- as -a-Service 
 

Scope:- 
Cloud computing is a tremendous innovation in the digital landscape that has changed the 

way IT solution are delivered and how end-users put them tom use. The cloud computing aspect 
is growing and will continue to do so. 
 

Conclusion:- 
Cloud computing is a new technology of computer network, providing the web services 

at lower cost comparing to normal technique. It contribute to improve the service in other related 
technologies like,Grid Computing, Cluster Computing, Utility Computing / Automatic 
Computing Distributed Computing with cloud computing, to the interface between service 
suppliers and multiple groups of service consumers. Cloud services will demand expertise in 
distributed services, procurement, risk assessment and service negotiation — these are the areas 
that many enterprises are only modestly equipped to handle, has changed the way IT solution are 
delivered and how end-users put them tom use. The cloud computing aspect is growing and will 
continue to do so. 
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 Abstract-  
Big data is a set of techniques and technologies that require new forms of integration to 

uncover large hidden values from large datasets that are diverse, complex, and of a massive 

scale. The one aspect that differs now (if compared with the past) would be the sheer scale and 

accessibility of Data, which is the direct result of the super efficient speeds in which data can 

now be computed. Big Data is therefore an all-encompassing term for any collection of large 

data sets that were once difficult to process. organizations are capturing data at deeper levels of 

detail and keeping more history than ever before. As a result, managing these increasing 

volumes of data is emerging as a key challenge for companies. The challenges include analysis, 

capture, curation, search, sharing, storage, transfer, visualization, and privacy violations.  
 

Introduction: 
Knowledge Discovery from Data (KDD) [1] refers to a set of activities designed to extract 

new knowledge from complex datasets. The KDD process is often interdisciplinary and spans 
computer science, statistics, visualization, and domain. Due to Increase in the amount of data in 
the field of genomics, meteorology, biology, environmental research and many others, it has 
become difficult to find, analyze patterns, associations within such large data . Interesting 
association is to be found in the large data sets to draw the pattern and for knowledge purpose. 
Big Data are the large amount of data being processed by the Data Mining environment. In other 
words, it is the collection of data sets large and complex that it becomes difficult to process using 
on hand database management tools or traditional data processing applications, so data mining 
tools were used. Big Data are about turning unstructured, invaluable, imperfect, complex data 
into usable information. [2]   

The benefit of analyzing the pattern and association in the data is to set the trend in the 
market, to understand customers, analyze demands, predict future possibilities in Big Data 
typically differ from data warehouse in architecture; it follows a distributed approach whereas a 
data warehouse follows a centralized one. One of the architecture laid describes about adding 
new 6 rules were in the original 12 rules defined in the OLAP system defined the methods of 
data mining required for the analysis of data and defined SDA (standard data analysis) that 
helped analysis of data that is in aggregated form and these were much well timed in comparison 
with the decision taken in traditional methods. [3].Specifically, knowledge discovery processes 
are comprised of: 

• Collection of data, storing the data, organizing the data in proper format. 

• To understand the application of modern data analysis tools and methods. 

• To understand the problem of structure and meaning of data. 
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We believe that the application of some core principles can yield economical, 

comprehensive, flexible, and secure solutions for the federal government’s big data needs . It 
helped organization to increase innovation, retain customers, and increase in operational 
efficiency[4] .According to Gartner definition big data is measured in 3 V’s: variety, volume, 
velocity and value. [4][5] 
 

Volume:  
Big data uses massive datasets, including for example meta-data from internet searches, 

credit and debit card purchases, social media postings, mobile phone location data, or data from 
sensors in cars and other devices. The volume of data being produced in the world continues to 
increase rapidly. The Boston Consulting Group estimates total growth of 2.5 exabytes, which 
equals 2.5 billion gigabytes, per day[6]. 
 

Variety:  
Big data often involves bringing together data from different sources. Currently it appears 

that big data analytics mainly uses structured data[7], e. g in tables with defined fields, but it can 
also include unstructured data. For example, it is possible to obtain a feed of all the data coming 
from a social media source such as Twitter. This is often used for ‘sentiment analysis’, i. e to 
analyse what people are saying about products 
or organisations. 
 

Velocity:  
In some contexts, it is important to analyse data as quickly as possible, even in real time. 

Big data analytics can be used to analyse data ‘in motion’, as it is produced or recorded, as well 
as data ‘at rest’ in data stores. A potential application of ‘in motion’ analysis is in credit card 
payments. For example, Visa[8] is looking at using big data analytics to develop a new ways of 
authorising credit card payments. 
 

 Assumption I 
Design principles are largely concerned with maximizing the controllable factors and 

thereby enabling researchers to explore, analyze, and interact with data in as easy manner as 
possible. 
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Assumption Ii:   
It support variety of analytical tools: Knowledge discovery from big data science 

employs methods from distributed programming, data mining, statistical analysis, machine 
learning, visualization. These methods often employ vastly different tools and techniques. For 
example, programmers may use Java to write distributed computation while statisticians may 
feel more comfortable using R, SAS, etc. 
 

Statistical Analysis: 

1. It is concerned with summarising large datasets. 
2. Most statistical tools (i.e., R, SAS) prefer to compute data over numerical data organized 

in tabular format. 
3. It require organization step specially for unstructured data. 
4. Currently in our system various statistical tools are available like SQL,R and Python. 

 

Data Mining: 

1. Data mining (the analysis step of the "Knowledge Discovery in Databases" process, or 
KDD) [10] an interdisciplinary subfield of computer science. 

2. Each and every day the human beings are using the vast data and these data are in the 
different fields .It may be in the form of documents, may be graphical formats ,may be 
the video may be records (varying array ) .   

3. As the data are available in the different formats so that the proper action to be taken. Not 
only to analyze these data but also take a good decision and  maintain the data .As and 
when the customer will required the data should be retrieved from the database and make 
the better decision .This technique is actually we called as a data mining or Knowledge 
Hub or simply KDD(Knowledge Discovery Process). 

4. It is the computational process of discovering patterns in large data sets involving 
methods at the intersection of artificial intelligence, machine learning, statistics, and 
database systems.[11] 

 

Data visualization and visual analysis: 

1. Data visualization or data visualisation is viewed by many disciplines as a modern 
equivalent of visual communication. 

2. A primary goal of data visualization is to communicate information clearly and 
efficiently to users via the information graphics selected, such as tables and charts. 

3. Effective visualization helps users in analyzing and reasoning about data and evidence. It 
makes complex data more accessible, understandable and usable. 

4. Users may have particular analytical tasks, such as making comparisons or understanding 
causality, and the design principle of the graphic (i.e., showing comparisons or showing 
causality) follows the task. Tables are generally used where users will look-up a specific 
measure of a variable, while charts of various types are used to show patterns or 
relationships in the data for one or more variables. 

 

   Assumption Ii: 

  Comprehensive KDD architecture provide a variety of data analysis method , it must 
also supply a mean of storing and processing of data. Single storage mechanism is for small data 
volumes like local file.system. But it is more problematic for large-scale data analysis. B, we 
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argu that different types of analysis and the intermediate data. structures required by these (e.g. 
graphs for social network analysis) call for specialized data management systems . Others have 
also recognized that the time of the single style database that fits all needs is gone [12]. 
 

 Data Preparation and Batch Analytics : 

 Data preparation is the first step in the analytics pipeline. At this stage, the data may 
contain errors, missing values, and is often in an unusable format (i.e., a compressed binary 
format). In our experience, Hadoop is an ideal tool for this stage. Hadoop is a collection of open 
source software based on Google’s BigTable [13] and Google File System [14]. It includes Map 
Reduce [15] component (for distributed computation) and a scalable storage component that can 
often replace costly SAN devices. Hadoop sub-project such as Hive and HBase offer additional 
data management solution for storing structured and semi-structured data sets. In oursystems we 
rely on HDFS as a data landing platform and use Hive as our batch-oriented data warehouse.  

 

Processing Structured Data : 

Often the product of the data preparation stage is a set of highly structured, relational data. 
Although Hadoop can process such data (via Hive), we have found distributed analytic databases 
[16] to be useful for storing and analyzing such data.  
 

Processing Semi-structured Data 

Not all data can be easily modeled using relational techniques. For example hierarchical 
documents, graphs, and geospatial data. Such data is extremely useful for social network 
analysis, natural language processing, and semantic web analysis. We provide HBase [17] and 
Cassandra [18] for hierarchical, key-value data organization. For graph analysis, we employ both 
open-source (e.g., Cray’s uRiKa platform). Finally, for geospatial data we employ  open-source 
tools (e.g., PostGIS, GeoTools) and proprietary tools (e.g., ESRI software). 

 
 The semi-structured and unstructured data may not fit well in traditional data warehouses 
on relational databases  Furthermore, data warehouses may not be able to handle the processing 
demands posed by sets of big data that need to be updated frequently or even continually -- for 
example, real-time data on the performance of mobile applications or of oil and gas pipelines. As 
a result, many organizations looking to collect, process and analyze big data have turned to a 
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newer class of technologies that includes Hadoop and related tools such as MapReduce  and 
 NoSQL databases. Those technologies form the core of an open source software framework that 
supports the processing of large and diverse data sets across clustered systems. 
 

Hadoop 

Hadoop is a free, Java-based programming framework that supports the processing of 
large data sets in a distributed computing environment. It is part of the Apache project  
sponsored by the Apache Software Foundation.Hadoop makes it possible to run  applications on 
systems with thousands of nodes involving thousands of terabytes. Its distributed file system 
facilitates rapid data transfer rates among nodes and allows the system to continue operating 
uninterrupted in case of a node failure. This approach lowers the risk of catastrophic system 
failure, even if a significant number of nodes become inoperative. 
 

MapReduce 

MapReduce is a software framework that allows developers to write programs that process 
massive amounts of unstructured data in parallel across a distributed cluster of processor or 
stand-alone computers. It was developed at Google for indexing Web pages and replaced their 
original indexing algorithims and heuristics in 2004.The framework is divided into two parts: 

1. Map, a function that parcels out work to different nodes in the distributed cluster. 
2. Reduce , another function that collates the work and resolves the results into a single 

value. 
3. The MapReduce framework is fault tolarent because each node in the cluster is expected 

to report back periodically with completed work and status updates. If a node remains 
silent for longer than the expected interval, a master node makes note and re-assigns the 
work to other nodes. 

     

Application  : 
Understanding and Targeting Customers  

This is one of the biggest and most publicized areas of big data use today. Here, big data 
is used to better understand customers and their behaviours and preferences. Companies are keen 
to expand their traditional data sets with social media data, browser logs as well as text analytics 
and sensor data to get a more complete picture of their customers. The big objective, in many 
cases, is to create predictive models.  
 

Understanding and Optimizing Business Processes 
Big data is also increasingly used to optimize business process. Retailers are able to 

optimize their stock based on predictions generated from social media data, web search trends 
and weather forecasts. One particular business process that is seeing a lot of big data analytics is 
supply chain or delivery route optimization. Here, geographic positioning and radio frequency 
identification sensors are used to track goods or delivery vehicles and optimize routes by 
integrating live traffic data. 

 

Improving Science and Research 
Science and research is currently being transformed by the new possibilities big data       

brings. Take, for example, CERN, the Swiss nuclear physics lab with its Large Hadron Collider, 
the world’s largest and most  powerful particle accelerator. Experiments to  unlock the secrets of 
our universe – how it started and works - generate huge amounts of data. The CERN data center 
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has 65,000 processors to analyze its 30 petabytes of data. However, it uses the computing powers 
of thousands of computers distributed across 150 data centers worldwide to analyze the data. 
Such computing powers can be leveraged to transform so many other areas of science and 
research. 
 

Optimizing Machine and Device Performance 
Big data analytics help machines and devices become smarter and more autonomous. For 

example, big data tools are used to operate Google’s self driving car. The Toyota Prius is fitted 
with cameras, GPS as well as powerful computers and sensors to safely drive on the road 
without the intervention of human beings. Big data tools are also used to optimize  energy 
grids using data from smart meters. We can even use big data tools to optimize the performance 
of computers and data warehouses. 

 

Future Work 

        Although our infrastructure is used for real-world applications, we treat these  systems as a 
research platform and expect it to continuously evolve as the state-of-the-art advances. We have 
developed our knowledge discovery principles during the course of implementing these 
applications and standing up our own systems.  
                              

Conclusions 

The big data movement has energized the software architecture world, and it has 
introduced complex, interesting questions for the community. As organizations continue to 
collect more data at this scale, formalizing the process of big data analysis will become 
paramount. In this paper, we introduced principle that we believe can guide organizations into 
developing a sound, useful, and flexible data analysis pipeline.We have instantiated these 
principles in our own infrastructure and havefound the principle to be useful guides. 
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Abstract: 

Cloud computing as an exciting development in a educational Institute and online 

marketing perspective. Students and administrative personnel have the opportunity to quickly 

and economically access various application platforms and resources through the web pages on-

demand. Application of storage technology can significantly reduce the amount of cloud storage 

servers, thereby reducing system development costs; reduce the system caused by the server a 

single point of failure.  

Cloud storage services meet this demand by providing transparent and reliable storage 

solutions In this paper shows that the cloud computing plays an important role in the fields of 

Educational and online Marketing and it is helpful to provide the data to the Students and online 

customer respectively. The results show the beneficial of the cloud computing in Educational and 

online marketing for customers. 
\ 

Keywords: virtualization, security, cloud computing, web based storage, distributed data base. 
 

Introduction 

The nature of the Internet was constantly changing from a place used to read web pages 
to an environment that allows end-users to run software applications. The need for education is 
increasing constantly and the development and the improvement of the e-learning solutions is 
necessary. Also, the E- learning systems need to keep the pace with the technology, so the new 
direction is to use cloud computing. Cloud computing is becoming an attractive technology 
because of its dynamic scalability and effective usage of the resources; it can be utilized under 
circumstances where the availability of resources is limited.  

The need for education is increasing constantly and the development and the 
improvement of the e-learning solutions is necessary. cloudbased applications reduce 
infrastructure and IT costs, increase accessibility, enable collaboration, and allow organizations 
more flexibility in customizing their products both for their brand and for their audience.The 
benefits of cloud computing are being recognized in almost all kinds of institutions across the 
board, with 90 percent of organizations currently using some kind of cloud-based application. 
First, let us understand what exactly cloud computing is and what services it provides. 
 

Cloud Computing Challenges: 

  The reason for the success of Cloud computing lies in its easy-to-use computing model 
and the benefits it brings to the users. Cloud computing has emerged as an important solution 
offering enterprises a potentially cost effective model to ease their computing needs and 
accomplish business objectives. Some features of cloud computing are: 
 

1. Optimized Server Utilization 

As most enterprises typically underutilize their server computing resources, cloud computing 
will manage the server utilization to the optimum level. 
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2. On-Demand 

Cloud computing provides users with customized environments that are tailed to 
individual requirement. This feature is more user friendly than Grid computing where the 
application has usually to be adapted to the target architecture. 
 

3. Dynamic Scalability 

Many enterprises include a reasonably large buffer from their average computing 
requirement, just to ensure that capacity is in place to satisfy peak demand. Cloud computing 
provides an extra processing buffer as needed at a low cost and without the capital investment or 
contingency fees to users. 
 

4. Disaster Recovery 

It is a concern of enterprises about the resiliency of cloud computing, since data may be 
commingled and scattered around multiple servers and geographical areas. It may be possible 
that the data for a specific point of time cannot be identified. Unlike traditional hosting, the 
enterprise knows exactly where the location is of their data, to be rapidly retrieved in the event of 
disaster recovery. In the cloud computing model, the primary CSP may outsource capabilities to 
third parties, who may also outsource the recovery process. This will become more complex 
when the primary CSP does not ultimately hold the data. The Cloud technology is currently still 
in the development phase. As the sensitive applications and data are moved into the cloud data 
centers, run on virtual computing resources in the form of virtual machine. One of the most 
significant advantages to cloud computing is how it changes disaster recovery, making it more 
cost-effective and lowering the bar for enterprises to deploy comprehensive DR plans for their 
entire IT infrastructure. 

Cloud Computing delivers faster recovery times and multi-site availability at a fraction of 
the cost of conventional disaster recovery. With cloud computing, warm site disaster recovery 
becomes a very cost-effective option where backups of critical servers can be spun up in minutes 
on a shared or private cloud host platform. Applications and servers that are deemed less critical 
in a disaster can be tuned down with less resources, while assuring that the most critical 
applications get the resources they need to keep the business running through the disaster. 
And many more application of cloud computing work but the above applications and the 
challenges in it. 
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Educational Usage Of Cloud Computing. 

There was a time when, to use files (word processing files, spreadsheets, etc.) on different 
computers. Cloud computing is a new business model wrapped around new technologies like 
virtualization, SaaS and broadband internet. The safety, stability, and ease-of-use of cloud 
computing in education is resulting in widespread adoption in educational institutions of all sizes 
and types. loud computing entails using a network of remote servers hosted on the internet as 
opposed to a local server. This helps cut IT costs as well as simplifies content management 
processes for schools and educational systems. The results of a survey that have been completed 
in 2009 by Gartner analysts (Figure 1) about the IT trends (especially cloud computing) show 
that it is being used more in the areas of finance and business when compared to other sectors. 
  

 
 

1. Back Up 

An important function of the Cloud is that it automatically saves content, making it 
impossible to lose or delete any valuable material. This means that even if a computer crashes, 
all documents and content will remain safe, saved, and accessible in the cloud. 
 

2. Storage 

The Cloud allows its users to store almost all types of content and data including music, 
documents, eBooks, applications, photos, and much more. We share the information of 
Attendance and Assignment in our Institute of students in Google doc and share all the 
information of students on doc via using an ERP Software and utilize the cloud resources. 
 

3. Accessibility 

Any data stored in the Cloud can easily be accessed from almost any device including 
mobile devices such as phones or tablets. In our institute an URL provide to the students for 
accessing the data inside the campus or outside the campus. 
 

4. Collaboration 

The Cloud allows multiple users to work on and edit documents at the same time, it 
enables effortless sharing and transmission of ideas. It also provides the security to edit only 
those people who gain the right from admin. With this feature, group projects and or 
collaborative lesson plans can be optimized for both teachers and students. 
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5. Resource and Time Conscious 

With the availability of content online, it is no longer necessary for teachers to spend time 
and resources printing or copying lengthy documents or lesson plans. Now, students are able to 
access homework assignments, lesson notes, and other materials online like ERP Systems of 
education institute and parents also see the details of the students. Cloud can be used in 
underdeveloped or emerging countries creating a way of being able to teach children who would 
not ordinarily have access to education. Students and teachers can share their work without 
having to use paper. Using paper is costly both to the environment and in monetary terms and is 
therefore no longer a viable way to educate. 
 

Adavantages cloud computing in E-Commerce 

For describing the different aspects of an online commerce systems, digitally enabled 
commercial transactions between and among organizations and individuals. Cloud computing is 
now evolving like never before, with companies of all shapes and sizes adapting to this new 
technology. The Figure 4 shows a high-level view on an E-commerce system's architecture. If 
used properly and to the extent necessary, working with data in the cloud can vastly benefit all 
types of businesses. Industry experts believe that this trend will only continue to grow and 
develop even further in the coming few years. While cloud computing is undoubtedly beneficial 
for mid-size to large companies, it is not without its downsides, especially for smaller businesses. 
 

 
Fig:-E-commerce System 
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1. Unlimited Accessibility 

Developing a business means being constantly connected With Cloud, you can manage 
your online shop from anywhere and at any time. A browser and an Internet connection are all it 
takes to process orders, interact with customers, schedule deliveries or generate invoices. 
2. Security and Stability 

Security is one of the most important advantages of the Cloud technology. In the Cloud 
system, the data of each client is completely partitioned, so that none of the areas interferes with 
the others. The connection to the servers is secured according to the highest standards, making 
sure that you are the only one with access to your data. It's like having your own server, without 
paying considerable amounts of money. 
3. Full Scalability 

Your business grows, so will your technical requirements. Unlike open source 
ecommerce solutions, which would normally require new investments for extending the technical 
infrastructure, a Cloud ecommerce system will always be ready to efficiently sustain your new 
volume of clients, orders, traffic and continuously growing product catalog. 
4. Minimal Costs or No Costs 

Cloud solution for E-Commerce, you don’t need to worry about the initial investments. 
You don’t need to buy your own server or pay for a separate hosting service. Depending on your 
business needs, you can always increase or limit the amount of resources you use and also 
optimize your costs thanks to the scalability of the system. 
Cloud computing is probably the most cost efficient method to use, maintain and upgrade. 
Traditional desktop software costs companies a lot in terms of finance. Adding up the licensing 
fees for multiple users can prove to be very expensive for the establishment concerned. 
5. Quick Deployment 

Lastly and most importantly, cloud computing gives you the advantage of quick 
deployment. Once you opt for this method of functioning, your entire system can be fully 
functional in a matter of a few minutes. Of course, the amount of time taken here will depend on 
the exact kind of technology that you need for your business. 
 

Various Types Of Services Provided By Cloud  

A. SaaS (Anytime Anywhere apps)  

It stands for Software as a Service. It describes any cloud service where consumers are 
able to access software applications over the internet. The applications are hosted in �the cloud 
and can be used for a wide range of tasks for both individuals and organizations. Google, 
Twitter, Facebook and Flickr are all examples of SaaS, with users able to access the services via 
any internet enabled device. SaaS is beneficial to organizations in many ways like no additional 
hardware costs, no initial setup costs, usage is scalable, updates are automated, accessible from 
any location etc. This cloud service allows educational institutions to subscribe to online 
software hosted by a cloud provider. If proprietary software is used, educational institutions need 
to pay for the usage of the software. SaaS removes the need for organizations to install and run 
applications on their own computers or in their own data centers. This eliminates the expense of 
hardware acquisition, provisioning and maintenance, as well as software licensing, installation 
and support 
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B. PaaS (the operating environment in which applications run)  

It stands for Platform as a Service. It is a category of cloud computing that provides a 
platform and environment to allow developers to build applications and services over the 
internet. PaaS services are hosted in the cloud and accessed by users simply via their web 
browser (ex: Google App Engines etc.).Platform as a Service allows users to create software 
applications using tools supplied by the provider. Services are constantly updated, with existing 
features upgraded and additional features added. It supplies an operating environment for 
developing applications. Some of the benefits of PaaS are: they don’t have to invest in physical 
infrastructure, flexibility, adaptability, teams in various locations can work together, security etc. 
IT courses that require hands-on practice on a client-server structure, such as database systems or 
application development courses, PaaS is the one to use. PaaS does not typically replace a 
business' entire infrastructure. Instead, a business relies on PaaS providers for key services, such 
as Java development or application hosting. C. IaaS (the on-demand data centres) It Stands for 
Infrastructure as a Service. It provides access to computing resource in a virtualized 
environment, �the Cloud, across a public connection, usually the internet. In the case of IaaS 
the computing resource provided is specifically that of virtualized hardware, in other words, 
computing infrastructure. The definition includes such offerings as virtual server space, network 
connections, bandwidth, IP addresses and load balancers. Some benefits of IaaS are: scalability, 
no investment in hardware, utility style costing, location independence, physical security of data 
centre locations etc. Microsoft Windows Azure and Amazon Web Service (AWS) provide IaaS. 
This service can mainly be used to satisfy the infrastructure needs of the students, faculties or 
researcher globally or locally with some specific hardware configuration for a specific task. IaaS 
platforms offer highly scalable resources that can be adjusted on-demand. This makes IaaS well-
suited for workloads that are temporary, experimental or change unexpectedly 
 

Implementation Of Cloud Technology In Education System  

Cloud computing technology can provide solutions for the above mentioned problems in 
education system. Cloud computing enables users to control and access data via the Internet.The 
main users of a typical higher education cloud include students, Faculty, administrative staff, 
Examination Branch and Admission Branch as shown in Figure 1. All the main users of the 
institution are connected to the cloud .Separate login is provided for all the users for their 
respective work. Teachers can upload their class Tutorials, assignments, and tests on the cloud 
server which students will be able to access all the teaching material provided by the teachers via 
Internet using computers and other electronic devices both at home and college and 24X7. The 
education system will make it possible for teachers to identify problem areas in which students 
tend to make mistakes, by analyzing students’ study records. In doing so, it will also allow 
teachers to improve teaching materials and methods. This will not only make it possible for 
students to use online teaching materials during class but they will also be able to access these 
materials at home, using them to prepare for and review lessons. Utilization of cloud computing 
systems will reduce the cost of operation because servers and learning materials are shared with 
other colleges 
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Figure 1: Services attached to Education Cloud 

Figure 2: Users of an Education Cloud Computing System 

In the traditional deployment model, all Information Technology resources are housed 
and managed in-house. Many aspects of these services and tools may be migrated to the cloud 
and consumed directly over the Internet either as fully functional applications (SaaS), 
development platforms (PaaS) or raw computing resources (IaaS).Figure 2 shows how the 
different categories of university users may consume cloud services. 
 

Benefits Of Cloud Computing For Institutions And Students  

1. Personalized Learning: Cloud computing affords opportunities for greater student choice 
in learning. Using an Internet-connected device, students can access a wide array of 
resources and software tools that suit their learning styles and interests.  

2. Reduced Costs: Cloud-based services can help institutes reduce costs and accelerate the 
use of new technologies to meet evolving educational needs. Students can use office 
applications for free without having to purchase, install and keep these applications up to 
date on their computers. It also provides the facility of Pay per use for some applications.  

3. Accessibility: Availability of the services is the most important and desired by the user 
using the education cloud.24 X7 is the availability that is needed by this system without 
failure. From anywhere one can login and access the information. 

4. No Extra Infrastructure: Colleges and governments are now free to focus on their goals 
that is making more research facilities available to the students and making the 
environment global in spite wasting time on worrying about the buildings, labs, teachers 
etc.  

5. Go Green: Education cloud will surely reduce the carbon footprint. 6. User Friendly: This 
new facility is user friendly and no need to worry about the complexity. It is easy to 
understand and easy to operate 
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Conclusion  

Although still quite a vague term for some, cloud computing is definitely one of the 
major innovations that entered worldwide classrooms in recent years. With the ability to cut IT 
costs and at the same time create a modern collaborative 

The cloud allows us to access our work anywhere, anytime and share it with anyone. It 
frees us from needing a particular machine to access a file or an application like a word 
processor or spreadsheet program. In the present paper a cloud education system is introduced 
and how it is beneficial for students, faculty and the educational institutes for providing quality 
education 
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Abstract:  

A password is a sequence of characters used for user authentication to prove identity or 

access authorization to gain access to the resources which should be kept secret. Passwords are 

the powerful equipment’s that tend to keep all data and information digitally safe. Text based 

words are most well liked style of user authentication on websites due to its convenience and 

easiness. The easier the password is for the owner to remember usually means it would be easier 

for an attacker to guess. And also the security of system can be reduced by passwords that are 

difficult to remember. However, user’s passwords are at risk to be exploited and compromised 

underneath different threats and vulnerabilities. Security of Password is very important for user 

authentication on networking system. Passwords are prone to various types of attacks like 

password stealing attack, password reuse attack, password cracking attack, brute force attack 

etc. Passwords can be protected by various methods introduced by different researchers. To 

decrease the harm caused by phishing and other attacks, banks, governments, and other 

industries are deploying One-Time Password systems. 
 

Introduction:  
 Internet and user authentication is the most essential component within the field of 

Security. Computer users are asked to create, preserve and remind an increasing number of 
passwords for host accounts, email servers, online financial services and e-commerce sites. 
Password based user authentication can defend against dictionary attacks and brute force attacks 
if users opt for strong passwords to provide enough entropy. Most users choose easy to 
remember passwords (i.e., weak passwords) even if they know that these passwords might be 
unsafe. Another decisive problem is that users tend to reuse same passwords across a variety of 
websites. Negative influence of human factors is the basic reason behind all the above problems. 
Thus far, researchers have investigated a variety of technologies to trim down the negative 
influence of human factors in the authentication procedure. Since humans are more skillful in 
remembering graphical passwords than text passwords, many graphical password strategies were 
designed to deal with human’s password recall problem. Hence, Password management tools 
were designed. Strong passwords are automatically generated by these tools, which discourses 
password reuse and password recall problems. Here, users have to memorize a master password 
to access the password management tool. Three factor authentication is another attractive 
strategy. It is a method of computer access control in which user is granted access after 
successfully presenting several pieces of evidence to an authentication mechanism; of following 
categories: knowledge (something user know); possession (something user have), and inherence 
(something users are).For authentication procedure, the user must enter a password and input a 
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pass code generated by the token, and scan the biometric features. Two factor authentication is 
more eye-catching and convenient than three-factor authentication. Two factor authentication is a 
authentication procedure in which user has to provide two means of identification from different 
categories; first is a personal token, such as a card, and second is the memorized security code. 
Disadvantage is that users simply forget to carry the token one time password (OTP) systems 
provide a mechanism for logging on to a network or a service using a unique password which 
can be used only once, as the name suggest. This prevents some forms of identity theft by 
making sure that captured username/password cannot be used second time. Typically user logon 
name stays same, and one time password changes with each login. One time passwords are a 
form of so-called strong authentication, provides much improved protection to on-line banking 
accounts, corporate networks and other systems containing sensitive data. Strong authentication 
systems addresses the limitations of static passwords by incorporating an additional security 
credential, a one-time password (OTP) strategy, to protect network access and end users digital 
identities. This adds an extra level of security and it will be extremely challenging for an attacker 
to access unauthorized data, networks or online accounts. 
 

Working with OTP 

Methods of generating OTP:  

OTP generation algorithms make use of pseurandomness or randomness, and also hash 
functions, which can be used to obtain a value but are hard to reverse and therefore hard for an 
attacker to obtain the records used for hash. 
 

Time Synchronized:  

A time synchronized OTP is generally related to a piece of hardware called a security 
token (one time password is generated by this token).Inside the token, there is an accurate clock 
which is synchronized with the clock on the authentication server. Time based One Time 
Password Algorithm (TOTP) is an example of time synchronized OTP of standard .TOTP is an 
algorithm that calculates one time password from a shared secret key and the synchronized. 
 

Mathematical Algorithm: 

 A mathematical algorithm generates a new password based on the previous passwords 
(OTPs are efficiently a chain that must be used in predefined order).Here, new password is based 
on a challenge (a random number chosen by the authentication server or transaction details) 
and/or a counter. Each new OTP is created from past used OTP.[6] 
 

Delivering OTP and its methods: 

 Text Messaging:  

A frequent technology used for the delivery of OTPs is text messaging. Because text 
messaging is an ever-present communication channel, and is directly available in almost all 
mobile handsets and, through text-to-speech conversion, to any landline telephone or mobile 
handset, text messaging is likely to reach all customers with a low cost to implement. OTP over 
text messaging might be encrypted using an A5/x standard, which some hacking groups report 
can be effectively decrypted within minutes or seconds, or the OTP over SMS might not be 
encrypted by one's service-provider at all. The mobile phone operator becomes a part of the trust 
chain. In the case of roaming, more than one mobile phone operator has to be trusted. Using this 
data may increase a man-in-the-middle attack.[6]  
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Mobile phones:  
 Steps to get OTP on Mobile Phone a mobile phone keeps costs low as a very large 
number of people use mobile phone for various reasons other than generating OTPs. Mobile 
phones additionally support any number of tokens within one installation of the application, and 
from one device user will be authenticated to multiple resources. Model-specific applications 
according to user’s mobile phone are also available.  
 

Proprietary tokens:  
HID Display Card Token HID Display Card Tokens enable organization to apply strong 

authentication to their network, system and cloud based applications. The Display Card tokens fit 
easily into user’s wallet, and are highly portable and convenient .When needed, users simply 
click a button and Display Card Token generally generates a one-time password they can use to 
authenticate to the resource they need. RSA Secure ID Token RSA SecureID is an alternate type 
of token which is used for generating one time passwords. More advanced hardware tokens use 
smart cards that are microprocessor based to calculate one time passwords. Smart cards are used 
for strong authentication and include data storage capacity, processing power, portability and 
ease of use. They are fundamentally more secure than other OTP tokens because they store 
personal data, and do not transmit personal or private data over network.  
 

Web based methods:  
Authentication offers various web based methods for delivering one time passwords 

without the use of hardware tokens. Such techniques depend on user’s ability to recognize pre-
chosen categories from a randomly generated collection of pictures. When registering on a 
website, the user chooses several categories of pictures; such as animals, cars, celebrities and 
flowers. Whenever user would login the website they are presented with a randomly generated 
grid of picalphanumeric character overlaid on it. The user looks for pictures that fit their pre-
chosen categories and enters the associated alphanumeric characters to form one time password.  
 

Hardcopy:  
In some countries for online banking, the bank sends user a list of OTPs that are printed 

on paper. Other banks send plastic cards with actual OTPs covered by a layer that the user has to 
scratch off to disclose a numbered OTP. To carry out online transaction, the user is required to 
enter a specific OTP from that list. Some system inquire for numbered OTPs sequentially, others 
pseurandomly choose an OTP to be entered. 
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Abstract:   

IoT (Internet of Things) has transformed our lives in many ways. The concept has 

enhanced our comforts through automation.  The IoT has also opened up new opportunities for 

the agricultural sector through productive ways of monitoring agriculture process. This paper 

focused on how IoT can be used to  improve quality of agro products with minimum overheads.  

To meet growing demand of food, farmers and agricultural companies are turning to the Internet 

of Things for analytics and greater production capabilities. Internet of Things (IoT) can play big 

role in increasing productivity, obtaining huge global market, idea  recent trends of crops. 
 

Keywords: Internet of Things, Smart Farming, Productivity, Agriculture.  
 

What is IoT: 

The IoT is the internetworking of physical devices, vehicles and other objects which 
consists of an embedded system with sensors and network to collect and exchange data. It is an 
integration of physical world into computer based system which results in improved accuracy, 
efficiency and economic benefit.   
 

Importance of Agriculture  

India is agricultural country. Rapid growth in population leading to huge demand in 
agricultural edible products like grains, vegetables, fruits etc. but rapid changes in climate, 
constantly diminishing land under cultivation & depleting water sources are major reasons for 
declining productivity in agriculture sector[2]. With the help of efficient management, optimized 
use of seeds and fertilizers along with precise and continuous monitoring can improve 
productivity to compensate the losses due to above mentioned uncontrolled factors. Today, 
farmers in developing regions with a small-scale land can increase the production if they get the 
right and real-time information for taking farming decisions.  
 

What is Smart Farming? 

 The internet-enabled objects and sensors can be deployed anywhere to gather data on 
moisture level and crop health. The farmers can readily access the stored data through their 
tablets and mobile phones. They can also select between manual and automated options for 
taking necessary actions based on this data. For example, if the soil moisture level decreases, the 
farmer can deploy sensors to start the irrigation. Now, this is what we call a smart farming. 
 

How do Smart Farming solutions work?  

Smart farming solutions work through sensors. Farmers can monitor various conditions 
like soil moisture, water level, light, humidity, obstacles, and motion from anywhere by 
combining sensors, motion detectors, button camera, and wearable devices. The IoT-based smart 
farming automates the irrigation system and is highly efficient as compared to the conventional 
operations. This concept can help farmers to do farming in ultramodern way in era of manpower 



       ‘RESEARCH JOURNEY’ International E- Research Journal 
         

                             Impact Factor - (SJIF) – 6.261, (CIF ) - 3.452(2015), (GIF)–0.676�(2013) 

Special Issue 110 (C)- Computer Science 

UGC Approved Journal  

  ISSN :  

  2348-7143 

  February-2019 

   
 

 

204 
Website – www.researchjourney.net         Email - researchjourney2014gmail.com 

 
 

scarcity & very busy lifestyle.  It is easy to follow the trends in organic farming, family farming, 
group farming etc.[4] 

 
Figure 1. Role of IoT in  the agriculture sector: 

Plant and Soil Monitoring: 

The soil sensors [5], which are at uniform distances across the farmland, can alert farmer 
to any irregular conditions like high acidity or low moisture. The farmers can get an accurate soil 
data either by the dashboard or a customized mobile application. Figure 2. sensors are used to 
sense the moisture content in the soil. It works on the principal of electrical conductivity. 
Resistance of the sensor is inversely proportional to moisture content in the soil. Moisture 
content of the soil is a major factor determining plant growth. The present work Comprises of 
development of a soil moisture sensor.  

 
Figure 2. soil sensors 

Humidity sensors 

 Humidity sensors measure the relative humidity in the air. Humidity directly influences 
the water relations of plant and indirectly affects leaf growth, photo synthesis, pollination and 
finally economical yield. Leaf growth not only depends on synthetic activities resulting from 
biochemical process but also upon the physical process of cell enlargement. 
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Figure 3. Humidity sensors 

Smartphone Applications  

 Smartphone plays key role in Internet of Things (IoT) for  data aggregation and speedy 
processing to  bring up-to-date, actionable information to small farmers regarding seeding, 
weeding, fertilizing, and watering. Smartphone applications gather data from handheld sensors, 
remote sensors, and weather stations, creating in-depth analyses and valuable recommendations. 
Several applications have been developed specifically targeting the small-scale farmer 

1. Disease Detection and Diagnosis: Photos taken of suspect plants can be forwarded to 
experts for analysis. 

2. Fertilizer Calculator: Soil sensors and leaf color can determine what nutrients are needed. 
3. Soil Study: Capturing soil images, as well as pH and chemical data from sensors, allows 

farmers to monitor and adjust to changing soil conditions. 
4. Water Study: Determining Leaf Area Index from photos and brightness logging can help 

farmers determine water needs. 
5. Crop Harvest Readiness: Camera photos with UV and white lights accurately predict 

ripeness. 
 

 Advantages of IoT in Farming: 

1. The key advantages of using IoT in farming are as follows[7]:  
2. Water management can be efficiently done using IoT with no wastage of water using 

sensors.  
3. IoT helps to continuous monitor the land so that precautions can be taken at early stage.  
4. It increases productivity, reduce manual work, reduce time and makes farming more 

efficient.  
5. Crop monitoring can be easily done to observe the growth of crop .  
6. Soil management such as PH level, Moisture content etc. can be identified easily so that 

farmer can sow seeds according to soil level.  
7. Farmers can easily connect to the global market without restriction of any geographical 

area which leads  increased crop sale in global market. 
8. In person monitoring is not required which is prerequisite for  timely decision making for 

higher production & profitable farming   
 

Conclusion  

Farming is very important for India. To improve production in farming , smart farming is 
essential. Internet of Things will help to enhance smart farming. IoT works in different domains 
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of farming to improve time efficiency, water management, crop monitoring, soil management, 
control of insecticides and pesticides etc. It also helps to  minimize human efforts. IoT provides 
simple techniques of farming and helps to gain smart farming. Along with these features smart 
farming can help to grow the market for farmer with single touch and minimum efforts.  
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Abstractr

I instruments various transducers are used for measuremcnts of vaious physiological

parameters. The biomedical system cannot be designed until anl unless proper transducer is

selected for measuring pltysiological paramcters The present scenaio of transducers in

biomedical instruments is discussed in this paper. The vaious researchers had used different

methods of measurements of body temperature. Some of these methods are d.iscussed in this

paper. The researcher has designed body temperature measuring transducer using UJT time

base circuit, thermister and I,DR. The designing technique of the transducer is discussed in this

paper. The F-T characterisric of this transducer ist plotted and the performance of transducer is

compared with existing transducers used in the instruments for the purpose.

Introduction:

Biomedical instruments have been developed in various stages. Old biomedical

instruments, constructed by transducer/sensor worked on the principle of analog type (resistive,

capacitive, and inductive). The ac or dc amplifiers constructed by the Uansistors was used to

manipulate the output of the sensors/transducers. The analog meter (D'Arsonal movement),

graph plotter, indicator were used to display or record of physical signal.

Research in the electronics field has developed biomedical instruments, stage-wise. The

ac or dc amplifier has been replaced by operational amplifier, which is found suitable to detect

even weak signals from the body. The advanced display system like Cathode Ray Oscilloscope

(CRO), digital display, LED, LCD etc. have been used to display or record.

data either in form of waveform or digital display. The microprocessor, microcontroller and

personal computer provide intelligence to biomedical instruments. Advanced biomedical

instruments with their functional blocks are shown in Fig. l.
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Sensors/Transducers In Biomedical Instruments'PresentScenario;

Advanced biomedical instruments function better than old ones only when new

technology has been employed in the sensing part of biomedical instruments. This requirement

has been fulfilled by reviewing the various technologies of sensors/transducers used in

biomedical instruments for sensing physical activities of the body. various physiological

parameters have to be measured as such as body temperature, blood pressure by direct and

indirect method, blood flow, cardiac output, heart rate, phonocardiogram, impedance

cardiogram, respiration rate, tidal volume, and gases in expired air, diffusion of inspired gases

during the treatment of patient in clinics or hospitals. The researcher has attempted to develop

the biomedical instruments for body temperature measurement. Therefore, it was important to

know the various methods for body temperature measurement. The biomedical system cannot be

developed until and unless the proper sensors/transducers cannot be selected to measure the

physiological parameter in biomedical system, which has been developed by the researcher.

Methods of Measurement for Body Temperature in Biomedical Instruments;

Temperature of human body:-

Thermal behavior of biological material, paflicularly living tissue depends on passive or

intrinsic property and active response of the biological system to thermal stimuli. The intrinsic

thermal physical properties influencing heat transfer in biological malerial are the same as those

in any other material, thermal conductivity, diffusivity, and specific heat. The magnitude of these

properties tends to be quite variable not only in the body but also within the same tissue. These

properties are directly dependent upon the inherent inaccuracies in the thermal calculation of

living tissue. The physical parameters observed from tissue of human body are temperature, heat,

fat and movement. Temperature of living tissue is a measure of tendency of the body to transfer

heat from one body part to other. The average normal body temperature is in the range of 37'C

to 4l "C and it remains almost constant with $.6"C for healthy person. In normal condition, it is

generally considered to be 37'C.

Existing temperature measuring system for human body:-!.

The body temperature is measured by expansion of mercury (Hg) in a glass capillary.

Calibration and conversion was required for measurement of temperature, which is a difficult

task.

Thermocouple is a junction of two different material wires, which is formed by two or

more junctions. One junction is cold or reference junction (kept at 0'C) and otherjunction is hot

or measuring junction. Thermo electromotive force (emf) generated across wire is developed

current in the circuit. The emf generation range is in mill volt with resrjeet to temperature

Copper-constanr. A combination of thermocouples is preferred for medical application. ln this

construction, a one junction is kept at 0'C while other is kept at 37'C. An ice bath is used to

maintain constant temperature, which is a major drawback in measuring system.

The temperature dependence of resistance of cenain metals (platinum or nickel) makes it

convenient to construct temperature transducer for biomedical instruments. Most of the metal

resistance depends on temperature. Thermometer constructed from coil of the metals is used for

skin, rectal and oesophageal temperature measurement. The coefficient of receptivity of platinum

is 0.0O4 ohm/'C. Practically the measurement of resistance with respect to temperature is quite
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difficult because circuit resistance and electrochemical changes affect the resistance of metal

during measurement. The temperature coefficient is very smatl'

PP-43

4. Thermistors: -

Thermistors are the oxides of certain metals like manganese, cobalt, nickel which have

large negative temperature coefficient (NTC) of resistance. The sensitivity is about 47o change In

.ari.tur"" per degree. This device Is a better solution for the measurement of temperatufe in

medical applications. However a major disadvantage observed here is that, the resistance of

thermistor are exponentially changes with respect to temperature. [n a temperature-measuring

instrument, resistance should change linearly with respect to temperature. The thermistor is a

better solution for sensing of temperature, but its characteristic has to linearized by some

technique. The researcher has proposed the technique for linearization of characteristic of

thermistor.

Study orrime-based oscillating circuit in quick recoverv sensors^

The pulses are developed across capacitor cr, nst and Rg2- The voltage-time signals

across RBI, nnt and cr during the continued time interval, are shown in (Fig. 2) during charging

and discharging action of cE.

u.

I
i".F--'1- -

N l.)
f

N

UU
Fl& 2: nnc- brr.d o.clrl.rhg cirtlit trld itr rrylform

The pulses at the base Br is an abrupt leading edge, but the anticipated drop at the trailing
edge may not be easily apparent charging the holding cunent, which is smalr in comparison witi
the current at the moment of breakdown. The Ie2 current is smaller because the Base current rBI
is equals the emitter current. lea is nearly constant during the capacitor discharge. The linearity
of the waveform may be obtained by feedback methods.

Studies of Thermistor Characteristics:
Another type of thermal resistor (the thermistor) is made of evaporated films, carbon orcarbon compositions' or eeramic-like semiconductors formed of oxides of copper, cobart,manganese' magnesium, nickel, titanium or uranium. unlike the basic RTD device, thermistors

can be morded or compressed into a variety of clever shapes to fit a wide range of applications.
These devices have a resistance change characteristic of 4 to 6vor"c withgeneralry a negative
temperature coefficient. Special classes of thermistor, ca,ed posistors, which are made ofbarium
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titanate or strontium titanate ceramrcs'

temDerature coefficients are also found in

aop"a to a density of about l0r6/cml' The
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have a positive temperature coefficient' Positive

silicon thermistors in which the Si semiconductor is

resistance vs. temperature characteristic of thermister

is non linear in certain part of its range'

Studies of Light Dependent Resistor (LDR) Characteristics:

OptoeLctronic devices generate electric current when they are subjected by light energy'

Theoptoelectronicdevicesincludephotoconductivedevice'photodiodes'phototransistors'LEDS

and injection laser diodes etc. These devices operate when they are subjected to optical

inadiation.Thesemiconductormaterialsuchassiliconandgermaniumcannotbeusedto

construct a photoconductive cell. The most commonly used compounds are cadmium sulphide

(CdS), cadmium selenide and cadmium telluride' CdS is mostly used photoconductive material'

Photoconductive cell is bulk device rather than junction device and it does not have any

semiconductor junction. photoconductor is commercially known as light dependent resistor

(LDR).ThephotoconductivematerialCdSisdepositedonacylindricalceramicbaseinazigzag

fashion. This construction adopted to increase the area of the CdS so that its resistance value can

be controlled with light exposed on the surface. Metal contacts are formed at the end points of

the zigzag stnrcture from, which extemal leads are taken out' L-R characteristics of

photoconductive cell show exponential decay in the resistance with respect to light intensity

(light flux in lumens).

PP.43

Design Techniques Of Quick Recovery Temperature Transducers

Time based oscillating circuit; thermister, LED' and LDR may be used in designing

the quick recovery temperature sensors' In the present study QRTS is designed by time based

oscillating circuit and temperature sensing components as thermister' The thermister has been

selected in a probe shape to measure surface temperature of the body easily' In time base

oscillating circuit, the emitter resistance RE is replaced by thermister resistance RT' Before

replacinglmitter resistance by thermister resistance, it has been observed that output of sweep

,ign* Jf *r" time base oscillating circuit depends on RE' The capacitor Cehas been chosen with

fixedvaluetoproduceconstantfrequencyofsweepsignal.TheresistorREhasbeenchosentoget

the frequency of output signal in the frequency range of 20OHz to 300 Hz It has been observed

that the R-T (resistance-temperature) curve of thermister is mostly nonlinear in the range of

medical temperature measurements. The graphs have been plotted between temperature sensed

bythermisterandthefrequencyofoutputsweepsignal.F.TcharacteristicsofQRTSareshown

inngure.3.Thischaracteristicha.be"nplottedwithrise(24to48degreecentigrade)anddecay

(48 to Z4degree centigradel of temperatures' Accuracy has been achieved in the measurement of

i".p"*,ur" *i,t ,ise and decay of Lmperature and by repeating the experiment for four times'
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Analysis & Results:

The QRTS transducer is designed by researcher for body temperature measurements by

producing frequency output in the range of 200 Hz to 800 Hz which changes linearly with

i"rp"", ,o change in temperature. The frequency output of QRTS is easily digitalized as

compared to existing senor output.

The variation of output sweep signal frequency is linear in the body temperature range

and QRTS is most useful for body temperature measurements in comparison to existing sensors

studied by researcher'

Thesensitivityismeasuredabout12Hzperdegreecentigrade'Thesensitivityisvery

good as compared to existing sensors studied by researcher'

QRTSiSconstructedbysemiconductorcomponents.Itcouldbefabricatedasacompact
senso. by integrated technology. The smart sensor technique is popular now a day in designing

ofsensors/transducerstomeasrrrephysiologicalparametersinbiomedicalinstruments.QRTS

could also constructed by SST for embedded biomedical instruments to measure body

temperature.

QRTS is low cost, simple in construction and easy to operate with low power'
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Researcher has found the response of QRTS is similar when compared with existing

sensors used in body temperature measurements.
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Abstract-
The leading cause of death in the world is the heart attack. Therefore it is very importdnt

to know lhe facls about heart. ECG is the collection of electrical signal acquired from the heart

of human body. But lhese signals ore affecled due to noise and artifacts. The noise included

inherent noise in Electronic equipmenls, ambient noise, molion artifacts, power line interference,

base line drift, electrosurgical noise and inherent instability of signal. By using conventional

methods, it is very dfficult to reduce the noise from biomedicol signal. Therefore dffirent
methodologies are used to remove noise and arlifacts. This paper describes lhe AI filters which

are used lo reduce noise from ECG signals.

Keywords- Adaptive filter, Ainn, Ecg, Lms, Nlms, Nslms

Introduction:

ECG is an instrument which is used to observe and analyze the electrical activity ofheart.

This signal is normally a function of time and is described in terms of its amplitude, frequency,

and phase. The analysis of ECG signal is very important for researchers as well as medical

practitioners for careful and proper treatment of the patient. If the signals are not properly

diagnosed and analyzed, it will lead to wrong diagnosis and can be dangerous for human beings.

While recording of ECG signal, the original signal is corrupted due to noise. The noise

included inherent noise in Electronic equipments, ambient noise, motion artifacts, power line

interference, base line drift, electrosurgical noise and inherent instability of signal and this

reduces the performance of desired signal. Therefore for the proper treatment of a patient, it

should be removed from the desired signal. Using an amplifier with high gain, high input

impedance and differential input with good common mode rejection and various filter circuits

could reduce the noise from ECC signal. But conventional methods are not sufficient to reduce

noise from ECG signal. Therefore intelligent solutions are required.

Most recent years, various mathematical techniques and Artificial Intelligence

approaches are being used for noise reduction. Literature reviews shows that mathematical

models such as Wavelet Transform, Time Frequency Approaches, Fourier Transforms, Wegner-

Villie Distribution, Statistical Measures and Higher Order Statistics are used in nonlinear system

identification. Artificial Intelligence (AI) includes artificial neural network, dynamic recurrent

neural network, Fuzzy logic system and genetic algorithm are used.

The researchers are especially interested to design the techniques which provide noiseless

biomedical signals. R. Sehamby and Buta Singh (2016) [l] have designed the adaptive
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electrocardiogram filter to reduce noise caused by extemal systems & body artifacts. R. J.

George (2015) [9] reveals in his study that the pipelined DLMS adaptive FIR filter is faster than

non-pipelined LMS adaptive FIR filter. H. K. Gupta, R. Vijay and N. Cupta (2013) [5] have

observed that the accuracy has been increased by increasing filter order as well as with increased

in step size, convergence rate took place fast. B. Chandrakar, O. P. Yadav and V. K. Chandra

(2013) t8l have studied Finite Impulse Response (FIR) filter based on various windows and

Infinite Impulse Response (IIR) filters for noise removal of ECG signal. The researcher D. C.

Dhubkarya and A. Katara [0] have studied the comparison of MATLAB Simulation and DSP

Processor implementation of an adaptive filter on Least Mean Squared (LMS) and Normalized

Least Mean Squared (NLMS) Algorithms. They suggested NLMS algorithm is superior in

hardware implementation.

Software Specification Requirement And Implementation Details;

In real time situations, the accuracy of the measurement is required. As we know that

ECG signal is error prone due to complicated situations. Al can be used to obtain reasonably

good accuracy and intelligently reduce the noise. ln this section, we have simulated the

MATLAB codes for the data conversion, adaptive filter algorithm, artificial intelligent training

and its testing.

Database collection:

To design AINN Model, a sufliciently large amount of data is required for training and

testing. We have collected standard data bases for biomedical signal from the following

websites.

https ://physionet.org

http ://www.emglab.net

https://drive.google.com/fi leld/0B3Na\rR72 FYQcaHAybX VCZ0ViVVk/view.

We have used 500 samples for the training and testing of Adaptive filters and AINN based

filters.

Software specifi cation :

matlab (matrix laboratory), 2014b is used for simulation. it is a numerical

computing environment and fourth-generation programming language developed by math-works.

matlab allows matrix manipulations, plotting of functions and data, implementation

of algorithms, creation ofuser interfaces, and interfacing with programs written in other

languages, including c, c++, java, and fortran.

implementation details:

the gui is constructed by using matlab codes. other set of codes have been used to run the

various algorithms for noise removal in matlab simulator.

the main gui contains four parts-

1] file input and its conversion

2l adaptive filter algorithm and its input parameter section

3] output parameters section

4l artificial intelligent noise removal section.

file input and its conversions

Most of the data bases are available in .dat or.xls format. To read this in Matlab, we have

designed a code which will convert and save the 'dat file or.xls file in .mat file format'
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Figure l: Block diagram ofconversion of .dat and .xls files into .m files.

Adaptive lilter section and its Input parameter section:

There are numerous Adaptive filter algorithms [22], out of which 3 algorithms were used.

These are

1l Adaptive Least Mean Square (LMS) Algorithm:

Ifw (n) is the filter coeflicient vector at step n (time), then its' updated value w (n +l) is given

by

w (n + 1) = w (n) + 2 P e(n) x(n)

Where, Filter output y(n) = wr(n) x (n)

Enore(n)=d(n)-x(n)
Filter taps at time n, w(n) = [w6(n) w|(n)........... w1,a-1(n)] and

Input data, x (n) = [x(n) x(n-l )

2l Adaptive Normalized LMS Algorithm:

The updated value w (n + I ) is given by

1

x (h) x (n)

with 
1

2 xr7n1 xlnS

3l Adaptive Normalized Sign LMS Algorithm:

The updated value w (n +l) is given by

Sign (e(n) x(n))

w(n+1)=w(n)+2P

lln ll'

Output parameter section:

The performance of ANN is assessed on the basis of performance parameters Signal to

Noise Ratio (SNR_out).

The output sNR (SNR_out), is calculated from the power of input signal x (n) and noise signal e

(n) and is given by,

Signal Power

SNR_out = l0 Log,o

Noise Power

Or SNR_out= P.isra/Pnoise

Where the power is expressed in decibel.

Save file
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Artificial intelligent noise removal algorithm:

We have designed an artificial intelligent model for removal ofnoise from ECG signal by

using Matlab coding. The fig. 2 shows the block diagram of proposed artificial intelligent neural

network model.

x(n) d(n) = x(n) + tnl (n) e(n)=d(n)-t^nl(n)

x (n) - x(n) + tn l(n) - t nl(n)

tn I (n)

t n l(n)

Figure 2: Block diagram of proposed AINN Model

For the design of model, we used layer recurrent neural network (Figure 3). The values of

parameters selected to design ofLRN are given below.

a) Number ofneurons: 15

b) Training method: Layer recurrent neural networks

c) Epoch number: 30

Hl!.n
Odr!t

hpur{rl

I I

I

Figure 3: Layer recurrent neural network

Simulation Results

The major objective of this study was to investigate a noise removal filters. For this,

simulations are carried out on ECG signals. The results are obtained on output parameter section

of Matlab based GUI for removal of noise from biomedical signal. The Table 1 shows the signal

to noise ratio of adaptive Filter using algorithms LMS, NLMS and NSLMS, for various step

sizes on ECG signal I .

Table 1: SNR-out Vs Step size for adaptive filter using various algorithms

No. of taps= 2 and SNR_in: 0

Step

Size

SNR out

LMS NLMS NSLMS

le-7 -0.19906 26.7339 26.7339

le-8 0.2 r 109 26.7339 26.7339

I e-9 1.23573 26.7339 26.7339

le-10 10.2783 26.7339 26.7339

Ie-l I 24.52ss 26.7339 26.7339

le-12 26.7039 26.7339 26.7339

Bio signal

tn2(n)
A. I. Model

Noise

signal

JJ
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le- 13 26.7336 26.7339 26.7339

I e- 14 26.7339 26.7339 26.7339

Ie-15 26.7339 26.7339 26.7339

Table I shows that Normalized LMS and Normalized Sign LMS algorithm performed better

at a small step size also. But overall, all algorithms have good performance on step size le-I0,

which governs the rate ofconvergence, speed oftracking ability.

For this study, the AINN based filters are examined on various ECG Signals' The

SNR_out of AINN based filters are compared with the adaptive filters for the selected

parameters; No. of Taps: 02, SNR-in= 0 and Step size: le-10. The Table 2 shows the

comparison ofSNR-out ofAdaptive and AINN based filters.

Table 2 (i) and (ii): comparison of SNR_out of Adaptive and AINN based filters for various

ECG Signals.(i)

Algorithm ANN based Filter

SNR out

LMS 36.7437 t0.2783

NLMS 36.7437 26.7339

NSLMS 36.7567

(ii)

AI

gorithm

AINN based Filter

SNR out

Adaptive

Filter

SNR out

ECG Signal 2

LMS 27.0429 10.2783

NLMS 27.0429 26.7339

NSLMS 27.0424 26.7339

From the Table 2, it is inferred that SNR-out for all selected algorithms show excellent

ISSN:

2348-7143
February-2 019A\\

'\flB'
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3,1
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Adaptive

Filter

SNR_out

ECG Signal I

26.7339

signal to noise ratio as compared to Adaptive filters. Thus all algorithms are excellently filtered

out noise signal from ECG signals.

Discussion:

The typical amplitude of ECG signal is obtained in mV. Thus the signals are easily

affected by various noise sources resulting degradation of the signal. The researchers are doing

hard work in designing filters for noise removal. we are designed AINN based filtering

algorithms. This has only two processes- training and testing. Training process based on subset

out"or", of adaptive fittering algorithm in initial stages, which may not require in later time

even on change of source input as well, called trained filter / smart filter. Such intelligent filters

give the freedom ofselection of signal with different SNR values; also not bother about number

of parameter settings which lead one more step towards the auto filter concept'

We have used different ECG signals for the simulation. The simulation results are carried

out by measuring the performance parameters SNR-out and these results are summarized in

Website - u'ww.researchiournev.net
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tabular form in the Tables I and 2. The comparison of these two filters reveals that the AINN

based algorithms give better results than the adaptive filter algorithms.

Conclusion:

Artificial lntelligent Neural Network filters are designed to reduce the noise from the

ECG signals. The implementations of ECG signals on various adaptive algorithms (LMS,

NLMS, NSLMS, SLMS and SSLMS) are successfully performed. The result shows that the

AINN gives better results than the adaptive filter algorithms. Thus AINN is an excellent system

to filter out the noise signal from the ECG signal.
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the curriculum in the context of lndian universities. The demand for intemational curriculum
is growing day by day. To cater these needs institutions of higher education have started to
take initiatives in this direction. Besides, traditional providers of higher education and new
knowledge providers from corporate houses have started developing innovative curriculum
modules for delivery to hone the urgenfly required skills among the learners as per the
demand of the global market. Our courses designed in the past used to be centrally focused
on imparting information and upgrading the depth of knowledge, lacking in honing various
skills of the learners. But in the changed circumstances it has been observed lhat the
curriculum designed today in the similar fashion that of the past has lost its relevance,
practicability and applicability. We are shaping human resources on large scale but have
forgotten the qualitative requirement of the global society. We have to think and rethink
again and again as to why our degrees have not been proving self-sufflcient to quench the
quality requirement of the society at large.

'L lntroduction

lnternationalization of lhe curriculum is a broad term. lt
involves plethora of activities such as study abroad programs

(short and long term), foreign language courses,
interdisciplinary or area programs, or lhe provision of programs

or courses with an international, intercultural, or comparative
focus. But, in the present work, an inlernationalized curriculum
will refer to course content, teaching and learning approaches
with higher emphasis on an intercultural and
international association. Thus, the attention is given on the
subject matter of the curriculum and the educational institutions
of teaching and learning approaches that will encourage

the involvement of international students.

2. lmportance of lnternationalization of the curriculum

It is believed lhat curriculum is generally reflective of the
values, attitudes, and beliefs of a particular culture and an
institution. ln Western countries, the emphasis of education is
on a didactic lecture format involving group discussions,
tutorials and seminars that edify discussion, critical thinking,
and active learning. This approach many a times leads to
alienation of international students who are familiar to different
styles of teaching and learning. Hence, internationalization of
the curriculum is an essential component to develop an
academic environment that supports the diverse cultural
learning requirements of international students and valuing
their contribution.

lnlernationalization of the curriculum is an effective lool for
creation of optimal learning environment as it concurs with
diverse cultures, perspectives and experiences of students.
Hence, many researchers have outlined the importance of
internationalization of the curriculum and associated teaching
and learning processes as vital elements of internationalization.

Curriculum is considered as the backbone of the
inlernationalization process. Other researchers have agreed on
the importance of an internationalized curriculum in providing a

better studenl-centered learning experience for all students and
in preparing students to be successful in today,s progressively

interdependent global society. lt opens new avenues and
opportunities for securing a better job in multinational
companies and institutions of high repute on a better and larger
level.

3. Challenges associated with lnternationalization of
curriculum

The internationalization of the curriculum is an unending,
multidimensional process that involves the cooperation and
support of faculty members, students, academic departments
and the institutional administration. lt needs visionary
leadership, dedication and commilment to the process, high
intercultural sensitivity, full financial support, willingness.
personal interesl, open lines of communication, and
interdisciplinary cooperation. A lack of these necessities either
individually or in harmony can result in a number of challenges
to internationalizing the curriculum including the following:

. ln lndia, senior administrators from UGC and state
governments and members of different bodies of a
university try to use'one size fits all, method. This
results in homogeneity of curriculum, thereby,
diminishing internationalizing the curriculum.

. Faculty, who are the important to curricular reform
essential to become engaged in the
internationalizalion process,

. Senior administrators who traditionally make decisions
regarding the curricular reform process often don,t
have the required interdisciplinary, intercultural, and
pedagogical competencies required to engage in this
process.

. Faculty often neglects to draw upon the experiences
of international students and domestic students v,/ho

have international or intercultural experiences as
potential resources for internationalizing their curricula
and pedagogical practices.

592 lPag e
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Support for the curricular reform process must be
recognized within written policy statements and
strategic plans of the university and colleges and must
be effectuated at the departmental and institutional
levels.

The lack of a continuous curricular review and
assessment process at the majority of lndian
universities is a major barrier to the curricular reform
process

lnsufficient funding and resources to support the
internationalization of the curriculum can also be

Serious.

Faculty must believe that the academic and
humanistic rationales for internationalizing the
curriculum will enrich the learning environment for the
benefit of everyone on campus rather than simply
being an avenue of revenue generation which
will increase the institution's potential of recruitjng
international fee-paying students

lnstitutions that neglect to consider faculty's
international experience and competence in their
recruitment and hiring processes and fail to introduce

reward and promotion strategies for faculty based on

their involvement in international activities such as
internationalizing the curricula impede the curricular
reform process

Lack of funding to support faculty development and to
aid faculty in increasing their levels of international

awareness and expertise through international
research, study, and teaching activities can also
negatively impact on the process of internationalizing

of the curriculum.

Lack of personal knowledge, skills, or interest in
internationalization, and a lack of intercultural

knowledge and sensilivity are other reasons for the
lack of faculty involvemenl in international curricular
reform initiatives.

Ethnocentricity, a disbelief that knowledge is socially

constructed, a belief that their discipline is already

international, and a neglect to engage in self-reflection

regarding the impact of their personal cultural beliefs
on lheir choice of course content and pedagogical

practices are all issues in faculty reluctance to engage
in curricular internationalization and reform.

Faculty may be reluctant to internationalize the
curriculum at the expense of the basic knowledge

required within the discipline and may question

whether they should be creating a distinction between
the international and traditional content within their
courses or integrating the two.

Student diversity is a crucial factor. It is essential to
know that international students cannot be considered

a homogeneous group. Their personal and cultural

background, level of adjustment and ability to face
problems vary significantly in a foreign educational

environment. Students from families and cultures that
differ widely from that of the host environment may

have lhe greatest difficulty adjusting to the new

culture.

Linguistic and communication difficulties present one
of the extreme academic challenges for international
students whose first language differs from that of the
host country.

Pedagogical styles and expectations for learning
approaches that differ from those to which the
international students are accustomed in their own
cultures may also be a source of dif{iculty

4. Approaches to Internationalizing the Curriculum

The internationalization of lhe curiculum requires an
ongoing, collaborative, interdisciplinary approach combining
the support, knowledge, efforts, and skills of inter-culturally
sensitive and internalionally experienced faculty, students, and
administrators. Such a curricular reform process must be
institution-wide in order to best meet the needs of all students
in all departments and faculties. The three approaches to
internationalizing the curriculum are:

/ The add-on approach: lt is the simplest and widely
used strategy in many universities. lt is highly useful
for haditional courses. The add-on approach is the
earliest used approach to intemationalizing the
curiculum and is characterized by adding
international or intercultural content or themes to
existing curricula and courses wilhout modirying the
original structure or pedagogical approaches.

/ The transformation approach: The transformation

approach is probably lhe most difficult to adopt and
the least utilized approach to modify the curriculum.
This approach, which is based upon the tenets of
critical pedagogy, "encourages new ways of thinking,
incorporates new methodologies, so that different
epistemological questions are raised, old assumptions
are quested, subjective data sources are considered,
and prior theories either revised or invalidated".

5. Practical Suggestions for lnternationalizing the

Curriculum

An internationalized curriculum stresses to move from the
traditional lecture and discussion style of teaching lo a more
inclusive, student-centered, interactive, and centered at
teacher as well as learner experiential learning environment.
Such a learning environment should encourage diverse
learning styles.

RRIJM 2015. All Riqhts Reserved 593 i Page

/ The infusion approach: The infusion approach to
inlernationalizing the curriculum is the one most
normally employed in westem countries today. Within
this approach, the curriculum is infused with content
that enhances students' cross-cultural understanding
and knowledge of diverse cultures. The infusion
approach focuses on the interdisciplinary nature of the
internationalization of the curriculum and exposes
students in all fields of study to international and
mullicultural perspectives.
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6. Examples of Potential Learner-Centered lnstructional

Strategies

o Peer learning

. Small and large group discussions and projects that
incorporate diverse groups of students and examine
particular issues from various cultural perspectives

. Reaction papers and reflective writing assignmenls
focusing on intercultural issues

. Analyses of international case sludies

. Problem solving exercises focusing on intemational or
intercultural contexts

. The use of multimedia and technology within the
classroom

. The incorporation of intemational students and
international guest speakers in the class

7. Suggestions for Faculty Members

. Faculty should explicifly ou ine the academic
expectations and teaching and learning style
requirements of the new educational environment

. Faculty should guide and support students in

understanding their reasons and goals for utilizing
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particular teaching strategies wilhin the classroom
environment

Faculty members must provide sufficient time to
enable inlernational students to modify and add to
their existing repertoire of leaming styles to more
successfully engage in their new learning
environment.

Faculty should incorporate wherever possible sources
representing local, national, and international
perspectives.

Knowledge should be examined not from the
perspeclive of a single discipline, but from
multidisciplinary mntexts.

lnternationalized course contenl should be carefully
chosen to ensure it accurately reflects different
countries and cultures and should encourage students
to critically reflect on their own socially determined
cultural idenlity.

Faculty should employ a diverse range of assessment
strategies to better meet the learning needs
of international students.
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Introduction

201s)

IIis Struggle for women's rights

Dr'B.R.Ambedkar,sperceptiononWomen'sproblememphasizedonwotnen.srightto

education,righttoproperty,involvementinthepoliticalprocess,genderequality'Hebelievedin

the strength of women and their role in the plocess of social reform and plogless of the society

- ENGLISH / Peer Reviewed Refereed antl UGC Listed Journal No 40776

L

Dr. PradnYa S. Yenkar

,,Imeasuretheprogressofacommunitybythedegreeofprogresswhichwomenhave

-achieved. " - Dr. B.R. Ambedkar

Dr.B.R'Ambedkarplayedmanyrolessuchasanotedscholar,teacher,lawyer,

-parliamentarian, administrator, joumalist, political leader, and economist and so on' Dr' B'R'

-Ambedkar acquired deep knowledge in every field of human activity to become a founder ofhis

-own independent ideology. Dr. B.R. Ambedkar was a saviour of the suppressed classes' the chief

-architect of Indian constitution a profound scholar, overall a multifaceted personality' and

-intellectual revolutionary leader of the downtrodden and underprivileged section of Indian

-society. He worked tirelessly throughout his life to challenge the legitimacy of orthodox Hindu

-social order that upheld unequal gender relations'

Dr.Ambedkarstartedhismovementsinlg20.HeraisedhisvoiceagainsttheHindu

-socialorderandsocialsystemthroughrenownedjoumalMookNayakinlg2OandBahishkrit

*Bharatin|g\T.Thecontentofallissuesusedtobeongenderequality,womeneducationand

-exposedtheproblemsrelatedtowomenandotherdepressedclass'Hestronglyadvocatesfor

-familyplanningmeasuresforwomenandequalopportunityandequalsharewiththeirmale

_ counterpart in Indian Society in Bombay Legislative Assembly. Dr. Babasaheb Ambedkar fought

_ for woman,s economic liberation and for securing woman's social rights. He stressed the need to

_ safeguard the dignity and to respect the modesty of the women. He studied extensively the Hindu

Shastras and Smritis to find out the root cause of degraded status of women in India' (Godbole

22
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which can be achieved by accelcratiug male educations persuaded side b

educatioll. 'ro strcngthcn his rnovement and to raise the voice for liberarrur, --
promoting the need for womeu's education he starled his owned newspaper Mool<Nayak and

Bahishkrit Bharat. His emphasis was to upgrade the social status and to motivate women to

participate in social telottn ntovetnents against social evils. Dr Babasaheb was a grcat believcr o1'

women's organization.

ln 1927 after getting notninated as a member of Bombay Legislative Council Dr.

Babasaheb urged the need to recognizc the dignity of women and supported maternity benefii

bill for women labourers. His staud and argument was that it was in the interest of the nation thai
the nrother ought to get certain amount of rest during the pre-natal period. In January lgzg, ;
women's association was founded in Bombay with Ramabai, Dr. Ambedkar's wife, as its^

president. In the Kalaram Tempte Entry Satyagraha at Nasik in 1930, five hundred women

participated and many of thern were arrested along with men and ill treated in jails. The^

encouragement of Dr. Arnbedkar to empowff women to speak boldly was seell when Radhabai^

Vadale addressed a press conferencc in 193I. She said "It is better to die a hurrdred times than^

live a life fuIl of humiliation. We will sacrifice our lives but we rvill win our rights." The credit^

for this self-respect and finn determination of wornen goes to Arnbedkar. Dr Ambedkar believe{^

in the strength of womeu and their role in thc process of social reform. ll'tre historic Mahad^

Satyagraha witnessed participation of tlree hundred worren along with their male counterparts.^

Addressing another mecting of about 3000 wornen, he said, "I measure the progress of^
community by the degree of progrcss which womeu had achicvetl. Let every girl who marries^

stand by her husband, claim to be iter husband's fricnd and equal, and refuse to be his slave. I am^

sure ifyou follow this advice, you rvill bring honoul and glory to yourselves." ( IvI.R. Singariya ^
2)

The Hindu Code BilI and Womeu Rights

The Hindu Code Bill was the most debated legislative lneasure of modem India. This bill^
was to put an end to a variety of mamiage systcms prcvailing in India and legalise only^
rnonogafllous marriages. The code also sought to confer on women the right of property a[d^
adoption which had been denied by h'aditional laws. f'l s bill was put men and women on an^
equal level in all legal matters. Dr. Ambedkar said, "I should like draw attention of the house to 

^
one important fact. Thc grcat political philosopher Burke who wrote his great book against the
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said that those who want to conserye must be ready to repair' And all I am

du Code

qrench Revolution

asking this House is: If You want to maintain the Hindu system' Hindu culture and Hindu society'

o not hesitate to rePair where repair is necessary. This Bill asks for nothing more than to repatr

d

those Parts of the Hindu system which have become dilapidated'" (Ambedkar and Social Justice

I 19) Unfortunately his dream bill could not pass in the parliament hence he offered resigaation'

The Indian Parliament had seen equally stormy scenes on the issue of women's rights'

-when on February 5, 1951, Dr' Ambedkar' India's first Law Minister, moved the Hindu Code

-Bill in the Constituent Assembly' The process of reform and codi{ication had been opposed

-strongly by the self-proclaimed defenders of Hindu culture and tradition including the

-predecessors of the present rulers organised then in the Hindu Mahasabha. After months of

-prevarication, Nehru withdrew the Bill. Ambedkar disgusted with Government caPitulation

-handed in his resignation letter on September 27 , 1951 in which he wrote "For a long time I had

-been thinking of resigning mY seat from Cabinet. The only thing that held me back from grvtng

- effect to mY intention was the hope that it would be possible to give effect to the Hin

- Bill before the life of the present Parliament came to an end' I even agreed to break up the Bill

- and restricted it to Marriage and Divorce in the fond hope that at least much of this labour may

- bear fruit. But even that Part of theBillhasbeenkilled.Iseenopurposeincontinuingtobea

- member of your Cabinet'" (Brinda Karat)

The Hindu code Bill was later split in to four Bills, and the same were put on the statue

- Book by Parliament' The Hindu Marriage Act' 1955; The Hindu Succession Act' 1956; The

-HinduMinorityandGuardianshipAct,lg56andTheHinduAdoptionandMaintenanceAct,

-1956arethefourenactmentswhichincorporatetheideasandprinciplesofHinduCodeBill

-fonnulatedbyDrAmbedkar.Theygiveindependentstatustowomenandendowthemwiththe
rightofaaloption,successionandproperty'socompletelydeniedbyManu'Therefore'itistruism

- 
," .", *", n r. uo" to Dr. Ambedkar that a large part of the Hindu sociat law is now on par with

the legal system prevailing in advanced westem countries (Ahir 1990)'

Constitutional Provisions

In Indian constitution, there are few articles exist that help the women of Indian society

to improve their position and to compete with their male counterparts' For example:

o Article14 - All are equal in the eyes of law and equally protected by the law' It means

equal rights and opportunities in political' economic and social spheres'
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r Article 15 prohibits discrimiuation on the ground of sex.

r Article 15(3) enables positive discrimination in favour of women.

r Article 16 mentions there shall be equality of opportunity for all citizens in matters^

relating to employment or appointment to any office without any discrimination on the^

basis ofreligion, caste, creed and sex.

e Article 24 prohibits the errployment of children below the age of 14 years in tartories]

mines or in any other hazardous employnent.

o Article 39 and 39(d) state Equal means oflivclihood and equal pay for equal work.

o As per article 4l the state shall guarantee rvithin its economic limits to all the citircns,^

the right to work, to education and public assistance in certain cases.

o Atticle 42 the state makes provision for Human conditions of work and matemity relicf.^

r Under arlicle 44, the statc provides a unifonn Civil Code to all the citizens ttu.oughmrt

the territory of India.

o Article 46 - The state to promote rvith spccial care, the educational and economic

interests of weaker section of people ard to protect them from social irrjustice and all

forms of exploitation.

o Article 47 -The state to raise the level of uutrition and standard of living of its peolle

and the improvement of public health and so on.

r Article 51 (A) (c) - Fuudamental duties to renounce practices, rlerogatory to tlrc
dignity of women.

o Article 243D (3), 243T' (3) & 243R (4) provides for allocation of seats in ifo;^
Panchayati Raj System.

Ambedkar not only ascertaiu constitutional guarantees to women but also introduced and^
got passed four Acts which strengthcned the position of women in the society. (Milintl Ubale 2) ^
Dr,Ambedkar and The Hindu Succession Ac! 1956

This Act contains the following provisions for women:

1. A widow has a right to adopt a sotl or a daughter which was not there iu the Hindu^
Law.

2. It also provided an opportunity to be indepcldent and dispose ofher property by will as ^
she wishes and desires (Sec. l4).
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AuniformschemeofsuccessiontothepropertyofaHindufemale,whodies,intestate

after commencement of the Act, was made in Section 15' (Milind Ubale 3)

tonclusion

Heistruecelebratedchampionoftheunderprivileged.Dr'Babasahebspenthislifefor

-the betterment of women even involved in bad practices and professionals like prostitutions'

'Ambedkar created awareness among poof, illiterate women and inspired them to fight against the

-unjust and social practices like child marriages and devdasi system. Dr' Ambedkar tried an

-adequate inclusion of women,s right in the political vocabulary and constitution of India' He

-insisted on Hindu.code bill suggesting the basic improvements and amendments in assembly' He

-also insisted and evoked all the parliamentary members to help to pass the bill in parliament'

-Thushisdeepconcemandfeelingsforallrounddevelopmentofwomenisexpressedfromhis

-each 
sentence and word.
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Abstracts: 
,

This paper gives a basic concept about lorcwledge management and resource sharing by

using the ICT. Knowledge management provides right information to right users by using ICT.

Information creates by human mind and for sharing the information need proper process or

planning to convert information into lcnowledge.

Key word: Knowledge management, Resource Sharing, Information Communication

Technology

Introduction:

In the present information and knowledge era, knowledge has become a key resource. In

these days modern academic libraries are very attractive than traditional libraries. The traditional

library is in agreement with the industrialized society and the modern library with, what we

originally call the information and media society. The conventional function of academic

libraries is to collect, process, disseminate, store and utilize information to provide service to the

academic community. Knowledge Management (I(M) is a concept that emerged explosively in

the business community over the last few years. It is'f?elatively recent phenomenon and as a key

component of the strategic planning process which developed in the mid-1990s. Day by day all

types of libraries are undergoing to drastic changes, they are becoming as a knowledge resource

center. Today for teaching, learning and research, it is expected to provide standard information

resources. Today, academic libraries are struggling to keep their place as the major source of

investigation in the face of rising digital technology. The new role of academic libraries in the

21st century needs to be as a learning and knowledge center for their users. In the present age of

information and communication technology (ICT) information, communication technology and

knowledge have become essential ingredients due to multi-dimensional use and application in

the society. They have also been playing an important role to change and improve the current

society for future vision. Knowledge Management is an emerging field and complex process,

which deals with creations, acquisitions, storage, packaging and application of knowledge. It is

the systematic, explicit and deliberate building renewal and application of knowledge related

effectiveness and returns from its knowledge assets. Library & Information Science professional

have realized the importance of knowledge management.

Types of Knowledge:

In 1991 Ikujiro Nonaka raised the conception of "tacit" .knowledge and "explicit"

knowledge as well as the theory of "spiral of knowledge". Knowledge is a product of human

experience and it can be deflned as the management of creating, sustaining, applying, and

renewing knowledge resources of an organization including its relationship with seeker and

service provider. Knowledge can be broadly divided into two types:

Website - www.researchj oumev.net E mail - researchj ourney20 I 4 gmail. com
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Tacit Knowledge: Tacit knowledge remains in the minds of people. The acquisition of tacit

knowledge is usually improved through a process of trial and error during practical experience.

Explicit Knowledge: Explicit knowledge easy to communicate to others and it is the knowledge

of unity.

Research Objectives: "

The main objectives of this research paper are

*To identifiz knowledge base of captured tacit and explicit knowledge of staff and students/

Institute .

*To study the application of ICT and web technology for creating knowledge

*To identi$z and analyze the development of knowledge management processes.

Information Management:

Information management tries to make the right information available to the right person

at the right time though a variety of database driven information applications. Before we discuss

about knowledge management it is essential to clear the concept of information management.

According to Wikipedia, Information

Knowledge Management (KM):

Knowledge Management (KM) means management of knowledge. KM deals with

creating, securing, capfuring coordinating, and combining, retrieving and disseminating

knowledge. Knowledge management is essentially about getting the right knowledge to the right

person at the right time. Knowledge management (KM) is the process of capturing, developing,

sharing, and effectively using organizational krowle.dge. Knowledge management may also

include new knowledge creation, or it may solely focus on knowledge sharing, storage, and

refinement. KM is the systematic manageraent of an organization's knowledge assets for the

purpose of creating value and meeting tactical & strategic requirements management is the

collection and management of information

Knowledge Communication

Knowledge communication is the (deliberate) activity of interactively conveying and co-

constructing insights, assessments, experiences, or skills through verbal and non-verbal means.

Knowledge communication has taken place when an insight, experience or skill has been

successfully reconstructed by an individual because of the communicative actions of another.

The process of knowledge communication hence requires more reciprocal interaction between

decision makers and experts because both sides only have a fragmented understanding of an

issue and consequently can only gain a complete comprehension by interactively aligning their

mental models. A1l of this means that when we cofilmunicate knowledge, we are stil1

communicating information and emotions, but we also create a specific type of context so that

this information can be used to re-construct insights, create new perspectives, or acquire new

skills. By examining the communication problems which often impede knowledge ffansfer in

detail, we can look into this black box and propose pragmatic ways ,of improving knowledge

communication, especially among experts and managers from one or more sources and the

distribution of that information to one or more users.
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Benefits of Knowledge Management In Modern Academic Libraries

Today,s library holds a wealth of knowledge. Often the most valuable knowledge is the

expertise of senior employees or information professionals and is often dispersed around the

organization. Here are some advantages of KM are given below

1. Knowledge management has help for libraries to respond to challenges to faces in an

frequently changing environment

2. KM provides Current awareness and automated information digests.

3. KM provide day night through internet access to the library's resources, for users every time.

4. lmprove performance and users focus solutions.

Knowledge Resources Management

Modern library is also like a digital bbrary, here use Library Automation, (acquisitions,

cataloguing, circulation and OPAC), CDs, DVDs, Microfilm, E-Books, E-Journals, Databases,

Library Co-Operation and Resource Sharing, (Inter-Library loan) Networked digital information

resource sharing, (web OPAC, SDI, CAS, Article alert service),etc. The librarians today

distinguish their role more as a custodian of knowledge. Modem libraries need to develop their

resources access and sharing strategies from printed to electronic and digital resources in concert

with their mission and charges. Restricted by limited technology, staff, and space libraries must

carefully analyze the needs of their users and seek to develop cooperative acquisition plans to

meet these needs.

Importance Of Km To Resources Sharing In Acadamic Library:

As a learning organization, libraries should provide a sffong leadership in knowledge

management. Libraries should improve their knowledge management in all of the key areas of

library services. To cope with the expoftential growth in human knowledge, libraries need to

develop their resources access and sharing strategies from printed to electronic and digital

resources. Limited by funding, technology, staff and space, libraries must carefully anal)ze the

need. of their users and seek to develop cooperative acquisition plans to meet the needs of users.

Libraries had a long tradition of resources sharing and networking. These have been greatly

expanded by the rapid development of computers ,telecommunication, networking and digital

technologies in modern library various type of collection made available through digital library

via networking tools like E-book, E-newspaper, E-Journals, E- databases like N-List, E-thesis,

dissertations and projects, library network, web OPAC, mobile OPAC 1ike.

To facilitate the implementation of knowledge management, a well-defined and operational

knowledge management system should be in place. Latest information technology should be

used in the libraries. In this regard, the library director i librarian should consider himself as the

chief knowledge officer of the entire organization and should work together with the chief

information officer, heads of the planning department, the computer and information technology

center, the human resource management department, the finance department etc., to design and

develop such a system. Such knowledge management system should be built on the existing

computer and information technology infrastructure including upgraded intranet, Extranet,

internet and available software programs to facilitate the capture, analysis, organrzation, storage

and sharing of internal and external information resources for effective knowledge exchange

among users.
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Knowledge Management Tools for Academic Libraries The continuing education

through professional training courses or workshops plays a significant role in the implementation

of knowledge management in all contemporary organizations. Members within the community of

practice freely exchange knowledge which creates an even greater resource base of knowledge.

Information Technology (IT) serves as a powerful enabler and provides effective and efficient

tools for all facets of knowledge management including capturing, sharing, and applyng

knowledge. New technologies have dramatically transformed the library world too. It can also

support knowledge sharing by facilitating people to locate as well as communicate each other

Kaowledge Management in an academic library therefore is to ensure an all-round improvement

of library staff's capacity; promotion of relationships between libraries and library users; it

promotes knowledge innovation, strengthening knowledge internetworking and quickens

knowledge flow. Other objectives are highlighted below. Implementations of Knowledge

Management in Academic Libraries A knowledge management initiative in libraries becomes

imperative in order to harness the wealth, wisdom, expertise, and experiences embedded in the

heads of such employees before they leave the library. This can be achieved through

brainstorming, open discussions, and provision of fertile ground for creativity, sharing of ideas,

organizing workshops, conferences, mentoring, web archiving, drgitrzation and identification

and collectively addressing problems and finding solution. Therefore there are a number of

approaches that academic librarians

Conclusion :

At the concluding that the major trus! of KM in librarianship is to enhance accessibility

of information, and customize to the professional r,leeds. But there is a need to reshape the

structure of academic libraries for them to be able to improve the services they provide to library

users. Libraries have a long and well*off experience in the management of information. They

should be in a position to map internal and external knowledge that would assist them in

increasing their efficiency. In the present scenario knowledge management is a powerful tool for

promoting innovation, realizing g the various aspects of day to-day activities of an organtzatton.

Knowledge is growing very fast in every aspect of life and it is becoming very difficult for

knowledge professionals to capture and disseminate the available information to the deserving

person without using the emerging technologies. Librarians should work together with IT

professionals and others to develop the proper knowledge management system. The new role of

modern libraries in the present day needs to be as a learning and knowledge centre for their

users. These include acquisition of modem tools, updating skills and standardization, knowledge

creation, knowledge capturing, knowledge sharing, and skills in ICT.
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Abstract: 

Exact solution of Einstein’s field equations are obtained for cosmological mode of 

Bianchi type –VI space time using the technique given by Letelier [1]in the presence of dark 

energy . To get the deterministic solution of the field, assuming a special law of variation for the 

mean Hubble parameter, which yield a constant value of the deceleration. Some physical and 

geometric properties of the model are discussed 
 

Keywords: Scalar Tensor Theory , Dark Energy 
 

Introduction 

 Saez and Ballester [2] proposed a scalar-tensor theory of gravitation in which the metric 

is coupled with a dimensionless scalar –field in a simple manner. This coupling gives  a 

satisfactory description of the weak fields. Inspite of the dimensionless character of the scalar 

field an antigravity regime appears in this theory. Also, this theory, suggests a  possible way to 

solve missing matter problems in non-flat FRW cosmologies. Letelier has obtained  the solution 

of  Einstein’s field equations of a cloud of strings with spherical, plave and cylindrical 

symmetry. The in 1983, he solved Einstein’s field equation cloud of massive strings and obtained 

cosmological models in Bianchi type-I and Kantowski- Sachs space-times. 

 Nordtvedt [3] proposed a general class of scalar tensor gravitational theories in which the 

parameter ω  of the Brans- Dicke theory is allowed to be an arbitrary (positive definite) function 

of the scalar field ( ))(φωω → .. Considering the static spherically symmetric solution for a point 

mass sourse, Nordtvedt [3] found a variety of experimental consequences of 0' ≠ω , including a 

contribution to the rate of precession of Mercury’s perihelion. 

Dark energy has conventionally been characterized by the EoS parameter given by 
ρ

ω
p

t =)(  

which is not necessarily constant, where  p  is energy density  

([4],[5],[6],[7],[8],[9],[10],[11],[12]) are some of the authors who have investigated dark  energy 

models with variable EoS parameter. 

 Rao et al.[13] Have obtained Bianchi type-I dark energy  model in scalar tensor theory of Saez 

and Ballester [2]. Recently Pradhan and Amirhashchi [10] obtained a new class of dark energy 

models in LRS Bianchi type- II. 

 Spatially homogeneous and  anisotropic cosmological models play a significant role in 

the description of large scale behaviour of universe and such models have been widely studied in 

framework of General Relativity in search of a realistic picture of the universe in its early stages. 
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Dark Energy has been conventionally characterized by the equation of state (EoS) parameter 

mentioned which is not necessarily constant. Recently, the parameter )(tω  is calculated with 

some reasoning which reduced to some simple parameterizations of the dependences by some 

authors Huterer and Turner [14]. The simplest dark energy candidate is the vacuum energy 

1−=ω  , which is mathematically equivalent to the cosmological constant )(∧ . The other 

conventional alternatives, which can be described by minimally coupled scalar fields, are 

quintessence )1( −>ω , phantom energy )1( −<ω ,and quintom  and have  time dependent EoS 

parameter. Astrophysical observations indicate that this expansion of the universe is driven by an 

exotic energy with large negative pressure which is known as  dark energy (DE). Inspite of all 

the observational evidence dark energy is still a challenging problem in theoretical physics. The 

data indicates that the universe is spatially flat and is dominated by 76% dark energy 24% by 

other matter (20% dark matter and 4% other cosmic matter). 

In this paper, we investigate Bianchi type- VI  model  dark energy  in Saez and Ballester 

[2] scalar tensor theory . The out line of the paper is as follows: In section 2 , the metric and field 

equations are described. Section 3 deals with the solutions of the field equations. Section 4 deals 

with physical and geometric behaviour of the model. Lastly ,conclusions are summarized.  
 

Metric and Field Equations: 

We  consider the totally anisotropic Bianchi type-VI line element, given by 

)2222222222
dzecdyebdxadtds

xx −+++−=                                                             (1) 

where the scale factors a , b and  c are functions of cosmic time only. By preserving the diagonal 

form of the energy momentum tensor in a consistent  way with the above metric, the simplest 

generalization of EoS parameter of perfect fluid may be to determine it separately on each spatial 

axis. Therefore the energy momentum tensor of perfect fluid is taken as 

],,,[ 3

3

2

2

1

1

0

0 TTTTdiagT
j

i =                                                                                             

Thus, one may parameterize it as follows 

],,[ zyx

j

i pppdiaT −−−= ρ  

       ρωωω ],,,1[ zyxdia −−−=  

ργωδωω )](),(,,1[ +−+−−= dia                                                                           (2) 

where ρ  is the energy density of the fluid zyx ppp ,,  are the pressures and zyx ωωω ,,  are the 

directional EoS parameters along the zyx ,,  respectively,  
ρ

ω p
t =)(  is the deviation free EoS 

parameter of the fluid. We have parameterized the deviation from isotropy by setting ωω =x
 

and then introducing skewness parameter γδ and  which is the deviation from ω  along both  

y and z-axes respectively. Also we obtain γδ =  because of the that in Bianchi type-VI space –

time 
3

3

2

2 TT =  

The  field equations  given by Saez and Ballester [2] for the combined scalar and tensor fields are 

ij

k

kijji

n

ijij TgRgR −=−−− ),
2

1
,,(

2

1 ,φφφφϖφ
                                                           (3) 

And the scalar field φ  satisfies the equation 
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02 ,

,

1

, =+ − k

k

ni

i

n n φφφφφ
                                                                                               (4)                       

where  ϖ    and  n  are constants, ijT     is the energy momentum tensor of the matter and comma 

and semicolon denote partial and covariant differentiation respectively. 

By adopting commoving coordinates the field equations (3), for the Bianchi type-VI space-time, 

the field equations take the form 

ωρ
φ

ϖφ −=++++
2

 
1

 

2

4

2

444444 n

aac

cb

c

c

b

b
                                                               (5) 

ρδω
φ

ϖφ )(
2

  
1

2

4

2

444444 +−=−−++ n

aac

ca

c

c

a

a
                                                          (6) 

ρδω
φ

ϖφ )(
2

  
1

2

4

2

444444 +−=−−++ n

aab

ba

b

b

a

a
                                                        (7) 

 

  ρ
φ

ϖφ =+−++
2

1
2

4

2

444444 n

aca

ac

bc

cb

ba

ba
                                                          (8)                                           

044 =−
b

b

c

c
                                                                                     (9)                                             

Using equation (4), we get 

0
2

444444 =++++
φ

φ

φ

φ n

c

c

b

b

a

a
                                                                              (10)        

where a subscript 4 indicates differentiation with respect to t. 
 

Solutions of the field equations 

Equation (9) leads to 

lcb =                                                                                                                  (11) 

where l   is an integrating constant.  

Using (11), Equations (5) to (10) reduce to 

ρ
φ

ϖφ =+−+
2

1
2

2

4

22

2

444 n

ab

b

ba

ba
                                                                           (12) 

ρδω
φ

ϖφ )(
2

 -
1

 

2

4

2

444444 +−=−++ n

aab

ba

b

b

a

a
                                                         (13) 

ωρ
φ

ϖφ −=−++
2

 
1

 2

2

4

22

2

444 n

ab

b

b

b
                                                                    (14) 

0
2

2 44444 =+++
φ

φ

φ

φ n

b

b

a

a
                                                                                 (15)        

 According to the proposed law, the variation of the mean Hubble parameter for the Bianchi type 

-VI metric may be given by 

32 )(

n

abkH
−

=                                                                                                       (16)          

where 00 ≥> nandk  are constants. The spatial volume is given by 

23
abRV ==                                                                                                       (17)              
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where  R is the mean scale factor. The mean Hubble parameter H  is given as 

�
�

�
�
�

�
+===

b

b

a

a

V

V

R

R
H 4444 2

3

1

3

1
                                                                               (18)             

The directional Hubble parameters in the directions of x,y and z respectively may be defined as 

b

b
HHand

a

a
H zyx

44 ===                                                                         (19)                

The volumetric deceleration parameter is  

2

4

44

R

RR
q −=                                                                                                       (20)                  

On integrating, after equating (16)  and (18), we obtain 

03

1

2 == nforecab
kt                                                                                    (21)            

0)(

3

2

2 ≠+= nforcnktab n                                                                          (22)             

here 21 candc  are positive constants of integration. Using (16) with (21) for 0=n , and with 

(22) for 0≠n  mean Hubble parameters are 

0== nforkH                                                                                            (23)        

and  

0)( 1

2 ≠+= −
nforcnktkH                                                                             (24)        

Using (21), (22) and  (17) in (20), we get constant values for the deceleration parameter for the 

mean scale factor as: 

01 ≠−= nfornq                                                                                         (25)            

and 

01 =−= nforq                                                                                             (26)                     

The sign of q indicates whether the model accelerate or not. The positive sign of q )1..( >nei  

corresponds to decelerating models whereas the negative sign 1001 <≤<≤− nforq  indicates 

acceleration . 

Integration , after subtracting   equation (8) from (7)  , we get 

��

�
�
�

��

�
�
�

�
�

�
�
�

�
−�

�

�
�
�

�
+−=�

�

�
�
�

�
�
�

�
�
�

�
− �

−

dt
b

b

a

a

a

V

b

b

a

a
1

44

2

44 2
exp δρ

λ
                                             (27)             

where λ  is an integration constant. The integral term in above equation vanishes  for  

2

2

aρ
δ =                                                                                                             (28)                        

Using equation (28) in equation (27) it follows that 

Vb

b

a

a λ
=− 44                                                                                                          (29)                      

by considering (23) and (24) we obtain 

0
)3exp(1

44 ==− nfor
ktcb

b

a

a λ
                                                                     (30)                 

0
)(

3

2

44 ≠
+

=− nfor

cnktb

b

a

a

n

λ
                                                               (31)                  
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Model for )1(0 −== qn  

On integration of (30) and using (21) we get the following exact expression for the scale factors: 

�
�
�

�
�
�

−�
�
�

�
�
�
�

�
= − kt

e
kc

kt
k

c
a

3

1

3

1

2

1

1

9

2
exp

λ
                                                                         (32)                   

 

�
�
�

�
�
�

+��
�

�
��
�

�
== − kt

e
kc

kt
k

c
cb

3

1

3

1

1

1

9
exp

λ
                                                                     (33)                    

where  1k  is positive constant of integration.. The spatial volume of the universe is found as 

kt
ecV

3

1=                                                                                                          (34)                

The directional Hubble parameters are 

kt

x e
c

kH
3

13

2 −+=
λ

                                                                                              (35)                  

kt

zy e
c

kHH
3

13

−−==
λ

                                                                                     (36)                 

The anisotropy parameter of the )(∆ is defined as 

�
=

�
�

�
�
�

� −
=∆

3

1

2

3

1

i

i

H

HH
                                                                                        (37)              

where )3,2,1( =iH i  represents the directional Hubble parameters in the direction zandyx ,,   

respectively. 

 By using  (23) ,(35) , (36) in (37) , we get 

�
	



�
�



=∆ − kt

e
kc

6

22

1

2

9

2 λ
                                                                                            (38)                 

The expansion scalar θ   is found as 

Hk 33 ==θ                                                                                                      (39)          

The shear scalar 2σ is found as 

kt
e

c
H

6

2

1

2
22

32

3 −=∆=
λ

σ                                                                                    (40)                 

Using equation (15), the scalar field is found as 

2

2

3

32

2 +
−

�
	



�
�



�
�

�
�
�

�
+

−+
=

n
kt

e
k

n
β

α
φ                                                                            (41)             

Using equations (41) ,(19), (35), (36) in (12), we obtain the energy density for the model as 

ktktkt
ee

kc
kt

c

k
e

c
k

623

1

3

2

1

16

2

1

2
2

2

1

9

4
2exp

3
3 −−− +

�
�
�

�
�
�

+−��
�

�
��
�

�
−−= ϖα

λλ
ρ                        (42)          

Using equations (42) in (28), we obtain the deviation parameter as 
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ktktkt

kt

ee
kc

kt
c

k
e

c
k

e
kc

kt
c

k

623

1

3

2

1

16

2

1

2
2

3

1

3
2

1

1

2

1

9

4
2exp

3
3

9

4
2exp2

−−−

−

+
�
�
�

�
�
�

+−��
�

�
��
�

�
−−

�
�
�

�
�
�

+−��
�

�
��
�

�

==

ϖα
λλ

λ

γδ  

                                                                                                                         (43)            

Using equation (35) (36),(42) and (43) in  equation (14), we obtain the deviation –free parameter 

as   

 

ktktkt

ktktkt

ee
kc

kt
c

k
e

c
k

ee
kc

kt
c

k
e

c
k

623
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3

2

1

13

2

1

2
2

623

1

3

2

1

16

2

1

2
2

2

1

9

4
2exp

3
3

2

1

9

4
2exp

3
3

−−−

−−−

+
�
�
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�
�
�

+−��
�

�
��
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�
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−
�
�
�

�
�
�

+−��
�

�
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�
++

−=

ϖα
λλ

ϖα
λλ

ω                    (44)            

 

Physical behaviour of the model for )1(0 −== qn : 

For this model 01 =−=
dt

dH
andq , which implies the greatest value of the Hubble parameter 

and the fastest rate expansion of the universe. Thus, this model may represent the inflationary era 

in the early universe and the very late times of the universe. 

The spatial volume V is finite at 0=t , expands exponentially as t  increases and becomes 

infinitely large at ∞=t . The directional Hubble parameters zyx HandH ,  are finite at 0=t . 

The expansion scalar is constant throughout the evolution of the  universe. The scalar is also 

finite at 0=t  .The anisotropy of the expansion decreases monotonically as t increases . 

The ratio ∞→→ tas0
2

2

θ

σ
 . Hence the model isotropizes for large value of the t. 

The EoS parameter of the DE ω  may begin in phantom  )1( −<ω  or quintessence )1( −>ω  

region  and tends to -1 (cosmological constant 1−=ω ) by exhibiting various patter as t 

increases. 

Model for 10 −≠≠ qandn : 

On integration (30) and using (22) we obtain the following exact expressions for the scale 

factors: 

�
�
�

�
�
�

+��
�

�
��
�

�

−
+=

−

n

n

n cnkt
nk

cnktca

3

2

1

2
3

2

3 )(
)3(3

2
exp)(

λ
                                              (45)         

�
�
�

�
�
�
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�
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−
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−
− n

n

n cnkt
nk

cnktccb

3
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1

2
3

1

3 )(
)3(3

exp)(
λ

                                      (46)           

where 
3c  is the positive constant of integration. The spatial volume of the universe is found as 

ncnktV

3

2 )( +=                                                                                                   (47)         

The directional Hubble parameters are found as 

n
x cnktkcnktH

3

2

1

2 )(
3

2
)(

−
− +++=

λ
                                                                   (48)              
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n
zy cnktkcnktHH
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2

1

2 )(
3

)(
−

− +−+==
λ

                                                          (49)                   

Using (48), (49) in (37) we get 

�
�

�
�
�

�
−

+=∆ ncnkt
k

3
12

22

2

)(
9

2 λ
                                                                                      (50)               

for the anisotropy parameter of the expansion. The expansion and shear scalars are, respectively, 

found as 
1

2 )(33 −+== cnktkHθ                                                                                    (51)              

ncnkt

6

2

2
2 )(

3

−

+=
λ

σ                                                                                          (52)                      

Using equation (15), the scalar field is found as 
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Using (48), (49), (52) in (12) we get the energy density for the model as 
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                                 (54)                                       

   Using (54) in (28),  we get the deviation parameter as 
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Using (54),(49), (52) and (54) in (13) we  get the deviation- free parameter as 
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Physical behaviour of the model for   The spatial volume V  is finite at 0=t  and becomes 

infinitely large as ∞→t . In this model  , the average scale factor ncnktR

1

2 )( +=  . It has point 
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singularity at 
nk

c
t 2−= . The Hubble parameters HandHHH zyx ,,  are infinite at this point but 

here the spatial volume vanishes.  

The anisotropy of the expansion null→∆  as  ∞→t  for 3>m while ∞→∆  as ∞→t . 

The EoS parameter of the DE ω  may begin in phantom  )1( −<ω  or quintessence )1( −>ω  

region  and tends to -1 (cosmological constant 1−=ω ) by exhibiting various patter according to 

the choice of the parameter. 

The ratio ∞→→ tas0
2

2

θ

σ
 . Hence the model isotropizes for large value of the t 

( ).30 << nfor  
 

Conclusion 

Inspite of the that there are several dark energy models in the literature, the problem of 

cosmic acceleration is still a challenge for modern cosmology. With the advent of scalar tensor 

theories, this problem gained importance. Here we have investigated Bianchi type-VI dark 

energy model in the scalar theory of gravitation formulated by Saez and Ballesters [2].Since 

scalar fields plays a significant role in the early stage of evolution of the universe.                                            

Exact solutions of Einstein’s field equations have been obtained by assuming a special 

law of variation for the mean Hubble parameter,  which yields a constant value of the 

deceleration parameter and is not inconsistent with observations. Some basic geometrical and 

kinematical features of the models and the dynamics of the anisotropic DE in these models have 

been examined.  

The space approaches to isotropy in the models  for large value of  the t . 

The energy density of the fluid and the deviation free EoS parameter ω  and the deviation 

parameter δ  are dynamical. 
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Abstract: 
 In present study, ZnO and SnO2 nanoparticles was synthesized by a chemical 
precipitation method. Structural and compositional characterizations have been studied from X-
ray powder diffraction (XRD). Surface morphologies of the samples were analyzed using Field 
Emission Scanning electron microscopy (FE-SEM) for thick flim of different molecular weight 
ratio. Further, humidity sensing investigations of these nanocomposites sensing materials were 
done. Our result indicates that ZnO doped SnO2 in form of thick film for different molecular 
weight ratio was most sensitive for humidity in comparison to pristine materials under same 
conditions. The hysteresis plot between increasing and decreasing the RH range of 30–90% and 
vice versa. The samples resistance of sample ZS-3 decreases from 1011 Ω to 105 Ω in 
comparison with the pristine materials. The similar change was also observed in sensitivity. 
Activation energy measured from Arrhenius plot of conductivity at different RH and found to be 
1.7010-3 eV respectively.  The results were re- producible up to ± 77% after 2 months of 
observations. 
 

Key words: ZnO, SnO2   nanocomposites, Humidity sensor. 
 

Introduction 
  Recently, the development in humidity sensor has receives much more attention due to 
the necessity of controlling and monitoring environment in many varrious fields like industrial 
and domestic part [1-3]. Semiconducting oxides based humidity sensors has many advantages 
when compared to other types of humidity sensors, such as low cost, simple construction, small 
size etc in operating the environment. The metal oxide such as SnO2 , ZnO, WO3, TiO2, BaTiO3 
etc the change in electrical conductivity depends upon the composition of the gas/humidity 
surrounding them. Therefore, they are used as popular and useful sensing materials for making 
inexpensive gas sensing devices [ 4 ]. The nanocomposites of ZnO and SnO2 seem to be one of 
the most promising metal oxide semiconductor for gas/ vapours/ humidity sensing. It has been 
observed that these nanostructure materials are more perceptive due to their high surface volume 
ratio, large band gap energy and have more chemically active [5-7 ].   
In present study, nanocomposites of ZnO and SnO2 thick films were prepared by screen printing 
method and the humidity sensitive properties of the nanocomposites films were investigated and 
compared with those of the pure films. The variation of resistance was studied as a function of 
relative humidity.   
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Experimental  
Synthesis of zinc oxide (ZnO):  

ZnO Nanoparticle were synthesized by solid state reaction method, using Zinc acetate 
dehydrate Zn(O2CCH3)2(H2O)2, sodium hydroxide as starting materials . In preparation Zinc 
Oxide (ZnO) 0.2M Zinc Acetate dehydrates was dissolved in 100 ml deionised water was ground 
for 15 min and then mixed with 0.02 M solution of NaOH with the help of glass rod. The mixed 
and the solution were kept under constant magnetic stirring for 15 min. and then again it was 
ground for 30 min. The white precipitate product was formed at the bottom. Then abundant 
liquid was removed and the product was washed several times with the deionized water and 
methanol to remove by products. The final products was then filtered and it was kept in a 
vacuum oven at 80 oC for 4 hrs. so the moisture will removed from the final product. Then this 
dry product was calcinated at temperature 800 oC for 6 hrs. in the auto controlled muffle furnace 
(Gayatri Scientific, Mumbai, India.) so that the impurities from product will be completely 
removed and get a final product of ZnO nanoparticles. 
 

Synthesis of tin oxide (SnO2 ) : 
 In preparation of SnO2 nanoparticle the Stannous chloride dehydrates (SnCl2.2H2O), 

Ammonia solution and deionized water were used as starting materials. Initially, 2 g (0.1 M) of 
stannous chloride dehydrate (SnCl2.2H2O) is dissolved in 100 ml water. After complete 
dissolution, about 4 ml ammonia solution is added to above aqueous solution with magnetic 
stirring. Stirring is continued for 20 minutes. White gel precipitate is immediately formed. It is 
allowed to settle for 12 hrs. Then it is filtered and washed with water 2-3 times by using 
deionized water. The obtain precipitate were mixed with 0.27 g carbon black powder (charcoal 
activated).  The obtained mixer is kept in vacuum oven at 70 ºC for 24 hours so that the mixer 
gets completely in to dried powder. Then this dry product was crushed into a find powder by 
grinder. Now obtained product of fine nanopowder of SnO2 was calcinated at 700oC up to 6 
hours in the auto controlled muffle furnace (Gayatri Scientific, Mumbai, India.) so that the 
impurities from product will be completely removed.  
 

Preparation of thick films : 
 The thick film were prepared by screen printing technique on a glass substrate. Initially, for 

the screen printing the thixotropic paste was formulated by mixing the sintered fine powder of 
pure and composite nano powder of ZnO and SnO2 in different molecular weight ratios, a with a 
solution of ethyl cellulose as (10% temporary binder) in a mixture of organic solvent such as 
butyl cellulose, butyl carbitol acetate and turpineol. The ratio of inorganic to organic part was 
kept as 75:25 in formulating the paste. The paste of pure and composite materials of ZnO and 
SnO2 and it was screen printed on a glass substrate in the form of thick films and it was dried at 
80-110oC in oven for 1hrs. The dried films is fired at 500oC for 25 min in muffle furnace (Kumar 
make Mumbai), to remove organic impurities form the sensor material. For the surface 
conductance measurement the electrodes of silver paint were formed on adjacent sides of the 
films. 
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Characterization Technique 
X-Ray Diffraction (XRD) 
 The XRD pattern pure zinc oxide (ZnO) synthesized 
nanostructure in figure (1). The crystalline nature with 2θ peak lying at 
(100), (002), (101), (102), (110) and (103) planes. All the peaks match 
are perfectly with the  standard hexagonal wurtize structure of zinc oxide 
(ZnO) with lattice constants a = b = 0.3249 nm and c = 0.5206 nm 
[JCPDS card no. 36-1451] and indicates the high purity of the obtained 

ZnO nanoparticle. The average crystalline size was found to be 37.32 nm 
calculated by  Deye-Scherrer formula [8]. 
 The XRD pattern pure SnO2 nanostructure is as shown in figure 
(2). It is clearly observed that the highest intensity peak is obtained at 
(110) crystal planes and other peaks lying at (101), (200), (211), (220) 
and (002) of SnO2. All the peaks match well with the standard tetragonal 
structure of SnO2 with lattice constant a = 4.723 nm and  c = 3.238 nm 
and its unit cell volume (V=72.24Ao3) with JCPDS card no. 71-0652. The 

average crystalline size was found to be 23.19 nm [9].  
The observes peaks are the mixed combination of ZnO and SnO2 

semiconducting metal oxides as shown in figure (3). In these case from 
crystal quantization plot mostly the peaks about (90%) corresponds to 
ZnO nanomaterial and very few about (10%) corresponds to SnO2 

nanomaterials. The XRD pattern of the sample such as ZS-1, ZS-3,and 
ZS-5shows crystalline nature and crystalline planes are obtained due to 
ZnO and SnO2 both. The average crystalline size is obtained by using 
scherrer formula and has been found to be 36.42 nm, 28.33 nm, 42.5 nm  
respectively.      
 

Field emission Scanning Electron Microscopy (FE-SEM)  
 Figure (4a, 4b and 4c) decipts the FE-SEM micrograph of pristine SnO2 and ZnO nano 
composites thick films. The FE-SEM morphology shows the particles are small sized, almost 
spherical, rod like structure. The micrograph of ZS-3 reveals that they possess the grain size of 
nanometre order and shows nonporous structure. It means that the structure is likely to facilitate 
the adsorption and condensation processes of water molecules because of the capillary pore and 
having large surface area. This porosity leads to an effective response and recovery towards 
humidity [10].  
 

        
  
 
 
 
 
  

Figure. 4(c) 
Figure. 4 (a)   Figure. 4 (b)   

Figure. 1 

Figure. 3 

ZS-5 

Figure. 2 
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4. Results and Discussion  
 
Hysteresis plot. 
 Hysteresis plot shows the variation between resistances of sample with respect to the 
relative humidity in increasing and decreasing order from 30 to 90 % RH at constant temperature 
as shown in the figure (5). A very small hysteresis present during forward and reverse cycle of 
relative humidity, where as a very significant average change observed in the value of resistance 
of sample, in the sample  ZS-3 (30ZnO - 70SnO2) the change in value of resistance is from 1011 
ohm to 105 ohm, these is a remarkable change in the value of resistance. 
 In all the samples hysteresis is present which shows processes of regeneration is slower 
as compare to the samples. On the other hand a sample shows comparable decrease in resistance 
with an increase in % RH which indicates that the conduction occurred at the grain surface by 
release of electron from the water molecule. However, the sample ZS-3 shows the remarkable 
change in the resistance values in between the humidity range 30-90 % RH and possessed a high 
sensitivity factor due to large surface area and porosity in the form of thick films. 

 
Figure 5: Hysteresis plot. 

Sensitivity 
 In the above samples the sensitivity is found to be increasing with the RH for all the 
samples of thick films and it is increasing up to some particular RH and then afterward it remains 
constant as shown in figure (6). For higher RH the sensitivity is found to be higher in case of all 
samples of thick films. The sensitivity of ZS-3 (30ZnO-70SnO2) is more than ZS-1(10ZnO-
90SnO2) and ZS-5 (50ZnO-50SnO2) samples and also from the pristine samples S-0 and Z-0. 
The ZnO-SnO2 composite sensors exhibits significantly higher sensitivity than sensor 
constructed specially from ZnO and SnO2 nanoparticles itself due to the formation of 
heterogeneous interface between them and more adsorption site was created to absorbed more 
water vapuors [11]. The fall in resistance is mainly due to the increased amount of conduction 
electron or charge carrier upon adsorption of water vapours by the surface layer of the thick 
films. Initially, at low humidity levels the adsorbed water molecules get ionized on the surface 
and the hydronium ions are produced by the assistance of high electric charge density in the 
neighbourhood of the hydroxyl (OH-) sites resulting in the protonic conduction to the adjacent 
sites [12]. The change in conductivity is more in ZS-3 nano-composite the similar change is 
observed in sensitivity also and hence ZnO-SnO2 based nano-composites sensors exhibit 
significantly higher sensitivity than other samples. 
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   Figure 6: Variation of Relative Humidity with Sensitivity. 
Activation Energy 
The Arrhenius plot for all the samples found to be linear and by using Arrhenius equation;  
         
The activation energy E For all the samples the activation is found to be quite reasonable for 
the electrical conduction the values of activation energy for the pristine SnO2 and ZnO which is 
much more smaller at constant different RH. This shows that the smaller amount of energy is 
required for the conduction of electrons due to absorption of water molecules there by increasing 
the number of donor electron [13]. The activation energy of sample ZS-3 was found to be 1.70x 
10-3  eV.  
 

Conclusion  
 Nanostructured ZnO and SnO2 was successfully prepared via chemical precipitation 
method. Minimum crystallite size was found to be for ZnO is 37.32 nm and for SnO2 it is found 
to be 23.19 nm . Surface morphology of ZS-3 shows that most particles are spherical in shape 
leaving more space as pores and hence it was most sensitive among all the prepared samples. 
The Hysteresis plot shows very significant average change in the value of the resistance from 
1011 ohm to 105 ohm during forward and reversed cycles of sample ZS-3(30ZnO-70SnO2). The 
sensitivity is found to be increasing with the RH for all the samples of thick films and it is 
increasing up to some particular RH and then afterward it remains constant. Amongst all the 
prepared samples ZS-3 is more sensitivity than other prepared samples. Activation energy 
measured and found to be 1.7010-3eV respectively. This nanocomposites carries a good scope for 
the development of moisture sensor in the range of relative humidity 30% to 90% RH. 
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Abstract: -  
The thin films of PMMA, pure and doped with 1%, 3%, 5%, 7%, 9% salicylic acid (SA) 

were prepared by using isothermal evaporation technique .The measurement of dielectric 
constant (εr) for all above samples have been carried out within the temperature range 323k-
363k and at frequencies in the range 1KHz-1MHz.The results reveal that the dielectric constant 
decreases with the increase in the exposure time of UV radiations. The samples were 
characterized by XRD, SEM and FTIR. 
 

Key words: - PMMA-Polymethylmethacrylate, SA-Salicylic acid, UV- Ultraviolet Radiation. 
 

Introduction: 
Low dielectric materials have been intensively researched by ceramic and polymer 

scientists (Shen et al., 2007) (Jousseaume et al., 2007) (Singh et al., 2006). However, these 
materials posses a vast myriad of electrical, thermal, chemical and mechanical properties. 
Therefore, in many cases, the application of low dielectric constant materials are dictated by 
these other properties and the choice of low dielectric material may have a tremendous effect on 
a device’s performance and lifetime.    

Modern ultra-large scale integration (UWI) devices contain 108-109 transistors in an area 
smaller than 1 cm2 and operate at a clock frequency approaching several GHz (Baklanov et al., 
2000). As device dimensions shrink, the switching speed of its basic element increases as a 
consequence of the decrease in carrier’s transit time across the length of a transitory channel, Of 
course, these basic elements must be interconnected to make the ULSI device functional.  

As the functional complexity of devices increases, the number of interconnections levels 
and metal length continue to increase to the extent that an advanced ULSI device may consist of 
8-10 levels of metal lines. For this reason, the effective speed of the device is becoming ever 
more dominated by the signal propagation through the horizontal and vertical metal 
interconnects of components with various functions. It is here that the resistance (R) and capacity 
(C) characteristics of the interconnect materials become important. In fact, the rapid increase in 
RC delay time is one of the main bottlenecks in deep submicron devices. The RC delay is given 
by  
RC =2ρkԐ0 = (4L2/P2+L2/T2)…………… (1) 

ρ – is the metal resistivity, Ԑ0 is the vacuum permittivity, k is the relative dielectric 
constant of interlayer dielectric (ILD), P is the metal line pitch (Sum of the line width and line 
spacing), T is the metal thickness and L is the metal line length. This equation demonstrates that 
RC delay can be reduced using metals with low resistivity and dielectric materials with a low 
dielectric constant. The introduction of copper and low dielectric const materials has improved 
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the situation as compared with the conventional Al/SiO2 technology by reducing both the 
resistivity and capacitance between wires.  

Copper is becoming the common metallization material. Further lowering of the signal 
delay by introducing low-k dielectrics is one of the main challenges today (Maex et al, 2003). A 
description of all  the problems related to the introduction of copper and low-k dielectrics is 
beyond the scope of this paper and hence we have limited our discussion to approaches to 
decreasing the dielectric constant of polymer  thin film of PMMA, So that it will act as interlayer 
dielectric (ILD) . 

Classically, the dielectric constant of materials is described by Clausius- Mossoti 
Equation  
(k-1)/ (k+2) =4πNα……………. (2) 
Where, k = Ԑ/Ԑ0 
                          Ԑ And Ԑ0 are the dielectric constants of material and vacuum, N is the number of 
molecules per unit volume ( Molecular density) and α is total polarizability, including electronic 
(α0), distortion (αd) and orientation (α0) polarizabilities. According to equation (2), the dielectric 
constant of materials can be reduced by decreasing the total polarizability and density. Early 
generations of low-k dielectrics were obtained by doping the traditional SiO2 with fluorine and 
carbon during the chemical vapor deposition (CVD) of the dielectrics which typically have a k 
value in the range of 3-3.5. Other types of low-k dielectrics are based on organic polymers. 
Saturated hydrocarbons have a lower polarizability than unsaturated conjugated and aromatic 
hydrocarbons. Most of the organic low-k films with sufficient thermal stability have dielectric 
constant close to or in the range of 2.6-3.0. Decreasing the density produces a further reduction 
in the dielectric constant. Therefore, ultra low k dielectrics with k less than 2.6 must be porous 
(Mikhail R B et al 2006).  

In this paper, we have discussed the effect of UV radiation on dielectric constant of 
salicylic acid doped polymer thin films of PMMA. Especially we have focused on lowering 
dielectric constant of thin films for the development of microelectronic devices based on low 
dielectric constant polymer films. For this purpose weight of PMMA in all sample remains fixed 
and salicylic acid doped at different weight percentage, so that we can find the optimum 
percentage ratio of SA that exhibits lowest dielectric constant value.  
 

Experimental Procedure:  
Materials:  
 In this study, PMMA (Sigma Aldrich), dopant salicylic acid (SA), and solvent THF (J.T. 
Baker) were used without further purification. Isothermal evaporation technique (Narayan et al., 
1991) (Bahri et al., 1997) (Sangawar et al., 1995) (Belsare et al., 1998) was used to prepare the 
thin films of polymer.  
 

Preparation of thin films:  
  1gm. PMMA was dissolved in THF (Tetrahydrofuran), and doped with salicylic acid in 
different weight percentage (1%, 3%, 6%, 7%, and 9%). The solution was cast on a glass plate 
and was allowed to evaporate slowly. This process has produced a mechanically stable and a free 
standing thin film.  
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UV Irradiation 
A low pressure mercury vapor lamp (TUV 30W, Philips, Holland), which emits radiation at 254 
nm, was used. The intensity of the incident light was 24 W m-2. Films of the same thickness and 
surface area were placed at 15 cm distance from the light source. Irradiation times were for 0, 5, 
and 10 minutes. All irradiations were performed at room temperature in air. 
 

Thickness Measurement:  
 The thickness of the film was measured by digital micrometer (Mitutago Corporation, 
Japan) 

 
Dielectric constant measurement:  
 The AC conductivity of the samples was determined by 4284 A precision LCR meter 
over the frequency range 20 Hz to 1MHz supplied by Agilent Technology, Singapore and 
corresponding dielectric constant (Ԑr) was measured in the temperature range 323 K- 363K.  

 
 
Characterization 
X-ray diffraction (XRD)  
 The amorphousity of polymer thin films was investigated using XRD. The XRD pattern 
were recorded on Siemens D 5000 diffractometer with Cu-K α radiation (λ=1.54060A) over the 
range of 2θ=10o-60o at ambient temperature.  
 

Scanning Electron Microscopy (SEM)      
The morphology of polymer thin films at room temperature was studied by SEM. 

 

FTIR Study:  
To study the structural changes including the alteration in position and intensity of the 

characteristic bands Fourier Transform Infrared (FTIR) spectroscopy using Shimazu FTIR 
spectrophotometer 8300) over the range 400- 4000 cm-1 was used. 
 

Prominent findings  
Dielectric constant 
i) decreases with increase in frequency at different constant temperatures. 
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ii) increases with increase in temperature at different constant frequencies 
iii) decreases with increase in dopant percentage at constant temperature and constant frequency 
iv) decreases with increase in time of exposure to UV radiation at constant temperature, 
frequency and dopant percentage. 
 

Results and Discussion  
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Fig 1: Variation of dielectric constant with log f at different constant temperatures 
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Fig 2: Variation of dielectric constant with percentage of dopant at increasing time of exposure 
to UV radiation  

From fig.1 it is clear that dielectric constant decreases with the increase in frequency and 
increases with the increase in temperature. This can be explained as PMMA is weakly polar 
polymer (Tager et al., 1972) under alternating electric field, polar polymers require some time to 
align the dipoles. At very low frequencies the dipoles have sufficient time to align with the field 
before it changes direction. At very high frequencies the dipoles do not have time to align before 
the field changes direction. At intermediate frequencies the dipoles move but have not completed 
their movement before the field changes direction and they must realign with the changed field. 
The electronic polarization and to some extent atomic polarization, is instantaneous, at high or 
low frequency for both polar and non polar polymers. Therefore, polar polymers at low 
frequencies (e.g. 60 Hz) generally have dielectric constants of between 3 and 9, and at high 
frequencies (eg 1MHz) generally have dielectric constants of between 3 and 5. So as frequency 
increases, the orientational polarization decreases since it takes more time than electronic and 
atomic polarization .This decreases the value of dielectric constant with frequency reaching a 
nearly constant value at high frequency. The motion possibly occurring in amorphous material in 
the order of increasing temperature are: side chain motion, motion of two four moieties in the 
main chain (The Schatzki Cruck shaft effect), motion of moieties containing hetero atoms in 
polymer chain, motion of segments containing 50-100 backbone atoms (corresponding to Tg) 
and motion of the entire chain as a unit (Seanor1982). These motions are responsible for the 
freeing of change carriers and assisting the orientation of polar species as per the variation in the 
direction of applied AC electric field of constant frequency. The total polarization of the sample 
arises from the electronic polarization, atomic or ionic polarization and orientation polarization. 
Among these three contributions; orientation polarization is greatly assisted by the increase of 
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temperature. This result is in agreement with those reported in the literature (Muhd. Akram et al., 
2005; Reda 2006; Rao et al. 2000). The dielectric polarization results from molecular dipoles 
(Goel et al.,2000,Srivastava et al.,1977) ,which remain frozen at lower temperature and attains 
rotational freedom at higher temperature ,when the effect of molecular interaction energy 
becomes weaker than that of the thermal energy (Goel et al.,2000) .Therefore dielectric constant 
increases with temperature. 

                                       
Fig 3 Dielectric constant and loss dispersion of dielectric materials against frequency. 

The dielectric constant gets decreased with the increase in dopant percentage (Fig 2). As 
the dopant salicylic acid has –OH and –COOH groups ortho to each other,  both these groups 
have tendency to release their hydrogen atoms as H+ ions and the –COO group is electron hungry 
segment of PMMA that attracts the electrons present in C-CH and O-CH3 bonds towards itself. 
As a result of this, a drift of electrons from nearby bonds starts flowing towards the COO group 
that imparts polarity in the parent molecule. But due to proximity and availability of electron rich 
centers within the molecule, the H+ ions of Salicylic acid tend to form intramolecular hydrogen 
bonding. As a consequence of this, dopant salicylic acid remains unmoved. Under vigorous 
conditions, these H+ ions may get departed partially but it is difficult to break their association 
completely from parent molecule. In this situation if we go on increasing the percentage of 
doping  that may enhance the complexity due to which the dielectric constant gets decreased 
with the increase in dopant percentage. 

From fig 2 it is clear that, before irradiation value of dielectric constant is in the range of 
4.3-1.03. After irradiation the value of dielectric constant is in range 1.5-0.64 for 5 min 
irradiation and for 10 min irradiation value is in the range of 1.5- 0.30.This means the dielectric 
constant gets decreased with the increase in time of exposure and the rate at which the dielectric 
constant decreases also becomes higher with the increase in time of exposure.  This can be 
explained as; the bonds between the atoms in many polymers have dissociation energies that are 
very similar to the quantum energy present in UV radiation which is capable of breaking the 
bonds in the polymer chain to generate a cascade of reaction, oxygen radicals, hydro peroxide 
unit’s carbonyl group formation, chain cleavage. As a result, the polarization group may get 
reduced and dielectric constant gets decreased as shown in fig (2) (Scierka et al, 2003).Also the 
evaporation of THF solvent during the preparation of thin film may have  led to the formation of 
pores in the thin film (Stephan A. M. et al., 2000). It should be emphasized that the formation of 
porous film follows the principle of phase separation. In this principle one phase is induced to 
create the matrix and the other (i.e. solvent) to create convex surface shapes, which can be 
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removed to leave free space by evaporation.   Decreasing the density produces a further 
reduction in the dielectric constant. Therefore, ultra low k dielectrics with k less than 2.6 must be 
porous (Mikhail R B et al 2006). So from above explanation, we can say that after exposure the 
porosity in film gets increased (Khol et al., 2006) .But lowest value of dielectric constant 
observed for PMMA SA (9) at 5 and 10 min exposure is 0.60 and 0.30 which is very less than 
dielectric constant of air .As reported by Mikaail Ballanov et al, the material with dielectric 
constant less than 2.6 must be porous and materials with dielectric constant less than one is 
called metamaterials (Dixon 2012). These materials are made with high dielectric inclusions with 
specific shapes and sizes in a lower dielectric matrix.   

So here we conclude that, the dielectric constant of material can be reduced by doping 
with salicylic acid and increasing time of exposure to UV radiation and with increase in time of 
irradiation the porous material becomes to metamaterials.  

The FTIR spectra of PMMA shows the presence of C=O stretching at 1064cm-1confirms 
the presence of ester moiety. The bend for CH2 is observed at 1442cm -1 also for CH3 at 1367cm-

1.The sp3 C-H stretching has been observed at 2854cm -1 .The IR spectrum of PMMA SA (3) and 
PMMA SA (9) shows the C=O stretching at 1612.49 cm-1.The SEM photographs (Fig 5) shows 
the amorphous nature of PMMA SA (0), PMMA SA (3), PMMASA (9) which is in agreement 
with XRD results (Fig 6) 
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Fig 4: FTIR spectra of a) PMMA SA (0) b) PMMA SA (3) c) PMMA SA (9) 

 
Fig 5: SEM images for a) PMMA SA (0) b) PMMA SA (3) c) PMMA SA (9) 
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Fig 6: XRD spectra of a) PMMA SA (0) b) PMMA SA (3) c) PMMA SA (9) 
 

Conclusion:  
The dielectric constant of thin films of PMMA, pure and doped with salicylic acid at 

different weight percentage, can be reduced by doping with salicylic acid and by exposure to UV 
radiation so that it can be used as interlayer dielectrics in microelectronic devices. 
 

Acknowledgements  
Authors are thankful to the Dr. F.C.Raghuwanshi, Principal, VidyaBharati 

Mahavidyalaya, Amravati, Dr. P.R.Rajput, Associate Professor, Department of Chemistry, 
VidyaBharati Mahavidyalaya, and Amravati for their Valuable Cooperation and fruitful 
suggestions 
 

References: 
1. Bahri R.and Seth R.K., Indian Journal of Pure and Applied Physics, 1997, Vol 35, 104-

108. 
2. Belsare N.G.and Deogaokar V.S., Journal of Polymer Materials (Oxford and IBM 

Pub.Co.Pvt.Ltd.), 1998, Vol 15,157-70. 
3. Emad S. AL-Hassani, Eng. & Tech. Journal, 2010, Vol.28, No.10, 1982-1989.Eng. & 

Tech.  
4. Goel D.G., Singh C.P., ShuklaR.K.Kumar A., J.Mater.Sci. 2000,Vol 35,1017. 
5. Jousseaume V., Rolland G., Babonneau D., Simon J.P., Applied Surface Science, 2007, 

Vol. 254, 473–479. 
6. Kohl P.A., Jassem Abdallah, Marshall Silver, Sue Ann Bidstrup Allen, J. Mater. Chem., 

2007, Vol 17, 873–885. 
7. Maex K, Baklanov M.R, Shamiryan D, Iacopi F, Brongersma S.H, Yanovitskaya Z.S., 

Appl. Phys. Rev., 2003 ,  Vol 93, 8793–8841 
8. Mikhail R. Baklanov, Karen Macx, Phil. Trans. R. Soc.,2006, Vol. 364 ,No. 1838, 201-

215. 
9. Muhammad Akram, Athar Javed and Tasneem Zaher Rizvi, Turk J. Phys, 2005, Vol 

29,355-62. 
10. Narayan A. and Singh H.P., Indian Journal of Pure and Applied Physics, 1991, Vol 29, 

814-816. 

Intensity in AU 



       ‘RESEARCH JOURNEY’ International E- Research Journal 
         

                             Impact Factor - (SJIF) – 6.261, (CIF ) - 3.452(2015), (GIF)–0.676 (2013) 
Special Issue 110 (I)- Physics 

UGC Approved Journal  

  ISSN :  
  2348-7143 
  February-2019 
   

 
 

79 Website – www.researchjourney.net         Email - researchjourney2014gmail.com 
 

 

11. Paul Dixon, 2012, Emerson & cuming microwave products. 
12. Rao Vijayalakshmi, Ashokan P.V. and Sridhar M.H. Mater.Sci.and Engg. (Elsevier), 

2000, A281, 213-220. 
13. Reda S.M., Dyes and Pigments (Elsevier), 2006, 1-7. 
14. Sangawar V.  And Adgaonkar C.S., Indian Journal of Pure and Applied Physics, 1995, 

Vol 33, 401-11. 
15. Scierka Stephni and Forster Amanda, 81st annual meeting technical Program of FSCT, 

2003. 
16. Seanor D.A., Electrical Properties of Polymers (Academic Press New York), 1982, 1-57. 
17. Shen J., Luo A.  , Yao L. and Lin X., Materials Science and Engineering C, Elsevier, 

2007, Vol. 27, 1145–1148. 
18. Singh S. K., Kumbhar A.A., Dusane R.O.,Materials Letters, 2006, Vol. 60, 1579–158. 
19. Srivastava K.K.,Goyal D.R., Kumar A.,Lakshinarayan K.N.,Panwar O.S.,Krishan I.,Phys. 

Status Solidi,1977, A 41,323. 
20. Stephan A. M.,  Kumar T. P, Renganathan N. G., Pitchumani S., Thirunakaran R., 

Muniyandi N., J. Power Sources, 2000, Vol 89, 80-87. 
21. Tager A., Physical Chemistry of Polymers (MIR Publication; Moscow), 1972,151. 

 
 
 
 



       ‘RESEARCH JOURNEY’ International E- Research Journal 
         

                             Impact Factor - (SJIF) – 6.261, (CIF ) - 3.452(2015), (GIF)–0.676 (2013) 
Special Issue 110 (I)- Physics 

UGC Approved Journal  

  ISSN :  
  2348-7143 
  February-2019 
   

 
 

98 Website – www.researchjourney.net         Email - researchjourney2014gmail.com 
 

 

Surface Activated Cr2O3 Based Thick Film for Ammonia Gas Sensing 
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Abstract: 
Pure chromium oxide (Cr2O3) nanoparticles powder was prepared by chemical co-

precipitation method. The structural behaviour of Cr2O3 nanoparticles was examined by X-ray 
diffraction. Thick films of pure chromium oxide were prepared by the screen printing technique. 
The Fe2O3-modified films obtained by dipping pure Cr2O3 thick films into an aqueous solution of 
ferric chloride (FeCl3) for 3min. and fired at 5000C for 30 min. Pure and Fe2O3 modified Cr2O3 

thick films were examined by FE-SEM and EDX. Thick film of pure chromium oxide was almost 
insensitive to ammonia gas. Thick film of Fe2O3-modified Cr2O3 (3 min dipped) was observed to 
be highly sensitive to ammonia at1000C. The instant response and fast recovery are the main 
features of this sensor. The effects of surface modification on the gas response, selectivity, 
response time and recovery time of Cr2O3 based thick film gas sensor in the presence of NH3, Cl2, 
LPG, CO2, H2S and C2H5OH gases ware studied and discussed. 
 

Keywords: Chromium oxide, X-ray diffraction, Ammonia gas, Gas response. 
 

Introduction 
The metal oxides based semiconductor gas sensors are playing an important role in the 

detection of toxic pollutants in air and to control the industrial processes. It is observed that when 
the sensors are exposed to the atmosphere, the chemical species to be detected in the atmosphere 
can enter in to the interface of the p-n junction. So there are changes in electrical properties at the 
junction [1-3]. Therefore, the gas sensors were synthesised by using, ZnO, SnO2, TiO2, WO3, 
Cr2O3, etc. materials in pure and modified forms to detect toxic, harmful, flammable and 
explosive gases [4,5] in the environment. Cr2O3 has a Hexagonal-Rhombic corundum crystal 
structure showing p-type semi- conductivity and has a high melting temperature (~ 23000C). In 
the recent years, p-type Cr2O3 is useful for sensor applications as it has an energy band gap of 
~3.4 eV and widely been used in variety of applications, such as, catalytic reactions, optical 
coating and infrared sensors [6–9]. It has been studied that Cr2O3 [10-13] is used as a gas-sensing 
materials. Cr2O3 is the transition-metal oxide and the transition-metal oxides are more sensitive 
to the change of outside ambient and these types of oxides could be more preferable for the use 
in gas sensors [14]. It has been found that a pure Cr2O3 thick film has poor gas sensitivity to 
reducing gases but Fe2O3 modified Cr2O3 thick film is the most sensitive to LPG, C2H5OH, NH3 
and Cl2 gases [12]. 
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The particle size plays an important role in gas sensing. The reduction in grain-size is one 
of the prominent factors for enhancing the gas sensing properties of semiconducting oxides. 
Many preparation techniques for synthesis of Cr2O3 nanoparticles are described, such as 
hydrothermal reduction [15], solid thermal decomposition [16], urea method [17], and 
mechanochemical reaction [18], etc.  In present work, co-precipitation methods (chemical route 
methods) were adopted, as they are easy, suitable and economically low coast to synthesize 
Cr2O3 nanostructures.  

The aim of the present work is to fabricate the ammonia sensor by modifying pure Cr2O3 
thick films, which is able to detect ammonia at trace levels. Among the various metal oxide 
additives tested, Fe2O3 is outstanding in promoting the sensing properties of the Cr2O3 sensor for 
ammonia. The present paper reports the structural, morphological and gas sensing properties of 
pure and Fe2O3 modified Cr2O3   based thick films. 
 

Experimental Details   
Preparation of Nanocrystalline Cr2O3 Powders 

All chemicals were of analytical grade and used directly without further purification. 
Nanocrystalline Cr2O3 powders were synthesized by chemical precipitation method. The details 
regarding preparation of nanocrystalline Cr2O3 was already published in our earlier publication 
[19]. The synthesized Cr2O3 nanostructure product was used for further study. 
 

Fabrication of thick films and Fe2O3 modified Cr2O3 thick films 
  Thick films of pure chromium oxide were prepared by the screen printing technique. In 
this process thixotropic paste was formulated by proper method and then the thixotropic pastes 
were screen printed on a glass substrate in desired patterns. The films prepared were fired at 
5000C for 12 h. Prepared thick films termed as pure Cr2O3 thick films. The surfaces of pure 
Cr2O3 thick films were modified by dipping them into 0.01M aqueous solution of FeCl3 for 3 
min. The FeCl3 dispersed on the film surface was oxidised to Fe2O3 in firing process and sensor 
elements with Fe2O3 on the surface of Cr2O3 thick films were obtained. These surface modified 
thick films are termed as Fe2O3 modified Cr2O3 thick films. 
 

Results and discussion 
X-ray diffraction  

Fig. 1 shows X-ray diffraction (XRD) pattern of synthesized pure Cr2O3 powder sample. 
The observed peaks are matching well with JCPDS reported data of pure Cr2O3 with hexagonal 
in structure (JCPDS card no.70-3766). The characteristic peaks observed in the spectrum are 
higher in intensity which indicates that the as-synthesized samples are of good crystalline in 
nature. The domain size of the crystal can be estimated from the full width at half maximum 
(FWHM) of the peaks by means of the Scherrer formula [20]. The average crystallite size (D) 
was estimated from the Debye–Scherrer’s equation: D = 0.9 λ / β Cos θ; where λ is the 
wavelength of X-rays (1.54056 Å), β is the FWHM of the peak in radians, θ is the diffraction 
angle at which the full width at half maximum (FWHM) measured and k =0.9, is Scherrer 
constant. The average crystallite size of the synthesized Cr2O3 nanoparticles calculated from 
(110) peak was approximately 26 nm. 
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Fig. 1: X-ray diffraction pattern of Cr2O3 powder sample calcinated at 500 0C. 
Scanning electron microscopy  

Fig. 2 (a-b) depicts the FE-SEM images of the pure Cr2O3 film and Fe2O3 modified Cr2O3 

thick film (3 min dipped). Fig. 2 (a) shows the FE-SEM image of the pure Cr2O3 film, which 
consists of randomly distributed grains with larger size and shape distribution. The average size 
of Cr2O3 grains are approximately 37 nm. The appearance of the film looks porous, which 
supports the adsorption and desorption type of gas sensing mechanism. The nano scaled grains 
exhibit high surface to volume ratio.  

Fig. 2 (b) depicts the microstructure of Fe2O3 modified Cr2O3 thick film for 3 min dipped 
consists of large number of almost similar sized grains of Fe2O3 associated with the comparable 
sized grains of Cr2O3.The film consists of grains with sizes ranging from 19 nm to 33 nm 
distributed non-uniformly. The appearance of the film looks porous in nature (not looks masked). 
Thus increase in surface to volume ratio, which enhances the large number of gas adsorption 
upon exposure giving larger gas response. This film is observed to be the most sensitive to 100 
ppm NH3 gas at 100 0C due to its porous nature. 

 

 
(a)                                                                                 

(b) 
Fig. 2: FE-SEM microstructures for (a) Pure Cr2O3 thick film (b) Fe2O3 modified Cr2O3 

thick film (3 min dipped) 
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Quantitative Elemental Analysis (EDX) 
 The quantitative elemental composition of the pure and Fe2O3 modified Cr2O3 thick 
films were analyzed using an Energy Dispersive Spectrometer (EDS). Fig.3 (a-b) represents the 
EDS patterns of pure and Fe2O3 modified Cr2O3thick films (3min dipped). In chromium oxide, 
stoichiometric mass percentage of chromium and oxygen are 68.420 and 31.580 respectively. 

The prepared powder of pure Cr2O3 is excess in oxygen, which increases its p-typeness 
characteristic. It leads to semiconducting nature of the synthesized pure Cr2O3. Excess or 
deficiency of the constituent element leads to the semiconducting nature of the material. Also, 
the mass % of Cr and O in each activated samples are not as per the stoichiometric proportion 
and all samples are observed to be oxygen deficient or excess in chromium. Thus, the maximum 
numbers of electrons are free to conduct the current and electrons behave as the majority current 
carriers. This enhances n-typeness of activated Cr2O3. Thus, dipping process is the simple and 
low cost technique to activate the surface of the film. This forms heterojunctions on the surface 
of the film which increases the resistivity. 

 
 
 

Fig.3: EDS patterns for a) pure Cr2O3 thick film b) Fe2O3 modified Cr2O3 thick film  
(3 min dipped) 
 

I-V characteristics pure and Fe2O3 modified Cr2O3 thick films 
Fig.4 depicts the I-V characteristics of pure and Fe2O3 modified Cr2O3 thick films. It is 

clear from the symmetrical I-V characteristics that the silver contacts on the film were ohmic in 
nature. Fig. 4 also shows that the conductivity of pure Cr2O3 film is larger than Fe2O3 modified 
Cr2O3 thick films. 
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Fig.4: I-V characteristics of pure and Fe2O3 modified Cr2O3 thick films at room temperature. 
Gas Sensing Performance of Pure and Fe2O3 modified Cr2O3 thick films  

 
Fig 5: Variation of gas response of pure and Fe2O3 modified Cr2O3 thick films with                  
operating temperature 

Fig. 5 depicts the gas response of pure and Fe2O3 modified Cr2O3 thick films versus 
operating temperature. The gas response of pure and Fe2O3 modified Cr2O3 thick films to 100 
ppm NH3 were investigated at various operating temperatures ranging from room temperature to 
4000C. Fig. 5 also shows that the gas response to NH3 gas goes on increasing with operating 
temperature, reaches to a maximum at 1000C and then decreases with the further increase of 
operating temperature. As we know that, response to a NH3 gas is generally depends on the 
number of oxygen ions adsorbed on the surface of the film with a target gas. If the film surface 
chemistry was favourable for adsorption, response and selectivity would be enhanced. In the case 
of pure Cr2O3 thick film, oxygen adsorption seems to be poor and hence it shows poor response 
to NH3. So, to improve and enhance the sensing performance of pure Cr2O3, it is essential to 
modify pure Cr2O3. It is also clear from figure that Fe2O3 modified Cr2O3 thick film at 3 min 
dipping time gives highest response to 100 ppm NH3 at 1000C. When the optimum amount of 
Fe2O3 (3 min dipping) is dispersed on the surface of Cr2O3 thick film, the Fe2O3 grains would be 
distributed uniformly throughout the surface film. These Fe2O3 grains form potential barrier (p-n 
heterojunctions) with Cr2O3. Due this potential barrier, sensor element offers high resistance. So 
such amount of high resistance would be sufficient to promote the catalytic reaction effectively. 
These overall changes lead to high gas response when this type of sensor element expose to NH3 

gas. 
Fig. 6 depicts the selectivity of all, pure and Fe2O3 modified Cr2O3 thick films towards 

LPG, C2H5OH, CO2, NH3, H2S and Cl2 for 100 ppm concentration at1000C. It is observed from 
figure that the 3 min. dipped Fe2O3 modified Cr2O3 thick film is most sensitive to NH3 gas 
at1000C among all other tested gas. 
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Fig. 6: Selectivity of pure and Fe2O3 modified Cr2O3 thick films. 
Fig. 7 exhibits the relation between gas response of pure and Fe2O3 modified Cr2O3 thick 

films and concentration of NH3 gas at 1000C. It is clear from the figure that the gas response of 
Fe2O3 modified Cr2O3 thick film (3 min dipping) increases linearly with gas concentration up to 
100 ppm. The rate of increase in response was relatively larger up to 100 ppm and saturated 
beyond 100 ppm.  The active region for the ammonia sensor is up to 100 ppm. At low gas 
concentration, the monolayer of NH3 gas molecules formed on the surface of film. So, the NH3 

response increases in proportion up to active region. At high gas concentration, the multilayer of 
NH3 gas molecules on the sensor surface would result into saturation in response beyond 100 
ppm gas. So, for proper functioning, the sensor should work in the active region only. 

 
            Fig 7: Variation of NH3 response with NH3 concentration (ppm) 
 The response and recovery of the Fe2O3 modified Cr2O3 thick film (3 min. dipped) to 100 
ppm of NH3 are 7 s and 10 s respectively. Thus the sensor showed very rapid response and 
recovery time to NH3 gas. For better performance of the sensor the recovery should be very fast. 
When the gas exposure was switched off, the sensor returned back to its original chemical status, 
within very short time (10 s). This is the main feature of this sensor. 
            The response of this sensor towards 100 ppm of NH3 gas at 1000C was measured for two 
month in the interval of 10 days and found almost constant. The good stability could be 
attributed to calcinations at high temperature and aging of sample for a few days. Thus the sensor 
showed a very stable response confirming the stability and hence reproducibility of the material.   
 

Gas sensing mechanism 
  In sensor, the surface is the region where periodicity of the crystal can be interrupted. 
Due to this, localized energy levels are formed in the forbidden gap, which can either capture 
electrons or give up electrons. In case of pure or Fe2O3 modified Cr2O3, the surface oxygen ions 
donate electrons. The response could be attributed to the adsorption-desorption type sensing 
mechanism. Gas Oxidation depends upon the amount of oxygen species (O2

-  2O-  O2-) 
adsorbed on the surface. Gas sensing mechanism is mostly explained in terms of conductance, by 
adsorption of atmospheric oxygen on the surface or by direct reaction of lattice oxygen or 
interstitial oxygen with the test gases.  The working principle of thick film semiconducting gas 
sensors is based on the change of the electronic conductivity of the semiconducting material on 
exposure of target gas. In such mechanism, the atmospheric oxygen molecules O2 (air) are 
adsorbed on the surface of the thick film. They capture the electrons from the conduction band of 
the thick film material as: 
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                                O2 (air)    +   4 e-
(cond.band)       2 O2-

(film surface) 
It would result in decreasing conductivity of the film. As we know that, the lone pair of electrons 
of NH3 provides strong electron acceptor behaviour. But it acts as an electron donor to the metal 
oxide, when reacted with the adsorbed oxygen ions on the surface by returning the trapped 
electrons to conduction band. The reactions that generates free electrons when the number of 
oxygen ions reacted with NH3 molecules, given in the following equations [21]. 
                                 4NH3 + 3O2 (adsorbed)  6H2O + 2N2 + 6e− 
                                                             Or 
                                   2NH3 + 3O-

(adsorbed)  3H2O + N2 + 3e− 
Upon exposure, ammonia molecules react with adsorbed oxygen on the surface of the film got 
oxidized to nitrogen oxide gas and water vapors as the products liberating free electrons in the 
conduction band. The following possible reaction would take place. 
     2 NH3 + 7 O2-

(film surface)                      2 NO2 ↑ + 3 H2O ↑ + 14 e-  

 

Conclusions 
The results of pure and Fe2O3 modified Cr2O3 thick films can be summarized as follows 

1. The pure Cr2O3 film was more conductive than Fe2O3 modified Cr2O3 thick film (3min 
dipped). 

2.  Fe2O3 was found to be outstanding in enhancing the gas sensing performance of Cr2O3 
based gas sensors. 

3. Surface modification by dipping process was one of the most useful methods of 
modifying the thick film surface for the gas sensing performance of metal oxide based 
gas sensors. 

4. A pure Cr2O3 thick film was almost insensitive to all tested reducing gases. 
5. Fe2O3 modified Cr2O3 thick film (3 min dip) showed higher gas response to 100 ppm at 

1000C. 
6.  The sensor showed good selectivity to NH3 gas against Cl2, LPG, CO2, H2S and C2H5OH 

gases at 1000C. 
7.  The sensor showed very rapid response and recovery time to NH3 gas. 
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Abstract :  
It is intended to use the polymers such as PMMA:PS. The polyblends are prepared by 

using these polymers in different proportions. The polyblends formed by using these component 
polymers with the addition of some dopent (malonic acid) or THF tried to modify their electrical 
and dialectical properties. 
 

Introduction :  
 The term “polymer” is derived from the Greek “poly”, meaning “many” and “mer”, 
meaning “parts”- thus POLYMERS are substances made of “many parts”.In most cases the parts 
are small molecules which react together hundreds, or thousands, or millions of times. A 
molecule used in producing a polymer is a “monomer”- mono means single.  
The resulting molecules may be long, straight chains, or they may be branched, with small chain 
extending out from the molecular backbone. The size of polymer molecule is important. A 
polymer is analogous to a necklace made from many small monomers (beads).  
  The process by which the monomer molecules are linked to form a big polymer 
molecule is called “polymerization". Polymers range from families synthetic plastics such as 
polystyrene to natural biopolymers such as DNA and proteins that are fundamental to biological 
structure and function. The term was coined in 1883 by Jones Jacob Berzelius, through with a 
definition distinct from the modern IUPAC definition. Unmatched in the diversity of their 
properties, polymers such as cotton, wool, rubber, Teflon and all plastic are use in nearly every 
industry. Natural and synthetic polymers can be produced with a wide range of stiffness strength, 
heat resistance, density and even price. With continue research into the science and applications 
of polymers, they are playing an ever increasing role society. 
 When two or more polymers are mixed together, polyblends or polymer alloys are 
obtained. This physical mixing or blending of two polymers produces alloys with quite different 
properties, which can be potentially useful (Bahadur, 2003). Two polymers are  generally 
incompatible as they have very low combinatorial entropy of mixing for the components. This is 
insufficient to overcome the positive heat of mixing of polymers to make the Gibb's free energy 
of mixing negative. Only in the presence of specific interaction between two polymers (e.g. 
Hydrogen bonding, acid-base type interaction etc.), heat of mixing is negative that makes the 
free energy of mixing a negative quantity and then the mixing is spontaneous.Two polymers may 
form the compatible blend, which exists as single phase. The incompatible blends on the other 
hand  exist as two- phase system. Since most blends combine immiscible components and so the 
material that results contains tiny particles of one polymer in a matrix of the other. Controlled 
mixing and cooling of the blend makes it possible to form the particles in the optimum 
concentration and range of sizes. Blending makes it possible to combine the good properties of 
several polymers. The most direct method to obtain a polyblend is to mix two component 
polymers in the molten state (melt mixing). In this case the extent of mixing depends on the rate 
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of diffusion of the molecules. Since such a mixing requires high temperature, the polymer may 
decompose and undergo chemical transformation. It is, therefore, that mixing process is 
restricted to thermally stable polymers.Another process involves the mixing of two polymers 
lattices performed by emulsion polymerization technique. The polyblend can be obtained by 
coagulating the mixed latex system. A polyblend can also be obtained by mixing the polymers in 
a mutual solvents followed by the removal of solvent e.g. by drying. 
 

Method and Preperation: 
  It is intended to use the polymers such as PMMA: PS. The polyblends will be prepared 
by using these polymers in different proportions. The polyblends formed by using these 
component polymers with the addition of some doping will be tried to modify their electrical and 
dialectical properties. The methodology to be use in progress of the work can be broadly 
classified into following stages. 
1) Selection of polymer materials, their solvent which are useful in the field of insulating, 
electrical, dielectrical application in the blended forms. 
2) Selection of power measuring instrument, electrical and electronic  
circuits. Designing of essential circuits and sample holders suitable for system. 
3) Preparation of homogeneous solution of the base polymers to form polyblends, which will be 
further converted in the form of thin film  
samples to measure their electrical and dialectical properties.                                              
4) Arrangement of experimental setup to carry out the measurement. 
5) Tabulations, calculations and study of the results obtained. 
6) Comparison of the results obtained with the standard properties. Analysis  
and new finding in the blend systems. 
 

Measurement of AC Electrical Conductivity and Dielectric  
Constant: 
The film sample was loaded into the sample holder in an oven (as shown in above figure). The 
AC frequencies were applied (in the range 1 KHz –1 MHz) across the sample by using the 4284 
A precision LCR meter (20 Hz –1 MHz)  supplied by Agilent Technologies, Singapore. The 
corresponding dielectric constants were measured by using LCR meter. From the dielectric data, 
the AC conductivity of the  samples was calculated by using the relation [Rao, 2000].  
 

Measurement of film thickness:  
  The thickness of each sample film was measured at four different places by using a 
digital micrometer. The average of the four readings (which were nearly same) was takes as the 
sample thickness. 
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Measurement of AC Electrical Conductivity and Dielectric  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Constant: 
                   The film sample was loaded into the sample holder in an oven (as shown in above 
figure). The AC frequencies were applied (in the range 1 KHz –1 MHz) across the sample by 
using the 4284 A precision LCR meter (20 Hz –1 MHz)  suppliedy Agilent Technologies, 
Singapore. The corresponding dielectric constants were measured by sing the relation [Rao, 
2000].  
 

Results and Discussion: 
  From the graph it is conclude that as we increase the frequency, ac conductivity increases 
linearly at constant temperature i.e it obeys ohms law. It is conclude that , conductivity of all 
samples shows the increase with respect to the rise in temperature. 
 

Conclusion: 
                In 4:1 PMMA PS polyblend , conductivity increases with increase of temperature. 
Rise in electrical conductivity from undoped melonic acid.In 4:1 PMMA + PS polyblend, 
conductivity increases with  
1) Increase in temperature. 
2) Increase of electric field. 

Study of PMMA+PS without Malonic Acid 

Study of PMMA+PS with Malonic Acid Study of PMMA+PS without Malonic Acid 
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Rise in electrical conductivity from undoped of malonic acid is less marked while electrical 
conductivity increases very remarkably as the dopent percentage is increases. 
* Range of variation of electrical conductivity suggests that the doped polyblends are 
predominantly insulators. 
* They demonstrate semiconducting properties in a sense that the electrical  
conductivity icreases with temperature. 
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Abstract :  
The solid polymer electrolytes based on polyvinyl alcohol doped with ammonium 

bromide was prepared using solution cast technique. The ionic conductivity has been found to 
increase with increasing salt concentration upto 25mol% and increase with increasing 
temperature. Dielectric constant and dielectric loss decreases exponentially with increases of 
frequency for ammonium bromide doped PVA polymer electrolyte.  
 

Keyword- Electrical properties, Ammonium bromide, polyvinyl alcohol, 
 

Introduction : 
In recent year, researcher fascinated toward solid proton conductor due to their ease of 

handling, low cost, high environment stability. Studies on electrical properties has been driven 
special attention due to their potential application in electronic devices such as rechargeable 
batteries, supper capacitor, fuel cells, gas sensors and electrochromic display devices [1-4]. The 
role of polymer electrolyte in these application are provide good electrode –electrolyte interface, 
provide good electrolyte insulation and allow a fast and selective transport of the ions. It is 
extremely important to understand the charge transport mechanism of polymer electrolyte for 
practical application. Electrical properties of polymer can be suitability modified by adding of 
salt. In present study, PVA has been chosen as polymer host due to their mechanical strength, 
excellent film-forming ability, dopant-depenent electrical and optical properties, low cost and 
high tensile strength (5-6). PVA is semicrystalline material and it contain hydroxyl group attach 
to methane carbon which can be source of hydrogen bounding. As per literature survey 
ammonium salt are very good proton donor (7-8). 
 

Experimental details; 
 In the present study, polyvinyl alcohol, ammonium bromide, and double distilled water 
were used to prepare solid polymer electrolyte. The film of pure and different composition of 
PVA-NH4Br has been prepared by solution cast technique. In this technique, appropriate amount 
of PVA and NH4Br have been dissolved  individually in double distilled water .These solution 
have been mixed together in different molar ratio (95:05) (90:10) (85:15) (80:20) (75:25) and 
stirred well by using magnetic stirred for 10-12 hr to obtained homogenous mixture. The 
obtained mixture is casted in petri dish. The whole assembly was placed in dust free chamber. 
The solvent was allowed to evaporate slowly at room temperature for 3-4 days. The thicknesses 
of the film were in the range of 0.032-0.021 mm. 
 

Result and Discussion  
The frequency dependent conductivity 

Fig (1a) shows the variation of AC conductivity with frequency for pure PVA and doped 
with different concentration of ammonium bromide and Fig (1b) shows the Variation of AC 
conductivity with frequency at different temperature for 25 mol % NH4Br. 

It is observed that the frequency dependent conductivity spectra consist of three different 
regions, low-frequency region, a frequency-independent plateau region in the mid frequency and 
final high frequency region. 
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 The low frequency region is observed to the space charge polarization at the blocking 
electrode [9]. The plateau region observed at intermediate frequency corresponds to the 
frequency-independent conductivity. This conductivity value was assigned to the bulk 
conductivity of the (σdc). The high frequency region, corresponding to bulk relaxation 
phenomena [10]. The total conductivity of polymer electrolytes may be expressed using 
Jonscher’s universal power law equation [11]. 

σ(ω) =σdc +Aωs  =    σdc +σac   ---------------------------------(1) 
where σdc is the frequency-dependent conductivity of the prepared polymer electrolyte. A 

is the temperature dependent parameter and s is the power law exponent. 

 
Fig 1a. Variation of AC conductivity with frequency for pure PVA and doped with different 
concentration of ammonium bromide 

 
Fig. 1b. Variation of AC conductivity with frequency at different temperature for 25 mol % NH4-
Br. 

From fig 1a. It is found that conductivity of PVA increases with increase in salt 
concentration upto 25mol% due to the enhancement of ionic mobility and the large number of 
carrier ions being introduced into the complex [12] 

From fig 1b.It is found that conductivity increases with increase in temperature which 
suggests that the free volume around the polymer chain causes the increases in mobility of ions 
and polymer segments, and hence the conductivity increases [13]. 
Dielectric studies  
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Fig 2a shows the variation of dielectric constant as function of frequency for different 
concentration of ammonium bromide and Fig 2b shows the variation of dielectric loss as function 
of frequency for different concentration of ammonium bromide  

 
Fig 2a shows the variation of dielectric constant as function of frequency for different 
concentration of ammonium bromide 

 
Fig 2b shows the variation of dielectric loss as function of frequency for different concentration 
of ammonium bromide 

It is clearly indicated that dielectric constant and dielectric loss for composition of PVA 
doped with ammonium bromide polymer electrolyte system decreases with increase in the 
frequency and approaches to constant value. The higher values of dielectric constant at lower 
frequencies are due to the accumulation of charge at the interface lead to electrode polarization 
effects [14-15]. At higher frequency periodic reversal of the field takes place so rapidly that the 
charge carriers will hardly be able to orient themselves in the field direction resulting in the 
observed decrease of dielectric constant and dielectric loss 

Also it is observed that dielectric constant and dielectric loss increases with increase in 
salt concentration, due to the increase in the number of dipole contributing to the material [16].  
 

Conclusion  
In the present studies the solid polymer electrolytes based on polyvinyl alcohol doped 

with ammonium bromide was prepared using solution cast technique. The maximun conductivity 
has been obtained for the dopant concentration of 25 mol %. Conductivity increase due to the 
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enhancement of ionic mobility and the large number of carrier ions being introduced into the 
complex Dielectric constant and dielectric loss decreases exponentially with increases of 
frequency for ammonium bromide doped PVA polymer electrolyte.  
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Abstract: 

The D.C electrical conductivity of (PVA-NH4NO3-ZrO2) composite has been investigated. 

The composite polymer electrolyte prepared with different mole percentages of nanofiller ZrO2. 

The experimental results showed that the D.C electrical conductivity increased with increasing 

the nanofiller concentrations and temperature. The increase in amorphous nature of the 

composite polymer electrolytes has been confirmed by SEM analysis. 
 

Keywords: Composites, polyvinyl alcohol, SEM, DC Electrical Properties. 
 

Introduction: 

Composite which are made up of polymer with nanofiller have been used in electrical and 
electronic industries. Nanofiller can improve mechanical thermal and electrical (conductivity and 
permittivity) properties [1]. The conductivity of proton conducting polymer increases due to 
addition of nanofiller [2]. Polyvinyl alcohol has been particular chemical and physical properties 
as well as industrial applications [3-4]. Its good film forming nature, high dielectric strength, 
good charge storage capacity, and dopant dependent electrical and optical properties. It has 
carbon chain backbone with hydroxyl group attach to methane carbon [5]. 

Ammonium salts are very good proton donor. Hemaetal studied that the AC electrical 
conductivity of proton conducting solid polymer electrolyte based on PVA with ammonium salts 
(NH4Cl, NH4Br, NH4I). It has been found that PVA doped with ammonium iodide have high 
ionic conductivity and its activation energy is low [6]. G. Hirankumaretal reported that the 
conductivity of pure PVA is of the order 10-10 S/cm at ambient temperature and its value 
increases 104 times when complex with 20% ammonium acetate [7]. So in the present work to 
study, DC electrical conductivity of proton conducting composite polymer electrolyte 
PVA:NH4NO3 doped with nanofiller ZrO2  of different molar ratio. 
 

Materials and experimental technique 

Polyvinyl alcohol with molecular weight 125,000 (AR grade Sd fine), ammonium nitrate 
(AR grade merck), nanofiller ZrO2 and deionized distilled water as a solvent have been used to 
prepare composite polymer electrolyte by solution cast technique. In this method PVA and 
ammonium nitrate have been dissolved separately in deionized distilled water by mole percent. 
And this solution are mixed together. Then different mole percent of nanofiller ZrO2 (0, 0.5, 1.0, 
1.5, 2) in PVA:NH4NO3 (80:20) and the solution is stirred well using magnetic stirred, until 
homogenous solution was formed. These homogeneous solution was casted in petri dish and 
evaporated slowly at room temperature. The film has been formed with uniformed thickness. DC 
electrical conductivity has been measured at different temperatures (313K- 353K) at the different 
voltages. 

http://www.researchjourney.net/
mailto:bakdesonal@gmail.com
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Results and discussion 

Scanning Electron Microscope (SEM) 

 
Fig: 3.1a           Fig: 3.1b     Fig: 3.1c 

     Scanning Electron Microscope of Pure PVA    Scanning Electron Microscope of 

80PVA:20AN     Scanning Electron Microscope of 80PVA:20AN:2.0(ZrO2) 

It has been observed that the ammonium nitrate salts has been broken in to small pieces 
and is mixed with PVA as shown in fig 3.1b. The mobile ions H+ from (NH4+) are responsible 
for conductivity when an electric field is applied across the polymer electrolytes.The number of 
charge carrier increases with increase in salt content up to 20 mole% and decreases from 25 
mole%. It is due to aggregation of salts as observed from SEM image of 80PVA:20 NH4NO3[8]. 
After the addition of nanofiller ZrO2as shown in fig3.1c, it can be seen that the added fillers were 
homogeneous distributed in the polymer matrix, the surface morphology becomes smoother with 
the addition of micron-sized fillers, which represents a more amorphous phase. The conductivity 
will increase as a consequence of the increase of amorphous phases in a polymer electrolyte. 
These results have been proved with the better ionic conductivity. A smoother surface with more 
amorphous phase will cause the electrolyte becomes more flexible, the conducting ions will 
move more freely in the electrolyte with smoother surface morphology and thus the conductivity 
enhancement is detected [9-12]. 
3.2 Variation of current (I) with Voltage (V)  

      
              3.2a Variation of current (I) with Voltage (V) of Pure PVA           3.2b 

Variation of current (I) with Voltage (V) of PVA:AN(80:20) 

 
Fig: 3.2c Variation of current (I) with Voltage (V) of  80PVA:20AN:2.0 (ZrO2) 

Fig. 3.2a shows the pure PVA and 3.2b shows PVA with ammonium nitrate (80:20) of   
I-V relation on five different temperatures 313 K to 353 K. The result shows ohmic behavior. 

http://www.researchjourney.net/
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Again, it is observed that the current increases with increasing temperature in ohmic region for 
all samples [13-14].  

But when addition of nanofiller (ZrO2) in PVA with ammonium nitrate (80:20) as shown in 
fig 3.2c at 2.0 mole % the current increase nonlinearly with increase in voltage and behavior is 
different from intrinsic semiconductor [15-16]. This nonlinearly increase in current can be 
explained by conduction mechanisms of composite polymer electrolyte. In doping process, the 
insertion of ions  in to the polymer electrolyte take place over a bulk volume of the material 
rather than just at surface and as a result, a very large amount of charge carriers are produce per 
unit volume. Here the negative and positive charges initially added to the polymer chain upon 
doping do not simply begin to fill the rigid conduction or valence bands. Therefore there are no 
permanent dipoles. However there exist random charge (polarons) trapping in the sample.  Under 
the influence of applied external field, a strong coupling between electron and phonons cause 
lattice distortions around the doped charge and hence charge (polarons) trapping result in to 
strong one and their localized motion (short range)  serves as an effective electric dipole [17]. 
This leads to the formation of new quasi particles such as solitons, polarons and bipolarons [18-
19]. Here the charge transport through these polarons and bipolarons. As the applied the increase 
the formation of polarons and bipolarons increases which contributes to the rapid increase in 
current to applied voltage and we get non-linear I-V curved. 
 

Variation of conductivity ln ( ) with temperature at different voltages (Arrhenius plots). 

      
Fig: 3.3a Arrhenius plots for PVA:AN (80:20)   Fig:3.3b Arrhenius 

plots for PVA:AN(80:20)+(2.0)ZrO2 

The temperature-dependent ionic conductivity of proton conducting polymer electrolytes 
has been evaluated to analyze the mechanism of ionic conduction in polymer electrolyte. Fig 
3.3a PVA:AN (80:20) and fig 3.3b PVA:AN(80:20):(2.0)ZrO2 shows the variation of ionic 
conductivity with the reciprocal of temperature for the polymer electrolytes. The linear variation 
of log  versus 1000/T plot suggests an Arrhenius type thermally activated process. The 
conductivity can be express as [20] 

= 0exp(-Ea/KT) 

Where 0 is the pre exponential factor, Ea is the activation energy 

As temperature increases, the polymer chain acquires faster internal modes in which bond 
rotations produce segmental motion [21]. This in turn favors inter-chain hopping and intra-chain 
ion movements, and accordingly, the conductivity of the polymer electrolytes become high. 
 

 

 

http://www.researchjourney.net/
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Conclusions: 

The composite polymer electrolyte PVA-NH4NO3-ZrO2 with different mole % have been 
prepared by solution cast methods. The increase in amorphous nature of the composite polymer 
electrolytes has been confirmed by SEM analysis. The Temperature dependence of ionic 
conductivity of these electrolytes exhibited Arrhenius behavior. The D.C electrical conductivity 
of the poly-vinyl alcohol increases by increasing the nanofiller ZrO2 concentrations and the 
temperature. 
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Abstract: 

PPy/ZnO composites with different weight percentage of ZnO (10%, 20%, 30, 40% and 
50%) were obtained by in situ emulsion polymerization of pyrrole in an aqueous solution. The 
characterizations of different composites were done with the help of X-Ray Diffraction (XRD), 
Scanning Electron Microscopy (SEM) and Fourier Infrared Spectroscopy (FTIR). The dc 
conductivity of the composites was measured as a function of temperature in the range 300C to 
2400C and was found maximum for PPy/ZnO-30% composition (98.88 x 10-4 S/cm, at 2400C). 
The prepared samples also studied to check the ac conductivity as a function of frequency and its 
maximum value was found to be 107.55 x 10-3 S/cm for PPy/ZnO-30% at room temperature 
300C. 
  

Keywords: PPy/ZnO Composites, dc and ac Electrical properties, SEM, XRD, FTIR. 
 

Introduction: 
Conducting polymers recently emerged as a new class of potentially useful materials in 

the era of electrical conductivity and other many applications as successful agents.  More works 
on conducting polymers have been done by many groups all over the world to understand their 
exceptional electrical, optical and chemical properties.  Recently, the nanocomposite materials 
have become one of the most extensively studied material all over the world as they have shown 
to possesses several technological application such as magnetic recording materials sensors, 
effective quantum electronic devices, etc. [1]. Nanocomposite material composed of conducting 
polymers & oxides have open more field of application such as conductive paints, drug delivery, 
rechargeable batteries, smart windows, toners in photocopying, etc [2].  Applications of 
polymers have begun to emerge a new era. These include coating and blends for electrostatic 
dissipation and electromagnetic interface (EMI) shielding. Electromagnetic radiation absorbs for 
welding of plastics, conductive layers for light emitting polymer devices and anti corrosion for 
iron and steel [3]. Semiconductor nonmaterial has been received great attentions. Among these 
various semiconductors oxide nonmaterial zinc oxide is a versatile material because of its 
physic-chemical properties such as mechanical, electrical, optical, magnetic and chemical 
sensing properties. It has a wide band gap of 3.3 eV and it is used in various applications of 
electronic devices, biomedical field, variety of sensors, etc [4-5].  In the present paper, the author 
has reported PPy/ZnO composites, which were synthesized by in-situ polymerization method. 
These composites were characterized by using Fourier transform infrared spectroscopy (FTIR), 
X-Ray diffraction (XRD) analysis, Scanning Electron Microscopy (SEM) and studied the 
electrical properties of prepared composites. 
  

Experimental:Materials 
Pyrrole monomer (C4H5N) was previously distilled under vacuum and subsequently stored in a 
dark refrigerated environment (0°C), since it is a very sensitive to light and moisture. All 
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chemical reagents, such as zinc oxide (ZnO), ferric chloride hexahydrate (FeCl3 .6H2O) and 
sodium dodecyl sulfate (C12H25NaO4S), were of analytical grade.  
 

Preparation of  PPy/ZnO composites 
PPy/ZnO composites were obtained by in situ emulsion polymerization of pyrrole in an 

aqueous solution containing sodium dodecyl sulphate (SDS) and ZnO. Initially, an aqueous 
solution of deionized water (40 mL) containing the surfactant (SDS, 2.4 mMoles) was prepared. 
The solution was stirred vigorously for 10 minutes and 0.5 mMoles of pyrrole monomer were 
then added to the mixture. After 20 minutes of vigorous stirring, 42.1 Moles of ZnO were 
added. Subsequently, the solution was maintained under vigorous stirring for 20 minutes and 
400.0 L of FeCl3 (1M) was added drop by drop. Finally, the solution was kept under vigorous 
stirring for 24 hours to ensure complete polymerization. To obtain a powder composite material, 
70 mL of methanol was added to the colloidal dispersion, forming a black precipitate, which was 
then dried at 40°C and thoroughly dried in a vacuum desiccator at room temperature [6]. In 
present work, PPy/ZnO nanocomposites containing various weight percentages of ZnO (10 %, 
20 %, 30 %, 40 %, and 50 %) in PPy were synthesized. 
 

Characterization  
X-ray diffraction (XRD) studies were performed using Philips X-ray diffractometer with  

CuKα  as the radiation source. The morphology of the Zinc oxide and composites in the form of 
powder was investigated using SEM, Fourier transformed infrared spectra of these composite 
were recorded in the range 4000-400cm-1. dc conductivity of these composites are also studied 
by using Keithley electrometer, Frequency-dependent ac conductivity were measured by 
employing LCR meter. 
 

Results and discussion   
X-Ray diffraction   
 

 
Figure 1. X-ray diffraction patterns obtained for: (a) ZnO (b) PPy/ZnO 

Figure 1 (a) shows the XRD pattern of ZnO. The XRD diffraction peaks of ZnO powder 
are shown in a good agreement with hexagonal structure reported in JCPDS File Card (No.05-
0664). The intensity of diffraction peaks for PPy/ZnO composite is lower than that for ZnO. The 
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presence of amorphous PPy reduces the percentage ratio of ZnO and sequentially weakens 
diffraction peaks of ZnO. Figure 1 (b) shows X-ray diffraction pattern of PPy/ZnO. A broad peak 
centered at 2θ at 22.170 may be assigned to the scattering from the polypyrrole chains at 
interplanar spacing which clearly implies the amorphous nature of polypyrrole. 
 

Fourier Infrared Spectroscopy   

 
Figure 2.  FTIR spectrum of: (a) ZnO (b) PPy and (c) PPy /ZnO composite 

The FTIR spectra measurement was carried out to study the molecular bonding of the 
PPy and PPy/ZnO composites (ZnO 50 wt % in PPy). For the pure PPy, the characteristic peaks 
appear at 1546 cm-1  due to C=C stretching, FTIR spectra of pure Zinc oxide has predominant 
peaks at 987 cm-1 and 1534 cm-1 conforms the formation of ZnO compounds. FTIR of PPy/ZnO 
composite shows peaks at 768 cm-1, 1465 cm-1 and 1755 cm-1 suggested the absorption at these 
wavelengths.  
 

Scanning Electron Microscopy 

      
(a)     
 (b) 
Figure 3. SEM image of: (a) ZnO and (b) PPy/ZnO-30% composite 

SEM pictures show the porosity of ZnO and PPy/ZnO composite (50 wt % of ZnO in 
PPy). From figure 3 (b), more porosity is observed with doping of ZnO in PPy thereby decreases 
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the granular size. The SEM image also reveals the presence of ZnO in PPy which is 
homogeneously distributed throughout the polymer sample. 
 

dc conductivity  
The dc conductivity of PPy/ZnO composites having different weight percentage was 

carried out in the temperature range 300C to 2400C. The variations are shown in following figure 
4.  

 
Figure 4. Variation of dc electrical conductivity with temperature 

 
Figure 5. Bar Graph of variation of dc conductivity with PPy/ZnO composites at 2400C 

The dc conductivity varies directly with temperature by the equation  1/ 4
o o = exp - T /T   

where,   is the conductivity at temperature T and  is the conductivity at characteristics 
temperature To. From figure 4, it is manifested that with increase in temperature, conductivity 
initially increases slowly and then rapidly. Also, dc conductivity increases with increase in ZnO 
percentage in PPy and becomes maximum for PPy/ZnO-30% composition (98.88 x 10-4 S/cm, 
from figure 5 at 2400C). With further increase in weight percentage of ZnO, conductivity 
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decreases. This increased in conductivity could be due to charge exchanging between ZnO and 
PPy chain with increase in temperature.  
 

ac conductivity  
The variation of ac conductivity with frequency at room temperature (300C) is shown in figure 6.  

 
Figure 6. Variation of ac electrical conductivity with frequency 

 
Figure 7. Bar Graph of variation of ac conductivity with PPy/ZnO composites  

The ac conductivity was carried out at room temperature (300C) using LCR meter. From 
figure 6, it is manifested that ac conductivity increases with increase in frequency and it has 
enhanced value for PPy/ZnO-30% composition, also it is shown in figure 7. This maximum 
value is 107.55 x 10-3 S/cm. Increased value of ac conductivity for PPy/ZnO-30% composition 
may be due to electric polarization of the dipoles.  
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Conclusion    
PPy/ZnO composition with different percentage ratio was prepared by in situ emulsion 

polymerization of pyrrole in an aqueous solution. Electrical conductivity (dc and ac) were 
studied and found that dc conductivity increases with increase in temperature and ac conductivity 
increases with increase in frequency. Both the conductivities become maximum for PPy/ZnO-
30% composition. This showed that PPy/ZnO nano-composites are best materials in voltage-
current applications.  
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Abstract: 
 The present work devoted to measurement of the electrical conductivity of doped and 
undoped Oxalic acid Polyvinyl Chloride (PVC) - Polymethyl Methacryalate (PMMA) blends   at 
temperatures (313K - 373K). The conductivity of PVC-PMMA polyblends found to be decreases 
after adding oxalic acid.  
 

Key words: PVC, PMMA, Polyblends, Oxalic Acid. 
 

Introduction 
High molecular weight compounds constitute one of the major fields of modern 

technology. Thus high polymers either natural or synthetic participate in a wide range of 
industrial applications [1]. Composite systems consisting of an insulating matrix and randomly 
dispersed fine conductive particles have generated significant research interest, mostly, due to 
their electrical and electromagnetic performance [2] .The blending of two polymers is found to 
be new polymeric material which new materials may be promising candidate than indivisible 
polymer [3]. There are many investigations on polymer blending [4]. The conductivity study 
gives the origin of the charge carrying species, their number, and the way in which they move 
through the bulk of the material. These parameters are interlinked with the chemical composition 
of the microstructure and the morphology of the particular material.   

PVC is a polar molecule and one of the most important commercially available polymer 
due to its light, electrical & chemical resistant and it has the ability to get mixed with other to 
produce verity of compounds which has a wide range of physical & chemical properties.  

PMMA is strongly polar and it is a hard, rigid and transparent polymer which has good 
outdoor weatherability and it has more impact resistance than glass. PMMA is a versatile 
polymer showing plenty of application. Blends of these two polymers are expected to yield 
strong and long lived electrets useful for industrial application. Both PVC- PMMA are rigid 
polymers but by blending PVC with PMMA make the resultant blend soft & open to make useful 
applications. Many researchers reported the electrical conductivity and experimental 
observations in PS-PMMA [5], PVC-PMMA blends [6], [7], [8]. The conductivity studies on 
PVC-PMMA polymer blends electrolytes shows stability [6]. 

Poly methyl methacrylate (PMMA) is one of the well known brittle materials. In order to 
enhance the physical and mechanical properties of PMMA, numerical studies on the 
improvement methods have been extensively carried out in the past decades. The most common 
method for promoting the toughness of PMMA is blending with the PVC. A large number of 
studies indicate that the tacticity of PMMA affects strongly the miscibility of PVC-PMMA 
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blends. The present investigation is concerned with detailed studies on the DC electrical 
conductivity of PVC-PMMA blends doped with Oxalic acid.  
 

Experimental 
The polymers, PVC (Aldrich) and PMMA (Otto kemi, Mumbai) in 4:1 weight 

proportions were dissolved in 20 ml solvent cyclohexanone (SD Fine Chemicals, Mumbai) 
respectively. Oxalic acid used as a dopant in these selected polymers. The dopant & polymer 
mixture were mixed together and this mixed solution was kept in a stand for three days so as to 
get the complete homogenous dissolution of blends. After three days, the solution mixture was 
poured on perfectly plane and chemically clean glass plate, which is kept floating freely in a pool 
of mercury for perfect horizontal leveling. It was, thereafter, allowed to evaporate in air at room 
temperature. Further, it was dried for 48 hrs. to remove any traces of solvent.   

The dried film was removed from the plate and cut into small pieces (samples) of desired 
size, which were then coated on both sides with silver paste (Eltecks Corporation, Bangalore) so 
that electrical contact hold very well. These polyblends films of PVC-PMMA doped with 0%, 
5%, 10%, 15% Oxalic acid (wt. percentage) were kept between the electrodes of a specially 
designed sample holder having gold plating. The variation between current and voltage measured 
by using Keithley 6487 Picoammeter / Voltage source meter instruments at various constant 
temperature by using Digital Micrometer screw gauge (Mitutoyo Corporation, Japan, Least 
Count 0.001mm). 
 

XRD Measurements   

 
                               Fig. (2.1) XRD Spectrum of 4:1 PVC-PMMA 
Generally, polymer consists of both crystalline and amorphous region. Their conductivity 

properties are influenced by the presence of amorphous nature. From above Fig.(2.1)  we 
observe that the sample shows noisy spectra. The peak was observed at the position near about 
25o, which is attributed to the amorphous nature. Thus the x-ray diffractograms of all the samples 
ensures the amorphous nature with large diffraction maxima that decreases at large diffraction 
angles. The shape of the first main maximum indicates the ordered packing of the polymer 
chains. The intensity and shape of second maxima are related to the effect of ordering inside the 
main chains. The observed broad hymps in the XRD spectrum indicate the presence of 
crystallities of very low dimensions. The absence of any prominent peaks in the films indicates 
the predominantly amorphous nature of the films. This is in agreement with the result reported 
by Na and Rhee (2006) 
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Results & Discussion   
Ln(I) vs ln(V) plots  

Ln(I) vs ln(V) plots of oxalic acid doped PVC–PMMA thin films at various temperatures 
323 K, 333 K, 343 K, 353 K and 363 K are shown in figure 3.1 (a),(b),(c),(d).  
 

Fig. 3.1 Variation of Current (I) with Voltage (V) for 4:1 PVC PMMA doped with different 
wt% of OA. 

 
                                  Fig. (a)                                Fig. (b) 

 
                                     Fig. (c)                                                           Fig. (d) 
          From the graph, current increases non-linearly with applied voltage and does not follow a 
power law, I = kVm, where k and m are constants. The possibility of ohmic conductions as well 
as space charge limited conduction is ruled out from the observed behavior of I–V 
characteristics. This is also evident from the fact that Ohm’s law follows from the free electron 
model of a metal. In the present case the constituents of blends are itself insulators and blends 
almost amorphous, giving wide scope for irregularities in the structure and so ruling out ohmic 
conduction. 
3.2 Effect of Dopant on DC Conductivity   
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 In the blend of (PVC - PMMA), the PVC has chloro side group which is proton donor 
while PMMA has on ester side group (–COOCH3) containing oxygen as a hetero atom having 
large electron affinity. The incorporation of more conducting PVC than PMMA (Belsare and 
Devgaonkar, 1998) imparts a polar character to the blend sample. According to Liang–Tse Yu 
(1963) and Van Taut Yu (1962), the resistance of the polymer decreases (conductivity increases) 
when polar substances are introduced into non- polar ones. Hence in case of blended systems the 
value of conductivity is greater and on making the blends of PVC and PMMA in ratio 4:1 doped 
with different weight percentage of oxalic acid, the value of DC conductivity decreases with 
increasing dopant percentage. The Fig. 3.2 (e) to (h) agrees with the theory. 
Fig. 3.2 (e) to (h) Variation of conductivity ln () with temperature at different voltages 
(Arrhenius plots) for 4:1 PVC- PMMA doped with different wt% of OA. 

 
                         Fig. (e)   Fig. (f) 

 
                               Fig. (g)         Fig. (h)  
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Conclusions   
 DC electrical conductivity have been measured at different temperatures and at the 

different % of Oxalic acid. 
i. DC electrical conductivity of thin film increases with increase in temperature.  
ii. DC electrical conductivity of thin film decreases with increasing  doping  percentage .  
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Abstract : 
In this present work sol-gel method  used for the synthesis of pristine nanoparticles of 

SnO2 , CuO and nanocrystalline tin oxide (SnO2) doped with copper oxide (CuO) has been 
successfully demonstrated for CO2 detection. Thermal treatment of samples is done in the 
temperature range 50oC to 350oC. The current–voltage (I–V) characteristics of the samples and 
its temperature dependence have been investigated in air at temperature range 50oC to 350oC. 
The linear nature of plots   shows the semiconducting behavior and obeys Ohms law. The plots 
Ln (  vs.CO2 gas concentration revealed that conductivity of samples decreases partially 
linearly with respect to the CO2 gas concentration but with respect to the temperature the 
conductivity of samples increases. 
 

Key words: SnO2 , CuO,  CO2 gas sensors  
 

Introduction: 
Carbon dioxide (CO2) gas concentration is an important parameter for many fields, such 

as in environmental protection, industrial processing control, medical diagnosis and chemical 
analysis [1–3]. Carbon dioxide is one of the main gas species causing a global warming of the 
earth, As such, a gas sensor that is compact, robust, with versatile applications and a low cost, 
could be an equally effective alternative. The main classes of gas-sensing materials include 
metal-oxide semiconductors, intrinsically conducting polymer, conducting polymer composite, 
metal-oxide/polymer composite and other novel materials. These materials can be applied on 
different transduction units including chemiresistive, surface acoustic wave (SAW), quartz 
crystal microbalance (QCM), optical transducers and metal-oxide-semiconductor field-effect 
transistor (MOSFET) [4].Among these, chemiresistive semiconducting metal oxides are among 
the most potential candidates due to their very low cost,high sensitivity, fast response/recovery 
time, simple electronic interface, ease of use, low maintenance and ability to detect large number 
of gases [5]. 

Semiconducting Oxide gas sensors operate on the principle of conversion of gas 
concentration into a measurable signal.  It was discovered in 1950, that the electrical properties 
of some metal oxides are changed when they are exposed to gases [6]. Seiyama et al [7] in 1962, 
proposed the idea of gas sensing using metal oxide thin films. In the same year Taguchi built the 
first SnO2 sensor which is most widely used sensing material for the gas sensing applications [8]. 
SnO2 particles are widely applied for gas sensing application due to their high mobility of 
conduction electrons, good chemical and thermal stability under the operating conditions of 
sensors [9]. In the present work nanocrystalline tin oxide (SnO2) doped with copper oxide (CuO) 
has been successfully demonstrated for CO2 detection. 
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Experimental:  
In this present work sol-gel method  used for the synthesis of pristine nanoparticles of 

SnO2 , CuO  [10]. After the synthesis, obtained fine nanopowder  of SnO2 , CuO was calcinated 
at   800 oC up-to 5 hours in the auto controlled muffle furnace (Gayatri Scientific, Mumbai, 
India.) so that the impurities from product will be completely removed. The obtained product of 
fine nanopowder is further used for the preparations of samples. The SnO2 powder was mixed 
thoroughly with different X mole% of CuO(X = 10, 20, 30, 40, 50, 60, 70, 80, 90) with the aid of 
acetone by using the mortar and pestle. The mixed powder of SnO2 : CuO system was further 
calcinated at temperature 800°C for 5hrs. in the auto controlled muffle furnace (Gayatri 
Scientific, Mumbai, India.) After, the calcinations again uniformly mixed the powder using the 
grinder. The sample codes, mole% of powder, and thickness are listed in the Table 2.1.   
                      Table 2.1: Sample Code of (SnO2 : CuO) System    

Sr. No. Sample Code mole%SnO2 : mole%CuO Thickness (µm) 
1 SC-1 90SnO2-10CuO 20 
2 SC-2 80 SnO2-20CuO 23 
3 SC-3 70 SnO2-30CuO 26 
4 SC-4 60 SnO2-40CuO 26 
5 SC-5 50 SnO2-50CuO 28 
6 SC-6 40 SnO2-60CuO 20 
7 SC-7 30 SnO2-70CuO 35 
8 SC-8 20 SnO2-80CuO 34 
9 SC-9 10 SnO2-90CuO 30 

Sensor fabrication: 
The sensor was fabricated by employing thick film technology .  screen –printing 

technique  is used to prepare thick film.The prepared active powder was used to formulate the  
paste for screen-printing. EC (Ethyl Cellulose), BCA (Butyl Carbutol Acetate) were used as 
binders for the screen-printing process [12,13].  The active powder and binder were mixed to 
form a paste. During this mixing process, the binder was added drop by drop to obtain the proper 
viscosity of the paste. The glass substrates used for the screen-printing of the paste of sensor 
material were cleaned initially by distilled water several times. The screen-printing of the paste 
of active powder mixture was done on glass substrates 
 

Results & Discussion           
Thermal Stability of Sensors  

Figure (3.1 to 3.2) shows the variation of current Vs. temperature from 50oC to 350oC  at 
constant source voltage (10 V DC) by using Keithley (6487) voltage source cum picoammeter. 
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                            Fig. 3.1 to Fig. 3.2 Thermal Stability Curves of Samples. 
The electrical measurements of  compositions samples at constant voltage prior to gas 

sensing measurement signified that the current increases linearly with the temperature, which is 
indicating the perfectly ohmic contact of the electrodes to get the correct measurement across the 
samples for the future reading also. 
 

Current–Voltage (I–V) Characteristics of Sensors  
The current–voltage (I–V) characteristics of the samples and its temperature dependence 

have been investigated in air. Fig. ( 3.2.1 to 3.2.9 ) shows the current–voltage (I–V) 
characteristics samples of Series I having different molar composition 
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                                      Fig. (3.2.1 to 5.2.9) Current–Voltage (I–V) Characteristic of Sensors 
The nature of plot initially linear and then it becomes nonlinear beyond some voltage, said to be 
exponential nature. The linear nature of plots   shows the semiconducting behavior and obeys 
Ohms law at temperature range 50oC to 350oC. The semiconducting behavior of SnO2 and CuO 
composite plays very important role in the CO2 gas sensing characteristics [15, 16]. 
 

DC Electrical Conductivity of Sensors  

    
 
 

Fig. 3.3.1 Variation of Ln with CO2 
gas concentration at constant 
temperature of sample SC-1 

Fig. 3.3.2 Variation of Ln with CO2 
gas concentration at constant 
temperature of sample SC-2 
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Fig. 3.3.6 Variation of Ln with CO2 
gas concentration at constant 
temperature of sample SC-6 

Fig. 3.3.5 Variation of Ln with CO2 
gas concentration at constant 
temperature of sample SC-5 

Fig. 3.3.3 Variation of Ln with CO2 
gas concentration at constant 
temperature of sample SC-3 

Fig. 3.3.4 Variation of Ln with CO2 
gas concentration at constant 
temperature of sample SC-4 
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If the absorbing gas is a reducing agent, it injects electrons into the semiconductor and 

causes the conductivity to increase and if it is oxidizing agent, it extracts electrons from the 
semiconductor and the corresponding conductivity decreases [17].In all the groups of samples, 
the conductivity increases with increase in temperature of sensors i.e., the electrical conductivity 
of all samples increases with increasing the temperature and this represents also a semiconductor 
behaviour [18].It is observed that the conductivity decreases partially linearly with respect to the 
CO2 gas concentration. But with respect to the temperature the conductivity of samples 
increases. 
 

Conclusions  
Due to thermal treatment films show better and excellent sensitivity and stability results 

without any further mechanical deformations obtained or seen in the films. The linear nature of 
current–voltage (I–V) plots shows the semiconducting behavior and obeys Ohms law.  

The plots Ln (  vs.CO2 gas concentration revealed that conductivity of samples 
decreases partially linearly with respect to the CO2 gas concentration but with respect to the 
temperature the conductivity of samples increases. The CO2 gas has oxidizing properties which 
leads to an oxidation of material, thereby reducing its conductivity. 
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Abstract.  
Nanostructured WO3 thin films have been deposited by Successive Ionic Layer 

Adsorption and Reaction (SILAR) method onto glass substrate using H2O4W and NaOH as 
cationic and anionic precursors respectively. This Flim characterized by means of FTIR and UV. 
The electrical resistivity (105 Ω cm) and it behave semiconductor with 2.2 eV optical band gap. 
 

Keywords: Thin films; Nanocrystalline materials; Electrical properties; Optical properties. 
 

Introduction: 
Since last few decades, thin films of Tungsten  oxide have attracted great attention due to 

its applications in variety of fields such as electro chromic devices [1], gas sensor  [2], Solar 
energy photo thermal conversion [3], Photo catalysis [4], high density memory devices, smart 
windows [5], Tungsten oxide is one of the most stable rare earth metal oxide having high 
dielectric constant and high refractive index.  Depending on the different oxidation states 
tungsten, it has different phases such as W3O, WO2, W18O49, W20O58, WO2:9 and WO3  with 
monoclinic, tetragonal, orthorhombic and hexagonal crystal structure have attracted great 
attention due to the applications in variety of fields such as elecrtochromic devices respectively. 
[6, 7]. Amongst them, WO3 has attracted the great attention of several researchers due to its 
novel physical, chemical and functional properties. It is one of the promising materials for 
biomedical and industrial applications owing to its non-toxicity, high chemical stability and high 
electron transfer capability. 
         Recently, several researchers have deposited WO3 thin films by various physical and 
chemical deposition techniques such as thermal evaporation [8], spray pyrolysis [9],  r. f. 
sputtering [10], pulsed laser deposition  [11], sol gel method [12], chemical vapor deposition 
[13], dip coating[14], electron beam [15],vacuum evaporation[16], chemical bath deposition 
method [17] etc. However very few reported chemical method for the deposition of WO3 thin 
films. Since chemical deposition methods are advantageous over physical deposition methods, 
first time an attempt has been made to deposit WO3 thin film by simple, low cost, non-toxic and 
ecofriendly successive ionic layer adsorption and reaction method. The FTIR, electrical and 
optical properties of the WO3 thin films are discussed. 
 
Experimental: 
                 Nanostructured tungsten oxide thin films have been deposited by successive ionic 
layer adsorption and reaction (SILAR) method onto glass substrates by using 0.1M tungstic acid 
(H2O4W) and 1M NaOH as the cationic and anionic precursors respectively. To deposit WO3 
thin film substrate was immersed in separately placed cationic and anionic precursors alternately. 
[18, 19]. Before the deposition, all the glassware and substrates were thoroughly cleaned by 
usual method so as to achieve uniform deposition of the film. Initially, glass substrate was 
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immersed into the 0.1 M tungstic acid (H2O4W) cationic precursor solution for 20s, where 
substrate surface adsorbs W (OH) 6

+ species on the substrate surface then rinsed in de-ionized 
water for 20s to remove loosely bound species of W(OH)6

+ ions. Further the substrate was 
immersed in 1 M NaOH anionic precursor solution for 20 s, where OH− ions react with W(OH)6

+ 
ions on the substrate surface and form a single layer of tungsten  hydroxide W(OH)3. Finally it 
was rinsed in rinsing water to remove weakly bound species for 20s. This completes one SILAR 
deposition cycle. To grow the 279 nm thick film, such SILAR cycles were repeated in severals 
times. The as deposited films were further annealed in air at 473 K temperature for 3 h to obtain 
pure phase WO3 thin film. 

FTIR unit. The optical absorption studies were carried out within the wavelength range 
400 – 800 nm using ELICO ® Double Beam SL 210 UV-Visible Spectrophotometer. The 
variation of electrical resistivity of WO3 with temperature was studied by using two probe 
methods. 
             

Results and Discussion 
A typical FTIR spectrum of the WO3 thin film of thickness 279 nm in the mid-infrared 

frequency range from 630 to 4000 cm−1 is shown in FIGURE. 1. It is observed that, the peaks 
appearing in the spectra are characteristic of the material structure. It is observed that the peaks 
observed in the spectra at 738.672 cm-1 and 870.447 cm-1 corresponds to prominent symmetric 
stretching vibration of low frequency W-O band in WO3. The bearing  free OH groups can 
further condense leading to high polymers. The W-O-W bridges formed during the poly-
condensation process will have one or two water molecules coordinated to the tungsten atom. 
[20-21]. However, peaks observed at 1365.09, 1414.84, and 1641.01 cm-1 more sharp band 
corresponds to intercalated water molecules (W-OH…H2O) are characterized by a prominent 
peak at 2946.80 cm-1[22-23]. 
 

 
                    Figure.1. A typical FTIR spectrum of WO3  thin film of thickness 279 nm. 
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       The optical absorption spectrum of WO3 thin film was studied in the range of wavelength 
400-800 nm at room temperature (  FIGURE.2.) Shows the variation of the absorbance and of 
WO3 thin film Wavelength. The spectrum revels that WO3 thin film has high absorbance of light 
in the visible region indicating as an absorbing materials. The optical band gap (Eg) of WO3 film 
was calculated using the equation, 𝛼ℎ𝜐 = (𝐸𝑔 − ℎ𝜐); where, ‘α’ is absorption coefficient, ‘Eg’ is 
band gap, ‘A’ is constant and n is equal to 1/2 for indirect and 2 for direct transition. The plot of  
(αhυ)2 versus hυ of WO3film is shown FIGURE.2.The direct band gap energy was estimated by 
extrapolating the linear portion of the plot to the energy axis at  (α hυ) 2 = 0. The optical band gap 
energy of WO3 thin film deposited by SILAR method was found to be 2.2 eV which is very close 
to the results reported (2.5eV) by Lokhande etal. [24, 25]. But quite low as compared with the 
results reported (2.95 eV) Changa etal. [26]. This decrease in optical band gap energy may be 
due to quantum confinements of the WO3 nano particles. 
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Figure.2. The plot of (αhν)2 versus hν (Inset shows optical absorption spectra) of WO3 thin film. 
              The D.C two point probe method was employed to understand the variation of electrical 
resistivity of WO3thin films with temperature (FIGURE. 3). The decrease in electrical resistivity 
with increase in temperature indicates semiconducting behavior of WO3. The electrical resistivity 
of the WO3 thin film deposited by SILAR method onto glass substrate is found to be of the order 
of 105Ω cm and it is in agreement with earlier report [27, 28]. The activation energy was 
calculated by using relation, 𝜌 = (𝐸𝑎»𝐾𝑇) ; where ‘ρ’ is the resistivity at temperature T, ‘ρ0’ is 
constant; ‘K’ is Boltzmann constant and ‘Ea’ is activation energy. The activation energy of 
WO3thin film deposited onto glass substrate was found to be 0.48 eV 
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Figure. 3    The plot of log ρ versus 103/ T of WO3 thin film 
 

Conclusions 
  In present work, nanostructured thin films of tungsten oxide were successfully 
synthesized by Successive Ionic Layer Adsorption and Reaction method onto glass substrate. 
The FTIR, characterizations confirms nanocrystalline nature and symmetric stretching vibration 
of low frequency W-O band of WO3. The direct optical band gap energy and activation energy of 
the WO3 thin film is found to be 2.2 eV and 0.48 eV respectively. 
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 Abstract :  
Conducting polymer composites of polypyrrole / Tin oxide (ppy /SnO2)were synthesized 

by in polymerization of pyrrole with SnO2 using FeCl3 as an oxidant. Thermal properties of 
polypyrrole polymethylmethacrylate (PPY-PMMA)Composites are analyzed by differential 
scanning calorimetry.The AC conductivity of these composites is studied in frequency range of 
600 HZ to 1MHZ and temperature interval 230C to 1100C. The study depending on the frequency 
has highlighted three domain at 10w frequencies the conductivity is independent of frequency at 
intermediate frequencies, the ac conductivity follow a power law in frequency and at high 
frequency the ac conductivity can be explained in term of hopping process. The SnO2 is varied in 
five different weight percentage of PPY in PPY/SnO2 composites. Electrical conductivity of the 
concentration of SnO2 in PPY. The frequency dependent AC conductivity reveals that the SnO2 
concentration in PPY is responsible for the variation of conductivity of the composites.  
  

Introduction:   
A polymer is large molecule composed of many repeated subunits, known as monomers. 

Because of their broad range of -properties, both synthetic and natural polymers play an essential 
and ubiquitous role in everyday life. Polymers range from families synthetic plastics such as 
polystyrene to natural biopolymers such as DNA and proteins that are fundamental to biological 
structure and function. Polymers, both natural and synthetic, are created polymerization of many 
monomers. their consequently large molecular mass relative to small molecule compounds 
produces unique physical properties , including toughness , viscoelasticity , and a tendency to 
form glasses and semi crystalline structures rather than crystals. Humans have taken advantade 
of the versatility of polymers for centuries in the frm of oils, tars gums. However, it was not until 
the industry began to develop. In the late 1830s, Charles Goodyear succeeded in producing a 
useul form of natural rubber through a process known as “vulcanization”. Some 40 years later, 
celluloid ( a hard plastic formed from nitrocellulose) was successfully commercialized. Despite 
these advances, progress in polymer science was slow until the 1930s, when materials such as 
vinyl, neoprene, polystyrene and nylon were developed. The introduction of these revolutionary 
materials began an explosion in polymer research that is still going on today. The term 
“polymer” derives from the ancient Greek word polus, meaning “many much” and meros, 
mening “parts”, and refers to a molecule whose structure is composed of multiple repeating 
unites, from which originates a composing polymers derive, actually or conceptually, from 
molecules of low relative molecular mass. The term was coined in 1883 by Jones Jacob 
Berzelius, through with a definition distinct from the modern IUPAC definition. Unmatched in 
the diversity of their properties, polymers such as cotton, wool, rubber, Teflon and all plastic are 
use in nearly every industry. Natural and synthetic polymers can be produced with a wide range 
of stiffness strength, heat resistance, density and even price. With continue research into the 
science and applications of polymers, they are playing an ever increasing role society.  
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 “The term polymer derives from the ancient Greek word polus, meaning many, much and 
meros, meaning part and refers to a molecule whose structure is compose of multiple repeating 
units”.  
1) Polypyrrole is a type of organic polymer formed by polymerization of pyrrole are conducting 
polymers. 
2) Polypyrrole was firstly synthesized by conventional chemical method in insoluble.       

 
Experimental:  
Preparation of polypyrrole: 

Powder poypyrrole was prepared from 4.290 (high) high weight ratio of pyrrole 
monomer and oxidant (FeCl3). During the synthesis, concentration of (FeCl3) was kept constant 
and methanol was used as a solvent. The py- monomer, anhydrous iron chloride (FeCl3) and 
methanol were used for synthesis of polypyrrole. The solution of 7ml methanol and 1.892g FeCl3 
was first prepared in round- bottom flask, and 8.4ml pyrrole monomer was added to (Fecl3+ 
methanol ) solution with constant stirring in absence of light. The amount of pyrrole monomer 
was dropwise added to the solution in such a way to get maximum yield.In the polymerization 
reaction of pyrrole, it was observed that as soon as the pyrrole monomer was added to the 
solution, the colour change to dark green/black. There was an increase in temperature of the 
solution during the start of reaction, which shows that it was an exothermic reaction. And it was 
out room temperature for 4 hr. The final precipitated polymer was filtered by a conventional 
method. The polyrrole was washed with distilled water several times till the filtrate obtain was 
colorless. To remove last traces of un-reacted pyrrole and remaining ferric and ferrous chloride 
formed due polymerization, it was then wased with methanol. The polymer obtain in powder 
form, was dried first at room temperature for a few hours and then finally dried in an oven at 800 
C for 4 hr. 
Preparation of polypyrrole pallet: 

.No. Sample code Composition Thickness (mm) 
 1 PS 1 Pure PPY 2.686 
2 PS 2 Pure SnO2 1.926 
3 PS 3 0.2SnO2-0.8 PPY 1.499 
4 PS 4 0.5SnO2-0.5PPY 1.880 
5 PS 5 0.8 SnO2-0.2 PPY 1.870 

The sample is prepared in pallet formed. In this stannic oxide is used and they are ethyl 
cellulose (0.05%) used as a dopant in the base material i.e; ppy.The SnO2 and ppy  powdered 
were crushed by using motor pester to form a fine powder . The two material SnO2 and PPY are 
mixed by using molecular weight in different ratio. Now , assemble bottom to top portion of KBr 
press assembly and place one of the small die up inside the press. Transfer the sample mixture to 
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KBr press assembly and place second die inside the KBr press assembly down so that sample 
mixture is now sandwiched between the surface of the each die. Transfer KBr press assembly to 
press and slowly compress die in KBr press assembly until a pressure 5-8 tones is achieved on 
gauge. Make sure that pressure release valve is closed. After reached on 8 tones , slowly open the 
pressure release valve to release the pressure. Remove the bottom portion of KBr assembly and 
remove the pallet from the die. Check that the pallet is ready. After making the pallet heat in an 
oven at 700 c for 45 min.for the good conductivity of pallet apply silver paint on it. Again heat in 
oven at 700 c for 45 min. finally, pallet is ready for the measurement of dielectric properties and 
AC conductivity. 
 

Thickness Measurement: 
Direct measurement (screw gauge) in present research, the thickness of each sample 

pallet will measurement by using the digital micrometer. 
 
Structural Characterization: 

 

 

 
   
Results and Discussion : 

The conductivity of the material increases with increases in frequency at constant 
temperature. The conductivity of the material increases with increases in temperature at constant 
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frequency. From the conductivity of the ppy-SnO2 composite is greater than that of the 
conductivity of the pure ppy with frequency at constant temperature. The dielectric constant 
increases with increase in temperature at constant frequency. The AC conductivity increases with 
increases in temperature at constant frequency. 
 

Conclusion: 
The variation of AC conductivity with frequency at constant temperature, AC 

conductivity very marginally increases with frequency at temperature it shows that from the 
graph 1 and 2 in figure can be produce fairly good AC conductivity than graph pure PPY.  
Variation of dielectric constant with temperature at constant frequency, dielectric constant 
decreases with increases of temperature at constant frequency, from a structural point of view the 
dielectric relaxation involves the orientation polarization, in which turns depends upon the 
molecular arrangement into the dielectric. It shows that from the graph 3 ,the dielectric decreases 
with frequency and increasing with temperature . the figure 3 ,the dielectric decreases with 
frequency and increasing with temperature . the figure 4 and 5  shows AC conductivity with 
temperature for pure PPY, and their composites with SnO2 respectively at constant frequency. It 
is observed that initially, the conductivity is increases for the above sample and as compares to 
the pristine material and then it remain almost constant all the temperature.      
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Abstract: 
The present study illustrates that the characterization and co-precipitation method for 

synthesis of Magnesium oxide nanoparticles. The magnesium oxide nanoparticles were 
synthesized by using liquid phase method  with large surface area in short reaction time at room 
temperature and this method is the simplest, cost effective, ecofriendly method. It is also probed 
for its effect on nanocrystalline size structure via XRD studies of MgO nanoparticles, The 
crystallite size determined by the Debye-Scherrer formula is 35.62nm. Then application for 
humidity sensors is studied. 
 

Key words: Co-precipitation, Magnesium Oxide, nanoparticles, electrical measurements. 
 

Introduction: 
Metal oxides such as magnesium oxide (MgO) nanoparticles [1] are extremely important 

technological materials for use in catalyst, catalyst support, electronic, sensors and photonic 
devices semiconductors, capacitors and batteries [2]. The magnesium nanoparticles were 
synthesized by Physical methods as well as Chemical methods. But the Chemical methods have 
advantage over physical methods due to inexpensive and easy to perform.The co-precipitation 
method is cheaper technique for synthesis of magnesium oxide [3] nanoparticles. The thick films 
of nanoparticles were prepared by the Screen Printing Method. The three films were prepared by 
different dipping time with Al2O3  for 1, 2, 3 minutes respectively. In electrical measurements, it 
has been studied that humidity affects on electrical properties of various metal oxides. The 
various properties such as electrical conductivity of metal oxide nanomaterial were studied in the 
presence of humidity.  
 
 

Experimental Procedure : 
Materials:  

Magnesium Nitrate Hexahydrade [Mg(NO2)(H2O)6] and Sodium Hydroxide (NaOH) 
powder of AR grade of high purity (LOBA Chemicals) used as starting materials and  . The 
distilled water and Ethanol (AR grade 99.9% purity) used as a solvent and washing reagent in the 
chemical reaction respectively. 
 

Preparation of Magnesium oxide nanoparticles: 
Initially the Magnesium Nitrate Hexahydrade [3] of wt. 10.256 gm (0.2 M) and dissolved 

in 200 ml of distilled water.  The 1.599 gm (0.2 M) of NaOH in 200 ml distilled water. Then 200 
ml of NaOH solution is added in solution of [Mg(NO2)(H2O)6] drop-wise by using glass rod.  
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After that, solution kept under magnetic stirring for 2 hours after stirring the solution was 
kept on table at rest for 2 hours so that, the precipitation is formed at the bottom of beaker. This 
precipitation was filtered and washed several times by using distilled water and Ethanol so as to 
get the final products. The final product is kept in vacuum oven (Quality Make, India) at 80 °C 
for 4 hours for drying product and removing the moisture. This dried powder is then crush and 
make it very fine powder by using mortar pestle. Finally the fine powder of MgO is calcinated at 
400°C for 3 hours for the removal of impurities present in the powder. So that we will get 
synthesized MgO possessed high crystallinity with the particle size in nanosized range. 
 

Electrical Measurements: 
Characterization of Hysteresis: 

In present work it is observed that from hysteresis plot series of a sample which is MgO 
dipped with Aluminium Chloride for different dipping time i.e for 1,2,3 minutes respectively at 
respective constant temperature. From hysteresis plot it is clearly seen that there is very small 
hysteresis [4] is present during forward (increasing) and reverse (decreasing) cycle of RH. It is 
observed that there is very significant average change was observed in value of resistance of 
sample in the range of 1010 to 108 ohms.meter. From 40 to 80 % RH except in the sample M-2 
(2 minutes) change in value of resistance from 109 to 107 ohm.meter .There is noticeable change 
in the value of resistance of sample M-2 at constant temperature 400C to 70 0C 
 

Conductivity Measurements: 
 It is observed that the conductivity increases partially linearly with relative humidity 

from 40 to 80 % RH and vice-versa. When the temperature of sample increases, the conductivity 
also increases. In all the series of sample the conductivity found to be lowest at temperature 40 
0C, while it is highest at high temperatures. 

  
Characterization: 

The Fig. shows the X-RD pattern of periclase magnesium oxide nanparticles synthesized 
. It is clearly observed that the highest intensity peak lying at (111) crystal plane and other peaks 
at (200),(220) of  MgO. An average Nanoparticles size is found to be 35.62 nm calculated by 
Debye Scherrer formula[5]. 
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Conclusion: 
All the peaks are perfectly match with periclase MgO particles. No other peaks were 

detected in spectrum within detection limit of X-RD instrument, indicating the pure periclase 
MgO nanoparticle is synthesized. . Conductivity of Sample films linearly responds to Relative 
Humidity. The Sample films shows the appreciable results regarded with Humidity Sensing. 
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Abstract: 
The conducting polymers such as polypyrrole and polyaniline and their derivatives have 

prime importance due to their diversified applications. Because of their flexibility in composition 
and ease of preparation the properties like conductivity, stability, selectivity and response time 
can be tuned. These are the most useful especially the polypyrrole is very important when it is 
exploited for gas sensing. In the present work polypyrrole and doped polypyrrole are prepared 
in the form of thick film by conventional method. The thick film gas sensors are fabricated on 
ultrasonically cleaned glass plate by screen printing technique. To check the surface 
morphology, the samples are characterized by Scanning Electron Microscopy (SEM). The 
prepared thick films when exposed to CO2 gas at room temperature, the sensitivity of the sensors 
increases with the gas concentration. The other properties such as stability, static and dynamic 
response of the samples are studied.     
 

Introduction: 
A Conducting polymer polypyrrole (PPy) has been a subject of many studies because it 

exhibits relatively high electrical conductivity, good environmental stability and versatility of 
synthesis.  Adhikari et al [1] reported that the majority of sensor devices utilize many polymers 
with definite roles, either in the sensing mechanism or through immobilizing the species 
responsible for sensing of the analyte component. While some polymers are intrinsically 
responsible for a sensor function, other polymers are made to augment the sensing operation 
through modification of the polymer by functionalization. Polymeric thin film deposition 
technology and the design of more active sensor, specific polymers will lead to successful 
miniature, multiple sensor arrays. Bhadra et al [2] reviewed that the synthesis, processing and 
applications of polyaniline (PANI).The advantages of the intrinsically conducting polymers 
(ICPs) over the other conducting polymers and the superiority of PANI among other ICPs are 
reported by them. A detailed discussion on the mechanism of electrical conduction in PANI and 
the factors those influence the conductivity of PANI is also included. Absorption and desorption 
of CO2 molecules interacting with functional groups of polymer molecules will induce an 
appropriate change in an electrical properties, such as dc/ac conductivity and dielectric constant 
of the polymer.  
 

Experimental: 
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Preparation of Polypyrrole (PPy) and Polyaniline (PANI): 
The preparation of polypyrrole is chemical polymerization. Powder polypyrrole was 

prepared with 4.290 (high) weight ratio of pyrrole (Py) monomer and oxidant (FeCl3). During the 
synthesis, concentration of FeCl3 was kept constant and methanol was used as a solvent. The Py 
monomer, anhydrous iron (III) chloride (FeCl3) and methanol were used for synthesis of PPy. 
The solution of 7 ml methanol and 1.892 g FeCl3 was first prepared in round bottom flask and 
8.4 ml Py-monomer was added to (FeCl3 + methanol) solution with constant stirring in absence 
of light. The amount of Py-monomer was added to the solution in such a way to get maximum 
yield. The polymerization of Py, which was suppressed in a solution, progressed rapidly due to 
an increase of oxidation potential caused by evaporation of solvent. In the polymerization 
reaction of Py, it was observed that as soon as the Py-monomer was added to the solution, the 
colour changed to dark green/black. There was an increase in temperature of the solution during 
the start of reaction, which showed that it is an exothermic reaction and it was carried out at 
room temperature for 4 hr. The final precipitated polymer was filtered by a conventional method. 
The polymer was washed with distilled water several times till the filtrate obtained was 
colourless. To remove last traces of un-reacted pyrrole and remaining ferric and ferrous chloride 
formed due to polymerization, it was then washed with methanol. The polymer, obtained in 
powder form was dried first at room temperature for a few hours and then finally dried in an 
oven kept at 800C for 5-6 hr [6-9]. This polypyrrole is then used for active layers of 
Semiconductor Gas Sensors.  

The polyaniline is prepared by usual method. In 100 ml solution of aniline (0.4 M) and 
1M sulfuric acid; 100 ml solution of ammonium persulphate (0.5 M) was added drop wise with 
constant stirring at room temperature at normal condition. After completion of the oxidant 
addition, stirring was continued for further 2 h to insure completion of the reaction. During 
polymerization, the sequence of coloration of the reaction mixture was light blue, blue green and 
finally greenish black precipitate. This color indicates that the product is conducting emeraldine 
salt. The reaction mixture was kept overnight. Then it was filtered, washed with distilled water 
until the filtrate become colorless and finally with methanol to remove the impurities and 
oligomers. 
 

Sensor preparation: 
                          The ink or paste of the sample was prepared by using screen-printing (thick film 
technique) technique.  The binder for screen-printing was prepared by thoroughly mixing 8 wt% 
butyl carbitol with 92 wt% ethyl cellulose. On chemically cleaned glass plate, paste of Al2O3 was 
screen printed and it was kept for 24 hr to dry it at room temperature and then heated at 1400C 
for 2.5 h to remove the binder. The Al2O3 layer provides mechanical support as well as high 
thermal conductivity. Paste of PPy  in proper stiochometry was then screen printed on Al2O3 

layer. Again plate was dried at room temperature for 24 h and binder was removed by heating it 
at 1500C for 2.5 h. Finally PPy  and PANI thick film design for detection and monitoring of 
carbon dioxide gas sensor using conducting polymer polypyrrole and polyaniline. 

Finally on the top surface of the sensor, interdigited electrodes [6,7] were fabricated 
using conducting silver paste as shown in the Fig.1 (b). To measure the sensitivity, electrical 
resistance was measured with the help of voltage drop method. 
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                                   (a)                                                                  (b) 
 

 
(c) 

Fig. 1(a): Fabrication of interdigited Electrodes (b) Actual photograph of interdigited electrodes 
(c) Circuit of resistance measurement using interdigited electrodes. 

 

Results and Discussion: 
 SEM Analysis: 

The SEM pictures of pure PPy and PANI are shown in figs. 2 (a and b) respectively. In 
fig 2 (a) it is seen that the structure of PPy consists of nano spherical balls connected to each 
other in a chain. Hence voids and spaces of different size and shapes are created.  Whereas in fig 
2(b), the spherical balls are not seen but nano size walls are form which are connected randomly 
to each other, thereby the voids and pores of nano size are formed. Thus the rough surface 
morphology of both the films favours the adsorption of CO2 gas.  
 

               
           Fig.2(a): SEM of Polypyrrole                                Fig.2(b): SEM of Polyaniline 
 

    Table I: Average diameter of pore, number of pores per inch and sensitivity of pure PPy and 
PANI   
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Sr. 
No. 

Sample  Average 
diameter of 
pore (nm) 

Number of 
pores per inch 
(in x 2000 
magnification) 

Sensitivity 
(s)  at 80 
ppm at 300K 

1. PPy 275 118 0.43 
2. PANI 230 70 0.32 

From the SEM pictures, it is observed that PPy have maximum pores per inch (calculated 
for x 2,000 magnification for each composition) than PANI. Thus PPy  have more surface area 
and exhibit more sensing nature (Table I). 

 

Sensitivity of sensor: 
The sensitivity of the sensor is given by equation  

    

Where, Rair and Rgas are the resistances of sensors in air and gas respectively. 
Maximum sensitivity was recorded for Polypyrrole gas sensor (Table I). 
 

 
Fig.(3) Variation of sensitivity with of CO2 gas concentration at room temperature. 
From fig.3 it is observed that the sensitivity increases with increase in concentration of CO2 gas. 
The increase is linear up to 70 ppm and then it remains almost constant for further increase. The 
increase in sensitivity is due to change in resistance of the film. This happens because of 
adsorption of CO2 gas on the surface of the film. Actually the rough surface morphology of the 
film is responsible for the adsorption of the gases. This is revealed from the SEM  also.  

In PANI doped state can be controlled by acid/base reactions which are used to detect 
acidic and basic gases.  When PANI exposed to CO2 acidic gas , it undergo doping of hydrogen  

to ammonia gas and proton. When it is reacted with the acidic gases such as CO2 PANI will get 
doped and water transfer the protons to PANI. H2 adsorb on the positive-charged nitrogen atoms 
of PANI and then dissociate into hydrogen atoms. The formation of new N-H bonds between the 
hydrogen atoms and nitrogens  reduce the resistance of PANI. 

Similar type of  proton transfer is also present in PPy. It is observed that the decrease in 
resistance of  PPy film when it is exposed to the  CO2 is a reversible process of proton transfer 
causes the decrease in resistance of the film 
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Stability of sensor: 
Rate of change of resistance of the sensor with respect to time defines the stability of the 

sensor. A sensor should be more stable for its better response.  

 
 
Fig. (4) Stability of the sensor. 

From fig. (4), it is observed that resistance of  sensor does not change drastically in both  
PPy and PANI. 
 

Conclusions: 
From SEM characterization it is concluded that the surface morphology is rough in both 

and PANI films. Nano size pores are formed. The spherical balls are attached to each other in 
chain like structure. It has greater surface area and therefore shows greater response to CO2 gas. 
These sensors show good sensitivity and stability. 
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Abstract: 
In this work to improve the proton conductivity, the Nano sized TiO2 was dispersed to 

obtain (100-x)(80PVA:20AN)(x)(TiO2) Nano- composite system. X-ray diffraction(XRD) study 
shows that the addition of filer TiO2 in polymer not only reduces the intensity of the 
characteristic (110) peak but also broadens which is an indication of the increase in 
amorphousness. The Arrhenius plots for different concentrations of TiO2 in (80PVA:20AN) 
polymer blend shows the initial increase in ionic conductivity of the composite polymer 
electrolyte upto 20 wt% filler TiO2.The proton conductivity increases with increased relative 
humidity within entire studied range of H2 partial pressures.  
 

Keywords: Nano Composite solid polymer electrolyte, XRD, polymer blend, relative humidity. 
 

Introduction 
Since the inception of polymer electrolytes in the early 1970s, they are adopted in a wide 

variety of applications. Most attractive applications are secondary batteries, fuel cells, sensors, 
actuators, supercapacitors, ultracapacitors, electrochromic displays and dye-sensitized solar cells. 
The primary role of the polymer electrolyte in these applications includes (a) separate two active 
electrodes, (b) provide good electronic insulation and (c) allow a fast and selective transport of 
the desired ions. To be suitable for application in a device, a polymer electrolyte must 
simultaneously satisfy three fundamental requirements: performance, durability and cost. 
Compounds containing loosely bound molecules are solid proton conductors. Most of them are 
hydrates and their conductivity generally strongly depends on their state of hydration. The 
conduction mechanism is, therefore, similar to that of aqueous solution. Three recognized main 
transport mechanisms for proton conduction are liquid like transport, H3O+ migration or  
impurity conduction and H3O+/H2O transfer. In general, the term proton conductors is not only 
referred to materials wherein, the ionic transport is due to H+ motion, but also include materials 
with complex ions transporting groups like NH4 +, H3O+, OH-, etc. However, there are very less 
number of good protonic conductors. 

Composite solid electrolytes are heterogeneous, multiphase, typically two-phase solid 
systems. The significant enhancement in ionic conductivity in LiI and other ion conducting 
materials on addition of submicron size particles of inert insulating second phase such as Al2O3, 
or SiO2 is reported [1-5]. Two main aspects for understanding the conductance of composite 
materials are (i) the microscopic mechanism, which determines the magnitude of interfacial 
conductivity and (ii) the percolation theory [6,7]. These complexes are relatively inexpensive and 
can be easily processed as thin films for applications such as hydrogen sensors [8], 
electrochromic displays, and PEFC systems. The mechanical and chemical stability of these 
complexes is relatively poor, and chemical degradation is often observed after 
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humidification.Most proton conductors show pertinent properties depending on humidity 
level.Particularly, the conductivity and chemical stability depend strongly on humidity.  
As a matter of fact, there is a growing interest in the use of fuel cells (FC) with hydrogen as the 
main fuel for stationary, mobile and transportation applications. In this context, different types of 
membranes based on PVA investigation are due to Nikolic et al. [9]. Water-soluble polymer, i.e. 
PVA used in practical applications because of its ease of preparation, excellent chemical and 
thermal stability along with good mechanical properties. The PVA/SiO2 nanocomposites exhibit 
a significantlyimprovement in thermal resistance in comparison with the pure PVA [10].  
During this work an attempt was made to improve further the proton conductivity of highest 
conductivity giving 80PVA:20AN complex polymer, the nanosized TiO2 was dispersed to obtain 
(100- x)(80PVA:20AN):(x)(TiO2) nano-composite systems. 
 

Materials and Method 
Poly(vinyl alcohol) (PVA), with a degree of hydrolysis more than 99% and average 

molecular weight of 146000, was procured from Aldrich, USA. Ammonium nitrate (AN-
(NH4NO3), titanium oxide (TiO2) with particle size 182 nm were obtained from Aldrich, USA. 
Thedouble-distilled-deionized water was obtained using TKA, Germany, water purifier. 

It is well known that the preparative rotes and their relevant parameters control the phase 
formation and properties, govern the performance of electrochemical devices. For synthesis of 
materials, the solution cast technique is preferred due to straightforward process to produce 
homogeneous and uniform film. Therefore, the present work was the maiden attempt to 
synthesize poly(vinyl alcohol) (PVA) based proton conductors by solution cast technique. 

The aqueous solutions with desired mole ratios of PVA:AN as (80:20), was prepared by 
dissolving PVA and AN separately in deionized water and then mixing them together. Later, this 
aqueous solution was thoroughly stirred for 8–10 h at 60–70 °C using magnetic stirrer so as to 
obtain the homogeneous single-phase solution. PVA is doped with ammonium nitrate and 
dispersed with titanium oxidepowder with compositions = (100-x) (80PVA:20AN):x(TiO2), 
where x = 5, 10, 15, 20 and 25 wt%. The viscous gel mixture was then casted on the glass plate 
and dried for one week. The smooth and uniform films were obtained. All the prepared 
composite polymer electrolytes during present study were then thoroughlycharacterized using 
various analytical tools. 
Results and Discussion 
X-ray diffraction 
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Fig.I:XRD patterns of (a) Pure PVA, (b) 95(80PVA:20AN):5TiO2, 
(c)90(80PVA:20AN):10TiO2,(d)85(80PVA:20AN):15TiO2,(e)80(80PVA:20AN):20TiO2 and (f) 
75(80PVA:20AN):25TiO2. The XRD patterns of pure PVA and (100-x) (80PVA:20AN):(x) 
TiO2 (x = 5, 10,15, 20 and 25 wt%) composite solid polymer electrolytes are shown in Figs.I(a) - 
(e)and (f), respectively. Addition of filler TiO2 in polymer not only reduces the intensity ofthe 
characteristic (110) peak but also broadens, which is an indication of the increase in the degree 
of amorphousness. Chand et al. [11], also, reported the similarresults. The interaction of the 
polymer chain with the filler (TiO2) during the preparationof film usually increases the interlayer 
spacing of polymer chain and that tends to shift thediffraction peak towards lower angle [11]. 
But in the present case the peak shifts to higher diffraction angle suggesting decrease in 
interplaner distance. The characteristic peakscorresponding to TiO2 are clearly identifiedin 5wt% 
TiO2 (Fig.I(b)). The intensitiesof all characteristic peaks of filler TiO2increases with an increase 
in its content incomplex polymer, however. The degree ofcrystallinity determined as discussed 
earlieris presented in the Table I. In this casealso, the amorphousness increases with an increase 
in filler content. 
 

 
 
Table I: Degree of crystallinity obtained from XRD pattern for (100-x) (80PVA:20AN):(x) 
(TiO2) composites. 
 

Ionic Conductivity 
Arrhenius plots for (100-x)(80PVA:20AN):(x)(TiO2) complexes at x = 5, 10, 15, 20 

and25 (in wt%) are given in Fig.IV.33. All the samples below and above Tg obey theArrhenius 
law.   Furthermore,the ionic conductivity of the Nanocompositepolymer electrolyte 
initiallyincreases with an increase in the filler TiO2 concentration up to 20 wt%; beyond 
thisconcentration conductivity decreases.Furthermore, the magnitude of 
conductivityenhancement due to TiO2 addition is higherat low temperature vis-à-vis 
hightemperature. Further, The activation energy 
is found to be minimum for the maximumconductivity giving composition. 
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Fig.II: Arrhenius plots for different concentrations of TiO2 in (80PVA:20AN) polymer 
blend 

The XRD results discussedalready, revealed the dispersion of nano particles of TiO2 in 
80PVA:20ANpolymer complex. In other words, the TiO2 nano particle do not chemically react 
withpolymer but are disperse uniformly in the polymer matrix. Since TiO2 is insoluble in PVA 
polymer it forms heterogeneous composite system and at about 20 wt% gave maximum 
conductivity (order of magnitude), the possibility of increased conductivity due to dissociation of 
salt is ruled out. The system under consideration is a heterogeneous i.e., there exists more or less 
sudden structural changes. Heterogeneities involve distinct interfaces between phases of different 
chemical compositions. A redistribution of ionic and electronic constituents takes place, so as to 
attain chemical and electrical equilibria, giving rise to a space-charge region across the interface 
[12]. The space charge region across the polymer/TiO2 interface is higher conducting compared 
to bulk polymer complex. The increase in conductivity up to 20 wt% of filler TiO2 in (PVA:AN) 
polymer complex is due to the increase in space charge layers in composites. The maximum 
conductivity at 20 wt% TiO2 added polymer is attributed to the percolation threshold where ion 
conducing paths throughout the polymer composites are optimum. Addition of filler in polymer 
complex beyond 20 wt% leads to aggregation of TiO2 particles which disrupts the proton 
percolating paths across the film leading decrease in conductivity. Additionally, such 
aggregation of filler grains could make the long polymer chains more immobilized, leading to 
the decrease in the conductivity. Dissanayake et al. [13] have also reported the similar results for 
80(80PVA:20AN):20TiO2. The highest conducting 80(80PVA:20AN):20TiO2 Nano composite 
polymer electrolyte film was further studied in detail. 
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Fig.IIIa: Arrhenius plots of80(80PVA:20AN):20(TiO2) at fixed hydrogen concentration 
The Arrhenius plot for 80(80PVA:20AN):20TiO2 in presence of different hydrogen 

concentrations are shown in Fig.IIIa. In this system also the conductivity increases with an 
increase hydrogen concentration. Also, the proton conductivity increases, at fixed H2 partial 
pressure, with an increase in relative humidity (Fig.III). The proton conductivity increases with 
increased relative humidity within entire studied range of H2 partial pressures as shown in 
Fig.IIIb. The linear dependence of log(σ) on RH (%) and log(σ) on log( H2P ) are clear from 
Fig.III(a-c). As already discussed that the increased H2 partial pressure at porous Pt-electrode 
increases H+ concentration across Pt-electrolyte interface due to electrochemical reaction. 
Concurrently, more mobile charge carriers (H+) are available for charge transport through the 
polymer electrolyte under external electric potential difference leading to an enhancement in 
conductivity. 

 
Fig.IIIb: Variation of proton                                 Fig.IIIC: Variation of conductivity of 
Conductivity with relative humidity at                  80(80PVA:20AN):20(TiO2) with H2 partial 
 Constant hydrogen concentration                     pressure at fixed (0.0 and 37%) relative humidity  
 

Conclusion 
During this work a new type of proton conducting AN doped PVA and fillerTiO2 were 

studied. PVA is doped with ammonium nitrate and dispersed with titanium oxide powder  with 
compositions = (100-x) (80PVA:20AN):x(TiO2), where x = 5, 10, 15, 20 and 25 wt%. The XRD 
results revealed the dispersion of Nano particles of TiO2 in 80PVA:20AN polymer complex and 
at about 20 wt% gave maximum conductivityunder normal atmospheric conditions.The ionic 
conductivity of the Nanocomposite solidpolymer electrolyte initiallyincreases with an increase in 
the filler TiO2concentration up to 20 wt%; beyond thisconcentration conductivity decreases.The 
proton conductivity increases with increasedrelative humidity within entire studied range of 
H2partial pressures.Above all, PEFCs based on proton donor and filler hold thelargest potential 
for developing low temperature PEFCs to be operated at room temperature. 
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Abstract  
            The objective of this study is to determine the Electrical conductivity and Dielectric 
constant of the poly (styrene) when blended with poly (vinyl acetate) measured at different 
temperatures (313K, 323K, 333K and 343K) and at the different frequencies (1KHz to 1MHz) 
using 4284 LCR meter. It is found that a c conductivity of thin film varies with temperature for 
all values of frequencies and it varies with increase in frequencies at constant temperature. The 
dielectric constant also varies with the increasing of the temperature of blends.  
 

Keywords: Polystyrene (PS),Polyvinyl acetate (PVAc), Miscibility, AC Conductivity,  
Dielectric Constants. 
 

Introduction: 
Polymer blending is one of the most important contemporary ways for the development 

of new polymeric materials. Polymeric materials are uniquely recognized by its applications of 
everyday life as well as in high-technology industries such as electronics, aerospace and 
medicine. So that polymeric materials has been of great research interest in the past few years 
because of its importance in applications in many areas. The relationship between their 
molecular structures and their behavior as materials has been the subject of extensive theoretical 
and experimental study for many decades. This extensive properties studied by using different 
solvents during synthesis of polymeric materials. Beth A. Miller-Chou [1] studied effects of 
different solvents and additives with his co-worker. So conclude that the properties of the 
solvents used in these processes are critical for surface formation in these polymers. Solvents 
properties such as polarity, volatility and specific interaction properties with the polymer 
material are important factors in the process of surface formation. The polymer blends composed 
of polystyrene (PS) and poly (vinyl acetate) (PVAc) have been widely investigated. The 
copolymer of PS and PVAc is a typical amphiphilic system in which the PS segment is 
hydrophobic and the PVAc segment is hydrophilic. Much research has been performed on the 
graft copolymer of PS and PVAc, including its micelle behavior [2]. 

Mohammed M. Kummali et-al studied the phase separation process of the polymer blend 
thin films. In this they made effort to synthesized polystyrene in toluene at a 4% solution 
concentration. AFM of polystyrene gives the detailed information about the topographical 
features and the mechanical phase shift imaging of the sample. This phase shift can be correlated 
with specific mechanical properties which affect sample interaction confirmed by quantitatively 
measuring the value of the dielectric permittivity [3]. 
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The present paper focused on studies of solvent effects in AC electrical conductivity and 
dielectric constants at different temperature of polyblends (PS-PVAc). Polymer blends solutions 
systems are discussed.  
 

 Experimental: 
 Poly (styrene) and Poly(vinyl acetate) were supplied by SIGMA –ALDRICH, Co., 3050 
spruce street, St. Louis. MO 63103 USA 314-771-5765. Tetrahydrofuran (THF-E-Merck India 
Ltd., Mumbai) is being used as a solvent for polyblending process. In the present work, thin films 
were prepared by isothermal evaporation technique. 
 

Preparation of blends 
 Poly (styrene) and poly(vinyl acetate) were dissolved in tetrahydrofuran (THF). Stirring 
was continued for one hour before deposition of film. Total concentration of the polymeric 
mixture in solvent was kept 5%. Films of polymer blends were prepared by isothermal 
evaporation technique. 

 

Results And Discussion 
3.1. AC Electrical Conductivityand Dielectric Constant Studies 
 Figure 1 (a) shows the relation between ac conductivity and frequency at different 
constant temperatures 313K, 323K, 333K and 343K. Plot shows rise in conductivity with 
increasing frequencies from 1 KHz to 1MHz. The rise of conductivity upon increasing the 
frequency and temperature is a common respond for polymeric and semiconductor samples. It is 
due to the tremendous increase of the mobility of charge carriers in the composite film i.e. at 
higher frequencies blends of molecules starts vibrating with large amplitude within the polymeric 
chains hence the effect of increase in conductivity of blends [9,10]. 

 
 
Fig 1 (a): Variation between Ac Conductivity and Frequency at Different Constant 
Temperatures. 
 Figure 1 (b) shows the relation between dielectric constant and frequency at different 
constant temperatures 313K, 323K, 333K and 343K. Plot shows rise in dielectric constant with 
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increasing frequencies from 1 KHz to 1MHz. The rise of dielectric constant upon increasing the 
frequency and temperature is a common respond for polymeric and semiconductor samples [11]. 
It is due to the tremendous increase of the mobility of charge carriers in the composite film i.e. at 
higher frequencies blends of molecules starts vibrating with large amplitude within the polymeric 
chains hence the effect of increase in conductivity of blends [12]. 

 
Fig 1 (b): Variation between Dielectric Constant and Frequency at Different Constant 
Temperatures. 
 

Conclusions 
AC electrical conductivity and dielectric constants have been measured at different 

temperatures and at the different frequencies, it is found that ac conductivity of thin film 
increases with increase in temperature for all values of frequencies and it increases with increase 
in frequencies at constant temperature and also the dielectric constant increases with the 
increasing of the temperature of blends. Hence in this blends the miscibility exists. 
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Abstract: 
 In this PANI is prepared by situ polymerization method and Zinc Oxide (ZnO) 
nanopartical prepared by wet chemical method at room temperature. ZnO nanoparticals were 
combined with PANI via polymerization in acidic aqueous solution to obtain a new type of 
inorganic – organic composites nanostructured. The samples are prepared in the form of thick 
film. It is observed that PANI doped ZnO nanocomposites sensor shows a high response and 
sensitivity with good repeatability as compared to that of pure PANI and ZnO nanoparticle. The 
effect of  hysteresis of the sensors, the effect of pure and composite oxide on sensitivity of the 
sensors were studied. The crystallinity and the crystallite size were examined by X-Ray 
Diffraction technique.  
 

Keywords: Polyaniline, ZnO Nanocomposites, Humidity Sensors. 
 

Introduction 
 The possibility of reliable, reasonably accurate, relatively inexpensive and commercially 
viable humidity sensors is under investigation using organic-inorganic composites. Humidity 
sensors are useful for the detection of relative humidity invarious environments [1-3]. Humidity, 
the concentration of water molecules in air, affects various materials used in daily life and 
industrial processing of drugs, beverages, food, electronic goods etc. High and low humidity 
affects human beings adversely. Excessive high humidity causes corrosion in metallic 
components and failure of electronic as well as optical devices [4, 5]. Therefore, humidity is an 
important parameter to be controlled. Recently, there have been increased demands for humidity 
sensing elements for use in automatic humidity control systems. Polymer, polymer composites 
and modified polymers with hydrophilic properties [6] show excellent humidity sensing 
properties. Conductivity of polyaniline can be varied over a broad range and hence, it can find 
wide use in making sensors [7-12]. Capacitive humidity sensors utilize conductive plates formed 
on a dielectric film. This forms a capacitor that is sensitive to the amount of water vapours in the 
air. The active portion of the sensor changes its dielectric constant as it absorbs atmospheric 
humidity, which varies the sensor’s capacitance in proportion to variation in relative humidity. 
Another mode of humidity sensors is resistive sensors which uses a moisture-sensitive material 
between two metal plates or on an inter digitated electrode substrate [13, 14]. The device’s 
resistance varies with variations in relative humidity. The main advantage of resistive technology 
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for humidity sensors is that it suits to varying, difficult and condensing environments. It can be 
synthesized easily and has long stability. In the present work ion conducting metal doped 
polyaniline pellets have been used as sensing material which is based on variation of the 
electrical conductivity with variation in humidity. 
 

 Experimental :  Synthesis of material :  
A) Synthesis of Polyaniline (PANI):   
 In this Polyaniline (PANI) is synthesized by chemical polymerization method in which 
0.2 M aniline hydrochloride is used as monomer unit. The synthesis is done by oxidative 
polymerization with 0.25 M ammonia peroxysulphate  in aqeous medium, both solution kept 1 
hour at room temperature then mixed in beaker ,briefly stirred. And left at rest to polymerize, 
next day, the green colour  Pani precipitate was collected on a filter and washed with 0.2 M HCL 
solution and similarly with acetone . The Polyaniline hydrochloride powder was dried in air and 
then in vaccum at 60°C. Polyaniline prepared under these reaction and processing condition are 
further referred to as standard sample [15]. 
B)  Synthesis of Zinc oxide:  
 For the preparation of ZnO nanoparticle, the aqueous solution of  2M of zinc nitrate hexa 
hydrate in 100 ml of distilled water .To this aquous zinc nitrate solution 0.2 M sodium hydroxide 
is added and the reaction mixture was heated at 80°C along with stirring and the process is 
carried out for four 1 hour after which the white precipitate was obtained. Then the precipitate is 
centrifuged and washed 2 to 3 times with de-ionised water. The obtained material were 
calcinated at 600°C and finally the pure ZnO nanparticles were obtained.  
 

Characterization :   
 XRD Pattern of ZnO 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:  XRD of Pure ZnO 
 The Figure 1 shows the X-Ray Diffraction pattern of pristine zinc oxide (ZnO) 
nanostructure synthesized by liquid phase method which is calcinated at 600oC. The crystalline 
nature with 2θ peak lying at (100), (002), (101), (102), (110) and (103) planes. All the peaks 
match well the standard hexagonal wurtize structure of zinc oxide (ZnO) with lattice constants ,   
a = b = 0.3249 nm and c = 0.5206 nm [JCPDS card no. 36-1451]. All the peaks are perfectly 
match with pure ZnO structure, which indicates the high purity of the obtained ZnO nanoparticle. 
The average crystalline size was found to be 37.32 nm calculated by Deye-Scherrer formula [16]. 
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Result and Discussions: 
Hysteresis Plot:  
 

 
Figure 2:  Variation of Resistance with Relative Humidity 

 Hysteresis plot shows the variation between resistances of sample with respect to the 
relative humidity in increasing and decreasing order from 30 to 90 % RH as shown in the fig. 2. 
A very small hysteresis present during forward and reverse cycle of relative humidity, where as a 
very significant average change observed in the value of resistance of sample, in the sample                                
ZP-1 (10ZnO – 90PANI) the change in value of resistance is from 1011 ohm to 105 ohm, these is 
a remarkable change in the value of resistance. 
 

 Sensitivity 

 
Figure 3: Variation of Sensitivity with Relative humidity 

 In the above samples the sensitivity is found to be increasing with the RH for all the 
samples of thick films and it is increasing up to some particular RH and then afterward it remains 
constant as shown in fig. 3. For higher RH the sensitivity is found to be higher in case of all 
samples of thick films. The sensitivity of ZP-1 (10ZnO-90PANI) is more than ZP-2, ZP-3, and 
ZP-4 samples and also from the pristine samples P-0 and Z-0. The (ZnO-PANI) composite 
sensors exhibits significantly higher sensitivity than sensor constructed specially from ZnO 
nanoparticles and PANI itself due to the formation of heterogeneous interface between them and 
more adsorption site was created to absorbed more water vapours.  
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Conclusion  
 Nanostructured ZnO was successfully prepared via chemical precipitation method and 
PANI with IUPAC polimerization technique. Minimum crystallite size was found to be for ZnO 
is 37.32 nm. The Hysteresis plot shows very significant average change in the value of the 
resistance from 1011 ohm to 105 ohm during forward and reversed cycles of sample ZP-1(10ZnO-
90PANI). The sensitivity is found to be increasing with the RH for all the samples of thick films 
and it is increasing up to some particular RH and then afterward it remains constant. Amongst all 
the prepared samples ZP-1 is more sensitivity than other prepared composite samples.  
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Abstract: 

Polypyrrole based Zinc Oxide (PPy-ZnO) nanocomposites are synthesized by in-situ 
polymerization in different weight percentages using oxidation method. The surface Morphology 
and structural properties of prepared sample was studied by using X-ray diffraction and field 
emission scanning electron micrograph (FE-SEM).The AC electrical conductivity and Dielectric 
properties of Polymer based nanocomposite of various composites materials were investigated at 
different temperatures and frequencies from 100Hz to 1MHz. In this the dielectric constant 
decreased with increase in frequency and temperature. As ZnO concentration increases the AC 
conductivity increased with frequency. The Activation energy of PZ2 (70%ppy+30%ZnO) was 
maximum among the samples and it is found to be 0.1106 eV. 
 

Keywords:  Polypyrrole, ZnO; Dielectric constant, AC conductivity. 
 

Introduction: 
 Recently, the conductive polymer like polypyrrole, polythiophene, polyaniline, 
etc.[1].received a great deal of attention because of its good environmental stability, facile 
synthesis and significant electrical conducting characteristics [2]. To improve the characteristics 
of polymer for commercial application, ZnO nanoparticles have also attracted considerable 
attention in the polymer community as fillers for polymer composites because of wide band gap 
energy of 3.37 eV and large excitation binding energy of 60 meV at room temperature [3-6]. 
ZnO nanoparticles  into polymers can improve the optical and electrical properties of polymers 
due to a strong interfacial relations between the organic polymer and the inorganic nanoparticles 
[7]. In present work, pure PPy and ZnO doped PPy nanocomposites were synthesized by Sit tu 
polymerization method in a batch process and then characterized by  XRD and SEM. The A C 
conductivities and dielectric properties of polypyrrole and its nanocomposites were measured by 
using two probe method. 
 

Experimental 
Zinc oxide (ZnO):  

In preparation ZnO, 0.2M Zinc Acetate dehydrates dissolved in 100 ml de-ionized water was 
ground for 15 min and then mixed with 0.02 M solution of NaOH with the help of glass rod. 
After the mixing the solution was kept under constant magnetic stirring for 15 min. and then 
again it was grinded for 30 min. The white precipitate product was formed at the bottom. The 
obtained product was washed many times with the deionized water and methanol. The final 
product was then filtered and  precipitate is obtained in the form of white paste. The paste was 
kept in a vacuum oven at 80oC for 4 hrs. So the moisture will be removed from the final product 
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and we will get dry product. Then this dry product was crushed into a fine powder by using 
grinding machine and finally this fine nano-powder of ZnO was calcinated at temperature 800 oC 
for 6 hrs. in the auto controlled muffle furnace (Gayatri Scientific, Mumbai, India.) so that the 
impurities from product will be completely removed and got a final product of ZnO 
nanoparticles [8]. 
 

Synthesis of Polypyrole (PPy):  
The Py monomer, anhydrous iron (III) chloride (FeCl3) and methanol were used as 

received for synthesis of PPy. The solution of 7 ml methanol and 1.892 g FeCl3 was first 
prepared in round bottom flask. Then 8.4 ml Py monomer was added to (FeCl3 + methanol) 
solution with constant stirring in absence of light. The amount of Py monomer added to the 
solution (1/2.33 times of FeCl3) was in such a way to get maximum yield. The ensuing black 
precipitates are filtered and washed several times with distilled water until clear product is 
Polypyrole is obtained. The obtained product is dried in oven at 600oC for 4 h. The synthesized 
materials were characterized by using XRD, SEM. 
 

Preparation of Pellets: 
 Initially, for the preparation of pellets the synthesized material ZnO and PPy were mixed 

with different weight percentage in pure and composite form. The pellets of different series of 
composition of ZnO-PPy nanopowder were prepared by using electrically operated automatic 
press machine (KBr Press) at load of 5 tons / cm2 for half an hour. All the pellets were sintered at 
150oC for half an hour. The sintered pellets were polished and the electrodes were formed by 
painting conductive silver paint on the opposite faces. Again pellets were sintered for the drying 
the silver paint at 100 oC for half an hour. The different series of composition were listed in the 
table (1).    Table 1 

S.No Nano composites Sample Code 
1 Pure Polypyrrole  P 
2 80 % ppy + 20 % ZnO PZ1 
3 70 % ppy + 30 % ZnO PZ2 
4 60 % ppy + 40 % ZnO PZ3 
5 50 % ppy + 50 % ZnO PZ4 
7 40 % ppy + 60 % ZnO PZ5 
8 30 % ppy + 70 % ZnO PZ6 
9 20 % ppy + 80 % ZnO PZ7 
10 Pure ZnO Z 

1. Results and Discussion 
1.1.  X-ray Diffraction (XRD): Fig.1. XRD  of  pure PPy 
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Fig.2. XRD of all composites sample 
The X-Ray diffraction pattern of pure polypyrrole (PPy) and there composites are as 

shown in figure (1 and 2). It is recorded in terms of 2θ in the range 10 to 100o.n                                                                                                                           
The pure Ppy exhibited that, it is amorphous in nature. The broad peak occurred at 240 and it is 
characteristics of amorphous nature of polypyrrole. The broad peak occurs due to the scattering 
of X-rays from polymer chains at the interplaner spacing. The maximum intensity position of 
amorphous also depends on monomer to oxidant ratio.  The X-ray diffraction patters of 
composites of PPy, ZnO and pure ZnO, calcinated at 2000C. All the peaks match well the 
standard hexagonal wurtize structure of zinc oxide (ZnO) with lattice constants a = b = 0.3249 
nm and c = 0.5206 nm [JCPDS card no. 36-1451].  with 100% intensity and the average 
crystalline size by using Scherer’s formula was found to be 99.40nm   [ 9]. All the peaks are for 
the composites materials. it is observed that average crystallite size of 70PPy:30 ZnO 
composition is least as compared to other compositions and pure material and hence 70PPy:30 
ZnO composition has large active region which tends to increase the conductivity of the 
composition. 
 

Scanning Electron Microscope (SEM) 
 
 
 
 
 
 
 

  
 

From the SEM photos, it is observed that in every inch of the region, number of pores 
was different and an average number of pores was taken for comparative study. From every 
photo, porosity was calculated for one inch region and listed in the tabular form. From above 
figures, it is found that number of porosity of 70PPy:30ZnO composition is more and that among 
the prepared and pure samples. Due to high porosity, available area for the flow of ions and 
charges is more and conductivity enhances . High porosity reduces the obstacle to the flow of 
charges and ions as collisions reduce (relaxation time increases) and charges mobility increases. 
This tends to high electrical conductivity. 
 

Result and Discurssion  
AC Conductivity 
 Figure (6) show the variations of ln( ac  with ln (frequency) at constant temperature at 
300K. From these it is observed that as frequency increases, ac conductivity (ac ) increases 
continuously. With increase in frequency, more and more polarization of the sample takes place 
and it results in increase in conductivity. The Maximum conductivity was found to be for sample 
PZ2 (70% PPy + 30% ZnO) and its value is ln ( ac  ) = - 3.28 i.e. ac  = 5.248 x 10 - 4 S/cm  
with increase in temperature, ac conductivity (ac  ) increases continuously. As there is increase 
in temperature more and more charges become free with increasing mobility and they contribute 
to the net electrical conductivity enhancement. As doping percentage of ZnO in PPy increases, 

Fig. 3: SEM of Pure PPy Fig. 4: SEM of PZ2 (70  PPy + 30  ZnO) Fig. 5: SEM of Pure ZnO 
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conductivity increases and becomes maximum for PZ2 sample and then with further increase in 
doping percentage of ZnO in PPy, conductivity decreases. 

 

 
Figure 6 AC conduvtivity  of Samples 

 

Dielectric Constant  
 Figure (7) shows the variation of dielectric constant( r ) with temperature at constant 
frequency, with increase in temperature and increase in doping percentage of ZnO in PPy, in 
these dielectric constant increases and becomes maximum for 70 % PPy + 30 % ZnO sample 
(PZ2 sample). With further increase in doping of ZnO in PPy, dielectric constant decreases and 
becomes minimum for pure ZnO i.e. for Z sample. This is because PZ2 sample may have large 
number of free charges as compared to other compositions and their more collisions with 
vibrating atoms results in the increase of refractive index of the PZ2 sample and hence dielectric 
constant is high among the other compositions. 
 
 
 
 
  
 
 
 
 

Figure 7: Graph between dielectric constant (r) and temperature at constant frequency 
   
Ultraviolet (UV) Spectra 

 
Fig. 8 Variations of absorbance (a.u.) with wavelength (nm) 
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 As percentage of doping of ZnO in PPy increases, band gap energy decreases and 
becomes minimum (3.7108 eV) for PZ2 sample and with further increase in doping of ZnO, 
band gap energy increases and becomes maximum for Z sample. It is depicted that band gap 
energy for above prepared series varies from 3.7108 eV to 3.9215 eV. Minimum value of Eg for 
PZ2 sample shows that minimum amount of energy required to move the charges to conduction 
band from lower energy band and hence this sample is best among the remaining samples of the 
series as it requires lower energy for conduction. 
 

Conclusion 
 The X-ray diffraction patterns of composites of PPy, ZnO and pure ZnO, and it shows  
hexagonal wurtize structure and the average crystalline size is found to be 99.40 nm   . The series 
of sample of pure and composite form of PPy and ZnO were prepared in the form of pellet. It 
was observed that , frequency increases, ac conductivity (ac ) increases continuously. With 
increase in frequency, more and more polarization of the sample takes place and the maximum 
conductivity was found to be for sample PZ2. The dielectric constant increases and becomes 
maximum for 70 % PPy + 30 % ZnO sample (PZ2) than other prepared sample. The study of UV 
radiation shows  UV radiation minimum band gap energy for sample PZ2 i.e. 3.7108 eV. 
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Abstract: 

We deposited chalcogenidecopper sulphidethin films on different substrates by Chemical 
Bath Deposition Technique. Structural, Surface Morphology and Optical properties of as 
deposited CuS films were investigated by XRD, SEM, and UV-VIS Spectrophotometer. The 
band gap was also calculated from the equation relating absorption co-efficient to wavelength. 
The band gap indicates the film is transmitting within the visible range and the band gaps 
changes because of the grain size of the CuS in the films. The physical conditions were kept 
identical while growing all the samples. Optical properties show that films can find application 
in optoelectronic devices having a high band gap ranging between minimum of Eg = 2.64 eV to 
highest of 2.92 eV. We also observed that, the change in preparative parameters affects the 
deposition rate of thin films. From the observation, it is clear that the growth rate increases as the 
deposition temperature, deposition time, molarities of the solution increases. It is also clear that 
the growth rate increases as the film thickness and grain sizes increases while band gap 
decreases. Depending upon these properties films are used in Optoelectronic devices. 
 

Key words-Chalcogenide, Thin films, Deposition Parameters. 
  

Introduction: 
Copper sulfide (CuS) as an important P-type semiconductor material because of 

itsexcellent optical, electronic, and other physical andchemical properties. [1] Semiconductor 
chalcogenideshave been of much interest because of their excellentproperties and wide-range 
potential applications. Inparticular, as a p-type semiconductor with a band gapof 2.37 eV, copper 
sulfide (CuS) is a promisingmaterial with potential applications in solar energyconversion, 
catalysis, and sensing. Copper sulfideshave the ability to form various stoichiometries, atleast 
five phases of which are stable at roomtemperature: i.e., covellite (CuS), anilite 
(Cu1.75S),digenite (Cu1.8S), djurlite (Cu1.95S), and chalcocite(Cu2S) [1].  

In this work we report the preparation of the CuS thin films having a nanometer grain 
size by using Chemical Bath Deposition (CBD) Technique and study the effect of deposition rate 
on the properties of thin films. The CBD is one of the most convenient, reliable, simplest, 
inexpensive method and useful for large area industrial applications as well as preparation of thin 
film at close to room temperatures. The technique of CBD involves the controlled precipitation 
from solution of a compound on a suitable substrate. The technique offers many advantages over 
the more established vapor phase synthetic routes to semiconductor materials, such as CVD, 
MBE and spray pyrolysis. Factors such as control of film thickness and deposition rate by 
varying the solution pH, temperature and reagent concentration are allied with the ability of CBD 
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to coat large areas, in a reproducible and low cost process. Another advantage of CBD method 
with respect to other methods is that the films can be deposited on different kinds, shapes and 
sizes of substrates [2-5].  
 

Experimental Details: 
Thin films of CuS were deposited from a solution of analytical grade CuSO4.5H2O, a 

Cu++ ion source and Thiourea as an S-- ion source in an alkaline solution of Ammonia. 
Commercial glass slides, used as substrates, were cleaned in acetone and methanol 
ultrasonically, and finally, again washed with methanol ultrasonically before use. After cleaning 
the glass slides were kept vertically in a closed beaker with the help of a special holder which is 
attached to AC Motor having a constant speed of 60 r. p. m. We have double distilled water in a 
beaker and then added CuSO4.5H2O of particular molarity as a Cu++ ion source slowly under 
Magnetic stirring. Add liquid Ammonia slowly to the solution for adjusting the pH of solution 
which is measured on pH meter, providing the temperature to the solution by means of heating 
coil. Add Thiourea (SC (NH2)2) of particular molarity as a S-- ion source was slowly poured into 
the solution only when the appropriate temperature i.e. 60oC was reached. Finally the 
temperature was kept constant with the help of a temperature controller in the range 70oC to 
72oC. The time for the deposition was varied from 10 to 60 Min. after achieving constant 
temperature. After the deposition, the CuS films were washed with methanol ultrasonically to 
remove the loosely adhered CuS particles on the film and finally dried in air. The same 
procedure is repeated for different time durations [6].  

The crystallographic structure of films was analyzed with a diffractometer (XPERT-
PRO) by using Cu-Kα lines (λ= 1.54 Å). The average grain size in the deposited films was 
obtained from a Debye-Scherrer’s formula. Surface morphology was examined by JEOL model 
JSM - 6400 Scanning Electron Microscope. The absorbance vs the wavelength was recorded 
with the UV-VIS spectrometer (Perkin Elmer: Lambda 35) in the wavelength range 200–600 nm 
for a different molarities [6]. Also we were changing the different parameters such as Time, 
Molarities, pH and Temperature and note the effects of deposition rate on the properties of thin 
films.  
 

Results And Discussion: 
A. XRD Studies: 

The X-ray diffractogram of CuS films show broadened diffraction profiles (figure 1). It is 
observed that XRD patterns show a preferred orientation along (102) plane. The grain size of 
the nanocrystalline films is estimated using the Scherrer formula [3],  
D = Kλ/β2θ cosθ 
where K is a constant taken to be 0·94, λ the wavelength of X-ray used (λ = 1·54 Å) and β2θ the 
full width at half maximum of (102) peak of XRD pattern, Bragg angle, 2θ, is around 26·5°. 
The grain sizes were found to be within the range 08 to 68nm.  
 



       ‘RESEARCH JOURNEY’ International E- Research Journal 
         

                             Impact Factor - (SJIF) – 6.261, (CIF ) - 3.452(2015), (GIF)–0.676 (2013) 
Special Issue 110 (I)- Physics 

UGC Approved Journal  

  ISSN :  
  2348-7143 
  February-2019 
   

 
 

261 Website – www.researchjourney.net         Email - researchjourney2014gmail.com 
 

 

 
Figure 1. XRD pattern of as-deposited copper sulphide thin films 
 

B. SEM Studies: 
Scanning electron microscopy is a convenient technique to study the microstructure of 

thin films. Figure 2 shows the surface morphology of CuS thin films deposited at different 
deposition time and substrate observed by SEM. From the micrographs, it is observed that the 
‘as-deposited’ films are not uniform throughout all the regions. But the films are without any 
void, pinhole or cracks and that they cover the substrates well. From the figure, we clearly 
observe the small nanosized grains engaged in a fibrous- like structure, which clearly indicates 
the nanocrystalline nature along with some amorphous phase of CuS thin films. From these 
images, it can be seen that the grain sizes of the films are not uniform[7-10].  
 

 
Figure 2. SEM of CuSnanocrystalline films at different deposition time and substrates. 
C. Optical Studies: 

The UV absorption spectra of CuS thin films taken at room temperature are shown in 
figure 3. From the spectrograph the absorption edge of the samples are found to occur in the 
range 350–450 nm for nanocrystalline films. Absorption spectrum shows a clear shift to the 
lower wavelength side over bulk crystallites at ~ 515 nm. This blue shift of the absorption edge 
indicates decrease of the crystallite sizes of the samples. CuS is a typical direct band gap 
semiconductor. According to Tauc relation, the absorption coefficient for direct band material is 
given by (Tauc 1974; Sharma et al 1992)  
α= c(hν-Eg)1/2/ hν 
where α is the absorption coefficient, c a constant, hν the photon energy and Eg the band gap. 
The spectrographs were studied using the standard relation. The band gap increases with the 
decrease of crystallite size. The increment in band gap is approximately inversely proportional 
to the square of the crystallite size based on the effective mass approximation[11-13]. 
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Figure 3. Plot of (αhν)2vshν for CuS thin films  
D. Study of effect of Deposition Rate: 

X-ray diffraction patterns of as-deposited CuS films at substrate temperatures ranging 
from 313 -345°K are presented in figure 1 and table 1. The films deposited at 313°K were 
partially amorphous and films deposited at higher temperatures were polycrystalline in nature. 
Furthermore they showed increasing crystallinity with respect to deposition temperature as 
shown in figure 4. The diffraction patterns all correspond to the structure of copper sulphide. It 
was seen from Scherrer width calculation, the crystallite size increased with deposition 
temperature and deposition rate. 

 
Figure 4. Plot of Film thickness vs. Deposition time at different temperature. 

Substrat
e 

Substrat
e T/oC 

Thickne
ss (nm) 

Crystallite 
Diameter/
nm 

Deposition 
Rate 
(nm/Min) 

Cu-1 40 
50 
60 
70 
72 

55 
147 
225 
315 
332 

8.11 
16.24 
34.28 
40.45 
42.43 

5.5 
7.35 
7.5 
7.87 
6.64 

 
Table 1: Variation in film thickness, crystallite diameter size and deposition rate 
with varying substrate temperature. 
 

Conclusion: 
Thin films of CuS prepared by CBD technique are found to be nanocrystalline. The 

crystallite sizes measured by XRD studies are found to be within 08–43 nm. XRD shows that 
samples are of single cubic phase, which is important for device performance. SEM studies show 
presence of long tubes and irregular distributions of particles. The UV absorption studies on 
films clearly show an increase in band gap with reduction in particle size as compared to bulk 
materials, and this fact supports the formation of nanocrystallites in these films. The overall 
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deposition technique clearly observed that higher molarity facilitates the growth of 
nanocrystallite in CuS films. We concluded that bath parameters and annealing effectively prove 
to enhance the structure and optical properties of synthesized thin films.From the observation, it 
is clear that the growth rate increases as the deposition temperature, deposition time increases. It 
is also clear that the growth rate increases as the film thickness and grain sizes increases while 
band gap decreases. Depending upon these properties films are used in Optoelectronic devices. 
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SnO2 and ZnO were synthesized by microwave technique. XRD TEM, SEM, EDAX and 

SAED of both SnO2 and ZnO were carried out. Thick films of SnO2 and SnO2-ZnO (90-10) 
composite were fabricated by adopting screen printing technique. For fabricating SnO2-ZnO (90-
10) composite thick film 90 % SnO2 and 10 % ZnO was taken.V-I characteristics and electrical 
conductivity of SnO2 and SnO2-ZnO (90-10) were investigated. Gas sensing response of SnO2 
and SnO2-ZnO (90-10) thick films towards H2S were studied. Highest Response of SnO2 was 16 
at 150 0C and that of SnO2-ZnO (90-10) composite was 21 at 200 0C. 
 

Key words- microwave technique, SnO2, ZnO, SnO2-ZnO (90-10) composite, electrical 
properties, H2S sensing. 
 

Introduction: 
 Tin oxide (SnO2) is n-type semiconductor having band gap 3.7 eV. It is extensively used 

in optoelectronic devices and gas sensors for a detection of various toxic or explosive gases in air 
[1−2]. The sensitivity, selectivity, working temperature and thermal stability of tin oxide sensor 
can be greatly improved by controllable preparation and surface modification of sensor with 
different surfactant [3−11].  

Field of sensor demands to develop a sensor having various interesting properties, such 
as, enhanced sensitivity, better adsorption ability, extensive catalytic activity, and high 
thermodynamic stability. It is difficult to find all these varieties and novelties in a sensor of 
single metal oxide [12]. Mixtures of metal oxides or composites can however, lead to significant 
materials that display many of these highly desirable properties [13-19]. 

Upon burning, toxic hydrogen sulfide gas is oxidized to sulfur dioxide [20]. Combustions 
of petroleum and coal [21] are the predominant sources of the gases containing sulfur. The gases 
containing sulfur can result in undesirable disastrous deformations such as infection to 
respiratory track and lung cancer [21-22]. Infection to respiratory track causes difficult breathing 
or breathing under pressure. Therefore, monitoring of traces of such gases has become extremely 
important. In this investigation gas sensing properties of SnO2 and SnO2-ZnO (90-10) composite 
towards H2S have been studied.  
 

Synthesis of SnO2 and ZnO nanostructure: 
Tin dioxide and zinc oxide was synthesized by using microwave technique [23-24]. For 

synthesizing SnO2 and ZnO, the analytical reagent Tin chloride, Zinc chloride and liquid 
ammonia from Merck India Ltd were used as a basic material without further purification.  
 

Preparation of composite thick films: 
For the preparation of SnO2–ZnO (90-10) nano composite thick films, SnO2 and ZnO 

synthesized by microwave assisted technique were used [23-24]. The 90% SnO2 and 10%, ZnO 
was taken for fabricating composite thick films. The thick film preparation technique is reported 
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in other published report [19, 25].The fabricated SnO2–ZnO (90-10) nanocomposite thick films 
are named as U90 sensor. 
 

Materials characterization: 
Thickness measurement: 

The thicknesses of the films were observed in the range from 34 to 38 μm. Rheology and 
thixotropy of paste was maintained properly for achieving thick films of uniform thickness. 
Thick films of thickness 36 μm were used for further characterization. 

Field emission scanning electron microscope (FE-SEM): 

  
   Fig.1-FE- SEM micrograph of U90 nanocomposite thick film 
 Field emission scanning electron microscope (FE-SEM) was employed to characterize 
the surface morphology of thick films. FE-SEM micrographs of U90 thick films were taken with 
the help of field emission scanning electron microscope linked with spectrometer S4800, Hitachi 
Japan. Fig.1 depicts the FE-SEM micrograph of U90 composite thick films. 
In micrograph there are very few larger size distorted ZnO rod (126 nm) in the sea of randomly 
distributed smaller spherical SnO2 grains (19.3-37.7 nm). 
 

Energy dispersive analysis by X-ray (EDAX): 

 
Fig. 2 -EDAX pattern of U90 thick film 

 
Element  Atomic number Mass %  At. Wt. % 
O 8 37.02 79.69 
Zn 30 8.64 4.55 
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Sn 50 54.33 15.76 
Total 100 100 

 
Elemental Analysis of U90 composite thick films was carried out by S4800 Hitachi 

Japan, field emission scanning electron microscope linked with spectrometer. The EDAX pattern 
of composite thick film is shown in fig.2.The EDAX spectra depicted the presence of Sn, Zn and 
O in U90 thick films as expected. No other impurity elements were present in the films. From 
spectra, it is found that the thick films are in non-stoichiometric proportion. 

XRD, TEM and SAED analysis of SnO2 and ZnO are reported in other report [24-
25].Particle size calaculated from Scherrer formula and those observed in TEM and FE-SEM 
matched with each other. 
 

Electrical properties: 
-V-I characteristics: 

Fig.3. represents the V-I characteristics of U90 nano composite thick films at different 
temperature.The characteristics was studied with the help of Keithley 6487 picoammeter cum 
voltage source. Current was measured with forward bias voltage from 0 to 10 V with the step of 
2V.The observations are repeated with negative voltage. V-I characteristics of sample showed 
that, the silver contacts fabricated on the sensor surface are ohmic in nature [26]. 
 

 
 Fig.3-V-I characteristics of various U90 composite thick films (dc means degree celcius) 
 

Electrical conductivity: 
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Fig. 4 -Variation of log σ with 1000/T 0k for U90 thick films 
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The Electrical conductivity was studied with the help of Keithley 6487 picoammeter cum 
voltage source. The variations of electrical conductivity log (σ) with reciprocal of temperature of 
U90 thick film is shown in Fig. 4. The conductivity increases with increasing temperature. The 
nature of conductivity curves shows the negative temperature coefficient of resistance ie 
semiconducting nature of U90 thick films [27]. From the graph it is observed that, the sample 
U90 exhibits lower value of log (σ) than SnO2. This could be attributed to heterojunction present 
in U90 thick films, hence the higher potential barrier will be developed relative to SnO2, leading 
to lower conductivity. Therefore, due to presence of heterocontacts, the resistance of U90 thick 
film will be high [28-31]. 
 

Gas sensing properties: 
The gas sensing response can be measures as, 
Gas response S =      
Where Ia is the current in air ambient and Ig is the current in presence of gas under test. While 
measuring the current the supply voltage was 10 volt.  
 
5.1-Effect of operating temperature: 
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 Fig.5 -Variation of gas response with operating temperature 

Gas response of fabricated SnO2 and U90 composite thick films were tested for H2S, 
LPG, NH3 and CO2 gas at 600 ppm of fixed gas concentration at different operating temperature 
30-350 0C in equal step of 50 0C except 300 C reading, by using static gas sensing system. 
Response of U90 sensor was poor to LPG, NH3 and CO2 gas. 

Fig.5 depicted the variation of gas response with operating temperature for SnO2 and U90 
composite thick film sensors towards 600 ppm H2S gas. Highest Response of SnO2 was 16 at 
150 0C and that of U90 was 21 at 200 0C.This can be attributed to lower adsorption of oxygen 
molecules from air ambient at lower temperature and higher desorption of it from the surface at 
higher temperature [32-36].  

U90 sensor may adsorb more oxygen molecules than SnO2 and H2S gas reduced the 
sensor surface more efficiently at 2000C. In air ambient, due to formation SnO2-ZnO 
heterojunction in U90, oxygen adsorption ability of heterojunction is slightly increased, which 
trapped more free electrons from conduction band and increased the width of depletion region 
and height of heterojunction potential barrier. Hence produce less current. This can be verified 
from the electrical conductivity of the individual SnO2, and conductivity of U90 sensor. Upon 
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exposure to H2S gas, more oxygen ions will be extracted by reacting it with H2S and release 
slightly more free electrons to the conduction band for producing more current. Thus the width 
of depletion region and height of potential barrier decreased and produced high current, which 
explained the improved response of U90 composite sensor relative to SnO2. This can be shown 
by chemical reaction as, 
O2 +  e- → O2- 
2H2S + 3O2- → 2SO2 + 2H2O + free electrons 

Desorption of oxygen molecules might have starts above 2000C. H2S molecules may 
become lighter and fly up in air, hence there will be no reaction between sensor surface and 
relative gas, which may leads to low response above 2000C. At relatively low operating 
temperature, the sensing thick film surface preferentially adsorbs O-2 and as a result of that the 
sensitivity of the material is little. As the operating temperature increases the adsorption of O- 
become the dominant process and consequently the sensitivity of the material increases [37-39]. 
In fact the response of U90 sensor is not improved more relative to SnO2. Ten percent addition of 
ZnO made slight effect on sensing performance of U90 sensor.  
The observed increased in current in both sensor upon exposure to H2S is intrinsic nature of n-
type SnO2 and ZnO metal oxides as expected [40].  
 

Variation of gas response with gas concentration:  
The variation of response of U90 sensor with H2S gas concentration at 2000C is shown in 

fig. At lower concentration of H2S, the response of was fast, but as concentration increases, it 
becomes slow and was saturated at 600 ppm of H2S. Thus the active region of sensor surface was 
between 1 to 600 ppm. At lower gas concentration sufficient number of active sites are available 
for chemical reaction with gas and entire gas molecules contributes in chemical reaction with 
surface and maximum surface try to get reduce. Hence the response is fast. At 600 ppm 
concentration of gas, the surface of sensor get reduced completely and above that concentration, 
multilayer of gas molecules formed on the surface and extra gas molecules remain jobless. 
Therefore above 600 ppm concentration the response become constant or get saturated [41-43]. 

 
 Fig. 6 -Variation of gas response with H2S concentration for U90 sensor 
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 Fig. 7 -Response and recovery time of U90 composite sensor for H2S gas 

The response and recovery time of U90 composite sensor against H2S at 200 0C is shown 
in Fig.7. The response was quick, but it takes 90 second to achieve 90 % response and 90 second 
for 90 % recovery. When the sensor exposed to H2S gas, it reacts with adsorbed oxygen and SO2 
is formed. For this it takes 90 second to achieve 90 % reduction of sensor surface. After removal 
of gas, the oxygen molecules are again adsorbed by sensor surface and trapped the free electrons 
from conduction band and recover the sensor.  
 

Drability: 
Durability of U90 thick film is shown in fig. 8. The gas response of U90 thick film at  

200 0C towards H2S was tested five times after every seven days and it was found that, the 
response was almost same. Thus it can be concluded that, U90 thick film sensor has good 
durability towards H2S at 200 0C.  

 
Fig. 8 -Durability of U90 sensor 

 
Selectivity of U0 sensor: 

 
Fig. 9 -Selectivity of U90 sensor at 200 0C 
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Selectivity of U90 thick film was tested in presence of 600 ppm of H2S, LPG, NH3 and 
CO2. U90 sensor is selective only to H2S gas at 200 0C in presence of LPG, NH3 and CO2 as 
shown in fig. 9. It scored response 21 to H2S in presence of LPG, NH3 and CO2. Selectivity of 
sensor can be attributed to its high response at 200 0C towards H2S relative to LPG, NH3 and 
CO2.The U90 sensor were poorly sensitive to LPG, NH3 and CO2 gases at all temperature from 
50 to 350 0C. Therefore the U90 sensor might not be selective to other tested gases. 
 

Summery, Conclusion and future scope: 
Thick films of nanocrystalline U90 composite was successfully fabricated by simple 

mechanical mixing, using pestle and mortar and adopting screen printing technique. The FE-
SEM micrograph and EDAX spectrum of sensor was taken. From the FE-SEM micrograph, the 
spherical structure of SnO2 having 19.3-37.7 nm particle size and ZnO tube structure with 
particle size 126 nm were observed. EDAX spectrum and elemental analysis of thick film 
confirmed that, the thick films are fabricated by using SnO2 and ZnO. V-I characteristics and 
electrical conductivity of thick films indicated that, the contacts formed on the sensor surface are 
ohmic in nature and semiconducting nature of thick film respectively. The gas response of U90 
composite thick films towards 600 ppm of H2S gas was found to be slightly improved relative to 
SnO2 thick films. The H2S response with variation of concentration of H2S gas was also studied. 
Active region of U90 sensor was from 1ppm to 600 ppm. Response and recovery time of sensors 
was found to be improved relative to sole SnO2. U90 sensor depicted selectivity to H2S gas in 
presence of mixture of LPG, NH3 and CO2 gas.  

SnO2-ZnO composite sensor can be studied further by varying combination of two 
components which are not studied here. Attempt can be done by changing synthesis method. 
Efforts can also be taken with changing one or both the components in the composite.  
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Abstract: 
Zinc oxide nanostructures were synthesized by chemical route method. The XRD 

spectrum indicates that the sample is wurtezite (hexagonal) structured ZnO with lattice constants 
of a = 3.249A0, c = 5.206 A0. Thick films of synthesized ZnO were prepared by screen printing 
technique. TheCuO modified ZnO were obtained by dipping them into an aqueous solution of 
copper chloride for different interval of time. Gas sensing properties of pure and modified ZnO 
thick films were investigated. The CuO modified ZnO thick film dipped for 4 min were observed 
to be more sensitive as compared to other modified thick films at 1200C. The effect of surface 
microstructure and CuO concentrations on the sensitivity, selectivity, response and recovery of 
the sensor in the presence reducing gases ware studied and discussed. 
 

Keywords: Gas sensor, Surface modified gas sensor, Nanostructure ZnO 
 

Introduction 
 Nanostructured materials such as WO3, ZnO, SnO2, and V2O5 have shown good sensing 
properties [1-7]. Among these nanostructure semiconducting materials ZnO has been studied 
extensively for gas sensing application.  It has been proved that ZnO is a good gas sensitive 
material for detection of both reducing and oxidizing gases [8-16].  
 Recently, to improve the gas sensing properties of ZnO, various materials have been 
employed to modify its surface properties [17-20]. Among the many surface doping materials, 
CuO attract lot of attention, because it is a p-type semiconducting material with energy band gap 
of 
1.2eV. Cupric oxide generally used in solar energy devices, electronics, sensors, magnetic 
storage media and batteries catalysis [21-28].   
 In present work, hydrothermally synthesized ZnO nanostructure shows high sensitivity 
and selectivity to lower concentration of H2S gas. But its response time is very high and recovery 
is very slow. To improve response and recovery time efforts are made to prepare CuO activated 
ZnO nanostructure thick films.  
 

Experimental  
 All chemicals were of analytical grade and were used as purchased without further 
purification.   
 In present work 5.2g of Zinc acetate dehydrate was dissolved in 480 ml of distilled water. 
Subsequently, 20 ml of 2M NaOH aqueous solution was introduced into the above aqueous 
solution drop by drop with constant stirring. The obtained mixture was kept at room temperature 
for 05 min, and then transferred in to 700 ml Teflon-lined stainless steel reactor (autoclave), 
maintained at temperature 120 0C for 6hr and then cooled to room temperature naturally. After 
this process, the resultant white solution was collected in a beaker and sonicated (Ultrasonic 
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wave treatment) for 90 min, with plus rate 4s and power 0.7 A. The resultant product were 
collected by centrifugation, washed several times with distilled water and ethanol and dried at 
temperature 70 0C for 3 hr. The yield of synthesized ZnO nanostructure was found to be 1.32 g. 
Thick films of synthesized nanostructure ZnO were prepared by using screen printing technique. 
 Surface of pure ZnO thick film were modified by dipping them into a 0.01M aqueous 
solution of copper chloride (CuCl2·2H2O) for different intervals of time (2 min, 4 min, 6 min and 
8 min). Dried thick films were calcinated at 5000C for 6 hr in air ambient. The CuCl2 dispersed 
on the film surface was oxidized in calcination process, and sensor elements with different mass 
% of CuO on the surface of ZnO thick film were obtained. These surface activated films are 
termed as CuO modified films.  
 

Materials characterization 
X-ray diffraction studies 
 The crystallographic structure of the synthesized ZnO nanostructure was characterized by 
powder x-ray diffraction (Philips PW 1710) with Cu-Kα source and 2θ range of 20-800. Figure 1 
shows the XRD pattern of the ZnO nanostructure. The recorded XRD pattern confirmed that 
synthesized ZnO are highly crystalline in nature. The corresponding X-ray diffraction peak for 
(100), (002), (101) and (102) planes confirm the formation of hexagonal wurtzite structure of 
ZnO (JCPDS card no. 36-1451). 

 
Figure 1 powder XRD pattern of ZnO nanostructure synthesized by hydrothermal route. 
Transmission electron microscope  
 The morphology and structure of the powders were investigated by TEM. For the TEM 
observation, the as-prepared products were added into an alcohol solution and subjected to 
violent ultrasonic stirring for hours; subsequently, a drop of solution containing ZnO 
nanostructure was dipped on a copper grid used for the TEM observation.  
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Figure 2 TEM image of ZnO nanostructure synthesized by hydrothermal method 
 It is clearly seen form the TEM image that the ZnO powders consist of both nanoparticles 
and nanorods with average crystallite size less than 60nm. 
Scanning electron microscope  

 
Figure 3 FE-SEM images of a) pure ZnO thick film b) CuO modified ZnO thick film (2 min 
dip.) c) CuO modified ZnO thick film (4 min dip.) d) CuO modified ZnO thick film (6 min dip.) 
e) CuO modified ZnO thick film (8 min dip.). 

The FE-SEM images in Figure 3b-3e clearly indicates that after the surface modification 
by dipping method, the growth of CuO grain began to occur on the surface of ZnO thick film. It 
is observed that as the dipping time increases, the more and more grain of CuO deposited over 
ZnO grain. 
 

Results and discussion  
Gas response  of CuO modified ZnO thick films 
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 The gas response of CuO modified ZnO thick films to 30 ppm H2S were investigated at 
various operating temperatures ranging from room temperature to 2500C. The gas response of 
CuO modified ZnO thick films as a function of operating temperature is shown in figure 4.  

 
Figure 4 variation of gas response of CuO modified ZnO thick films with operating temperature. 
 Form figure 10 it can be seen that CuO modified ZnO thick films are very sensitive to 
low concentration (30 ppm) H2S at room temperature. When the temperature is about 1200C, the 
highest sensitivity of samples is obtained. Higher sensitivity of these thick films can be explained 
by the following reaction [29]: 
CuO + H2S → CuS + H2O 
 As can be seen CuS is a product of the reaction. CuS being a metallic will destroy the n-
p-n junctions as well as the potential barrier, and new type of n-metallic-n heterojunctions will be 
formed. The destruction of potential barrier results in a sharp increase in the electrical 
conduction.  
 When the sensor is brought back in the ambient conditions, the CuS reacts with the 
oxygen via following reaction. 
   2CuS + 3O2 → 2CuO + 2SO2 
 Since the CuS converts back to CuO, potential barrier reappears due to formation of n-p-
n heterojunctions as well as potential barrier, and hence a low electrical conduction.  When 
temperature increases over 1250C, the sensitivities of CuO modified ZnO thick films deceases 
sharply because the lattice structure of CuS changes above temperature 1050C and decomposes 
to Cu2S at temperature 2200C. The Cu2S is a high resistivity ionic conductor; due to this CuO 
modified ZnO thick films show poor sensitivity above 2200C.   
 Figure 4 shows that the sensitivity of 4 min CuO modified ZnO thick film is highest 
among other thick films, it may be attributed to the amount of CuO grains over ZnO grains are 
suitable.  When the optimum amount of CuO (4 min dipping) is dispersed on the surface of ZnO 
thick film, the CuO grains would be distributed uniformly throughout the surface the film. Due 
to this, not only the initial resistance of the film is high, but this amount would also be sufficient 
to promote the catalytic reaction effectively and the overall changes in the resistance on exposure 
to H2S gas, leading to high sensitivity. If amount of CuO is too low, the proportion of p-n 
heterojunctions (CuO-ZnO) in samples also too small, the changes of thick films resistance is a 
little when the film contact H2S, so the sensitivities of films to it is low. On the other hand if 
amount of CuO is too high, formation of p-n heterojunctions is more. When a H2S reacts with the 
thick films, the superfluous CuO still forms heterojunctions, so the surface resistances of samples 
keep high.    
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Selectivity 
 Figure 5 depicts the selectivity of all CuO modified ZnO thick films for 30 ppm H2S gas 
at room temperature. These modified thick films shows higher selectivity for H2S among all the 
gases such as CO2, NH3 and LPG.  

 
Figure 5 Selectivity of H2S gas from mixture of gases 
Response and recovery  

 
Figure 6 variation of gas response of (4 min dip.) CuO modified ZnO thick film with time 
 The response and recovery of the 4 min CuO modified ZnO thick are represented in 
figure 6. The response was quick (54 s) to 30 ppm of H2S, while the recovery is also fast (117 s).  
The response and recovery time of other thick films were given in the table 1.  
Table 1 The response and recovery time of CuO modified ZnO thick films 

Sample Response time (s) Recovery time (s) 
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CuO modified ZnO Thick film 
(2 min dipping) 58 111 

CuO modified ZnO Thick film 
(4 min dipping) 54 117 

CuO modified ZnO Thick film 
(6 min dipping) 65 135 

CuO modified ZnO Thick film 
(8 min dipping) 68 146 

 
 The tendency of response and recovery time in figure 6 can be explained by proposed 
sensing mechanism. The response and recovery time depends on rate of conversion of CuO to 
CuS and CuS to CuO respectively.  
 

Conclusions   
 The results of pure and CuO modified ZnO thick films can be summarized as 

1. Hydrothermally synthesized ZnO powder consists of nanoparticles and nanorods with 
average crystallite size 48 nm.  

2. All CuO modified ZnO thick films shows sensitive to low concentration of H2S at room 
temperature.  

3. All CuO modified ZnO thick films shows higher selective to 30 ppm H2S gas from other 
test gases of higher concentrations. 

4. CuO modified ZnO thick film (4 min dipping) shows higher sensitivity to 30 ppm of H2S 
as compared to other CuO modified ZnO thick films. 

5.  CuO modified ZnO thick films shows very rapid response and fast recovery as compared 
to pure ZnO thick films.  
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Fabrication and Application of Polyprrole (PPy)-ZnO composites to sense NH3 gas at room 

temperature 
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Abstract: 

Nanoparticles of PPy and ZnO are prepared. PPy/ZnO composites with different weight 
percentage of ZnO (10%, 20%, 30, 40% and 50%) were obtained by in situ emulsion 
polymerization of pyrrole in an aqueous solution. The characterizations of different composites 
were done with the help of X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM). 
Thick film sensor was prepared by screen printing technique. The sensitivity was measured as a 
function of different concentration of ammonia gas and it was found that PPy-ZnO (20 %) shows 
more sensitivity (0.94).  
  
Keywords: PPy/ZnO Composites,  SEM, XRD, screen printing technique. 
 
 
1. Introduction: 

Conducting polymers recently emerged as a new class of potentially useful materials in the era of 
electrical conductivity and other many applications as successful agents.  More works on 
conducting polymers have been done by many groups all over the world to understand their 
exceptional electrical, optical and chemical properties.  Recently, the nanocomposite materials 
have become one of the most extensively studied material all over the world as they have shown 
to possesses several technological application such as magnetic recording materials sensors, 
effective quantum electronic devices, etc. [1]. Nanocomposite material composed of conducting 
polymers & oxides have open more field of application such as conductive paints, drug delivery, 
rechargeable batteries, smart windows, toners in photocopying, etc [2].  Applications of 
polymers have begun to emerge a new era. These include coating and blends for electrostatic 
dissipation and electromagnetic interface (EMI) shielding. Electromagnetic radiation absorbs for 
welding of plastics, conductive layers for light emitting polymer devices and anti corrosion for 
iron and steel [3]. Semiconductor nonmaterial has been received great attentions. Among these 
various semiconductors oxide nonmaterial zinc oxide is a versatile material because of its 
physic-chemical properties such as mechanical, electrical, optical, magnetic and chemical 
sensing properties. It has a wide band gap of 3.3 eV and it is used in various applications of 
electronic devices, biomedical field, variety of sensors, etc [4-5].  In the present paper, the author 
has reported PPy/ZnO composites, which were synthesized by in-situ polymerization method. 
These composites were characterized by using X-Ray diffraction (XRD) analysis, Scanning 
Electron Microscopy (SEM) and studied the sensing nature of prepared sensor to sense NH3 gas. 
  
2.  Experimental 
 
2.1. Materials 
Pyrrole monomer (C4H5N) was previously distilled under vacuum and subsequently stored in a 
dark refrigerated environment (0°C), since it is a very sensitive to light and moisture. All 
chemical reagents, such as zinc oxide (ZnO), ferric chloride hexahydrate (FeCl3 .6H2O) and 
sodium dodecyl sulfate (C12H25NaO4S), were of analytical grade.  
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2.2 Preparation of  PPy/ZnO composites 
PPy/ZnO composites were obtained by in situ emulsion polymerization of pyrrole in an aqueous 
solution containing sodium dodecyl sulphate (SDS) and ZnO. Initially, an aqueous solution of 
deionized water (40 mL) containing the surfactant (SDS, 2.4 mMoles) was prepared. The 
solution was stirred vigorously for 10 minutes and 0.5 mMoles of pyrrole monomer were then 
added to the mixture. After 20 minutes of vigorous stirring, 42.1 Moles of ZnO were added. 
Subsequently, the solution was maintained under vigorous stirring for 20 minutes and 400.0 L 
of FeCl3 (1M) was added drop by drop. Finally, the solution was kept under vigorous stirring for 
24 hours to ensure complete polymerization. To obtain a powder composite material, 70 mL of 
methanol was added to the colloidal dispersion, forming a black precipitate, which was then 
dried at 40°C and thoroughly dried in a vacuum desiccator at room temperature [6]. In present 
work, PPy/ZnO nanocomposites containing various weight percentages of ZnO (10 %, 20 %, 30 
%, 40 %, and 50 %) in PPy were synthesized and thick film sensor was prepared on clean glass 
plate to sense NH3 gas. 
 
 

2.3 Preparation of Thick film sensor: Screen printing technique  
Ethyl cellulose (EC) and Butyl Carbitol acetate (BCA) was kept at the ratio 8:92 and prepared 
binder. Paste of prepared material was deposited on clean glass plate by screen printing 
technique.  

 
Figure 1. Different steps involved in screen-printing 
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   (a)  Integrated electrode                                  (b) Actual sensor film 

Figure 2. Prepared sensor and electrode structure 

3.  Characterization  

X-ray diffraction (XRD) studies were performed using Philips X-ray diffractometer with  CuKα  
as the radiation source. The morphology of the Zinc oxide and composites in the form of powder 
was investigated using scanning electron microscope (SEM). 
 
4.  Results and discussion   
 
4.1 X-Ray diffraction   
 

  
Figure 3. X-ray diffraction patterns obtained for: (a) ZnO (b) PPy/ZnO 

 
Figure 3 (a) shows the XRD pattern of ZnO. The XRD diffraction peaks of ZnO powder are 
shown in a good agreement with hexagonal structure reported in JCPDS File Card (No.05-0664). 
The intensity of diffraction peaks for PPy/ZnO composite is lower than that for ZnO. The 
presence of amorphous PPy reduces the percentage ratio of ZnO and sequentially weakens 
diffraction peaks of ZnO. Figure 3 (b) shows X-ray diffraction pattern of PPy/ZnO. A broad peak 
centered at 2θ at 22.170 may be assigned to the scattering from the polypyrrole chains at 
interplanar spacing which clearly implies the amorphous nature of polypyrrole. 
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4.2 Scanning Electron Microscopy 

                           
            (a) SEM image of ZnO                                         (b) PPy/ZnO-10% composite 
 

                                 
        (c) PPy/ZnO-20% composite                                (c) PPy/ZnO-30% composite 
 

                                 
        (d) PPy/ZnO-40% composite                                    (e) PPy/ZnO-50% composite 

 
Figure 4. SEM image of  ZnO and its composites with PPy 

 
In figure 4, SEM pictures show the porosity of ZnO and PPy/ZnO composites having different 
weight percentage. From figure 4 (c), more porosity is observed with doping of ZnO (20 %) in 
PPy thereby decreases the granular size. The SEM image also revealed the presence of ZnO in 
PPy which is homogeneously distributed throughout the polymer sample [5-7].  

4.4 Sensitivity measurement  
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Sensitivity was calculated by using formula [8-10], air gas

air air

R  - R RS  =  = 
R R

   
   
   

       

Where, Rair is the resistance of the sensor in presence of air, Rgas is the resistance of the sensor in 
presence of gas. 

Variation of sensitivity with concentration of NH3 gas is shown in the following figure.  
 

 
 

Figure 5. Variation of sensitivity of ZnO and PPy/ZnO composites 
 

 
This show that the sensitivity of PPy/ZnO 20% composites has found to be maximum at 500 
ppm for Ammonia gas at room temperature. It is concluded from the SEM picture that, the 
porosity of this sensor is maximum among the others. Due to high porosity, it absorbed 
maximum gas and respond it greatly.     
  
4.  Conclusion    
 
PPy/ZnO 20% composite show high sensitivity (0.94 ). PPy/ZnO composition with different 
percentage ratio was prepared by in situ emulsion polymerization of pyrrole in an aqueous 
solution. This showed that PPy/ZnO 20% nano-composite is best materials for the detection of 
Ammonia gas at  room temperature in the concentration range 50 to 500ppm.    
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Abstract 

 The ac electrical conductivity of ZnO nanoparticles is frequency dependent and analyzed 
through power law relation. The dielectric constant of ZnO nanoparticles increased with 
increasing temperature but it is decreases with increasing frequency. In case of dielectric loss 
factor Goldstone Mode (GM) fluctuations are observed near frequency 200Hz.   

Key words: ZnO nanoparticles; liquid-phase synthesis; ac conductivity; dielectric constant; 
dielectric loss.  

Introduction  
 Zinc oxide (ZnO) is a piezoelectric, transparent dielectric n-type semiconducting oxides 
and has a band gap of 3.37ev at 300K [1], it has large excitation binding energy (60 meV). Due 
to huge industrial application of ZnO such as pigment in paints, flux in ceramic glazes, coating 
of paper, electro-photography, medicine and cosmetic etc. the zinc oxide is attracting attention in 
the form of powder as well as thin films.  
 The electrical conductivity and dielectric constant plays a very important role in several 
electronic processes of nanostructures and nanocomposites [2,3]. The electrical properties of 
nanocomposites are found to be drastically different from those of their constituents. The 
electrical properties of nanophase CdS and ZnS mixed with nanophase silver have been 
investigated and a drastic change in the ac electrical conductivity and dielectric constant is 
observed [4]. Dielectric studies of ZnO nanoparticles show frequency dependence dielectric 
anomaly at low temperature (85–300 K) and results reveal that the capacitance and loss tangent 
decrease with the frequency of applied signals while these parameters improve with the 
increasing of temperature [5]. 
 In this paper, the ac electrical conductivity and dielectric properties of ZnO nanoparticles 
over a wide range of frequencies from 20 Hz to 1 MHz and over a temperature range from 313 to 
473 K are reported. 
Experimental: Measurement of AC Electrical Conductivity and Dielectric Constant 

 Dielectric and electrical conductivity measurements of pellet (thickness 0.1139 cm) 
samples placed  between  a   silver electrode sample holder (Pusha Scientific, Hyderabad, India), 
were measured using an automated 4284A precision LCR meter (20 Hz –1 MHz) (Agilent 
Technologies, Singapore). The sample holder is kept inside an electric oven and its temperature 
can be varied by a computerized temperature control. The corresponding effective capacitance 
(cp) and effective resistance (Rp) measured at different environment of temperature, finally the 
dielectric constants and ac electrical conductivity of the samples was calculated using expression 
[6],  
  ac = (f ’ tan () ) / (1.8 X 1010)       (1) 
 



       ‘RESEARCH JOURNEY’ International E- Research Journal 
         

                             Impact Factor - (SJIF) – 6.261, (CIF ) - 3.452(2015), (GIF)–0.676 (2013) 
Special Issue 110 (I)- Physics 

UGC Approved Journal  

  ISSN :  
  2348-7143 
  February-2019 
   

 
 

285 Website – www.researchjourney.net         Email - researchjourney2014gmail.com 
 

 

  Where, f is the frequency applied in Hz, (’) is the dielectric constant or relative 
permittivity  and  tan (    is the dielectric loss tangent or loss factor. 
 The values of the real part of the dielectric constant (') at different frequencies and 
temperatures were derived from the measured capacitance (cp,) and knowing the geometrical 
dimensions of the pellets using the expression, 
  ’   =    (Cp L )  / ( o  A )   (2)   

 Where, cp is the measured capacitance, l is the thickness of the sample, A is the electrode 
area and () is the permittivity of free space (8.854 X 10-12 F/m). 
The dielectric loss tangent or dielectric loss factor i.e. tan ( can be expressed by relation, 
   tan ( =  . Cp . Rp                               (3) 

 Where, Cp is the measured capacitance, Rp is the measured resistance and f is the 
frequency applied field in Hz. 
Results and discussion 
 AC Electrical Conductivity and Dielectric Constant 
 The ac electrical conductivity of samples is measured by using 4284 A precision LCR 
meter from applied frequency 20 Hz  to 1 MHz  at different temperatures (313K, 353K, 393K, 
433K and 473K).  Figure 2 shows the variation between log of ac conductivity and applied 
frequency at different temperature  of the samples calculated using eq.(1). The ac electrical 
conductivity of ZnO Nanoparticles shows frequency dependence, increasing with frequency. 
According to Jonscher's classical equation [7] the real part of ac conductivity has a frequency 
dependence given by the relation, 

                         ac   = A s                   (4) 

Where, s is close to unity and the parameter A shows little dependence on temperature.  
 
 
 
 

 

 

 

 

 

Figure 2  Variation of log (ac) with applied frequency at different temperature 
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Another mechanism of frequency dependence of ac electrical conductivity is explain on the basis 
of  quantum-mechanical tunneling (QMT) through the barrier and classical hopping over the 
barrier [8]. 
 The values of the real part of the dielectric constant (') at different frequencies and 
temperatures were derived from the eq. (2). The variation of (') of ZnO nanoparticles with 
frequency of the applied field is given in figure 3. The dielectric constant of all the samples is 
found to decrease very rapidly from 20 Hz frequency to 1 Khz frequency, but after 200 Khz 
frequency dielectric constant decreases very slowly up to 1Mhz frequency.  In a dielectric study, 
the real part of dielectric constant () represents the polarizability of the material while the 
imaginary part () represents the energy loss due to polarization and ionic conduction [9]. 
Generally dielectric materials have electronic, atomic, orientation and interfacial or space charge 
polarization [10]. 
Dielectric loss factor (tan )   
 The dielectric loss factor measures a part of polarization, which is out of phase with the 
applied field. The values of the dielectric loss factor (tan ) at different frequencies and 
temperatures were derived from the eq. (3). The variation of dielectric loss factor (tan ) of ZnO 
nanoparticles with frequency (from 20 Hz to 1 MHz) of the applied field at different temperature 
is given in figure 4. Generally two types of rotational fluctuations of molecular dipoles are 
obtained known as Goldstone Mode (GM) relaxation and Soft Mode (SM) relaxation [11]. In our 
study, the first type of mode (GM) of fluctuation near frequency 200Hz is seen and another mode 
of fluctuation is absent.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3  Variation of (') with applied frequency at different temperature 
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Figure 4  Variation of Dielectric loss tan () with applied frequency at different temperature 

Conclusions 
 The ac electrical conductivity of ZnO nanoparticles is frequency dependent. The 
dielectric constant of ZnO nanoparticles increased with increasing temperature but it is decreases 
with frequency and Goldstone Mode (GM) fluctuation are observed.  
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ABSTRACT :  

In this paper Stanninc oxide (SnO2) nanoparticles was synthesized by a chemical precipitation 

method. The synthesized samples were characterized using X-ray powder diffraction (XRD). Sensing material 

was made as in the form of thick film by using screen printing method. Surface mor- phologies of the samples 

were analyzed using Field emission Scanning electron microscopy (FE-SEM). The XRD pattern indicates that 

SnO2 has a tetragonal phase structure having minimum crystallite size 23.19 nm. Further, humidity sensing 

investigations of these sensing materials were done. The SnO2 sample shows good sensitivity towards the 

relative humidity. Our result indicate that pure SnO2 resistance  decreases from 10
11

 Ω to 108
 Ω. in form of 

thick film was most sensitive. The activation energy measured from Arrhenius plot of conductivity at different 

RH and found to be 4.6010
-4 

eV respectively. The results were re- producible up to ± 77% after 2 months of 

observations. 

 

1. INTRODUCTION 
Recently, humidity sensors are of great significance in many fields, including environmental 

monitoring, industrial production, agricultural planting, aviation, and medical and chemical monitoring, etc. 
[1,2]. There are various kinds of nanostructure materials have been extensively studied. Semiconducting 
materials, such as SnO2, WO3, and ZnO for the humidity sensor are also applied in variety of different areas 
[3-6]. The band gap SnO2 wide (~3.7 eV) has distinctive electrical properties and high physical/chemical 
stability [7, 8].The 3D hierarchical SnO2 dodecahedral nanocrystals based nanosensor, exhibited superior 
humidity-sensing properties. These nanostructures SnO2 provides a regular porosity and a large specific 
surface area, allow  high accessibility for the water molecules and providing more active site for the surface 
physical/chemical interaction between water molecules and the nanostructures SnO2 materials [9].Thus due to 
effective approach toward an understanding, and the design, of nanostructure SnO2 based humidity sensing 
materials. 

 
2. EXPERIMENTAL  

Synthesis of tin oxide (SnO2 ) : All the chemicals used in this study were of GR grade purchase from 
Sd-fine, India (purity 99.99%). The chemicals are used without any further purification. Stannous chloride 
dehydrates (SnCl2.2H2O), Ammonia solution and deionized water were used during reaction. The conducting 
silver paint (Sigma Aldrich Chemical, USA) is used to form electrodes. In preparation of SnO2 nanoparticle 
the Stannous chloride dehydrates (SnCl2.2H2O), Ammonia solution and deionized water were used as starting 
materials. Initially, 2 g (0.1 M) of stannous chloride dehydrate (SnCl2.2H2O) is dissolved in 100 ml water. 
After complete dissolution, about 4 ml ammonia solution is added to above aqueous solution with magnetic 
stirring. Stirring is continued for 20 minutes. White gel precipitate is immediately formed. It is allowed to 
settle for 12 hrs. Then it is filtered and washed with water 2-3 times by using deionized water. The obtain 

mailto:agrawal195@gmail.com
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precipitate were mixed with 0.27 g carbon black powder (charcoal activated).  The obtained mixer is kept in 
vacuum oven at 70 ºC for 24 hours so that the mixer gets completely in to dried powder. Then this dry product 
was crushed into a find powder by grinder. Now obtained product of fine nanopowder of SnO2 was calcinated 
at 700oC up to 6 hours in the auto controlled muffle furnace (Gayatri Scientific, Mumbai, India.) so that the 
impurities from product will be completely removed.  

glass substrate. Initially, for the screen printing the thixotropic paste was formulated by mixing the 
sintered fine powder of pure nano powder of SnO2 in different molecular weight ratios, a with a solution of 
ethyl cellulose as (10% temporary binder) in a mixture of organic solvent such as butyl cellulose, butyl 
carbitol acetate and turpineol. The ratio of inorganic to organic part was kept as 75:25 in formulating the 
paste. The paste of pure materials of SnO2 was screen printed on a glass substrate in the form of thick films 
and it was dried at 80-110oC in oven for 1hrs. The dried films is fired at 500oC for 25 min in muffle furnace 
(Kumar make Mumbai), to remove organic impurities form the sensor material. For the surface conductance 
measurement the electrodes of silver paint were formed on adjacent sides of the films. 
 
3. CHARACTERIZATION  

Figure 1 shows the XRD pattern of pristine stannic 
oxide (SnO2) nanostructure synthesized by liquid phase via 
co-precipitation method calcinated at 400oC it is clearly 
observed that the highest intensity peak is obtained at (110) 
crystal planes and other peaks lying at (101), (200), (211), 
(220) and (002) of SnO2. All the peaks match well with the 
standard tetragonal structure of SnO2 with lattice constant a = 
4.723 nm and c = 3.238 nm and its unit cell volume 
(V=72.24Ao3) with JCPDS card no. 71-0652. All the peaks are 
perfectly match with pure SnO2 nanostructure, which indicates 
the high purity of obtained SnO2 nanoparticles. The average 
crystalline size was found to be 23.19 nm calculated by using Debye-Scherer formula [10]. 
 
TEM 

Figure 2 shows the TEM image of pristine Stannic oxide 
(SnO2) which shows the formation of highly crystalline stannic 
oxide (SnO2) nanoparticle by using liquid phase method via co-
precipitation method. The shape of SnO2 nanoparticles are like 
tetragonal pattern of sports and their average crystalline size is 
found to be 29.15 nm [11,12]. 

 
 
 
 
 

FE-SEM 
Figure 3 decipts the FE-SEM micrograph of pristine Stannic 

oxide (SnO2) nanostructure thick films. In this the particles are found to in 
the tetragonal shape within the particle size in the range of about 15nm to 
31.2 nm. The average particle size observed in both FE-SEM and TEM 
measurement where found to be nearly equal [13]. 
 
 
 
 
 
 

Figure 1: XRD pattern of SnO2 

Figure 2: TEM images of SnO2 

Figure 3: Fe-SEM images of SnO2 
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Result and Discursion 
Hysterias Plot 

 
 
   

Figure 4 shows hysteresis plot of Stannic oxide (SnO2) at different constant temperature  30o C, 40oC, 
50oC and so on. Hysteresis plot shows the variation between resistances of sample with respect to the relative 
humidity in increasing and decreasing order (30 to 90 % RH and 90 to 30 % RH) in steps of 5 % RH. 
Particularly, figure 4 is corresponds to resistance measurement by Keithley voltage source meter (2400) at 
constant temperature 30oC and so on. Overall in all the samples hysteresis plot measurement carried by 
Keithley voltage source meter (2400) at different constant temperature from 30 oC to 90 oC in steps of 10 oC 
and relative humidity varies from 30 to 90 % RH in steps of 10 % RH and vice versa also. 

In these the resistance of sensors decreases by increasing the relative humidity from 30 to 90% RH 
and the resistance of sensors increases by decreasing the relative humidity from 90 to 30% RH at respective 
constant temperature varying from 30 to 90oC and vice versa. The presences of hysteresis shows the processes 
of adsorption and de-adsorption are not so faster at particular humidity. In this processes the adsorption would 
not be efficient which cause a small change in the resistance. The physisorbed water molecules is converted 
into chemisorbed by donating the surface electron at the constant temperature [14] and for the deadsorption it 
requires large activation energy [15]. On the other hand a sample shows comparable decrease in resistance 
with an increase in % RH which indicates that the conduction occurred at the grain surface by release of 
electron from the water molecule. However, the sample pure Stannic oxide (SnO2) shows the remarkable 
change in the resistance values in between the humidity range 30-90 % RH and possessed a high sensitivity 
factor due to large surface area and porosity in the form of thick films. 
 A very small hysteresis present during forward and reverse cycle of relative humidity, where as a very 
significant average change observed in the value of resistance of sample, in the range of 1011 to 108  in all 
the samples from 30 to 90% RH. 
Sensitivity 
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Figure 4: Variation of Relative Humidity with Resistance  

Figure 6:  Variation of Relative humidity with Sensitvity of pure SnO2 nanomaterials 
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 The pure Stannic oxide (SnO2) nanoparticles thick film exhibits significantly higher sensitivity due to 
the formation of heterogeneous interface between them and more adsorption site was created to absorbed 
more water vapuors [16]. The fall in resistance is mainly due to the increased amount of conduction electron 
or charge carrier upon adsorption of water vapours by the surface layer of the thick films. The fall in 
resistance is mainly due to the increased amount of conduction electron or charge carrier upon adsorption of 
water vapours by the surface layer of the thick films. Initially, at low humidity levels the adsorbed water 
molecules get ionized on the surface and the hydronium ions are produced by the assistance of high electric 
charge density in the neighbourhood of the hydroxyl (OH-) sites resulting in the protonic conduction to the 
adjacent sites [17]. For pure Stannic oxide (SnO2) nanoparticles thick film the sensitivity is found to be 
increasing with the RH for all the samples of thick films and it is increasing up to some particular RH and then 
afterward it remains constant as shown in figure 6.  
 
Activation Energy 
The Arrhenius plot for all the samples found to be linear and by using Arrhenius equation;  
 
         


The activation energy E for nanostructured stannic oxide (SnO2) samples is found to be quite 
reasonable for the electrical conduction the values of activation energy is much more smaller at constant 
different RH. This shows that the smaller amount of energy is required for the conduction of electrons due to 
absorption of water molecules there by increasing the number of donor electron [18]. The activation energy 
was found to be 4.6010-4 eV. 

 
CONCLUSION. 
 Nanostructured SnO2 was successfully synthesized by liquid phase via co-precipitation method. 
Minimum crystallite size was found to be for SnO2 it is found to be 23.19 nm . Surface morphology of 
Nanostructured stannic oxide (SnO2) shows that most particles are spherical in shape leaving more space as 
pores and hence it was most sensitive. The purity of sample was also conform with Transmission electron 
microscopy. The Hysteresis plot shows very significant average change in the value of the resistance from 
1011  to 108  during forward and reversed cycles. The sensitivity is found to be increasing with the RH for 
all the samples of thick films and it is increasing up to some particular RH and then afterward it remains 
constant and shows that it more sensitive. This nanocomposites carries a good scope for the development of 
moisture sensor in the range of relative humidity 30% to 90% RH. Activation energy measured and found to 
be 4.6010-4 eV respectively. This nanocomposites carries a good scope for the development of moisture sensor 
in the range of relative humidity 30% to 90% RH. 
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Abstract 

 

In the present work, the nanocomposites of  PPy-ZnO were prepared by chemical oxidative polymerization technique using an 

anhydrous ferric chloride (FeCl3) as an oxidizing agent. The prepared samples were characterized via XRD and SEM (Scanning 

electron microscope) to determine the crystal size and porosity, respectively. Using, screen printing technique, thick films of the 

samples were fabricated. At room temperature and stepwise increasing temperature, dc conductivity of the samples had been 

measured and it was found that sample PZ2 has smallest average crystalline size 99.40 nm. 

 

DC conductivity measurement showed nearly linear variation of ln(i) versus ln(V), exhibiting ohm’s law being obeyed on 

logarithmic scale. Maximum value of current density, 1.261 x10-5 A/m2 for PZ2 (70% PPy + 30%ZnO) sample was obtained 

from schottky plot, at 400 K. Thus PZ2 sample is best among the prepared samples and its activation energy recorded to be 

0.1106 eV. 

 

© 2019 Elsevier Ltd. All rights reserved. 
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1.0 Introduction 

 

Now a day, conducting polymers are class of polymer that possesses high-quality tuneable electrical conductivity. 

But they are chemically sensitive and have poor mechanical property; on the other hand, nanomaterials exhibit good 

mechanical properties. Thus, because of good mechanical orientation, oxides nanoparticles showed best utility 

thereof. Such properties of nanocomposites are strongly dependence of polymer concentration. Separation of 

nanoparticles in polymer matrix has large effect on the polymers properties [1]. As PPy has good electrical 

conductivity and good ion-exchange capacity, it is most studied conducting polymer. PPy can be prepared in 

different forms such as powder, films, colloidal particles and composites in micro and nano sizes [2-5]. 

Nanoparticles of PPy are prepared by various path such as chemical or electrochemical [6] with organic or inorganic 

metals. Low conducting polymers have many applications in the fabrication of insulators and dielectrics [7-8]. 

 

The present study deals with the synthesis, characterization of Zn/PPy composites and evaluation of dc electrical 

conductivity for different weight percentages. 

 

2.0 Experimental 

 

2.1 Synthesis of ZnO Nanoparticles 

 

In the present work, chemicals used are of GR grade with purity 99.99%. Zinc acetate dehydrate 

Zn(O2CCH3)2(H2O)2, sodium hydroxide, Methanol and de-ionized water was used during reaction. For the 

preparation, Zinc Oxide (ZnO) 0.2M Zinc Acetate dehydrates dissolved in 100 ml de-ionized water was kept for 15 

min and then added with NaOH (0.02 M) solution. After the mixing the solution was kept under constant magnetic 

stirring for 15 min. and then again it was grinded for 30 min. The white precipitate produced was allowed to wash 

with de-ionized water and methanol many times so as to remove by-products.  Watt-man filter paper was used to 

filter the product. The obtained white paste was kept in vacuum oven for 4 h at 80oC. Then this dry product was 

crushed into a fine powder by using grinding machine and finally this fine nano-powder of ZnO was calcinated at 

temperature 800oC for 6 h.  

 

2.2 Synthesis of Polypyrole (PPy) 

 

Iron (III) chloride (FeCl3), methanol and Py monomer were taken in pure forms for synthesis of PPy sample [10]. 

1.892 g FeCl3 was taken in fine power form and it was mixed with  7 ml methanol solution in round bottom flask. 

Then 8.4 ml Py monomer was introduced to (FeCl3+methanol) solution with constant vigorous stirring in dark. The 

amount of Py monomer introduced to the solution (1/2.33 times of FeCl3) was in such a way to get peak yield.  The 

resulting black precipitates were filtered and cleaned with copious amount of distilled water until the washings are 

clean and clear. The obtained PPy was powdered by putting in oven at 600oC for 3 h. 

 

 

2.3 Preparation of Pellets 

 

Initially, for the preparation of pellets the synthesised material ZnO, and PPy were mixed with different weight 

percentage in pure and composite forms (Table 1). The pellets of different series of ZnO-PPy nano-powder were 

prepared by using electrically operated automatic press machine (KBr Press) at load of 5 tons / cm2 for 0.5 h. All the 

pellets were heated at 150oC for 0.5 h. These pellets were polished and then electrodes were formed with the help of 

conductive silver paint on their edges. Again pellets were sintered for the drying the silver paint at 100oC for half an 

hour. 
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3.0 Results and Discussion 

 

3.1 X-Ray Diffraction 

 

XRD pattern of polypyrrole (PPy) and its composites are as shown in Fig. 1 and Fig. 2 respectively. XRD pattern of 

PPy manifested amorphous nature of PPy. At 27o broad peak occurred which is the characteristics of amorphous 

nature of polypyrrole. Broad peak resulted by scattering of X-Rays from polymer chains at the interplaner spacing. 

The maximum intensity position of amorphous also depends on monomer to oxidant ratio [9].   

 

 

 
Fig. 1: XRD pattern of PPy  

 

 

Fig. 2: XRD of PPy and ZnO composites 
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Table 1: Sample Codes 

 

Sr. No.  Pure Sample and composites  Codes 

1 Pure Polypyrrole  P 

2 80 % ppy + 20 % ZnO PZ1 

3 70 % ppy + 30 % ZnO PZ2 

4 60 % ppy + 40 % ZnO PZ3 

5 50 % ppy + 50 % ZnO PZ4 

6 40 % ppy + 60 % ZnO PZ5 

7 Pure ZnO Z 

 

From XRD pattern of composites, it is observed that average crystallite size of 70PPy:30ZnO composition is least 

(99.40 nm) as compared to other compositions and pure PPy and hence 70PPy:30ZnO composition (PZ2) has large 

active area which tends to increase the conductivity of PZ2 sample. 

 

3.2 SEM Analysis 

The surface morphology of polypyrrole and composites of PPy and ZnO materials were studied by SEM and its 

pictures are shown in Figs. 3-9.        

           

 
Fig. 3: SEM of P (pure PPy) 

 

 

Fig. 4: SEM of PZ1 (80 % PPy + 20 % ZnO) 
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Fig. 5: SEM of PZ2 (70 % PPy + 30 % ZnO) 

 
Fig. 6: SEM of PZ3 (60 % PPy + 40 % ZnO) 

 

 
Fig. 7: SEM of PZ4 (50 % PPy + 50 % ZnO) 
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Fig. 8: SEM of PZ5 (40 % PPy + 60 % ZnO) 

 

 

 

 
  

Fig. 9: SEM of Z (pure ZnO) 

 

From the SEM photos, it is observed that in every inch of the region, number of pores was different and an average 

numbers of pores were taken for comparative study. From every photo, porosity was calculated for one inch square 

area. From figures, it is found that number of porosity of PZ2 sample is more among samples [10]. Conductivity 

increases as for the ions and charges surface area is large because of large porosity. Because of the large surface area 

due to high porosity, collision frequency decreases and obstacle for the flow of ions and charges becomes less. This 

enhances the charges mobility and tends to increase electrical conductivity.  

 

3.3 DC Conductivity Measurement 

Fig. 10 shows the variation of ln(i) versus ln(V) at constant room temperature, 300 K. From this figure, it is 

manifested that as the doping percentage of ZnO in PPy increases, ln(i)  increases  current  with increase in ln(V). It 

is maximum for PZ2 sample (70%PPy + 30 % ZnO) amongst the prepared samples. It is also observed that, the 

nature of all the graphs is nearly straight line with constant slopes, exhibiting that obeys Ohm’s law is obeyed on 

logarithmic scale.   
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Fig. 10: Variation of ln(i) with ln(V) at room temperature  (300K) 

3.4 Schottky Plots:  

 

Figure 11 shows the variation of ln(J) with E1/2 at room temperature, 300K. The graph is known as Schottky plot and 

it is observed that as applied electric field E increases, ln(J) increases, speedily in the beginning and then slowly. It 

is also manifested that, for PZ2 composition, ln(J) is maximum.  From Fig. 12, it is observed that, at optimum 

temperature i.e. 400 K, current density for PZ2 varies from 2.019 x 10-6 A/m2 (minimum) to 1.261 x10-5 A/m2 

(maximum). For all remaining samples, current density was low. 

 

 

       Fig. 11: Variation of ln(J) with E1/2  at 300K 
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       Fig. 12: Variation of ln (J) at 400 K temperature 

 

3.5 Arrhenius Plot  

 

It is seen from figure 13, that as temperature increases,  ln( )  increases. This variation is maximum for PZ2 

sample and minimum for P sample. Due to increase of temperature, more and more charges in PZ2 samples become 

free and contribute to the conductivity and electrical conductivity increases. Slope of the PZ2 sample curve is 

maximum among the samples. As doping of ZnO in PPy increases, electrical conductivity increases and becomes 

maximum for 70%PPy + 30% ZnO sample (PZ2 sample) and further increase in doping of ZnO in PPy, conductivity 

decreases. This decrease may be due to collisions of more free charges with the vibrating local atoms in the sample 

as collision increases the obstacle to the motion of free charges. 

 

 

Fig. 13: Variation of ln (σ) with 1000/T(in K) 

 

 

3.6 Activation Energy 

Activation energy is given by, E  = - KT  Slopea  of graph from Arrhenius plot. Figure 14 manifested that 

activation energy of PZ2 sample is maximum among the samples and it is 0.1106 eV. This value is higher than other 

prepared samples.   
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Fig. 14: Variation of ln (σ) with 1000/T(in K) 

 

4.0 Conclusion: 

 

Porosity of PZ2 sample was found to be more and its average crystalline size was found to be 99.40 nm, from XRD 

pattern. DC conductivity measurement showed nearly linear variation of ln(i) versus ln(V), exhibiting ohm’s law 

being obeyed on logarithmic scale. Maximum value of current density, 1.261 x10-5 A/m2 for PZ2 sample was 

obtained from schottky plot, at 400 K (shown in bar graph). Thus PZ2 sample is best among the prepared samples 

and its activation energy recorded to be 0.1106 eV. 
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?\e. E'+ilf, S. riqr{rrq qTssrt{ tplgq

d. tlq qF. trrqrd

{dt-aF6 qTsqTrFF, trqnmfr wEsrds, 4jq, 3tqlT{fr

Hriia Hqttdr tyrk+'d sr*n-qqt EErilrdr (t FS ffi ffis ftT H qrdd.

qqqrfi-m +f,nqT qtacTqr 5.S rffsq qrfrT siqnsf,r qmffi. srxneiql rqsr+d

'sn€frrlrfrrqrqo-p-qrqry-qe*ar.tflqt4snqTqrnsrqr{ergftrqrqTE*i3tfrrsqTqfr"sqTfr+&q

r gid afu tvrer gwr-d {iszrcrqr atsH.

,rR-Aq FiqilT ffi 3raqrq frard !r-Si. crftTerq eftre-r* qTqr+ 3qeerdT qnilf,tm vi ctdTd

ffin frar-d qrd-i. 
'{R-dre'd 

d$i-qT 3tt6Trtqri rr(, di-E-d,(rr, Fd s-dT-d] {fl{!T 3flrq orTt cr-n

6T{ur ElTq qn+q Ft-st+ c-s* e* et rani{ qqrq{st+ ffif, ptr+qii qfirqffi strr eraElqTqr

q-{f, +or. $s'on* cvei firator i}qr+ r€q? iqt+ v-rm ir+d.

cr riqTffiqtil "oftr+-qTqfr'-6-qT" qika-qT orqrt 3{eqrqrq srTcfu+r}-mTrdr+qiRd. qrw

q-{srqT {fri Ts rdrr{ qraEuqmT sd@ efi{ H. ttrq srfri fr'fu ffii e'nim-q go e-ro'qr-qr rn

kf,r slfrio sflrfi tqFqT sqrnlqr fusTq +-dT. siTflr k'ffirqT e-{tp}qr'& qHdqr Elq ftfir+ ffir
enq-+r id, Fqt+ qiffiotut id.

d. riqre{rd EordT-d, "qRd Htg-dT+ Fd+ ffi ss6 66 qrq e's vrm-sit? qr cr{i-qr sirrrl-qm

Errrinf, 6r fi+qqTsT qftqTq snt qd+* +d qTFr 
{+s-dT ffi il$q ft#r fuo rsr<+ errrdl

qrar$quFqqra, qhsnd t{rpti sdrsre{flqflisiErq{mr-cn-atkqnFSsertrqi-oMXco

6a616q$q6q6$$.

qrrftq fS* rcqrr+ar 6+ et!q+ qo-srH+ 6, 
"nq 

qT'tA,+ Et#

0 qrfr 
B-q.dqr$ eqoi{Tq+e3t$qrofrWqa.

r) dflqEmrqtrfiE-iqiqr+fr etq-(.

r) ftffit-qTqr&t4Tfrfurzqt*gi{fr Ha-df qnd.

qql *qrr+-A-S mnui vhn vldn rixrq-o gnrun eie-en 3rlTlqar qH. {'qT${iql r-faq 3q+T

onqdT 6dr ilSq fuflrs ffi ql{-dq rtffi--qt'+f fdq' ms +4.

*-{d q"si fliqr orFr+, tcfls.r frqn qsa qffifi +{rT tflqTdaitfi qyre} 6l"rr rrfi. .rrrdq

qqpq 6 +dqr cqurd {T6 6qf+ nTfrrr qn6 ffi. s<r. pffi, if,l-$ Er q.,t H{@r+ s-flTsrrd-d

+niu-qq {-s eT}. e'i-qr e-rdfuer+ iflqT wtft-fi fr-fi€ E}{ v+a qr6}. oi-0 ir€r+ rta-an-jqi+ q
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rJaqEtt+ *wffi +rt Eiii{. Fq.ii fufu +q{ tt4e s-{u'.rrcI 3{YIt qfirrqr frq-rutrcq-+ qlroti*
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BqTq +q al-d 3T$ ili+ {qH. tm-s=qi-fr qIfiBaffi frqiqorAd qrft 
FSET wtqdaqs s tq.r.rT-fr

frq1dlnAr{q-iia e{0 qrssTiqiqi{FH. qrqTqTiwrq-{, 
fu-.d.i.T, frqvm qrfrrqm{q}+dqM{qT

{"dqrde}frrqqffiqnuqTilqrad. erl.rrq snfrrq}qrr, qqr, Edrr qfrTerfrrqrGT*qq-{r+{f,qqR

qEnrq q q.rsEdq qrqra s{rq Fri Eq.fi rq-qn firqt.

+nqrer qr*( qrkr tsilr{{ elqrqr n+e qnqr eri-e. sRUr orrErdr q-6rr{, 3r-ddur, t,I{r{,

srtnd, zraqis, i+{qr{{ deTft T6FTI qrsncqT ffirs \q6cFT ds qqTa iilT+ ftrqrq.ft-mt qr-ca

qruirjqT mts{sr Rqdqr en-#d s-d-e rr'frd qd-n qun qr* q{fr E€T srTt d, alrt=qT srfi Eqirrdil

srTql*"eqdi-q-d+{qtniqiqrws-{uqrqrvqfrq{rciTrqr&qemrrq+T+-{a qil*ffindil srq

tr+ii s-tqr+ qaffi {<r o-rrqer qrfr}.

eraqrq giqro, dfs{iqr P{dErF

3rqflT ffid rttr*-.qtql, q6 q-gid'orfrT sislFr+, rq{i+ T*. fr FScW tiltsr E)un-rqr

3ritt]renaIl 3ilrs-{r{{ qftWi dd ergd. qrrcrqr sr{e-sr}qT d} \'s' qmrqr tre*' ant elf,qfqrq qkqr
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d. tierqirdiA sfitTR EcqTfi eTaEnqd qq-€ t trTrqr 3flfu+- ffio q-o qreWi orffi 61oi

qt Evtar +rd. sr. qqrq-{q EurdTd "qal61 q6, agr, fr-qnr qr mqtqr Trqar *-{ufl=qr t+{Kd {s-S +qT

3rqtr+?id. fr +qT E!T-+q qt{Eic+dT ds. qroqTtq €urdrd rfq}.ef, nq, gsrtrlT, qqrid mr,
q{fn fustq, qp.ftfr, T€, clT €iqrfr qrqqrEF qrrdq T* ETd Eh tt+i. qr er-ffi FiqT +srq fichi

Ti-6icd+{wfiqiuTri*a ffitds-q*&yrflro.ger-did+od-{dfl+d. driqftnnq 3rfir+.B"6rqrqi'

s{frr qiqT=qrq'r sflTfirsrtl dniir EW Bc'tff er++ $tqq E-{d *rardrlrq 3flt.

frqq
q. rtdqrdr+ srqrq {tqfu-d fiifl-d qTfiai} krqr tedi dt 3{M dqr.qr rtf,+--liqT endrrdT zrdir

qdt(:1.

b) 1. 5ssieeTql?qqr6flfruTq+q+€Tqqqitffi a*iary€rTq'T{*4.

i. qgFr+t+rurqqq qrfir*.qrqtrd$ tunt qde-dr€{ Bat+rar ti.
y. BTqrfid'ofrqq-dr, sflfu*.ir+'&, ei-+r{qr heq-+ qqeT rto-an..qt-+ RTqnldq,r&AFin'iq$ Eh

{rsfrm

{qd'jPr

s.

a.

i.

7$frsr+ftnrotffinrrtffisEid

Y

qioB ttn'+r'fr fr erq - {,+s{ d,. rrqqfl s fu5q' * +d-fl rq .il} ckrTf , sffi{r+fr I s q \e.

s].fld h. fi {. "*qft q q-{PrA' 6qq qsre d.,iqrc-{s tpT5q, stf,fl{r-q +} c'mTeT{, effinc-S q q q s.

fu5e gqc ''qR-dTS Gi. IiErq{Tq sqrrcq 'rirsrtq t{r{q" ffi iqo 5qq emaq,

{rffi€ta flrrT{ 133e.

,ilJ stiif,tTE ( "q1frq gq-6 mt#i q-ro Whe d'. qqrerq tyqq rilJ *oonq E rflrT{,

3Tq{r+fr rs3E.

qqR qr.rr.'!6qFrE sr. qqrETIq twgq" rflrs rflfla pi tssi.

qrqrs{ 
STq "qrs'€rtq B+ d. qqTrTs tn1q fii ut+t q *,q"*. .i. n dl}, qfuiRi 3rq{e-tr

d

t

lqq\e.

\s. tw5u +-cr-n "u. qqe{q *TTq fi utqrfre, +Er<' qRc 
E-} cfrn{, qrrrgl sqs\e.

z. trT{sq}.ci. "Y}a-+.ati+qt" fqhost qqTqtreqgqs.
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A A Study of Adolescence Mental Health among Joint
Family and Nuclear Family

Vidhya T. Ambhore

Asst. Prof. of Psychology, Mahatma Jyotiba Fule Mahavidyalaya, Amravati.

Dr. Shankar D. Wakode

Head Dept. of Psychology, Vidya Bharti Mahavidyalaya, Camp, Amravati.

Fositive psychology is about scientifically informed perspectives on what makes life

rd liring. It focuses on aspects of the human condition that lead to happiness, fulfillment and

h*fi;"& The aim of positive psychology is to begin to catalyze a change in the focus of

fddog/ from preoccupation only with repairing the worst things in life to also building

rcrequalities.

^l,cmrding to Abraham Maslow positive psychology that studies the strengths and virtues

ih dle individuals and communities to thrive. Positive psychology seeks to find and nurture

gm. ,;reativity and talent as well as to make normal life more fulfilling not to care mental

iL,<r \\hen we ask what is positive psychology then we receive different answers every time.

h ttis sense, positive psychology is perceived of as a panacea for many modem ills. There are

*qr. definitions of positive psychology but all the points in the definitions are same. Some

&*tins of positive psychology are follows.

Eb
I l Cable and Haidt (2005):- "Positive psychology is the study ofthe flourishing or optimal

functioning of people, groups and institutions."

1} Martine Selignan (2000):- "Positive psychology is a science of well-being and optimal

functioning."

Positive psychology of the subjective level deals with experiences like well-being ,

a*rrn€nt satisfaction, hope and optimism, happiness etc. On the contrary at individual level

rcirrre psysh6logy deals with positive traits like capacity for love and vocation, courage, inter

FB.Gal skill, aesthetic sensibility, perseverance forgiveness, originality, future- mindedness,

aiirallv. high talent and wisdoms. Positive Psychology has common interests with parts of

brsristiq psychology and its ernphasis on fully functioning person (Rogers 1961). we note that

t
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more than 50 years ago, psychology focused on the human's negative aspects like disorder and

dysfunction. Maslow (1968) lamented that the science of psychology has been far more

successful on the negative than on the positive side. It has revealed to us much about man's short

comings, his illness, but little about his potentialities, his virtues, his virtues his full

psychological height. Positive psychology promises to get adolescent's intemal fires let to help

them develop the complex skills and disposition necessary to take their lives, to become socially

competent compassionate and psychologically vigorous adults,

Mental Health

In 1955 Erich Fromm explored the 'Sane Society' defining mental health as "The ability

to love and to create." (Fromrn, P.69). During the same period, social psychologist Marie Jahoda

(1958) characterized mental health as the positive condition that is driven by a person's

psychological resources for personal growth. She described their six characteristics of the

mentally healthy person. Fromm and Jahoda. had been rediscovered, contextualized, and

incorporated into refined conceptualizations ofpositive mental health. Family mental health is a

group mental health. Family mernber is an important aspect for mental health of the family. It is

seen that sometimes most of the family members have good health but because of one person in

the family not having the good health, the whole family gets disturb. At the same time it is also

the fact that success ofone family manber understanding between each other, co-operation etc.

improves the mental health of the family.

Generally there are three [evels of social class as l) Higher class 2) Middle class 3) lower

class of families. Individuals differ in their personality pattern as values, norms attitudes etc.

differ fiom soeiety to society. As a result there are individual diflerences in respect personality

pattems. Family performs many functions. These certain functions are relevant to health

behavior and are important fiom the mental health point of view.

In this paper we have fluids adolescent mental health among joint famiiy and nuclear

family. In this subject development is a important factor, because mental health is depend upon

adolescent's development. ln this context developmental psychologists focus on the origins and

function ofbehavior. Their scientific efforts shed light on normal developmental processes such

as cognitive operations (Piaget 1932), moral judgnent (Gilligrr 1982, Hohlberg 1985) and

personality (Allport 1960 Mischel 1979).

8ENGLISH PART -_ ll I Peer Reviewed Refened and UGC Listed Joumql No. : 40776
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.{im of the sfudy

To find out the contribution of positive psychology in mental health ofjoint and nuclear

family adolescence.

Objectives of the study

l) To study the mental health ofjoint family and nuclear family.

2) To study the eflect ofsex on mental health

Hypothesis

l) Joint family adolescence has significantly good mental health than nuclear family

adolescence.

2) Joint family, nuclear families (boys) have sigrificaatly good mental health than Joint

family, nuclear family (girls).

Scope of the study

l) This study is useful for the identiffing mental health in joint family and nuclear family

2) On the basis of this study we get some suggestion for developing the mental health in

joint and nuclear family.

Sample

Sample for present research selected from Arnravati city. Age range of sample is 11to 19

years. Sample distribution noted be1ow.

Family type Joint family Nuclear familv Total

Sex

Boys 50 100

Girls 50 50 100

Total 100 100 200

Tools to be used

The paper is mainly devoted to the study of mental health among joint and nuclear

family. For collecting data "Mental health scale by Dr. (Smt.) Kamlesh Sharma Used.

Statistical treatment of data: - After collecting data the scores obtained from mental

health was statistically treated. Descriptive statistics i.e. Mean, SD, calculated and finally two

way ANOVA is applied and results are discussed.

ENGLISH PART - ll I Peer Reviewed Refered and UGC Listed Jownal No. : 40776
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Result and Discussion

Effective sample of the study consist of 200 adolescence. Since a 2x2 factorial desigrt

was used. In addition to the data analyzed for finding out the role of sex with respect to mental

health. By treating obtained dat4 we calculated separately mean and deviation table no. 1 shows

SD and mean.

Table no. 1:- Mean and SD of Joint family and nuclear family for mental health.

Joint family Total

Mean 21.41 19.71 20.56

SD 2.76 4.26 3.68

The value of mean and SD is above table differs from each other mental health ofjoint

family is good than nuclear family because mean of joint family is comparatively higher than

mean of nuclear family. But we cannot perfectly conclude anyhing on the basis of the face

values mean and SD only. So we have calculated two way ANOVA. Following table no. 2 shows

summary of two way ANOVA.

Table no. 2:- Summary of two rvay ANOVA for mental health of Joint family and nuclesr

family.

Source ofvariance SS df MSS

A(family tlpe) 144.50 I 1 .808*

B (sex) 151.38 I 151.38 12.37**

AB 2.88 i 2.8 8 0.235 x x r

Within group enor 2398.52 196 12.23'7

Total 2697.28 | tee

*Sigrrificant at 0.01 level

** Significant at 0.01 level

***Not significant at 0.01 level

The above summary of two way ANOVA shows that F ratio is 11.808 which is

significant at 0.01 level for 1 and 196 df because table value of df at 0.01 level is 6.63 and at

0.05 level 3.84. F ratio is greater than both table value of df there for F-ratio is significant at

0.01 and 0.05 level.

On the basis of above discussion we observe that our hypothesis no.l Joint family

adolescence has significantly good mental health than nuclear family adolescence was proved.
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In present research second hypothesis is Joint family, nuclear family (boys) have

significantly good mental health than Joint family, nuclear family (girls). For testing this we are

calculated mean and SD that values shows in table no.3

Table no, 3

Boys Girls

Mean 22.40 20.42

SD 2.46 2.71

On the basis of this value we can say that mental health ofboys (oint and nuclear family)

is good than girls (oint and nuclear family). But it is not sufficient because is there any

difference in boys and girls mental health. So we have calculated F-ratio which is shows in table

no.4

Table no. 4:

F

Between group 242.51 2

9.731*Within group 2454.77 197 t2.46

Total 2697.28 199

xSignificant at 0.01 level

The above summary of ANOVA shows that F-ratio 9.731 at df 2 and 197. Table value of

dl'at 0.01 level is 4.61 and 0.05 level is 3.00. So lratio value is greater than this value. On the

Lrasis of this we conclude that mental health of boys good than girls. In this way our second

hlpothesis is proved.

According to positive psychology if family member's thoughts and attitude are negative

&en mental tiredness and illness is show in family opposite ofthat ifpositive thoughts of attitude

iu''e present in family, then create happiness and healthy life. According to this we can say that

*e are stay in joint family we are attaching with lots of members and attach with their positive

tlrcughts. So benefits of this we are develop with positive thoughts and it is useful for our bright

tmrre. Also emotional attachment is an important for family mental health. Understanding

positive onotions entails the study of contentment with the past, happiness in the present, and

bope for the future understanding positive individual tracts for love and work courage

ompassion, creativity, curiosity integrity, self -knowledge, moderation , self control and

rrisdom. On the basis of this we can say that joint family is most important for healthy society.

v
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Conclusion

On the basis of above discussion we are conclude that mental health ofjoint family is

good than nuclear family because in joint family are building inner health and happiness, better

Understanding of health and functioning of the mind
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a b s t r a c t

In the present work, OECD guidelines have been followed for developing QSAR (Quantitative Structure-
Activity Relationship) models for anti-HAT (Human African trypanosomiasis) activity of two hundred and
seventy pyrazole sulphonamides. The newly developed easily interpretable multiple QSAR models have
been successful in identification of many privileged as well as under-privileged molecular descriptors,
which could be highly useful for future use of these models by expert and non-experts of QSAR. The
multiple QSAR models satisfy threshold values for many statistical parameters such as R2¼ 0.80e0.83,
Q2¼ 0.79e0.81, CCCext¼ 0.82e0.84, etc. thereby assuring good external predictive ability of the models.
The multiple QSAR and pharmacophoric models successfully identified that N,4-disubstituted-benze-
nesulfonamide moiety, frequency of occurrence of H-bond acceptor from Oxygen atom within nine
bonds and some other pharmacophoric features that govern the anti-HAT activity of pyrazole sulpho-
namides. The results could be very useful to synthetic/medicinal chemists for future modifications of
pyrazole sulphonamides as drug candidates.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Human African trypanosomiasis (HAT) or sleeping sickness is a
vector-borne disease transmitted by the bite of an infected tsetse
fly. The disease is life-threatening, if not treated properly. This
disease is caused by two subspecies of the protozoan parasite Try-

panosoma brucei (T. b. gambiense and T. b. rhodesiense) [1e6].
Although drugs like Pentamidine, Nifurtimox, Fexinidazole, etc.
(see Fig. 1) are available for the treatment of this disease, unfortu-
nately none of them is found to be satisfactory due to toxicity,

treatment failures owing to resistance, and the requirement for
parenteral administration, which is unsuitable in a rural African
setting [2e5,7e11]. Therefore to curb this neglected disease, there
is a high need to develop new drugs which target different enzyme
or have different mode of action than existing drugs [12e15].

Recently, the enzyme N-myristoyltransferase (NMT) (EC
2.3.1.97), a genetically and chemically validated drug targets in
kinetoplastids, has appeared as a promising drug target for the
treatment of HAT, due to its essentialness for the parasite [16e18].
In mouse model experiments, it has been found that by blocking
NMT in T. brucei leads to knockdown of RNAi. This leads to little or
no possibility of T. brucei survival. Further, it has been pointed out
that inhibition of NMT would be expected to have pleiotropic ef-
fects through its potential to affect multiple pathways. To add
further, NMT has also been identified as a promising target for the
treatment of other parasitic diseases including malaria, leishma-
niosis, and Chagas disease. Therefore, development of a potential
inhibitor of NMT is an attractive area for developing an anti-
parasitic drug [16e19].

Abbreviations: TbNMT, Trypanosoma brucei N-myristoyltransferase; HAT, Human
African Trypanosomiasis; GA, Genetic algorithm; MLR, Multiple linear Regression;
QSAR, Quantitative structure-activity analysis; WHO, World health organisation;
ADMET, Absorption, Distribution, Metabolism, Excretion and Toxicity; OLS, Ordi-
nary Least Square; QSARINS, QSAR Insubria; OECD, Organisation for Economic Co-
operation and Development; OFS, Objective Feature Selection; SFS, Subjective
Feature Selection.
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To develop a potent NMT inhibitor, Brand et al. performed high-
throughput screening (HTS) against the enzyme NMT using a li-
brary of 62,000 compounds, and identified a series of pyrazole
sulphonamides as promising inhibitors for developing anti-
parasitic therapeutics against T. brucei [16,17,19]. In continuation,
they synthesized a good number of pyrazole sulphonamides and
screened for in vitro activity against TbNMT (T. brucei NMT), HsNMT
(Human NMT) and blood-brain barrier crossing ability, etc. The
analysis revealed that many newly synthesized compounds possess
activity in mM to nM range with moderate to high blood-brain
barrier crossing ability, selectivity for TbNMT, metabolic insta-
bility and poor tolerance [16,17,19]. Therefore, effective modifica-
tions are necessary to achieve the ADMET (Absorption,
Distribution, Metabolism, Excretion and Toxicity) associated goals
with retained or improved anti-HAT activity. In such a situation,
computer aided drug design (CADD) is an attractive tool for further
lead optimization.

In recent time, computer aided techniques have emerged as
economical viable alternatives to conventional ‘trial and error’
methodology of drug design/discovery to understand pharmaco-
phoric requirements for simplification of lead and drug optimiza-
tion. CADD is a fast and significantly result oriented popular
modern technique. It encompasses unification of different scientific
fields with main prominence on understanding the interactions of
biologically significant molecules, to explore the key steps for dis-
ease treatment and to identify the important structural patterns
governing with activity/toxicity of a molecule. When popularly
used CADDmethods viz. QSAR, molecular docking, pharmacophore
modeling, molecular dynamics simulations, etc. [20e23] are uti-
lized concurrently then the analysis provides effective information
required for lead (and drug) optimization. These methods deliver
thorough understanding of pharmacophoric patterns associated
with specific activity/toxicity of a drug candidate [24e28].

Even though, Singh et al. [29] developed a 3D-QSAR (CoMFA)
model, but the model was developed using small dataset of forty-
one molecules only and has poor statistical performance with
r2¼ 0.571 for the prediction set. A QSAR model is highly useful
when it has good external predictive ability and interpretation in
terms of structural features [30]. Hence, in the present work, first
attempt has been made to develop 2D-QSAR (ligand based drug
design technique) using a larger dataset of two hundred and sev-
enty pyrazole sulphonamides using easily understandable molec-
ular descriptors to identify the structural features that have good
correlation with the HAT healing activity of pyrazole sulphona-
mides. Therefore, a better understanding of structural features
governing anti-HAT activity of pyrazole sulphonamides would be of

high importance to any drug discovery effort.

2. Experimental methodology

2.1. Experimental dataset

In the present work, anti-HAT activity values, reported by Brand
et al. [16,17,19], of a diverse dataset of two hundred and seventy
pyrazole sulphonamide derivatives covering different cyclic rings
and a variety of substituents were subjected to QSAR analysis (See
Fig. 2 and Table ST0 in supplementary material). Due to good
variation in the type of substituents, the present dataset includes
different types of isomers like positional, functional, etc. Conse-
quently, the dataset covers a good chemical space.

The reported IC50 (mM) activity values for anti-HAT were con-
verted to pIC50 (pIC50¼ -log10IC50) before QSAR analysis [31]. The
IC50, pIC50 along with SMILES notations of the molecules have been

Fig. 1. Some marketed drugs for HAT.

Fig. 2. Variations in pyrazole sulphonamide derivatives used in the present QSAR
analysis.
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tabulated in table ST0 in supplementary material.

2.2. Modeling and molecular descriptors calculation

In the present work, OECD guidelines and standard protocol
suggested and applied by different researchers have been followed
for successful QSAR analysis [32e37]. The standard protocol in-
volves (1) Structure drawing: ChemSketch 12 freeware (www.
acdlabs.com) was used for structure drawing, (2) Structure Opti-
mization: It was performed using MMFF94 force field available in
Avogadro software (v. 1.2) using following settings: ForceField:
MMFF94, Algorithm: Steepest Descent, number of steps used for
optimization: 1000. (3) Descriptor calculation: The energy mini-
mized 3D-structures were subjected to calculation of myriad
number of molecular descriptors (>29,000) using PaDEL 2.21 [38]
and PyDescriptor [39,40] as a molecular descriptor calculator. (4)
Removal of redundant variables: The molecular descriptor pool
comprises 1D-to 3D-, electro-topological, finger-prints and other
molecular descriptors. As all the calculated descriptors do not
encompass important information, hence, objective feature selec-
tion (OFS) was accomplished using QSARINS-Chem 2.2.2 [41,42] to
exclude all the redundant molecular descriptors. For this, constant,
near constant (>98%) and highly correlated (jRj> 90%) descriptors
were rejected. OFS resulted in substantial reduction of descriptor
pool to a cluster of 1384 molecular descriptors, still covering broad
structural and chemical space viz. constitutional (0D-), mono-
dimensional (1D-), bi-dimensional (2D-) and three-dimensional
(3D-).

2.3. Model development

The QSAR analysis can be used for two types of purposes [43]:
(1) Qualitative QSAR: To identify the structural/pharmacophoric
features, which are responsible for the activity/toxicity profile of a
con-generic series of molecules and (2) Quantitative QSAR: To es-
timate the activity/toxicity of a molecule before its synthesis and/or
biological screening. In the present work, emphasis is on deriving
Qualitative as well as Quantitative QSAR models. For this, the
strategy reported in our earlier work was employed [44], in which,
multiple MLR (Multilinear regression) models were built using
undivided dataset, 50% training set and validating them on
remaining set (50% prediction set) using random splitting. In next
step, the training and the prediction sets were exchanged to
develop new multiple models and validating on prediction set

(which was initially the training set). This confirms that all signif-
icant structural features, which influence the anti-HAT activity of
these molecules, are captured during QSAR analysis. In addition,
multiple QSAR models were derived using randomly divided
(training-85% and prediction-15% set prior to descriptor selection)
dataset to verify the capturing of all the relevant structural and
activity information (see Fig. 3). The GA (Genetic Algorithm)
module of QSARINS-Chem 2.2.2 (Q2

loo as the fitness function)
[33,34] was used for selection of optimum number and set of mo-
lecular descriptors for each model. For every procedure used for
model building, variable selection (descriptor selection) was per-
formed separately every time, that is when using undivided data-
set, divided dataset (training: 50, prediction: 50) and divided
dataset (training: 85, prediction: 15). The analysis revealed that up
to six descriptors there was increase in the value of Q2

loo, but af-
terwards, it had sharp drop. Hence, the heuristic search was
restricted to six descriptors using the defaults settings to avoid
over-fitting and have simplicity in understanding the developed
QSAR models.

2.4. Model validation

QSAR analysis is unreliable if not validated properly. Appro-
priate QSAR model validation confirms the external predictive
ability of a developed model. Therefore, the statistical qualities and
strength of QSAR models were evaluated on the basis of: (a) in-
ternal validation: through cross-validation (CV) by leave-one-out
(LOO) and leave-many-out (LMO) procedure, (b) external valida-
tion: using the prediction set (c) data randomization: by Y-
randomization and (d) observing if the following criteria are
satisfied: R2tr� 0.6, Q2

loo� 0.5, Q2
LMO� 0.6, R2>Q2, R2ex� 0.6,

RMSEtr< RMSEcv, DK� 0.05, CCC� 0.80, Q2-Fn� 0.60, r2m� 0.5, (1-
r2/ro

2)< 0.1, 0.9� k� 1.1 or (1-r2/r'o
2)< 0.1, 0.9� k’� 1.1,j ro

2�

r'o
2j< 0.3 with RMSE and MAE as low as possible [2,3,11,45e47]. A

QSAR model that fulfills the threshold values of above parameters
has statistical robustness and good external predictive ability.
Consequently, the models that do not fulfil above stated measures
were excluded.

3. Results and discussion

QSAR models: Generally, for QSAR model development step-
wise regression, GA, etc. algorithms are employed for subjective
feature selection (SFS). This results in a good number of MLR

Fig. 3. Strategy adopted in the present work for QSAR analysis.
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models having almost equivalent statistical performance, but often
involving dissimilar descriptors. Usually, in such a situation, a QSAR
modeler selects only one MLR model on the basis of its statistical
robustness. This ‘first among equals’ approach has some serious
drawbacks such as [2,3,11,45e47] (1) if the selected QSAR model
consist of complex/esoteric descriptors then identification of
smooth correlation of descriptors with appropriate structural fea-
tures is relatively complicated, (2) a single QSAR model may be
affected by (i) the method of splitting, composition of training and
prediction sets, method implemented for descriptor selection, and
(ii) some more influencing molecules in the training/prediction
dataset. An easy but highly feasible solution, to overcome above-
mentioned shortcomings of ‘first among equals’ approach, is to
create multiple QSAR models based on multiple splitting. Another
advantage of this solution lies in its ability to identify under-
privileged yet important pharmacophoric/structural features
associated with the anti-HAT activity of pyrazole sulphonamides.
Consequently, in the present study, multiple QSAR models have
been built. Interestingly, univariate statistical analysis for undi-
vided dataset pointed out that anti-HAT activity has good and
positive correlation (R¼ 0.769) with the descriptor C_AbSA, which
signifies the absolute surface area of carbon atoms. The developed
multi-linear GA-MLR QSAR models are as following:

Model-1 (Training: 50%, Prediction: 50%):

pIC50 ¼ 3.33 (±0.84) þ 0.85 (±0.36) * fOacc9B þ 0.12 (±0.01) *
plus_N_9B þ 0.39 (±0.15) * ringC_hy2 e 0.15 (±0.05) * com_-

ringC_5A e 1.07 (±0.29) * AD2D327 þ 0.12 (±0.05) * APC2D7_N_X.
Model-2 (Training: 50%, Prediction: 50%):

pIC50 ¼ 5.77 (±0.48) e 0.15 (±0.06) * fOringC3A e 0.82 (±0.28)*
fON6Bþ 0.96 (±0.31)* fSacc8Be 0.09 (±0.03) * ringC_O_9Bþ 0.26
(±0.04)* SssCH2 þ 4.68 (±1.36)* GGI8.

Model-3 (Training: 85%, Prediction: 15%):

pIC50 ¼ 5.45 (±0.23) þ 1.74 (±0.32) * fOacc9B þ 0.83 (±0.29) *
KRFP3542 þ 0.51 (±0.18) * AD2D636 þ 0.23 (±0.04) * SssCH2 e

0.22 (±0.09) * com_ringN_6A e 0.21 (±0.10) * fNringC6B.
Model-4 (Training: 85%, Prediction: 15%):

pIC50 ¼ 3.49 (±0.49) þ 1.55 (±0.32) * fOacc9B þ 0.10 (±0.01) *
plus_N_9B þ 1.06 (±0.29) * KRFP3542 þ 0.87 (±0.19) * AD2D636 e
0.13 (±0.05) * com_Cplus_7Ae 0.19 (±0.09) * SubFPC1.

Model-5 (Training: 100%):

pIC50 ¼ 3.47 (±0.47) þ 1.35 (±0.30) * fOacc9B þ 0.08 (±0.01) *
plus_N_9B þ 1.02 (±0.26) * KRFP3542 þ 0.94 (±0.18) * AD2D636 e
0.13 (±0.04) * com_Cplus_7A e 0.45 (±0.20) * ringN_don_2Ac.

The statistical parameters along with their details for all the
derived models have been tabulated in Table 1. Further details of
the statistical parameters are available in supplementary material.

Table 1

Statistical parameters for newly derived models 1e5 in the present work.

S.No. Statistical Parameter Model-1 Model-2 Model-3 Model-4 Model-5

Ntr 135 135 230 230 270
Nex 135 135 40 40 e

Fitting Criteria
R2tr 0.83 0.83 0.81 0.81 0.80
R2adj. 0.83 0.82 0.81 0.80 0.80
LOF 0.40 0.43 0.44 0.44 0.46
Kxx 0.25 0.23 0.27 0.27 0.31
DK 0.10 0.11 0.10 0.09 0.08
RMSEtr 0.59 0.60 0.63 0.63 0.65
MAEtr 0.48 0.48 0.50 0.50 0.52
RSStr 47.42 48.00 91.20 91.30 112.86
CCCtr 0.91 0.91 0.90 0.89 0.89
s 0.61 0.61 0.64 0.64 0.66
F 106.90 104.45 160.37 158.16 176.89

Internal Validation Criteria
R2cv (Q

2loo) 0.82 0.81 0.80 0.80 0.79
RMSEcv 0.62 0.63 0.65 0.65 0.66
MAEcv 0.50 0.50 0.52 0.51 0.53
PRESScv 52.58 53.59 97.80 97.48 119.54
CCCcv 0.90 0.90 0.89 0.89 0.88
Q2

LMO 0.81 0.81 0.79 0.80 e

R2Yscr 0.04 0.04 0.03 0.03 e

Q2
Yscr �0.06 �0.06 �0.04 �0.04 e

External Validation Criteria
q* �6.61 �9.22 �8.38 �10.27 e

RMSEex 0.85 0.79 0.81 0.78 e

MAEex 0.63 0.65 0.69 0.57 e

PRESSext 97.46 83.33 25.94 24.19 e

R2ex 0.68 0.71 0.70 0.74 e

Q2-F1 0.66 0.71 0.69 0.73 e

Q2-F2 0.66 0.71 0.69 0.73 e

Q2-F3 0.66 0.71 0.69 0.71 e

CCCex 0.82 0.83 0.83 0.84 e

r2m aver. 0.56 0.59 0.58 0.57 e

r2m delta 0.07 0.22 0.14 0.24 e

R2-ExPy 0.68 0.71 0.70 0.74 e

R'o
2 0.63 0.61 0.63 0.58 e

k' 1.00 1.00 0.97 1.00 e

1-(R2/R'o
2) 0.07 0.15 0.10 0.21 e

r'2m 0.53 0.48 0.51 0.45 e

Ro
2 0.66 0.71 0.69 0.73 e

k 0.98 1.00 1.01 0.98 e

1-(R2-ExPy/Ro
2) 0.02 0.00 0.01 0.01 e

r2m 0.59 0.70 0.65 0.69 e
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The experimental and predicted pIC50 by variousmodels alongwith
the status of the molecule are available in the supplementary
material.

From Table 1, it is clear that all the developed QSARmodels have
acceptable statistical performance and satisfy threshold values for
many parameters. Consequently, models 1e4 possess good external
predictive ability, which is reflected from high value of Q2-Fn, R2ex,
CCCex, etc. as well as robust with respect to internal validation
(R2cv> 0.80, CCCcv> 0.87, etc.). Therefore, the models could be
useful for prediction of anti-HAT activity for yet-to-be synthesized
pyrazole sulphonamide derivatives. The close value of R2adj. with
R2tr, for all the models, indicates that the models have been built
using appropriate number of molecular descriptors. The statistical
significance of all the developed models is reflected from the high
value of Fischer ratio (F) [2,3,11,45e47].

The descriptor fOacc9B, which stands for frequency of occur-
rence of H-bond acceptor atom from oxygen atom within nine
bonds, has a positive coefficient in model 1, 3, 4 and 5. Hence, any
increase in occurrence of H-bond acceptor atom from oxygen atom
at nine bonds will be favourable for activity augmentation. Some
interesting examples that prove the role of this descriptor are
following compared pairs of molecules: 37 (IC50¼ 0.29 mM)with 41

(IC50¼ 0.002 mM) though37 and 41 are positional isomers, 48

(IC50¼ 0.007 mM) with 41 (IC50¼ 0.002 mM).
The molecular descriptor plus_N_9B, which corresponds to the

presence of positively charged atoms at a distance of nine bonds
from N atoms, has positive coefficient in model 1, 4, and 5. There-
fore, such a combination of N and positively charged atoms is
beneficial for increasing activity against NMT.

In model 3, 4, and 5, the 2D-molecular descriptor KRFP3542

(represents N,4-disubstituted-benzenesulfonamide moiety) has
positive coefficient. Therefore, the presence of N,4-disubstituted-
benzenesulfonamide moiety is in favour of anti-HAT activity of
pyrazole sulphonamides.

In the model 2, the descriptor fSacc8B (frequency of occurrence
of Sulphur and H-Bond acceptor within eight bonds) has positive
coefficient. Hence, in future modifications such a combination of
Sulphur and H-bond acceptor must be considered for better anti-
HAT activity.

The descriptors fOacc9B and fSacc8B and KRFP3542 synchro-
nously highlight the importance of N,4-disubstituted-benzene-
sulfonamide moiety and the presence of Oxygen (as H-bond
acceptor) atom. This is confirmed by the difference in the activity of
5 (IC50¼14 mM) and 7 (IC50¼ 42 mM).

The negative coefficient of the descriptor com_Cplus_7A

(number of positively charged Carbon atoms present within 7Å

from center of mass (com)), in the model 4 and 5 indicates that
number of positively charged Carbon atoms present within 7Å

from center of mass must be as low as possible. Alike hint is
highlighted by the negative coefficient of the descriptor com_-

ringC_5A, which represents number of ring Carbon atoms present
within 5Å from center of mass (com), in model 2. Therefore, the
presence of ring Carbon atoms within 5Å from center of mass has
negative effect on anti-HAT of pyrazole sulphonamides. This is
established by the difference in activity of following pairs of mol-
ecules: 211 (IC50¼1.1 mM) with 222 (IC50¼12 mM) and 18

(IC50¼ 2.8 mM) with 181 (IC50¼ 42 mM).
In addition, similar insinuation is provided by the negative co-

efficient of the descriptor fOringC3A (frequency of occurrence of
ring carbon atoms within 3 Å from Oxygen atom), in model 2.
Hence, the frequency of occurrence of ring carbon atoms within 3Å

from Oxygen atommust be kept low for better activity. An example
to vindicate this observation is significant difference in activity of
18 (IC50¼ 2.8 mM) with 181 (IC50¼ 42 mM).

Another descriptor which specifies the role of ring Carbon atoms

in deciding the activity is fNringC6B (frequency of occurrence of
ring Carbon atoms within six bonds from Nitrogen atoms) has
negative coefficient in model 3. Thereby, such ring Carbon atoms
must be avoided to have better activity.

APC2D7_N_X, which represents the presence of N-X (halogen)
at a topological distance of 7, has positive coefficient in model 1.
Consequently, increasing such pattern of Nitrogen and Halogen
atoms will enhance the activity. For example, compare 52

(IC50¼ 0.003 mM) with 53 (IC50¼ 0.12 mM). This observation addi-
tionally points out the importance of pyrazole moiety attached to
sulphonamide group. Another descriptor which point outs similar
pharmacophoric pattern, with positive coefficient (model 3e5), is
AD2D636. It corresponds to the presence of C and halogen atoms X
at a topological distance of nine from each other. To increase the
anti-HAT activity, the value of this descriptor must be as high as
possible.

In Fig. 4, one of the most active molecule has been used as a
reference only for a better visualization and understanding of
various molecular descriptors viz. fOacc9B, KRFP3542, fSacc8B,
com_Cplus_7A, com_ringC_5A and APC2D7_N_X.

The descriptor ringC_hy2 (number of ring Carbon atoms pos-
sessing partial charge in the range 0 to �0.099) has positive coef-
ficient in the model 1. Henceforth, the number of such Carbon
atoms in the molecule must be increased to have better activity
profile.

AD2D327, which stands for the presence of NeS at a topological
distance of 5, has negative coefficient in model 1. Therefore, in-
crease in number of NeS at a topological distance of 5 will diminish
the anti-HAT activity. Another descriptor which provides additional
information about the presence of Nitrogen atoms is com_rin-

gN_6A, which signifies number of ring Nitrogen atoms present
within 6Å from center of mass, has negative coefficient in model 3.
Therefore, any Nitrogen atomwhich is at a topological distance of 5
and simultaneously present in a ring must be avoided.

The negative coefficient of fON6B, which represents frequency
of occurrence of Nitrogen and Oxygenwithin six bonds, in model 2,
indicates that higher occurrence of Nitrogen and Oxygenwithin six
bonds could lead to reduced activity for pyrazole-sulphonamides.
Same is true for ringC_O_9B (number of ring Carbon atoms at a
distance from nine bonds from oxygen atoms).

In model 2, for 2D-descriptors SssCH2 (sum of atom-type E-
State eCH2e) and GGI8 (a topological charge descriptor which
stands for topological charge index of order 8) have positive co-
efficients. Therefore, for an improved activity their values must be
augmented as high as possible.

The negative coefficient of SubFPC1 (number of primary Carbon
atoms) in model 4 indicates that lowering the number of such
Carbon atoms will be favourable for anti-HAT activity. The
descriptor ringN_don_2Ac, which denotes the sum of partial
charges on donor atoms present within 2Å from ring Nitrogen
atoms.

Although we have compared the anti-HAT activities of pairs of
molecules of the dataset in terms of descriptors like fOacc9B,
fSacc8B, KRFP3542, APC2D7_N_X, etc., we make it clear that the
collective or converse effect of confounding factors/descriptors
have further influence on the activity profile of the compounds.

As mentioned earlier, metabolism and Blood Brain Barrier (BBB)
related optimizations are essential for drug development. There-
fore, in the present work, pharmacokinetic and bioavailability
associated parameters were estimated for thirty most active com-
pounds of the present dataset using SwissADME server (http://
www.swissadme.ch/index.php) [48]. The results for ten com-
pounds have been presented in Table 2. For the rest of the mole-
cules the results are available in supplementary material.

From Table 2, it appears that the compounds are potential
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CYP3A4 and CYP2D6 inhibitors, but poor BBB permeant, for which a
plausible reason pointed out by Brand et al. [16,17,19] is high logP
(lipophilicity) and PSA (Polar Surface Area) of themolecules. A good
strategy to diminish lipophilicity and increase activity is to decrease
number of aromatic carbon atoms that vicinal to center of mass
(COM) of molecule (negative coefficient of com_ringC_5A in model
2) or reduce number of primary Carbon atoms as suggested by the
negative coefficient of SubFPC1 (number of primary Carbon atoms)
in model 4. Thus, the results of the present QSAR work for anti-HAT
activity are in consensus with pharmacokinetic and bioavailability
estimations.

Conclusion: In the present work, new easily interpretative
multiple QSAR models have been successful developed to identify
various privileged as well as under-privileged molecular de-
scriptors, which could be highly useful for future use of these
models by expert and non-experts of QSAR. The multiple QSAR
models have good external predictive ability, which is vindicated by
their ability to satisfy threshold values for many statistical param-
eters such as R2

tr¼ 0.80e0.83, Q2
LOO¼ 0.79e0.81,

CCCext¼ 0.82e0.84, etc. The multiple QSAR and pharmacophoric
models successfully identified many pharmacophoric features that
govern the anti-HAT activity of pyrazole sulphonamides.
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Table 2

Pharmakokinetic and bioavailability estimations for selected active compounds.a.

S.N. GI absorption BBB permeant Inhibitor LogP Lipinski #violations Bioavailability Score

CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4

41 High No No Yes Yes Yes Yes 4.63 0 0.55
46 High No No Yes Yes Yes Yes 4.87 1 0.55
52 High No No Yes Yes Yes Yes 3.11 0 0.55
54 High No No Yes Yes Yes Yes 4.56 0 0.55
56 High No No Yes Yes Yes Yes 2.94 0 0.55
58 High No No Yes Yes Yes Yes 3.81 0 0.55
64 High No No Yes Yes Yes Yes 4.29 1 0.55
72 High No No Yes Yes Yes Yes 4.04 0 0.55
74 High No No No Yes Yes Yes 3.13 1 0.55
75 Low No No Yes Yes Yes Yes 4.48 1 0.55

a Estimated using SwissADME server (http://www.swissadme.ch/index.php).

Fig. 4. Pictorial representation of various molecular descriptors viz. (a) fOacc9B, (b) KRFP3542, (c) fSacc8B, (d) APC2D7_N_X and (e) com_Cplus_7A and com_ringC_5A, using
(most active) as a reference only.
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Abstract

The quantitative structure-activity relationship (QSAR) of sixty 2-

phenylimidazopyridines derivatives with anti-Human African Trypanosomiasis

(anti-HAT) activity has been studied by using the density functional theory

(DFT) and statistical methods. Becke’s three-parameter hybrid method and the

Lee-Yang-Parr B3LYP functional employing 6e31G(d) basis set are used to

calculate quantum chemical descriptors using Gaussian 03W software, and the

five Lipinski’s parameters were calculated using ChemOffice software.

In order to obtain robust and reliable QSAR model, the original dataset was

randomly divided into training and prediction sets comprising 48 and 12

compounds, respectively. An optimal model for the training set with significant
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statistical quality was established. The same model was further applied to predict

pEC50 values of the 12 compounds in the test set, further showing that this

QSAR model has high predictive ability. It is very interesting to find that the

anti-HAT of these compounds appear to be mainly governed by four factors, i.e.,

the number of H-bond donors, the lowest unoccupied molecular orbital energy,

the molecular weight and the octanol/water partition coefficient. Here the

possible action mechanism of these compounds was analysed and discussed, in

particular, important structural requirements for great anti-HAT activity will be

by increasing molecular size and substitute the 2-phenylimidazopyridines

derivatives with polar, ionic, stronger accepting electron ability group and

heteroatoms attached to one or more hydrogen atoms. Based on this proposed

QSAR model, some new compounds with higher anti-HAT activities have been

theoretically designed. Such results can offer useful theoretical references for

future experimental works.

Keyword: Pharmaceutical chemistry

1. Introduction

Human African Trypanosomiasis (HAT) or African sleeping sickness is one of the

infectious diseases grouped under the term Neglected Tropical Diseases, which

inflict a devastating effect on the health and economy of nearly 150 countries [1,

2, 3]. In Africa, the number of cases has dropped drastically; however, approxi-

mately 3,000 new infections of both East and West African Trypanosomiasis have

been reported by the World Health Organization in 2015 [4]. HAT-affected 60 zones

covering an area of about 8 million square kilometers between 14� north latitude and

20� south latitude [5]. Most cases of HAT are caused by the protozoans Trypano-

soma brucei gambiense and Trypanosoma brucei rhodesiense, which are transmitted

to humans through the bite of tsetse flies in rural areas of sub-Saharan Africa.

The disease has two stages: the initial stage is characterized by the spread of the para-

site in the blood and the lymphatic system; and in the second stage, the parasite

crosses the blood�brain barrier (BBB) in which the parasites spread into the central

nervous system [6, 7, 8]. Symptoms of this later stage include sleep disturbance,

cognitive dysfunction, coma, and death.

Current treatment for the treatment of HAT includes suramin, pentamidine, melar-

soprol, eflornithine, or a combination of nifurtimox and eflornithine (Chemical struc-

tures of existing anti-HAT medicines are shown in Fig. 1) [6, 9, 10, 11]. These

existing medicines are insufficient, antiquated, toxic, prone to resistance, and require

parenteral administration [12, 13, 14, 15, 16, 17]. A new drug, effective for late stage

disease that is nontoxic and orally administered, is urgently needed.
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In order to open a new way in anti-HAT drug research, a series of sixty 2-

phenylimidazopyridine derivatives were synthesized and studied for their anti-

HAT activities by Tatipaka et al. [18] to design a better analogue, with rich meta-

bolic stability in liver microsomes, of substituted oxazolopyridine identified as an

attractive lead due to good whole-cell activity on Trypanosoma brucei rhodesiense,

no cytotoxicity on mammalian cell lines, acceptable exposure in the central nervous

system, and satisfactory aqueous solubility.

The main focus of the present study is to develop a QSARmodel able to correlate the

structural features of the 2-phenylimidazopyridine derivatives with their anti-HAT

activities.

In general, the QSAR models are based on the assumption that the activity of a

certain chemical compound related to its structure through a certain mathematical

algorithm. This relationship can be used in the prediction, interpretation, and assess-

ment of new compounds with desired activities, reducing and rationalizing time, ef-

forts, and cost of synthesis as well as new product development. The basic

assumption to drive a QSAR model is presented in the form of a mathematical func-

tion associating the chemical properties to the effect (activity). Therefore, the effect

is like the function “f” of the chemical properties “x”: y ¼ (x). To find this algo-

rithm, a number of chemical compounds with known values of the studied effect

(y) are considered. For each chemical compound, myriad numbers of parameters

(called as chemical descriptors) are calculated. Then, QSAR models are built that

provides a quite accurate value, similar to the real experimental value. The final

step is to check if the obtained QSAR models are able to predict the activity values

for other chemicals not used to build up the model (external validation). Indeed, it is

very important to generate a model which worked not only for the chemical

Fig. 1. Chemical structures of existing anti-HAT medicines.
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substances used within the training set but also for other similar chemicals. Conse-

quently, the challenge is to define the correct statistical properties of the model [19,

20].

The significance and novelty of findings presented in this work are reflected from the

fact that we have used quantum chemistry descriptors which describes electron pro-

prieties of congeneric structures used in this study, and we have used the five Lip-

inski’s descriptors to describes compounds could be potential orally administered

drugs. The use of density functional theory (DFT) is justified for the reason that

some comparative QSAR studies have shown that the descriptors calculated using

the DFT method can improve the accuracy of the results and lead to more reliable

QSARs [19].

A flow chart for the development of the QSAR model along with the various vali-

dation methods used in this work is demonstrated in Fig. 2.

2. Materials and method

2.1. Selection of dataset and generation of molecular descriptors

2.1.1. Data set

In this stage, the data set of the anti-HAT activities of sixty 2-

phenylimidazopyridines derivatives were collected from the literature [18, 35].

The molecular structures of the studied molecules with their activity are presented

in Fig. 3 and Table 1. All experimental activity values EC50 (of compound required

to inhibit growth by 50%) were converted to the negative logarithm of EC50 (pEC50

¼ -log10 (EC50)).

Fig. 2. Flow chart of the methodology used in this work.
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2.1.2. Molecular descriptors

Electronic and Lipinski’s parameters were calculated using Gaussian 03W and Che-

mOffice programs, respectively [21, 22], to predict the correlation between these de-

scriptors of the studied molecules with their anti-HAT activities and to develop

linear model. Table 2 shows the used descriptors in this study.

2.2. Data set

In this stage, linear QSAR model was developed and evaluated to predict the studied

activities of compounds. The descendent multiple linear regression (MLR) analysis

available in XLSTAT software [23], based on the elimination of aberrant descriptors

(one by one) until a valid model (including the critical probability: p-value<0.05 for

descriptors and for the model), was employed to find a linear model of the activity of

interest, which takes the form below:

Y ¼ a0 þ
X

n

i¼1

aixi

Where:

Y: the studied activity, which is, the dependent variable; a0: the intercept of the equa-

tion; xi: the molecular descriptors; ai: the coefficients of those descriptors.

This method is one of the most popular methods of QSAR due to its simplicity in

operation, reproducibility and ability to allow easy interpretation of the features

used. The important advantage of the linear regression analysis is its transparent na-

ture, therefore, the algorithm is accessible and predictions can be made easily [20].

In order to propose models and to evaluate quantitatively the physicochemical ef-

fects of the substituents on the studied activities, we submitted the data matrix consti-

tuted obviously from the used variables (descriptors) corresponding to the dataset

molecules to a MLR. We use the coefficients R2, MSE and p-value to select the

best regression performance [24]. Where:

1. The R-squared (R2) also called the coefficient of determination, which is the pro-

portion of variance (%) in the dependent variable that can be explained by the

independent variable. Since R2 value is adopted in various research disciplines,

there is no standard guideline to determine the level of predictive acceptance.

Fig. 3. Chemical structures of the studied compounds skeletons.
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Table 1. Chemical structures and anti-HAT activities of studied compounds.

N� R1 R2 R3 pEC50

(A) 1 H Cl 6.658

2 H F 6.921

3 H CH3 6.367

4 H CN 6.398

5 Br F 6.638

6 CN F 6.420

7 Phenyl F 7.398

8 (*) 4-fluorophenyl F 7.301

9 3-chlorophenyl F 7.301

10 4-MeO-phenyl F 6.770

11 (*) 4-phenylphenyl F 6.377

(B) 12 5-methylfuran-2-carbonyl H F 6.699

13 3-methylfuran-2-carbonyl H F 7.000

14 3-furanoyl H F 6.824

15 benzoyl H Cl 5.149

16 oxazole-5-carbonyl H F 5.721

17 2-thiophenyl H Cl 5.824

18 (*) 3-pyridinecarbonyl H F 5.155

19 pyrazine-2-carbonyl H F 6.046

20 (*) N-methylpyrrole-2-carbonyl H F 5.959

21 (*) methylsulfonyl H Cl 5.215

22 2-furancarbothioyl H F 6.387

23 2-furanoyl 2-acetyl F 6.301

24 2-furanoyl 2-furanoyl F 6.921

25 benzyl Benzyl F 5.959

26 methylcarbamoyl H F 5.420

27 isopropylcarbamoyl H Cl 6.000

28 phenylcarbamoyl H Cl 4.921

29 dimethylcarbamoyl H Cl 6.398

30 1-pyrrolidinoyl H Cl 7.046

31 1-piperidinoyl H Cl 5.721

(C) 32 2-furanyl H 6.699

33 (*) 2-furanyl Cl 7.155

34 2-furanyl F 6.699

35 2-furanyl 5-Cl 5.000

36 2-furanyl 7-Cl 6.921

(continued on next page)

6 https://doi.org/10.1016/j.heliyon.2019.e01304

2405-8440/� 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Article Nowe01304

https://doi.org/10.1016/j.heliyon.2019.e01304
http://creativecommons.org/licenses/by-nc-nd/4.0/


Henseler et al. [25] and Hair et al [26, 27] proposed a rule of thumb for accept-

able R2 with 0.75, 0.50, and 0.25 are described as substantial, moderate and

weak respectively.

Hence, Zikmund et al. and Moore et al. proposed other rule of thumb for inter-

preting the strength of a relationship based on its R-squared value (use the ab-

solute value of the R-squared value to make all values positive) [28, 29]:

- If R-squared value R2
< 0.3 this value is generally considered a none or very

weak effect size,

- If R-squared value 0.3 < R2
< 0.5 this value is generally considered a weak or

low effect size,

- If R-squared value 0.5 < R2
< 0.7 this value is generally considered a Moderate

effect size,

Table 1. (Continued )

N� R1 R2 R3 pEC50

37 N-pyrrolidinyl Cl 7.301

38 N-pyrrolidinyl phenyl 8.699

39 N-pyrrolidinyl 3-methoxyohenyl 8.000

40 (*) N-pyrrolidinyl 2-methoxyphenyl 8.301

41 N-pyrrolidinyl 3-chlorophenyl 8.699

42 N-pyrrolidinyl 2-chlorophenyl 8.301

43 N-pyrrolidinyl 3-acetylphenyl 8.523

44 N-pyrrolidinyl 3-methylphenyl 8.699

45 (*) N-pyrrolidinyl 3-trifluoromethyoxyphenyl 7.523

46 (*) N-pyrrolidinyl 3-methyl-4-fluorophenyl 7.699

47 (*) N-pyrrolidinyl 3-NH2-phenyl 8.000

48 N-pyrrolidinyl 3-furanyl 8.398

49 N-pyrrolidinyl 3-thiophenyl 8.699

50 N-pyrrolidinyl 2-thiophenyl 8.398

51 N-pyrrolidinyl 3-pyridyl 8.301

52 (*) N-pyrrolidinyl 5-(2-chloropyridyl) 8.000

53 N-pyrrolidinyl 4-(2-chloropyridyl) 8.398

54 N-pyrrolidinyl 5-(3-methylpyridyl) 8.000

55 N-pyrrolidinyl 5-(2-methoxypyridyl) 8.301

56 N-pyrrolidinyl 5-(3-pyrrolidino) 7.699

57 N-pyrrolidinyl 5-(3-chloropyrimidinyl) 8.301

58 (*) N-pyrrolidinyl 5-pyrimidinyl 7.523

59 N-pyrrolidinyl 5-(2-methoxypyrimidinyl) 7.222

60 N-pyrrolidinyl 5-(2-chloropyrimidinyl) 7.398

(*): Test set compounds. pEC50 ¼ -log10 (EC50).
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Table 2. Values of parameters calculated for the studied compounds.

N� E m EHOMO ELUMO MW NHA NHD NRB log P

1 -40922.340 7.904 -6.113 -1.901 340.049 6 2 3 3.843

2 -31116.982 7.495 -6.062 -1.826 324.079 7 2 3 3.243

3 -29486.806 6.018 -5.939 -1.713 320.104 6 2 3 3.989

4 -30936.391 11.034 -6.432 -2.241 331.083 6 2 3 3.518

5 -101076.674 6.975 -6.153 -2.043 401.990 7 2 3 4.182

6 -33626.856 7.421 -6.348 -2.466 349.074 8 2 4 2.921

7 -37404.050 7.610 -5.949 -1.884 400.110 7 2 4 5.131

8 -40104.179 6.960 -5.983 -1.936 418.101 8 2 4 5.373

9 -49909.639 8.257 -6.067 -2.012 434.071 7 2 4 5.854

10 -40520.225 7.508 -5.686 -1.802 430.121 8 2 5 5.236

11 -43691.129 7.708 -5.839 -1.910 476.142 7 2 5 7.019

12 -32186.636 5.317 -6.146 -1.987 339.102 6 2 3 3.796

13 -32186.624 5.231 -6.245 -2.003 337.086 6 1 7 2.724

14 -31116.792 6.390 -6.030 -1.870 324.079 7 2 3 3.243

15 -40982.768 7.474 -6.166 -1.924 350.070 5 2 3 4.667

16 -31553.426 5.145 -6.267 -1.966 327.090 8 3 3 2.793

17 -49770.221 7.034 -5.890 -2.125 366.047 4 2 2 4.727

18 -31613.730 5.406 -6.222 -1.915 335.095 7 2 3 3.314

19 -32050.206 6.769 -6.173 -2.301 336.090 8 2 3 2.881

20 -31646.188 6.852 -5.952 -1.909 336.102 6 1 4 2.903

21 -47607.896 5.054 -6.359 -2.028 323.013 5 1 3 1.935

22 -39904.311 7.314 -5.869 -2.111 340.056 6 2 3 3.303

23 -35270.067 8.211 -6.247 -1.968 365.081 7 0 5 2.329

24 -40426.686 5.467 -6.361 -1.970 418.084 9 1 5 4.774

25 -36519.016 6.360 -5.499 -1.613 410.167 6 1 5 6.650

26 -27466.414 8.042 -5.960 -1.761 286.087 5 2 4 1.896

27 -39411.369 8.621 -5.993 -1.822 330.088 4 2 5 3.053

28 -42489.155 1.786 -5.891 -1.916 365.081 5 3 4 4.707

29 -38341.359 8.507 -5.957 -1.812 316.073 4 1 4 2.091

30 -40448.111 9.131 -5.884 -1.777 343.097 5 2 3 3.828

31 -41517.874 8.542 -5.927 -1.804 357.112 5 2 3 4.387

32 -30576.266 3.031 -6.117 -1.602 323.095 7 3 3 3.625

33 -43081.767 4.761 -6.292 -1.885 357.056 7 3 3 4.483

34 -33276.260 4.502 -6.216 -1.786 341.086 8 3 3 4.002

35 -43081.927 4.900 -6.281 -1.815 357.056 7 3 3 4.483

36 -43081.878 1.860 -6.339 -1.780 357.056 7 3 3 4.483

37 -42608.017 4.941 -6.020 -1.827 360.103 6 3 3 3.179

38 -36389.529 4.940 -5.774 -1.680 402.174 6 3 4 4.209

(continued on next page)
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- If R-squared value R2
> 0.7 this value is generally considered strong effect size.

2. The mean square error (MSE): measure the average squared difference between

the predicted and experimental activities values.

MSE ¼
1

N

X

N

1

�

y
pred
i � yobsi

�

N: The number of data points

y
pred
i : The predicted (calculated by the model) value for data point i.

yobsi : The actual (observed) value for data point i.

The MSE is always strictly positive, and a good model will be with MSE values

closer to zero, i.e. the good model will be with minimize the sum of the squared

difference between the true and estimated values [30].

3. P-value: the significance level, which gives an indication of the probability that a

QSAR is a significant occurrence.

Table 2. (Continued )

N� E m EHOMO ELUMO MW NHA NHD NRB log P

39 -39505.695 4.609 -5.694 -1.673 432.184 7 3 5 4.236

40 -39505.605 4.478 -5.577 -1.544 432.184 7 3 5 3.676

41 -48895.128 5.536 -5.913 -1.803 436.135 6 3 4 4.951

42 -48895.018 5.269 -5.881 -1.704 436.135 6 3 4 4.701

43 -40543.039 6.462 -5.862 -1.776 444.184 7 3 5 3.749

44 -37459.374 4.947 -5.736 -1.655 416.189 6 3 4 4.708

45 -47606.991 5.648 -5.912 -1.805 486.156 10 3 6 5.345

46 -40159.542 4.670 -5.759 -1.699 434.180 7 3 4 4.880

47 -37895.697 6.101 -5.482 -1.614 417.184 7 4 4 3.162

48 -36328.934 4.630 -5.691 -1.680 392.153 7 3 4 3.385

49 -45117.304 5.511 -5.726 -1.688 408.130 6 3 4 5.213

50 -45117.314 5.785 -5.634 -1.763 408.130 6 3 4 5.423

51 -36825.916 3.244 -5.931 -1.806 403.169 7 3 4 4.245

52 -49331.575 4.023 -6.029 -1.933 437.130 7 3 4 5.010

53 -49331.591 4.764 -6.111 -2.046 437.130 7 3 4 5.010

54 -37895.779 2.889 -5.899 -1.776 417.184 7 3 4 4.833

55 -39942.234 2.459 -5.734 -1.714 433.179 8 3 5 5.154

56 -42577.963 2.351 -5.259 -1.654 472.227 8 3 5 5.112

57 -49331.478 4.961 -6.042 -1.940 437.130 7 3 4 5.010

58 -37262.327 5.486 -6.061 -1.960 404.164 8 3 4 3.338

59 -40378.895 3.634 -5.918 -1.830 434.175 9 3 5 4.373

60 -49767.937 6.555 -6.138 -2.084 438.125 8 3 4 4.065
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In order to assess the significance of the models and its accurate prediction abil-

ity for new compounds:

4. The variance inflation factor VIF [31] to detect the absence of the multicollinear-

ity between descriptors was used; models with descriptors correlated with each

other are not significant. The VIF was defined as 1/(1-R2), where R is the coef-

ficient of correlation between one descriptor and all other descriptors in model.

A VIF value greater than 5.0 indicates that the model is unstable; a value be-

tween 1.0 and 4.0 indicates that the model is acceptable [32].

5. In addition, an internal validation procedure (leave-one-out cross validation) was

employed, in which one compound is removed and the rebuilt model with the

remaining molecules is used to predict the response of the eliminated compound.

This one is then returned and a second is removed, and the cycle is repeated, and

so on until all compounds have been removed one by one, and an overall cor-

relation coefficient Rcv is computed [33]. A model is considered acceptable

when the value of R2
cv exceeds 0.6 [27, 32].

6. After the model is built, an external prediction is necessary. This one remains the

only way to determine both the generalizability of QSARmodel for new chemicals

and the true predictive power of the models. In this external validation, the obtained

model was used to predict the activities of a test set comprising compounds that are

similar to though not used in the training set. This is usually performed by splitting a

data set into a training set a test set, typically in a 1:5 ratio [34].

7. A model is valid only within its training domain and new molecules must be

considered as belonging to the domain before the model is applied (OECD Prin-

ciple 3 [35]). Without applicability domain (AD), each model can predict the ac-

tivity of any compound, even with a completely different structure from those

included in the study. Therefore, the AD is a tool to find out compounds that

are outside of the built QSAR model and it detects outliers present in the training

set compounds. There are several methods for defining the applicability domain

(AD) of QSAR models [36], but the most common one is determining the

leverage values hi (hi ¼ xi
t (Xt X)�1 xi (i ¼ 1,2,.n)) for each compound, where:

xi: the descriptor row-vector of query compound, X: the n*(k-1) matrix of k model

descriptor values for n training set compounds and the superscript t refers to the

transpose of matrix/vector [37]. In this study, we use theWilliams plot; in this plot,

the applicability domain is established inside a squared area within standard devi-

ation � x (in this study x ¼ 2.5; “three sigma rule” [38]) and a leverage threshold

h* (h* ¼ 2.5*(kþ1)/n) [39]. Where: n is the number of training set compounds, k

is the number of model descriptors. The leverage (h) greater than the warning

leverage (h*) suggested that the compound was very influential on the model [40].

8. Further, the y-randomization approach was performed to ensure the robustness of a

predictive model. Often, it is used along with the cross-validation. It consists of
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repeating the calculation procedurewith randomized activities and subsequent prob-

ability assessment of the resultant statistics. The dependent variable vector is

randomly shuffled and a new predictive model is developed using the original inde-

pendent variablematrix.Thenewpredictivemodels (after several repetitions) are ex-

pected to have low R2 and R2
cv values. If the opposite happens, then an acceptable

model cannot be obtained for the specific modelling method and data [41]. Another

parameter, cRp2 is also calculatedwhich shouldbemore than0.5 for passing this test:

cRp2 ¼R*

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðR2 � ðAverage RrÞ2Þ

q

.Where:AverageRr¼ average ‘R’of random

models [42].

3. Results and discussions

3.1. Molecular descriptors

From the results of the density functional theory DFT (B3LYP/6-31G (d)) calcula-

tions, following quantum chemistry descriptors were obtained for building the

model: total energy E, dipole moment m, highest occupied molecular orbital energy

EHOMO and lowest unoccupied molecular orbital energy ELUMO.

The five Lipinski’s parameters calculated are: molecular weight MW, number of H-

bond acceptors NHA, number of H-bond donors NHD, number of rotatable bonds

NRB and octanol/water partition coefficient log P (Table 2).

3.2. Multiple linear regression (MLR)

The QSAR analysis was performed using calculated molecular descriptors and the

experimental values of the anti-HAT activities for the forty-eight 2-

phenylimidazopyridines derivatives (effect). The established MLR model is repre-

sented by the following equation along with the values of the statistical parameters:

pEC50 ¼ 3.036 þ 1.196 ELUMO þ 0.019 MW þ 0.301 NHD e 0.398 logP (1)

R2 ¼ 0.598; R ¼ 0.773; MSE ¼ 0.508; p-value <10�4

The values of calculated activities from Eq. (1) have been presented in Table 3 and

the correlations of calculated and observed activities values are illustrated in Fig. 4.

The p-value is lower than 0.0001, it means that wewould be taking a lower than 0.01%

risk in assuming that the null hypothesis (no effect of the explanatory variables) is

wrong D equation has statistically significance. Therefore, we can conclude with con-

fidence that the selected variables do bring a significant amount of information.

The value of R2 and the MSE indicate that the proposed model is predictive and

reliable.
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The VIF values of all four descriptors in MLR model are smaller than 4.0 (VIF ¼

1.173, 2.170, 1.270 and 2.094 for ELUMO, MW, NHD and log P, respectively) indi-

cating that there is no collinearity among the selected descriptors and the resulting

model has good stability.

The obtained model was validated internally by the leave-one-out cross validation

technique, the cross-validation coefficient R2cv for the model was determined based

on the predictive ability of the model. The value of R2cv is higher than 0.5 (R2cv ¼

0.509), it indicates the better predictively of the model.

True predictive power of this model is to test their ability to predict perfectly the

pEC50 of compounds from an external test set (compounds that were not used for

the developed model), the pEC50 of the remained set of 12 compounds are deduced

from the quantitative model proposed with the compounds used in training set by

Table 3.Observed and predicted activities using the MLR models for the training

set.

N� pEC50 MLR Residues N pEC50 MLR Residues

1 6.658 6.250 0.408 30 7.046 6.463 0.584

2 6.921 6.278 0.643 31 5.721 6.472 -0.751

3 6.367 6.041 0.326 32 6.699 6.676 0.024

4 6.398 5.804 0.595 34 6.699 6.645 0.054

5 6.638 7.115 -0.477 35 5.000 6.720 -1.720

6 6.420 6.112 0.308 36 6.921 6.762 0.159

7 7.398 6.891 0.507 37 7.301 7.283 0.019

9 7.301 7.091 0.210 38 8.699 7.842 0.857

10 6.770 7.514 -0.744 39 8.000 8.406 -0.406

12 6.699 6.148 0.551 41 8.699 8.040 0.660

13 7.000 6.217 0.783 42 8.301 8.258 0.043

14 6.824 6.225 0.599 43 8.523 8.703 -0.180

15 5.149 6.084 -0.935 44 8.699 7.938 0.761

16 5.721 6.647 -0.926 48 8.398 7.981 0.417

17 5.824 6.121 -0.297 49 8.699 7.545 1.154

19 6.046 6.081 -0.035 50 8.398 7.371 1.027

22 6.387 6.214 0.173 51 8.301 7.695 0.606

23 6.301 6.643 -0.342 53 8.398 7.744 0.654

24 6.921 6.968 -0.047 54 8.000 7.762 0.238

25 5.959 6.499 -0.540 55 8.301 8.010 0.291

26 5.420 6.174 -0.754 56 7.699 8.835 -1.136

27 6.000 6.472 -0.472 57 8.301 7.872 0.429

28 4.921 6.661 -1.740 59 7.222 8.201 -0.979

29 6.398 6.301 0.097 60 7.398 8.094 -0.696

12 https://doi.org/10.1016/j.heliyon.2019.e01304

2405-8440/� 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Article Nowe01304

https://doi.org/10.1016/j.heliyon.2019.e01304
http://creativecommons.org/licenses/by-nc-nd/4.0/


MLR. Thismodel will be able to predict the activities of test set molecules in agreement

with the experimentally determined value. The observed and calculated pEC50 values

are given in Table 4. The predictive capacity of the models that was judged, the higher

value of R2test (R2test ¼ 0.700) indicate the improved predictively of the model.

In the Eq. (1), the number of H-bond donors NHD, the lowest unoccupied molecular

orbital energy ELUMO and the molecular weight MW influence positively the

Fig. 4. Correlations of observed and predicted activities (training set in blue and test set in red) values

calculated using MLR models.

Table 4. Chemical descriptors, observed and MLR predicted activities for the test

set.

Test Set pEC50

N� EHOMO MW NHD logP Obs. MLR

8 -1.936 418.101 2 5.373 7.301 7.072

11 -1.910 476.142 2 7.019 6.377 7.543

18 -1.915 335.095 2 3.314 5.155 6.351

20 -1.909 336.102 1 2.903 5.959 6.239

21 -2.028 323.013 1 1.935 5.215 6.235

33 -1.885 357.056 3 4.483 7.155 6.636

40 -1.544 432.184 3 3.676 8.301 8.783

45 -1.805 486.156 3 5.345 7.523 8.824

46 -1.699 434.180 3 4.880 7.699 8.156

47 -1.614 417.184 4 3.162 8.000 8.922

52 -1.933 437.130 3 5.010 8.000 7.880

58 -1.960 404.164 3 3.338 7.523 7.892
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activities and the octanol/water partition coefficient log P influence negatively the

activities.

By definition:

- Molecular weight MW is the sum of the masses of all the atoms in the molecular

formula of the molecule. This descriptor has been used as a descriptor in systems

such as transport studies where diffusion is the mode of operation. It is an impor-

tant variable in QSAR studies pertaining to cross resistance of various drugs in

multidrug resistant cell lines [43, 44]. For orally delivered drugs, the molecular

weight must be less than or equal to 500 Daltons [45].

- Partition coefficient octanol-water (Log P) is the ratio of concentrations of a sub-

stance in a mixture of two solvents, octanol and water. Both solvents are immis-

cible and therefore form two phases [46].

LogP¼ log
½Octanol�

½Water�

The LogP is the most useful parameter for the characterization of hydrophobicity

(and polarity) of compounds [47]. It is an important variable in QSAR studies

because the distribution of chemicals between fatty and aqueous phases of a biolog-

ical system could totally account for the variation in activities [48]. For orally deliv-

ered drugs, the partition coefficient octanol-water must be less than 5 [45].

- The number of H-bond Donors NHD is a crucial descriptor in the description of

diverse processes occurring in condensed media such as dissolving, partitioning,

solubilisation, etc. Drug action and bioavailability critically depends on aqueous

solubility, blood-tissue distribution, and specifically on hydrogen binding to re-

ceptor active sites and transport proteins [49]. For orally delivered drugs, the

hydrogen bond donors must be less than 5 [45].

- The lowest unoccupied molecular orbital energy, ELUMO: HOMO and LUMO refer

to highest occupied molecular orbital and lowest unoccupiedmolecular orbital. Ac-

cording to the frontier orbital theory, the nucleophilic attack occurs by electron flow

from the HOMO of the nucleophile into the LUMO of the electrophile. In stable

molecules, occupied electrons always reside into orbitals with negative energies

and unoccupied orbitals have positive energies. The energies of HOMO and

LUMO are related to the reactivity of the molecule: molecules with electrons at

accessible (near-zero) HOMO levels tend to be good nucleophiles because it does

not cost much to donate these electrons toward making a new bond. Similarly, mol-

ecules with lower LUMO energies tend to be good electrophiles because it does not

cost much to place an electron into such an orbital [50, 51].

Comparing the importance of each descriptor on pEC50 of 2-phenylimidazopyridines,

one must know the standardized coefficient or the t-test values of them in the model
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equation. The bigger the absolute value of the t-test value is, the greater the influence

of the descriptor is. The t-test values for our model descriptors are 1.928, 5.714, 1.883

and -2.639 for ELUMO, MW, NHD, and logP, respectively. This means that the t-test

value of logP is larger than that of other three descriptors, which indicate that in this

model, the influence of MW on activity is stronger than that of the others.

Consequently, if we want to increase the value of the activity, we will:

- Decrease the logP (with negative sign in the model) value, for which we must

substitute the 2-phenylimidazopyridines derivatives for hydrophilic ("water-lov-

ing") substituents. This means that a substitution with a polar and ionic group

(such as: -OH, -COOH, -NH2) may lead to high activity values.

- Increase the ELUMO value, for which we suggests the substitution of the 2-

phenylimidazopyridines derivatives with a stronger accepting electron ability

group, positively charged or neutral species having vacant orbitals that are at-

tracted to an electron rich centre (such as ROX, BH, -NO2).

- Increase the NHD (with positive sign in the model) value, for which substituting

the 2-phenylimidazopyridines derivatives by heteroatom attached to one or more

hydrogen atoms.

- Increase the MW value, for which increasing the molecular size.

In the conclusion, these results illustrates that to increase the anti-HAT, we will in-

crease the molecular size and substitute the 2-phenylimidazopyridines derivatives

with polar, ionic, stronger accepting electron ability group and heteroatoms attached

to one or more hydrogen atoms.

This study is in agreement with the conclusions of a previous QSAR studies [52]

which revealed the importance the presence of five membered rings, especially

the pyrrolidine ring, is beneficial for the HAT activity of the present series of mol-

ecules; and the interesting pattern of H-bond donor/acceptor nitrogen atoms in at-

taining various tautomeric forms, thereby, providing additional flexibility to the

molecules to acquire bioactive tautomeric form(s) while interacting with the target

receptor.

Further, before performing the external validation of a model, it is very important to

check for the presence of systematic error that violates the basic assumptions of the

least squares regression model. If high systematic error (bias) is present in the model,

then such model should be discarded and performing any external validation test is

of no use on such biased model. Xternal Validation Plus is a tool that checks the

presence of systematic errors in the model and further computes all the required

external validation parameters, while judging the performance of actual prediction

quality of a QSAR model based on recently proposed MAE-based criteria [53];
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Table 5. Output file summarize the information including all the external vali-

dation parameters that are required to judge the performance of prediction quality

of the MLR model.

User Input File Info. File Name Sample_TestSet.xlsx

Model biasness test nPE/nNE 0.3333

nNE/nPE 3.0000

jMPE/MNEj 0.3620

jMNE/MPEj 2.7623

AAE - jAEj 0.1447

R̂2 (Residuals; serial correlation) 0.0421

R̂2 (Residuals and Yobs values) 0.1383

R2Test (100% data) 0.6997

R0
2Test (100% data) 0.6978

R0
2’Test (100% data) 0.6123

Classical Metrics Q2F1 (100% data) 0.4622

(for 100% data) Q2F2 (100% data) 0.4291

Scaled Avg.Rm̂2 (100% data) 0.5094

Scaled DeltaRm̂2 (100% data) 0.2532

CCC(100% data) 0.7351

R̂2Test (95% data) 0.7330

R0̂2Test (95% data) 0.7321

Classical Metric R0̂’2Test (95% data) 0.4763

(after removing Q2F1 (95% data) 0.5674

5% data with Q2F2 (95% data) 0.5506

high residuals) ScaledAvgRm2 (95% data) 0.5028

ScaledDeltaRm2 (95% data) 0.2536

CCC(95% data) 0.7703

Error-based metrics (for 100% data) RMSEP (100% data) 0.7834

SD (100% data) 0.4210

SE (100% data) 0.1215

MAE (100% data) 0.6718

RMSEP (95% data) 0.7181

Error-based metric SD (95% data) 0.3896

(after removing 5% data SE (95% data) 0.1175

with high residuals) MAE (95% data) 0.6145

MAEþ3*SD (95% data) 1.7834

NCompTest 12.0000

Number of test set compounds. Train range 7.8195

(continued on next page)
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Xternal Validation Plus indicates the absence of systematic errors in the model and a

moderate performance of prediction quality of a QSAR model based on proposed

MAE-based criteria (Table 5).

In the next step, all calculations were repeated with randomized activities of the

training set compounds as well to evaluate model robustness (y-randomization

test). In the present case, 100 random trials were run for the MLR model. None of

the random trials could match the original model (Table 6). The standalone

QSAR-tools (“Programs”) available online at http://dtclab.webs.com/software-

tools and http://teqip.jdvu.ac.in/QSAR_Tools/ (“Websites”) was employed in the

y-randomization.

The average value of R, R2 and R2
CV are 0.282, 0.087 and -0.155 respectively, the

cRp2 value equal a 0.557 (more than 0.5), and all the new QSAR models having

significantly low R2 and R2
CV values for the 100 trials, which confirm that the devel-

oped QSAR models are robust.

The applicability domain (AD) of the MLR models was evaluated by leverage anal-

ysis expressed as Williams plot (Fig. 5), in which the standardized residuals and the

Table 5. (Continued )

User Input File Info. File Name Sample_TestSet.xlsx

Range and Mean (train and test) TrainYMean 6.7604

Test range 3.1460

TestYMean 7.0173

Distribution of observed response values of

Test set around Test mean (in %)

%Y (�0.5)TestMean 16.6667

%Y (�1.0)TestMean 66.6667

%Y (�1.5)TestMean 83.3333

%Y (�2.0)TestMean 100.0000

Distribution of observed response values of

Test set around Train mean (in %)

%Y (�0.5)TrainMean 16.6667

%Y (�1.0)TrainMean 58.3333

%Y (�1.5)TrainMean 75.0000

%Y (�2.0)TrainMean 100.0000

Distribution of prediction errors (in %) %NComp>(0.1*TR) 41.6667

%NComp>(0.15*TR) 16.6667

%NComp>(0.2*TR) 0.0000

%NComp>(0.25*TR) 0.0000

Threshold values utilized to judge the model

predictions

(0.1*TrainingSetRange) 0.7820

(0.15*TrainingSetRange) 1.1729

(0.2*TrainingSetRange) 1.5639

(0.25*TrainingSetRange) 1.9549

RESULT (MAE-based criteria applied on

95% data)

Prediction Quality MODERATE
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Table 6. Y-randomization test results for MLR models.

Random R R2 R2
CV Random R R2 R2

CV Random R R2 R2
CV Random R R2 R2

CV

1 0,119 0,014 -0,319 26 0,141 0,020 -0,246 51 0,212 0,045 -0,230 76 0,219 0,048 -0,185

2 0,382 0,146 -0,049 27 0,398 0,158 -0,122 52 0,278 0,077 -0,113 77 0,202 0,041 -0,222

3 0,419 0,176 0,013 28 0,242 0,059 -0,270 53 0,349 0,122 -0,073 78 0,249 0,062 -0,248

4 0,212 0,045 -0,159 29 0,388 0,150 -0,072 54 0,251 0,063 -0,235 79 0,341 0,116 -0,112

5 0,196 0,039 -0,177 30 0,133 0,018 -0,224 55 0,354 0,125 -0,136 80 0,154 0,024 -0,192

6 0,368 0,135 -0,148 31 0,273 0,074 -0,165 56 0,282 0,079 -0,096 81 0,314 0,099 -0,178

7 0,459 0,210 -0,040 32 0,317 0,100 -0,130 57 0,239 0,057 -0,251 82 0,166 0,028 -0,184

8 0,390 0,152 -0,022 33 0,232 0,054 -0,169 58 0,270 0,073 -0,144 83 0,302 0,091 -0,121

9 0,319 0,102 -0,139 34 0,282 0,079 -0,175 59 0,300 0,090 -0,151 84 0,347 0,120 -0,224

10 0,323 0,104 -0,177 35 0,169 0,029 -0,194 60 0,296 0,088 -0,201 85 0,377 0,142 -0,066

11 0,176 0,031 -0,235 36 0,166 0,028 -0,195 61 0,283 0,080 -0,107 86 0,256 0,066 -0,168

12 0,293 0,086 -0,145 37 0,174 0,030 -0,253 62 0,336 0,113 -0,086 87 0,318 0,101 -0,225

13 0,488 0,238 0,104 38 0,403 0,162 -0,072 63 0,404 0,164 -0,007 88 0,398 0,158 -0,057

14 0,377 0,142 -0,052 39 0,243 0,059 -0,145 64 0,442 0,195 0,003 89 0,253 0,064 -0,139

15 0,317 0,101 -0,119 40 0,458 0,210 -0,025 65 0,317 0,101 -0,109 90 0,458 0,210 0,004

16 0,395 0,156 -0,086 41 0,261 0,068 -0,197 66 0,348 0,121 -0,160 91 0,396 0,157 -0,068

17 0,245 0,060 -0,268 42 0,166 0,028 -0,230 67 0,164 0,027 -0,228 92 0,430 0,185 -0,070

18 0,264 0,070 -0,150 43 0,231 0,053 -0,193 68 0,263 0,069 -0,299 93 0,256 0,065 -0,150

19 0,246 0,060 -0,154 44 0,201 0,041 -0,235 69 0,210 0,044 -0,202 94 0,279 0,078 -0,224

20 0,305 0,093 -0,138 45 0,271 0,073 -0,122 70 0,285 0,081 -0,104 95 0,194 0,038 -0,191

21 0,154 0,024 -0,179 46 0,225 0,051 -0,238 71 0,190 0,036 -0,287 96 0,260 0,068 -0,122

22 0,269 0,073 -0,257 47 0,336 0,113 -0,075 72 0,349 0,122 -0,080 97 0,204 0,042 -0,268

23 0,151 0,023 -0,225 48 0,373 0,139 -0,071 73 0,285 0,081 -0,142 98 0,324 0,105 -0,182

24 0,286 0,082 -0,149 49 0,261 0,068 -0,171 74 0,210 0,044 -0,192 99 0,279 0,078 -0,261

25 0,142 0,020 -0,313 50 0,364 0,132 -0,088 75 0,219 0,048 -0,152 100 0,120 0,014 -0,217

Average R R2 R2
CV cRp

2

0,282 0,087 -0,155 0,557
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leverage threshold values (h* ¼ 0.260) were plotted. Any new value of predicted

pEC50 data must be considered reliable only for those compounds that fall within

this AD on which the model was constructed.

From the Fig. 5, it is obvious that all the compounds have a standard deviation into

the �x interval (x ¼ 2.5) and there is two responses outliers both in training set and

no response outside in test set. These outliers (compounds 23 and 25) have a higher

leverage which is greater than h* value of 0.260. These erroneous predictions could

probably be attributed to the structural of these outsides (Fig. 6); maybe the selected

Fig. 5. Williams plot of standardized residual versus leverage for the MLR model (With: h* ¼ 0.260 and

residual limits ¼ �2.5); Train samples in black colour and test samples in red colour).

Fig. 6. Chemical structures of the outsides compounds.
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descriptors do not pay much attention to these substructures or their mechanism of

action may be different. The predictions of these two compounds are extrapolations

of the model, but fortunately they are all ‘‘good leverage’’ chemicals.

The results obtained by MLR are very sufficient to conclude the performance of the

models. Consequently, we can design new compounds with improved values of ac-

tivity than the studied compounds using this model.

Taking into account the above results, we added suitable substitutions and then we

moved to calculate their activities using the proposed models Eq. (1). Therefore, the

suggested model will reduce the time and cost of synthesis as well as the determina-

tion of the anti-HAT activity for the 2-phenylimidazopyridines derivatives.

According to the above discussions, the MLR model could be applied to other 2-

phenylimidazopyridines derivatives accordingly to Table 1 and could add further

knowledge in the improvement of new way in anti-HAT drug research. If we

develop a new compound with better values than the existing ones, it may give

rise to the development of more active compounds than those currently in use.

In this way, we carried out structural modification starting from compounds having

the highest pEC50 values as template (38, 41, 44, and 49). The structures of the de-

signed compounds and their parameter values calculated by the same methods, as

well as the pEC50 values theoretically predicted by the MLR model are listed in

Table 7.

Table 7. Values of descriptors, calculated anti-HAT activity pEC50 and leverages

(h) for the new designed compounds (derivatives of the skeleton (C) of the

Fig. 1).

Designed compounds ELUMO MW NHD logP pEC50 leverage

X1 R1¼COOH; R2¼COOH -2.129 421.095 5 2.773 8.837 0.436

X2 R1¼NO2; R2¼ NO2 -2.658 427.117 7 0.745 9.125 1.596

X3 R1¼NH2; R2¼ p-PhNH2 -1.680 363.138 5 1.796 8.669 0.588

X4 R1¼N-pyrrolidinyl; R2¼ m-PhNO2 -1.780 446.163 4 4.048 8.919 0.170

X5 R1¼N-pyrrolidinyl; R2¼ p-PhNO2 -1.934 446.163 4 4.048 8.735 0.145

X6 R1¼N-pyrrolidinyl; R2¼ p-PhOH -1.627 418.168 4 3.733 8.698 0.191

X7 R1¼N-pyrrolidinyl; R2¼ m,p-Ph(OH)2 -1.650 434.163 3 3.327 8.834 0.208

X8 R1¼ N-pyrrolidinyl; R2¼3-thio-2,4-

dihydroxyphenyl

-1.493 440.120 5 3.926 9.498 0.395

X9 R1¼ N-pyrrolidinyl; R2¼3-methyl-4-

hydroxyphenyl

-1.600 432.184 4 4.182 8.817 0.176

X10 R1¼ N-pyrrolidinyl; R2¼3-methyl-6-

hydroxyphenyl

-1.543 432.184 4 3.932 8.984 0.214

X11 R1¼ N-pyrrolidinyl; R2¼3-methyl-5-

hydroxyphenyl

-1.637 432.184 4 4.232 8.753 0.164
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4. Conclusion

The results of the QSAR analysis suggest that derivatives of 2-

phenylimidazopyridines with the following structural feature may exhibit great

anti-HAT activity by increasing molecular size and substitute the 2-

phenylimidazopyridines derivatives with polar, ionic, stronger accepting electron

ability group and heteroatoms attached to one or more hydrogen atoms.

According to developed model, the most important findings of this research are that

we have designed and suggest some new compounds with possible great activities.

Consequently, the proposed models can be used in anti-HAT drug research for the 2-

phenylimidazopyridines derivatives. These results encourage the collaboration be-

tween theoretical researchers and pharmacologists, academic or industrial, because

the last ones many times are groping new drugs.
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Abstract: In the present work, 2D- and 3D-quantitative
structure-activity relationship (QSAR) analysis has been
employed for a diverse set of eighty-nine quinoxalinones to
identify the pharmacophoric features with significant
correlation with the aldose reductase inhibitory activity.
Using genetic algorithm (GA) as a variable selection
method, multivariate linear regression (MLR) models were
derived using a pool of molecular descriptors. All the six-
descriptor based GA-MLR QSAR models are statistically
robust with coefficient of determination (R2)>0.80 and

cross-validated R2>0.77. The derived GA-MLR models were
thoroughly validated using internal and external and Y-
scrambling techniques. The CoMFA like model, which is
based on a combination of steric and electrostatic effects
and graphically inferred using contour plots, is highly
robust with R2>0.93 and cross-validated R2>0.73. The
established QSAR and CoMFA like models are proficient in
identify key pharmacophoric features that govern the
aldose reductase inhibitory activity of quinoxalinones.

Keywords: Aldose Reductase Activity · Quinoxalinones · QSAR · CoMFA like model

1 Introduction

Diabetes Mellitus (DM), caused by insulin deficiency or
insulin resistance, is a chronic long-term metabolic disorder
characterized by high glucose level in blood
(Hyperglycemia).[1] DM has global presence with ill-effects
on public health. A close link has been revealed between
glucose metabolism via the overactive polyol pathway (also
known as the sorbitol-aldose reductase pathway) and long-
term various diabetic complications such as neuropathy,
nephropathy, retinopathy, cataracts, and stroke by damag-
ing blood vessels and peripheral nerves.[1–2]

In the polyol pathway, the enzyme aldose reductase
(ALR2, EC 1.1.1.21) is responsible for the catalytic reduction
of glucose to sorbitol in the presence of NADPH as a
cofactor in the first and rate-controlling step of this
metabolic pathway (Figure 1).[1a] Sorbitol is oxidized into
fructose by sorbitol dehydrogenase along with reduction of
NAD+ to NADH. Under normal conditions (normoglyce-
mia), glucose is mostly phosphorylated to glucose-6-
phosphate by hexokinase and then enters the glycolytic
pathway, however, due to a relatively low affinity of ALR2
for glucose only a minor amount of glucose (~3% of
glucose utilization) is metabolized through the polyol
pathway.[1–2] However, the polyol metabolic pathway is
activated during hyperglycemia leading to higher flux of
glucose (~30% of glucose utilization) through the polyol
pathway, thereby, causing higher accumulation of sorbitol,
mainly in tissues demonstrating insulin-independent uptake

of glucose, such as lens, kidney, retina, and peripheral
nerves. Unfortunately, with the increase in concentration of
sorbitol, the activity of sorbitol dehydrogenase does not
augment proportionately.[1–2]

The enzyme aldose reductase (ALR2), which is a member
of the aldo-keto reductase superfamily, has received wide
attention from medicinal chemists, as the development and
progression of chronic diabetic complications are related to
the activation and/or overexpression of ALR2.[1–2] Therefore,
inhibition of ALR2 offers an attractive strategy and alternant
approach to avert and deferment the progress and increase
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of different diabetic complications. At present only one
drug ‘epalrestat’ is marketed for the treatment of neuro-
pathy in Japan, India and China. In past few decades,
structurally diverse Aldose reductase inhibitors (ARIs) have
been reported (Figure 2).[1b,2] Unfortunately, many of the
clinically tested ARIs have been found to be inappropriate
as drug candidates because of adverse pharmacokinetics,
toxic effects or low efficacy, only few of them have reached
advanced clinical stages.[1–2] Therefore, the search for
development of highly efficient, safer and potent ARIs still
persists.

Modern medicinal chemists go for various strategies to
improve the pharmacological and ADMET (Absorption,
Distribution, Metabolism, Excretion and Toxicity) profiles
and devise a feasible synthetic route for an available lead
candidate (i. e. lead optimization). In modern drug design-
ing process, computer-aided drug design (CADD) is a

significant rational method for recognizing new potent
lead/drug candidates and a good alternative to animal
testing. CADD is a method of choice in drug designing
process due to faster, economical, and result oriented high
success. QSAR, molecular docking, pharmacophore model-
ing, etc. are some of the popular CADD methodologies that
are routinely employed for identifying structural features
having connection with the activity profile.[3]

Recently, research group of Wang etal[1b,2] reported the
synthesis and aldose reductase inhibitory activity of diverse
quinoxalinones. The quinoxalinones were found to be
efficient inhibitors of aldose reductase with activity ranging
from μM to nM. In addition, molecular docking and SAR
(structure-activity relationship) were performed to under-

stand the different structural features that are important to
augment the activity profile of quinoxalinones as aldose
reductase inhibitors. But, a thorough justification for various
SAR results is still required for pharmacophoric feature
identification. Surprisingly, till this date, for aldose reductase
inhibitory activity of quinoxalinones only one attempt has
been made to develop predictive and robust CoMFA like
model (ligand based drug design) using a small dataset of
thirty-five quinoxalinones only.[4] According to one school
of thought,[3b,c,e,f,5] QSAR and CoMFA like modeling are
preferable techniques for lead optimization as these
techniques not only provide in-depth idea about pharmaco-
phoric features, but, are efficient to predict the activity of a
yet to be synthesized drug candidate. Therefore, the main
emphasis of the present work was to derive thriving QSAR
and CoMFA like models to predict the activity and to

Figure 1. The normal and polyol pathways of glucose metabolism.

Figure 2. Previously reported aldose reductase inhibitors (ARIs).
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determine the structural features governing the aldose
reductase inhibitory activity profile of novel quinoxalinones.

2 Experimental Methodology

Data set: The dataset selected for the present work
comprises eighty-nine structurally diverse quinoxalinones
with different type of substituents like �F, �Cl, �OH, etc. at
various positions.[1b,2] The compounds were assayed against
ALR2 and the reported IC50 varies from few micro-molar
(μM) to single digit nano-molar (nM). The activity expressed
as IC50 (95% CL) values represent the concentration
required to decrease enzymatic activity by 50%. The IC50
values were converted to pIC50 (�log10IC50) for QSAR and
CoMFA like analyses. The experimental activity values IC50,
pIC50 and structural substituents have been listed in Table 1.

3 QSAR Model Building and Validation

The structures were drawn using ChemSketch 12 freeware
followed by optimization using TINKER using MMFF94 force
field. PyDescriptor[6] and PaDEL,[7] were used to calculate a
good number of 1D-to 3D-, quantum mechanical and
fingerprint descriptors. This resulted in more than 28000
descriptors.[3c–e] Then, objective feature selection was per-
formed to eliminate redundant variables, as a rule highly
correlated (R>0.90), constant and nearly constant variables
were eliminated.[3c–e] The resultant reduced pool of descrip-
tors consisted of 1122 descriptors only. Subjective feature
selection involving genetic algorithm (GA) as a feature
selection tool was employed for heuristic search of
descriptors for QSAR model building. The search was
limited to a set of six descriptors to avoid over-fitting and
to develop easy and informative GA-MLR QSAR models.
QSARINS 2.2.2 was employed to select optimum number
and set of five descriptors with default settings, except for
Lack of Fit (LOF) which was set to a value of 0.5.[5k,m,n,8] The
selected fitness function used to maximize in GA was Q2,
this avoids naive Q2 also. All the models having poor
internal and external predictivity were excluded. The
selected descriptors were used to build the statistically
acceptable QSAR models followed by exhaustive statistical
validation according to the OECD principles for QSAR model
validation.[3b–f,5k,n,8c,9]

The developed QSAR models were subjected to exten-
sive internal and external validation along with Y-random-
ization using QSARINS 2.2.2 to avoid over-fitting and
spurious models. The different parameters for internal
validation include: determination coefficient R2, leave-one-
out (LOO) cross-validation Q2, leave-many-out (LMO) cross
validation Q2

LMO, coefficient of determination for Y-scram-
bling R2Yscr, and root mean squared error (RMSE). The LMO
were repeated 500 times with 30% of the objects left out
randomly from the training set each time; The mean value
of Q2

LMO has been reported. The external validation param-
eters are RMSEex, MAEex, R

2
ex, Q

2
F1, Q

2
F2, Q

2
F3, and CCCex.

[3c–f,5k,

n,8c,9d,e]

Applicability domain of models:[3c,e,5k,n,8c] Model valida-
tion was carried out also by checking the model applic-
ability domain (AD), which was verified by the Williams
plots. AD is a theoretical region defined by the physico-
chemical, structural or biological space on which the model
has been developed using the training set, it’s applicable to
make predictions for new compounds. Thus, AD is related
to interpolation rather than extrapolation. A widely
accepted method for AD determination is based on
leverage calculation from the diagonal values of the hat
matrix using modeling molecular descriptors. It is evaluated
by leverage (or hat) analysis using the formula: hi=xi (X

T

X)�1 xi
T where (i=1, …, m), xi is the descriptor row-vector of

the query compound i, m is the number of query
compounds and X is the np matrix of the training set (p is
the number of descriptors in the model and n is the
number of compounds in the training set). The limit of the
model domain is quantitatively defined by the leverage cut-
off h* and is set as 3(p+1)/n. A leverage bigger than h* for
the training set means that the compound is very dominant
in determining the model. For the prediction set (X outlier),
it means that the prediction is the substantial extrapolation
of the model and could be unreliable. Also, a compound
with a standardized residual greater than 3σ (3x standard
deviation units) is recognized as a Y outlier.

CoMFA like analyses: The standard procedure as
mentioned in Open3DQSAR was followed to build a data-
base of eighty-nine quinoxalinones. For successful CoMFA
like analysis, appropriate alignment of 3D- structures of the
molecules is very significant. To improve the success of
CoMFA like analysis, Gasteiger-Marsili partial charges were
assigned to all the molecules prior to descriptor calculation
and alignment. For aligning the complete set of molecules,
the lowest energy conformer of most active compound 61

(IC50=0.00644 nM) was used as a template structure in
Open3DAlign. The molecules in their respective lowest
conformations were superimposed on the template using
the atom-based alignment option in Open3DAlign. It was
followed by partial least square (PLS) analysis and 3D-
contour generation with optimum number of components
set to 9. Default settings and procedure as implemented in
Open3DQSAR and Open3DGrid were used throughout the
work.

Figure 3. General structure of quinoxalinones used in the present
work along with notation for aromatic rings.
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Table 1. Substituents, experimental IC50 and pIC50 for aldose reductase activity of quinoxalinones.

S.N. R1 R2 X IC50**
ALR2

pIC50 (M)

1. H H – 5.981 5.223
2. H 4-F – 3.380 5.471
3. 7-F 4-F – 0.874 6.058
4. 7-Cl 4-F – 1.516 5.819
5. 4-fluorophenyl 4-F – 2.131 5.671
6. H 4-OH – 2.592 5.586
7. H 2,4-(OH)2 – 0.397 6.401
8. 6-F 2,4-(OH)2 – 0.063 7.201
9. 6-Cl 2,4-(OH)2 – 0.095 7.022
10. 6-Br 2,4-(OH)2 – 0.139 6.857
11. 7-F 2,4-(OH)2 – 0.032 7.495
12. 7-Cl 2,4-(OH)2 – 0.069 7.161
13. 7-Br 2,4-(OH)2 – 0.091 7.041
14. 4-fluorobenzyl 2,4-(OH)2 – 3.34 5.476
15. H 3-indole – 0.639 6.194
16. 7-Br 3-indole – 0.368 6.434
17. 7-Cl 2-benzothiophene – 0.238 6.623
18. H H O 0.468 6.33
19. H H S 0.421 6.376
20. H 4-Br S 0.296 6.529
21. 7-F 4-Br S 0.191 6.719
22. 7-Cl 4-Br S 0.326 6.487
23. 7-Br 4-Br S 0.467 6.331
24. 6-Br 4-Br S 0.319 6.496
25. H 4-Cl S 0.273 6.564
26. 7-F 4-Cl S 0.056 7.252
27. 7-Cl 4-Cl S 0.158 6.801
28. 7-Br 4-Cl S 0.395 6.403
29. H H CH2 1.112 5.954
30. H H CH=CH 0.820 6.086
31. H H CH2�CH2 0.143 6.845
32. H 4-OH CH=CH 0.182 6.74
33. 7-F 4-OH CH=CH 0.153 6.815
34. H 4-OCH3 CH=CH 4.181 5.379
35. H 3-OCH3, 4-OH CH=CH 0.419 6.378
36. H 4-OH CH2�CH2 0.798 6.098
37. 7-F 4-OH CH2�CH2 0.652 6.186

38. H – 1.43 5.845

39. H – 1.86 5.73

40. H – 7.53 5.123
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Table 1. continued

S.N. R1 R2 X IC50**
ALR2

pIC50 (M)

41. H – 1.14 5.943

42. 6-Cl – 0.66 6.18

43. 7-Cl – 3.88 5.411

44. 6-NO2 – 0.362 6.441

45. 6-NO2 – 0.283 6.548

46. H 4-CF3 CH2 0.70167 6.154
47. H 2,4,5-3F CH2 0.44903 6.348
48. H 4-F CH2 0.92487 6.034
49. H 4-Cl CH2 0.1227 6.911
50. H 4-Br CH2 0.05595 7.252
51. H 2-F,4-Br CH2 0.03484 7.458
52. 7-Cl 4-F CH2 0.272 6.565
53. 7-Cl 4-Cl CH2 0.07495 7.125
54. 7-Cl 4-Br CH2 0.02328 7.633
55. 7-Cl 2-F,4-Br CH2 0.01025 7.989
56. 6-Cl 4-Br CH2 0.10553 6.977
57. 6-Cl 2-F,4-Br CH2 0.05856 7.232
58. 7-F 4-F CH2 0.3685 6.434
59. 7-F 4-Cl CH2 0.03029 7.519
60. 7-F 4-Br CH2 0.03359 7.474
61. 7-F 2-F,4-Br CH2 0.00644 8.191
62. 6-F 4-Br CH2 0.3016 6.521
63. 7-Y[c] 4-F CH2 1.7954 5.746
64. H 2-F,4-Br O 0.22042 6.657
65. 7-Cl 2-F,4-Br O 0.15275 6.816
66. 7-F 2-F,4-Br O 0.12848 6.891
67. H 4-F NH 0.4935 6.307
68. H 4-Br NH 0.15031 6.823
69. H 2-F,4-Br NH 0.12405 6.906
70. H 2,4-2F NH 1.20379 5.919
71. H 3,4,5-3F NH 0.98685 6.006
72. H 4-F O 0.03274 7.485
73. H 4-Br O 0.02728 7.564
74. 7-F 4-F O 0.01906 7.72
75. 7-F 4-Br O 0.0114 7.943
76. 7-Cl 4-F O 0.04229 7.374
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4 Results and Discussion

CoMFA like analysis: CoMFA like model based on either
steric or electrostatic molecular field alone had poor
statistical performance with R2CV=0.469 and R2CV=0.456,
respectively. However, the present CoMFA like model,
comprising a combination of steric, lipophilic and electronic
molecular fields, is statistically acceptable with Ntrain=89,
leave-one-out (LOO) correlation coefficient R2CV=0.731, F
value (n1=9, n2=78)=121.961, and R2=0.934. A higher

value of R2CV (>0.60) along with R2 confirms statistical
robustness of the CoMFA like model.[3d,e,9e] Further, standard
error of estimate was found to be 0.190 with an optimized
component of 9. This implies that the model is not only
trustworthy in capturing the essence of structural features
that govern the aldose reductase activity but it is very good
at predicting the activity of quinoxalinones also.[3d,e,9e] The
pIC50values predicted by CoMFA like model have been listed
in Table 2.

Table 1. continued

S.N. R1 R2 X IC50**
ALR2

pIC50 (M)

77. 7-Cl 4-Br O 0.03299 7.482
78. 7-Br 4-F O 0.06298 7.201
79. 7-Br 4-Br O 0.04348 7.362
80. 7-Br 2-F,4-Br O 0.0471 7.327
81. 6-F 4-F O 0.06987 7.156
82. 6-F 4-Br O 0.04925 7.308
83. 6-F 2-F,4-Br O 0.07479 7.126
84. 6-Cl 4-F O 0.05039 7.298
85. 6-Cl 4-Br O 0.02434 7.614
86. 6-Cl 2-F,4-Br O 0.04633 7.334
87. 6-Br 4-F O 0.04313 7.365
88. 6-Br 4-Br O 0.01633 7.787
89. 6-Br 2-F,4-Br O 0.03822 7.418

Figure 4. CoMFA like contour maps at different angles for quinoxalinones with compound 61 (most active) as a representative along with
graph correlation between experimental and predicted pIC50 (CoMFA like model) and alignment of dataset molecules (Red: More negative
charge, blue: more positive charge, Green: More bulk and yellow: Less bulky groups favourable).
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The presence of red contour near position number 7 of
ring A indicates that the presence of a more negative
charge i. e. electron withdrawing group (EWG) at this
position is highly favourable for activity augmentation. This
observation is supported by comparing the activity values
of following quinoxalinones, as representative examples: 3
(IC50=0.874 μM) with 4 (IC50=1.516 μM), 11 (IC50=
0.032 μM) with 12 (IC50=0.069 μM) and 13 ((IC50=
0.091 μM), 21 (IC50=0.191 μM) with 22 (IC50=0.326 μM)

and 23 (IC50=0.467 μM), 26 (IC50=0.056 μM) with 27 (IC50=
0.158 μM) and 28 (IC50=0.395 μM). Interestingly, this red
contour surrounds a yellow contour, which indicates that
the EWG must be less bulky in nature. This could be another
plausible reason behind the high activity profile of quinox-
alinones with �F compared to molecules with �Br as a
substituent at this position, as well as for outlier behavior of
molecule 13 in CoMFA like model. Similarly, the red contour
present in the vicinity of �CH2�COOH group indicates that

Table 2. Different statistical parameters for goodness of fit, internal validation and external predictive ability for model 1–5.

S.
No.

Statistical Parameter Model-1 Model-2 Model-3 Model-4 Model-5

1. Ntr 89 89 72 72 72
2. Nex 00 00 17 17 17
3. Number of Descriptors 06 06 06 06 06

Fitting Criteria

4. R2tr 0.82 0.82 0.83 0.84 0.82
5. R2adj. 0.81 0.80 0.82 0.83 0.81
6. LOF 0.11 0.12 0.11 0.10 0.12
7. Kxx 0.21 0.16 0.25 0.17 0.21
8. ΔK 0.09 0.11 0.06 0.12 0.09
9. RMSEtr 0.29 0.30 0.27 0.26 0.29
10. MAEtr 0.22 0.24 0.21 0.21 0.22
11. RSStr 7.58 7.87 5.38 5.03 6.22
12. CCCtr 0.90 0.90 0.91 0.92 0.90
13. s 0.30 0.31 0.29 0.28 0.31
14. F 63.62 60.79 54.54 58.52 49.92

Internal Validation Criteria

15. R2cv (Q
2loo) 0.79 0.79 0.80 0.81 0.79

16. RMSEcv 0.32 0.32 0.30 0.29 0.32
17. MAEcv 0.24 0.26 0.23 0.23 0.25
18. PRESScv 9.05 9.10 6.36 6.23 7.48
19. CCCcv 0.88 0.88 0.89 0.90 0.88
20. Q2

LMO 0.78 0.78 0.78 0.80 0.78
21. R2Yscr 0.07 0.07 0.08 0.09 0.08
22. Q2

Yscr �0.10 �0.10 �0.13 �0.13 �0.13

External Validation Criteria

23. θ* – – �8.39° �6.81° �7.02°

24. RMSEex – – 0.41 0.38 0.37
25. MAEex – – 0.30 0.32 0.26
26. PRESSext – – 2.89 2.45 2.34
27. R2ex – – 0.75 0.77 0.76
28. Q2

F1 – – 0.73 0.77 0.71
29. Q2

F2 – – 0.70 0.76 0.71
30. Q2

F3 – – 0.62 0.68 0.72
31. CCCex – – 0.83 0.87 0.84
32. R2-ExPy 0.79 0.79 0.80 0.77 0.76
33. R’o

2 0.74 0.74 0.77 0.71 0.69
34. k’ 0.99 0.99 0.99 0.99 1.02
35. 1-( R2/ R’o

2) 0.06 0.06 0.04 0.07 0.09
36. r’2m 0.62 0.62 0.65 0.59 0.56
37. Ro

2 0.79 0.79 0.80 0.77 0.76
38. k 0.99 0.99 0.99 1.00 0.98
39. 1-(R2-ExPy/ Ro

2) 0.00 0.00 0.00 0.00 0.00
40. r2m 0.77 0.77 0.79 0.74 0.76
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an EWG is favourable at this position, therefore, for better
activity this group must be retained. This observation is
further supported by the molecular docking analysis
performed by Wang etal.[1b,2]

A blue contour close to position number 6 of ring A
indicates that less electronegative groups are favourable at
this position. This observation is reinforced by equating the
activity values of following quinoxalinones: 50 (IC50=
0.05595 μM) with 56 (IC50=0.10553 μM) and 62 (IC50=
0.30160 μM), 72 (IC50=0.03274 μM) with 87 (IC50=
0.04313 μM), 84 (IC50=0.05039 μM) and 81 (IC50=
0.06987 μM). A big yellow contour (almost ‘U’ shaped with
higher presence towards quinoxaline ring) spanning the
meta and para positions of ring C indicate that the presence
of less bulkiness in this region is in support of activity
escalation. A big green contour (present opposite to yellow
contour and other side of ring C away from quinoxaline
ring) and a red contour are present vicinal to the ortho
position of ring C representing that the presence of more
bulky groups with electron withdrawing ability (i. e. highly
electronegative atom) on this side could be activity
promoter. This observation is accepted when the activity
values of following quinoxalinones are compared: 7 (IC50=
0.397 μM) with 6 (IC50=2.592 μM), 51 (IC50=0.03484 μM)
with 50 (IC50=0.05595 μM), 55 (IC50=0.01025 μM) with 54

(IC50=0.02328 μM), 57 (IC50=0.05856 μM) with 56 (IC50=
0.10523 μM), 61 (IC50=0.00644 μM) with 60 (IC50=
0.03359 μM), a few examples to mention.

A conceivable reason for the presence of yellow and
green contours close to each other and spanning the
opposite sides of the similar region of ring C could be the
huge variations or absence of the linker between ring B and
C, which causes good variations in angle and distance for
ring C during alignment of all the molecules in the dataset.

A blue contour, which represents the presence of more
positive charge is favourable in this region, is present
between ring B and C. A comparison of compounds 1

(IC50=5.981 μM), 18 (IC50=0.468 μM), 19 (IC50=0.421 μM),
29 (IC50=1.112 μM), 30 (IC50=0.820 μM) and 31 (IC50=
0.143 μM) indicates that �CH2�CH2� is a better linker for
increasing the activity. Another reason for this could be the
additional high flexibility provided by this linker.

5 QSAR Analysis

The principal objective of the present work is to employ
conventional QSAR to acquire extensive information about
the structural moieties that govern the activity. Recently,
our group successfully proved that single splitting based
QSAR models are neither best suitable to judge external
predictive ability nor getting maximal information.[3c,e]

Therefore, multiple models were built using 80% training
set and validating them on remaining set (20% prediction
set) using random splitting. Furthermore, QSAR model was
built using whole dataset (no splitting) to confirm the

identification of all the significant structural-activity infor-
mation.

The GA-MLR analysis resulted in statistically acceptable
QSAR models 1–5, which satisfy recommended threshold
values for many statistically parameters that are essential to
judge the goodness of fit and external predictive ability.
The QSAR models are also able to shed light on the
structural features that govern the aldose reductase activity.
The developed QSAR models are as follow:

Model-1 (Full set model): pIC50=5.97 (�0.32)+0.93 (�
0.33)*all_F_5Ac+1.26 (�0.37)*MATS8m+20.67 (�5.23)
*R2v+�1.99 (�0.56)*O_lipo_2Bc�0.05 (�0.02)*Cplus_

AbSA�0.19 (�0.06)*RDF115p

Model-2 (Full set model): pIC50=7.30 (�0.24)+1.03 (�
0.34)*all_F_5Ac+1.28 (�0.36)*N_all_3Bc+1.18 (�0.38)
*MATS8 m+0.59 (�0.16)*F08[N�Br]�1.64 (�0.59)*O_lipo_

2Bc�0.23 (�0.06)*RDF115p

Model-3 (Divided set model): pIC50=2.01 (�1.00)+0.84
(�0.22)*acc_F_5Ac+27.87 (�4.92)*R2v+ +0.90 (�0.34)
*B10[C�O]+10.48 (�4.10)*HATS1e �0.64 (�0.28)
*fBrS10A�2.39 (�0.63)*acc_F_5Bc

Model-4 (Divided set model): pIC50=11.66 (�0.77)+
0.72 (�0.34)*all_F_5Ac �0.40 (�0.16)*fCN7B�0.75 (�0.21)
*fFO8B�1.02 (�0.24)*GATS8e�3.71 (�0.88)*SPH�1.40 (�
0.29)*Mor19e

Model-5 (Divided set model): pIC50=6.44 (�0.42)+1.21
(�0.38)*B10[C�O]+1.08 (�0.32)*lipo_N_5Ac+2.52 (�
0.62)*all_N_7Ac�0.41 (�0.18)*B08[O�F]�2.00 (�0.63)*C_

F_3Ac�0.26 (�0.07)*RDF115p

The 3D-descriptor all_F_5Ac, which stands for sum of
partial charges on all atoms which are within 5 Å from
Fluorine atom, has positive coefficient in model 1, 2, and 4.
Therefore, its value must be as high as possible. This
descriptor provides information about the role of local
environment in the vicinity of F atom in deciding the
activity. As the number of positively charged atoms like H-
atoms in the vicinity of F atom increases, its value increases.
Another similar descriptor with positive coefficient in model
3 is acc_F_5Ac, which corresponds to sum of partial charges
on H-bond acceptor present within 5 Å from F atom. These
descriptors have been depicted using the molecule 11 as a
representative in the Figure 5.

The descriptor N_all_3Bc stands for sum of partial
charges on all atoms which are at a distance of three bonds
from Nitrogen atoms. This descriptor has positive coefficient
in model 2, thereby increasing it value will increase the
bioactivity. This descriptor highlights the role of local
environment with three bond distance around N atoms in
determining the activity. This descriptor has been depicted
using the most active molecule 11 as a representative in
the Figure 5. Similarly, the positive coefficient of lipo_N_5Ac

in model 3 highlights the importance of local environment
around N atoms. The descriptor lipo_N_5Ac corresponds to
sum of partial charges on all lipophilic atoms which are
present within 5 Å from N atoms. Same is true for all_N_
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7Ac (sum of partial charges on all atoms within 7 Å from N
atoms).

The 2D frequency fingerprints descriptor F08[N�Br] has
positive coefficient in model 2. This topological descriptor
stands for frequency of N and Br at a topological distance

of 08. It has positive coefficient in model 2, hence, in future
its value must be increased to improve the activity. A
comparison of activity of 19 (IC50=0.421 μM) with 20 (IC50=
0.296 μM), 48 (IC50=924.87 nM) and 49 (IC50=122.70 nM)
with 50 (IC50=55.95 nM), 52 (IC50=272.00 nM) and 53

Figure 5. 3D-representation of (a) all_F_5Ac and acc_F_5Ac (the gray sphere has radius of 5 Å with F as the center) and (b) N_all_3Bc (atoms
within three bonds from N atoms have been shown with yellow colour) (c) lipo_N_5Ac (lipophilic atoms within 5 Å from N atoms have been
shown with magenta colour) (d) O_lipo_2Bc (lipophilic atoms which are within two bonds from O atoms have been shown as black) using
the molecule 11 (as a representative only).
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Figure 6. Correlation graph between predicted and experimental pIC50 values by QSAR models 1 to 5.
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Table 3. Status of the molecule and predicted pIC50 values by QSAR and CoMFA like models.

Mol id Pred. pIC50 (CoMFA like model) Status Pred. by
model 1

Pred. by
model 2

Status Pred. by
model 3

Status Pred. by
model 4

Status Pred. by
model 5

1 5.572 Training 5.6607 5.7039 Prediction 5.5551 Training 5.5913 Training 5.4509
2 5.49 Training 5.5711 5.4625 Training 5.5691 Prediction 5.4483 Prediction 5.4694
3 5.888 Training 5.7820 5.9281 Training 6.1262 Training 5.9884 Training 5.8561
4 5.679 Training 6.1909 6.1381 Training 5.6527 Training 5.7382 Training 5.7930
5 5.788 Training 5.1844 5.3122 Training 5.8155 Training 5.4405 Training 5.7728
6 5.484 Training 5.9947 5.8911 Training 6.2693 Training 5.6317 Prediction 6.6589
7 6.875 Training 6.5511 6.7699 Prediction 6.5173 Training 6.6482 Training 6.7559
8 6.773 Training 6.7737 7.1975 Training 6.7320 Prediction 6.7688 Training 6.7283
9 6.96 Training 7.1699 7.2294 Training 6.9216 Training 7.0145 Training 6.9898
10 6.966 Training 7.1314 6.9896 Training 7.2804 Training 6.9246 Training 6.9743
11 7.461 Training 6.5355 6.9874 Training 7.0849 Training 7.0518 Training 7.1438
12 7.159 Training 7.1853 7.0553 Training 7.1584 Prediction 6.8708 Prediction 7.0882
13 6.961 Training 7.1853 7.0553 Training 7.1584 Training 6.8708 Prediction 7.0882
14 5.411 Training 5.7924 5.5363 Prediction 5.7807 Training 5.7419 Training 5.3300
15 5.881 Training 6.1892 6.2641 Training 6.1576 Training 6.2439 Training 6.2050
16 6.403 Training 6.6143 6.4250 Training 6.7709 Training 6.3516 Training 6.5321
17 6.55 Training 6.5710 6.5281 Training 6.7474 Prediction 6.4523 Training 6.3185
18 6.209 Training 6.4655 6.7399 Training 6.3774 Training 6.5651 Training 6.7797
19 6.409 Training 6.4242 6.4543 Training 6.4435 Training 6.4243 Prediction 6.4804
20 6.301 Training 6.6200 6.6987 Training 6.2392 Training 6.5444 Training 6.5848
21 6.892 Training 6.8542 7.1923 Training 6.8277 Training 6.9921 Training 6.9658
22 6.517 Training 6.5373 6.7733 Prediction 6.2706 Prediction 6.6810 Prediction 6.5969
23 6.415 Training 6.5915 6.7177 Training 6.4448 Training 6.5818 Training 6.5405
24 6.393 Training 6.7903 6.9468 Training 6.5110 Training 6.6273 Training 6.9242
25 6.399 Training 6.4654 6.2645 Training 6.5097 Training 6.6172 Training 6.6067
26 6.989 Training 6.7313 6.7428 Prediction 7.0982 Training 7.0124 Training 6.9877
27 6.615 Training 6.7049 6.5544 Training 6.6700 Training 6.7132 Training 6.9128
28 6.514 Training 6.6529 6.1446 Training 6.4553 Training 6.6577 Training 6.4550
29 6.424 Training 5.9709 6.2941 Training 6.2169 Prediction 6.5691 Prediction 6.6963
30 6.077 Training 6.3502 6.2563 Training 5.9203 Training 6.4155 Training 6.3694
31 6.69 Training 6.0451 5.9895 Training 5.9204 Training 5.9590 Training 5.8944
32 6.428 Training 6.0564 6.3016 Prediction 6.0531 Training 6.0297 Training 6.1447
33 7.008 Training 6.2806 6.7346 Training 6.6102 Training 6.4848 Training 6.5237
34 5.27 Training 5.9232 5.9797 Prediction 5.8750 Training 5.7587 Training 5.7680
35 6.658 Training 6.4301 6.2801 Training 5.9762 Prediction 6.0002 Training 6.8368
36 5.989 Training 6.5406 6.3502 Training 5.8926 Training 6.2334 Prediction 5.7823
37 6.387 Training 6.3187 6.7875 Training 6.4497 Training 6.5758 Training 6.1662
38 6.063 Training 5.8121 6.0447 Training 6.1786 Training 5.9911 Training 6.2853
39 5.824 Training 5.3178 5.3295 Training 5.8574 Training 5.6110 Training 5.3034
40 5.205 Training 5.2484 4.9415 Training 5.4876 Prediction 5.4885 Training 5.0493
41 6.008 Training 6.0665 5.9625 Training 5.9519 Training 6.0519 Training 5.9082
42 6.146 Training 6.3373 6.4119 Training 6.6107 Training 6.2528 Prediction 6.4596
43 5.641 Training 5.6202 6.0982 Prediction 6.2865 Training 5.8904 Training 6.3177
44 6.467 Training 6.0907 6.2882 Training 6.6498 Training 6.4419 Training 6.2690
45 6.507 Training 6.5770 6.2855 Training 6.4708 Training 6.4708 Training 6.2993
46 6.099 Training 6.3595 6.2427 Training 6.1892 Prediction 6.1881 Training 6.3312
47 6.4 Training 6.7598 6.6931 Training 6.3827 Training 6.4343 Training 6.6423
48 6.102 Training 6.5970 6.6312 Prediction 6.2833 Training 6.1220 Training 6.3073
49 6.792 Training 6.9459 6.5217 Training 6.7884 Training 6.9267 Prediction 7.1327
50 7.02 Training 7.0675 6.8188 Training 7.2587 Prediction 6.7282 Training 7.0301
51 7.587 Training 7.4543 7.3229 Training 7.3840 Training 7.2450 Training 7.3771
52 6.313 Training 6.6436 6.6374 Prediction 6.5725 Training 6.2228 Training 6.6036
53 7.002 Training 6.9436 6.7640 Training 6.7989 Training 7.0308 Prediction 7.4650
54 7.233 Training 7.2423 7.3010 Training 7.2692 Prediction 6.8384 Training 7.5154
55 7.75 Training 7.6694 7.6979 Training 7.3944 Training 7.4320 Training 7.7321
56 7.103 Training 6.9407 6.9052 Training 7.2902 Training 7.0322 Training 7.0798
57 7.654 Training 7.1941 7.1706 Prediction 7.4154 Training 7.5850 Training 7.1464
58 6.689 Training 6.6498 6.9345 Training 6.8509 Training 6.5155 Training 6.6873
59 7.372 Training 7.1163 6.9498 Training 7.3456 Training 7.3145 Training 7.4872

Full Paper www.molinf.com

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Mol. Inf. 2019, 38, 1800149 (11 of 15) 1800149

www.molinf.com


(IC50=74.95 nM) with 54 (IC50=23.28 nM) supports this
observation.

The MATS8 m is a 2D- autocorrelations descriptor which
represents Moran autocorrelation-lag 8/weighted by atomic
masses. It has positive coefficient in model 1 and 2. Another
descriptor with positive coefficient in model 1 is R2v+ , a
GETAWAY descriptor that stands for R maximal autocorrela-
tion of lag 2/weighted by atomic van der Waals volumes.
Therefore, for better activity profile, the values of MATS8m

and R2v+ must be as high as possible. Same is true for
HATS1e (see model 3), a GETAWAY descriptor, which
corresponds to leverage-weighted autocorrelation of lag 1/
weighted by atomic Sanderson electronegativities. In model
3 and 5, the descriptor B10[C�O] (presence/absence of C�O
at a topological distance of 10). This 2D- binary fingerprints
descriptor has positive coefficient in both the models.
Henceforth, such a combination of C and O is in favour of
activity profile.

The descriptor which has negative correlation, indicated
by its negative coefficient in model 1 and 2, is O_lipo_2Bc.

O_lipo_2Bc stands for sum of partial charges on lipophilic
atoms which are within two bonds from O atoms. There-
fore, in future optimizations, the value of this descriptors

must be decreased by introducing electron donating
groups as substituents on ring C.

Cplus_AbSA (absolute surface area of positively charged
carbon atoms) has negative coefficient in model 1, which
indicates that lower its value, better the activity. This could
be achieved by reducing the number of positively charged
Carbon atoms, which in turn, is achievable if number of
electron withdrawing groups attached to Carbon are
diminished. Another descriptor with negative association
with activity is fBrS10A (frequency of occurrence of Br and S
with a separation of 10 Å). This descriptor has negative
coefficient in model 3, which specifies that such a
combination of Br and S atoms must be avoided for better
activity. A comparison of activity of 24 (IC50=0.319 μM)
with 88 (IC50=0.01633 μM), 23 (IC50=0.467 μM) with 79

(IC50=0.04348 μM), 22 (IC50=0.326 μM) with 54 (IC50=
0.02328 μM) and 77 (IC50=0.03299 μM), 21 (IC50=0.191 μM)
with 60 (IC50=0.03359 μM) and 75 (IC50=0.0114 μM), and
20 (IC50=0.296 μM) with 50 (IC50=0.05595 μM), 68 (IC50=
0.15031 μM) and 73 (IC50=0.02728 μM) is in favour of this
opinion.

Interestingly, acc_F_5Bc (sum of partial charges on F
atoms present within five bonds from H-bond acceptor

Table 3. continued

Mol id Pred. pIC50 (CoMFA like model) Status Pred. by
model 1

Pred. by
model 2

Status Pred. by
model 3

Status Pred. by
model 4

Status Pred. by
model 5

60 7.597 Training 7.3951 7.4578 Training 7.8263 Training 7.1475 Prediction 7.5797
61 7.962 Training 7.7967 7.9371 Training 7.9516 Prediction 7.7946 Training 7.8985
62 6.911 Training 6.8114 6.8058 Prediction 7.4629 Training 6.7435 Training 7.0015
63 5.779 Training 5.4339 5.6595 Training 5.7248 Training 5.5374 Training 5.6979
64 6.548 Training 6.4709 6.3384 Training 6.5554 Training 6.5866 Training 6.4340
65 6.745 Training 6.6237 6.6898 Training 6.5554 Training 6.7897 Prediction 6.7607
66 6.959 Training 6.7252 6.8254 Training 7.1020 Prediction 7.0825 Training 6.8191
67 6.221 Training 6.8254 6.4408 Prediction 6.4261 Training 6.3506 Training 6.3854
68 6.9 Training 6.8050 6.6603 Training 6.8023 Training 6.7858 Training 6.8650
69 6.678 Training 6.8860 6.6998 Training 6.6478 Training 6.5001 Training 6.8055
70 6.012 Training 6.3027 5.9284 Training 6.2158 Training 6.1015 Prediction 6.0988
71 6.14 Training 5.9272 5.9071 Training 6.1549 Training 6.1521 Training 6.4803
72 7.275 Training 7.2841 7.1560 Training 7.0776 Prediction 7.4918 Training 6.9279
73 7.492 Training 7.5741 7.2485 Prediction 7.4159 Training 7.2551 Training 7.1878
74 7.684 Training 7.3746 7.5072 Training 7.6348 Training 7.9275 Training 7.3249
75 7.9 Training 7.7501 7.7438 Training 7.9451 Training 7.7084 Prediction 7.5734
76 7.471 Training 7.2626 7.2412 Training 7.1613 Training 7.6520 Training 7.2687
77 7.688 Training 7.5972 7.5911 Training 7.3985 Training 7.4451 Training 7.5124
78 7.327 Training 7.5418 7.2690 Prediction 7.5132 Prediction 7.5655 Training 7.2903
79 7.544 Training 7.5703 7.6001 Training 7.3775 Training 7.3268 Training 7.5352
80 7.307 Training 7.4757 7.6001 Training 7.4014 Training 7.4877 Training 7.5733
81 7.142 Training 7.1067 7.1833 Training 7.2713 Training 7.4344 Prediction 7.3035
82 7.359 Training 7.3541 7.3154 Training 7.5921 Training 7.1613 Training 7.2491
83 7.123 Training 7.0946 7.2416 Training 7.6055 Training 7.4770 Training 7.2229
84 7.368 Training 7.3719 7.2714 Prediction 7.2763 Prediction 7.6933 Training 7.2040
85 7.587 Training 7.6577 7.6465 Training 7.4194 Training 7.4452 Training 7.5931
86 7.349 Training 7.4787 7.5841 Training 7.4433 Training 7.7013 Prediction 7.5733
87 7.448 Training 7.5326 7.1794 Training 7.6351 Prediction 7.6187 Training 7.2658
88 7.666 Training 7.5525 7.5817 Training 7.3985 Training 7.3411 Training 7.6202
89 7.428 Training 7.4023 7.5343 Prediction 7.4118 Training 7.5491 Training 7.5974
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atom) has negative coefficient in model 3. Therefore, for
better activity profile, its value must be as low as possible.
This observation is supported by comparing the activity of
following pairs of molecules: 2 (IC50=3.380 μM) with 3

(IC50=0.874 μM), 7 (IC50=0.397 μM) with 8 (IC50=
0.063 μM), 7 (IC50=0.397 μM) with 11 (IC50=0.032 μM), 20
(IC50=0.296 μM) with 21 (IC50=0.191 μM), 25 (IC50=
0.273 μM) with 26 (IC50=0.056 μM), and 32 (IC50=
0.182 μM) with 33 (IC50=0.153 μM). Another negatively
associated descriptors, having negative coefficients in
model 4, with activity are fCN7B (frequency of occurrence
of C and N atoms with a separation of seven bonds) and
fFO8B (frequency of occurrence of F and O atoms with a
separation of eight bonds). Therefore, such a combination
of C with N and F with O atoms must be sidestepped to
have better activity. This indicate that, in general, the
presence of F atom at the position number 4 of ring A is
unfavouable for activity. Same is true for the 2D- binary
fingerprints descriptor B08[O�F] (presence/absence of O�F
at topological distance of 08), having negative coefficient in
model 5, has negative relationship with the activity.

C_F_3Ac, which represents sum of partial charges on C
atoms present within 3 Å from F atoms, has negative
impact on activity as evident from its negative coefficient in
model 5. Therefore, its value must be minimized in future
optimization to have superior activity. The difference in
activity of following pairs of compounds 64 (IC50=
0.22042 μM) with 73 (IC50=0.02728 μM), 65 (IC50=
0.15275 μM) with 77 (IC50=0.03299 μM), and 66 (IC50=
0.12848 μM) with 75 (IC50=0.0114 μM) is in favour of this
observation.

In models 1,2, and 5, the Radial Distribution Function
descriptor RDF115p (Radial Distribution Function – 11.5/
weighted by atomic polarizabilities) has negative coeffi-
cient. Similarly, GATS8e, a 2D autocorrelations descriptor
which represents Geary autocorrelation-lag 8/weighted by
atomic Sanderson electronegativities, has negative influ-
ence (negative coefficient in model 4) on activity profile of
quinoxalinones as aldose reductase inhibitors. Likewise, the
3D-MoRSE descriptors Mor19e (3D-MoRSE – signal 19/
weighted by atomic Sanderson electronegativities) and SPH

(spherosity geometrical descriptors) have negative coeffi-
cient in model 4. Therefore, the values of RDF115p, GATS8e,
SPH and Mor19e must be minimal to have better aldose
reductase inhibitory activity.

Though we have equated the activities of quinoxali-
nones as aldose reductase inhibitors in terms of a good
number of molecular descriptors like all_F_5Ac, acc_F_5Ac,
N_all_3Bc, lipo_N_5Ac, O_lipo_2Bc, etc., we make it clear
that the combined or converse effect of confounding
factors/descriptors do have added effect on the activity
profile of the compounds.

The different statistical parameters for goodness of fit,
internal validation and external predictive ability for model
1–5 have been tabulated in the Table 2.

The different statistical parameters for model 1–5,
depicted in the Table 2, point out that all the developed
models satisfy various statistical parameters like R2tr, Q

2
Fn,

R2ex and CCCex, etc., which are necessary to establish the
internal and external predictive ability of a model.[3c,e,5k,m,n,8,10]

The models 1 and 2 are based on undivided dataset (no
splitting) whereas models 3–5 have been developed using a
divided dataset (80% training and 20% prediction set using
random splitting method). The success of the strategy of
developing multiple QSAR models is evident from the fact
that models 1–5 comprise different descriptors, thereby,
capturing most relevant structure-activity information.[3c,e]

For all the models, the close value of R2ad with R2 indicates
that adequate number of descriptors have been used for
model building.[3c,e]

The predicted pIC50 values by developed QSAR models
have been shown in Figure 6 and tabulated in Table 3.

6 Conclusions

In conclusion, multiple QSAR models and thriving CoMFA
like model have been reported possessing statistically
acceptable internal and external predictive ability. Both
analyses provide concurrent and complementary results
and are well supported by the molecular docking analysis
performed by Wang etal. Both analyses indicate that steric
repulsion and electrostatic characters have significant
correlation with the aldose reductase activity. The devel-
oped QSAR and CoMFA like model offer helpful insinuations
for optimization of aldose reductase activity of quinoxali-
nones with improved activity profile. The models could be
used to design new ligands with better activity, prior to
their actual synthesis.

7 Abbreviations

CoMFA Comparative Molecular Field Analysis
GA Genetic Algorithm
MLR Multiple Linear Regression
QSAR Quantitative Structure-Activity Relationship
ADMET Absorption, Distribution, Metabolism, Excretion

and Toxicity
CADD Computer Aided Drug Designing
EWG Electron withdrawing group
OLS Ordinary Least Square
QSARINS QSAR Insubria
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Medicinal chemistry has an important role in medicine 
and health care. The leading objective of medicinal 
chemistry is to design and synthesize therapeutically 
potential molecules, study their pharmacokinetic 
and pharmacodynamic properties, and thoroughly 
test them as human therapeutic agents. It has been 
established that infections due to multidrug-resistance 
(MDR) microbes is a serious concern worldwide and 
an important issue, also. According to AR threat report 
in 2013, in the USA annually, at least two million 
infections and 23 000 deaths occurred[1] and in the latest 
report, according to WHO’s new Global Antimicrobial 
Surveillance System, there is an extensive existence 
of antibiotic resistance among 500 000 people with 
suspected bacterial infections across 22 countries[2].

The solution for this is actively look for new drugs 
with newer mechanisms of action. In this context, 
fundamentally the focus should be on understanding 
the principles and ecological factors, which can affect 
MDR in bacteria[3,4]. Rapid growth of MDR strains of 
pathogens result in a severe resistance development 
towards presently available antimicrobial drugs in the 
market. 

In spite of several efforts during the last few decades 
to develop new antimicrobials, the efforts were not 
completely successful to control the rapid upsurge of 
resistance genes evolving among both Gram-positive 
and Gram-negative pathogens[5]. In this regard, there 
is an urgent need to develop new and improved 
antimicrobial drugs. Antimicrobial research is important 
not only for development of effective treatments but 
also for the increased business potential of the pharma 
industry[4,6]. Recently thiazole, a five-membered ring 
heterocycle with three carbons, one sulphur atom and 
one nitrogen atom; and its derivatives thiazolidinones 
having carbonyl group at 2, 4 or 5-position have been 
a focus of therapeutic interest[7,8]. It has been revealed 
by Palekar et al.[9], Hamama et al.[10], Kumar et al.[11], 
Kaminskyy et al.[12], Samadhiya et al.[13] and others[14] 
that in different synthetic drugs pharmacological 
activities are associated with the thiazolidinone ring 
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system as a core structure. Substituents at 2, 3 and 
5-position are useful for varying the properties but 
greatest difference in structure and properties has 
been exerted by groups attached to carbon atom in 
2-position[15]. As the thiazolidinone possesses almost 
all different types of pharmacological activities, it 
has been considered as supernatural moiety or magic 
moiety i.e. a wonder nucleus[16-19]. On the other hand, 
triazine derivatives are another important class of 
heterocycles having wide range of biological activities 
including antimicrobial, anticancer, antimalarial, 
antiviral, antitubercular and antiHIV[20]. 

Furthermore, several systems of heterocyclic 
compounds having triazine linked-thiazolidinones 
have been synthesized and their pharmacological 
activities were examined[21-23]. The thiazolidinones 
bearing triazine analogues have been found to 
be potential bioactive molecules[24-27]. Therefore, 
it was thought worthwhile to develop a scheme 
which combines biolabile nuclei, 1,3,5-triazine and 
thiazolidinones together in a molecular framework so 
that their additive effect can increase already existing 
antimicrobial potential. In line with this, our earlier 
work on aryl substituted 3-(4,6-dichloro-1,3,5-triazin-
2-yl)thiazolidin-4-ones contributed for evaluation of 
the antibacterial and antimicrobial activity[28].

In the present work, aryl substituted 3-(4,6-dichloro-
1,3,5-triazin-2-yl)thiazolidin-4-ones (fig. 1) were 
synthesized from aromatic aldehyde, 4,6-dichloro-
1,3,5-triazin-2-amine and ethyl 2-mercaptoacetate 
using dry ethanol. The structure of these compounds 
was confirmed on the basis of 1H nuclear magnetic 
resonance (NMR), and mass spectra. Antiinflammatory 
activity of all the synthesized compounds was screened. 
In the structure activity relationship (SAR) study, the 
biological activity of these molecules was compared 
with that of a reference compound. Furthermore, in 
recent years, different computational techniques have 
gained popularity to get insight into the mechanism 
of action of small molecules and streamline the future 
optimizations to achieve required objectives. Therefore, 
molecular docking, which is a structure-based drug 
design technique study was performed to determine 
the pharmacophore model (ligand-based drug design) 
to understand the key structural features, which could 
help in further optimization of triazine-thiazolidinone 
derivatives to obtain better drug candidates. 

MATERIAL AND METHODS 

For the synthesis of 3-(4,6-dichloro-1,3,5-triazin-2-

yl)-2-phenylthiazolidin-4-one derivatives, 2-amino-
4,6-dichloro-1,3,5-triazine, substituted aromatic 
aldehyde and ethyl-2-mercaptoacetate were obtained 
from commercial sources. The solvent dry ethanol 
was purified by distillation before use. IR spectra were 
recorded on a Shimadzu FT-IR-8400 instrument using 
KBr pellet method at the Department of Chemistry, 
Dayanand College, Solapur. Mass spectra were 
recorded on a Shimadzu GC-MS-QP-2010 model 
using direct injection probe technique and the 1H NMR 
was determined in CDCl

3
 solution on a Bruker Ascend-

TM 400MHz-NMR spectrometer at S.A.I.F. Division, 
Indian Institute of Technology, Bombay. 

Synthesis of 3-(4,6-dichloro-1,3,5-triazin-2-yl)-2-
phenyl thiazolidin-4-one (4a): 

The synthesis of the target compounds was 
accomplished via one-pot multicomponent reaction. 
A mixture of 2-amino 4,6-dichloro-1,3,5-triazine (1, 1 
mmol, 0.164 g), benzaldehyde (3, 1 mmol, 0.106 g) 
and ethyl-2-mercaptoacetate (2, 1 mmol, 0.120 g) was 
refluxed for 2 h in dry ethanol (20 ml) as reported in 
our previous article[23]. The progress of reaction was 
monitored by TLC (toluene:acetone, 4:6). The excess 
alcohol was evaporated in the vacuum. The resulting 
crude product was added to crush ice. The solid obtained 
was washed with water, dried and recrystallized from 
ethanol to afford final respective compounds (4a). 
Similarly remaining compounds (4b-l) were prepared. 
The synthetic strategy for novel compounds triazine 
based thiazolidinones is outlined in fig. 2. The structure 
of all synthesized compounds was confirmed on the 
basis of 1H NMR, mass spectra and elemental analysis. 
The products were further ascertained by physical and 
analytical analyses. 

Spectral data:

3 - ( 4 , 6 - d i c h l o r o - 1 , 3 , 5 - t r i a z i n - 2 - y l ) - 2 -
phenylthiazolidin-4-one (4a), pale yellow solid; yield- 

N

NN

Cl

Cl N

S

O

R

Fig. 1: Design scaffold
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80 %, melting point (mp)- 138-140°. 1H NMR (400 
MHz, CDCl

3
): δ (ppm) 7.41-6.85 (m, 5H), 5.33 (s, 1H), 

3.40 (d, J=7.1 Hz, 2H). IR (KBr): ν (cm-1) 2842 (C-H 
str. in aromatic ring), 1723 (C=O of thiazolidinone), 
1660 (-C=C- str. in aromatic ring ), 814 (C-N- str. 
in s-triazine). MS (70 eV) m/z: 325.96 [M+ 100 %], 
327.96 [M+2, 66.66 %], 329.96 [M+4, 11.11 %]. Anal. 
calcd. for C

12
H

8
Cl

2
N

4
OS: C, 44.05; H, 2.46; N, 17.12: 

S, 9.80; found: C, 43.98; H, 2.35; N, 17.00: S, 9.60 %. 

3 - ( 4 , 6 - d i c h l o r o - 1 , 3 , 5 - t r i a z i n - 2 - y l ) - 2 - ( 4 -
methoxyphenyl)thiazolidin-4-one (4b), pale yellow 
solid; yield- 82 %, mp- 140-142°. 1H NMR (400 MHz, 
CDCl

3
): δ (ppm) 7.41 (m, 2H), 6.89 (m, 2H), 5.34 (d, 

1H), 3.82 (s, 3H), 3.43 (d, J=7.2 Hz, 2H). IR (KBr): ν 
(cm-1) 2838 (C-H str. in aromatic ring), 1720 (C=O of 
thiazolidinone), 1655 (-C=C- str. in aromatic ring), 813 
(C-N- str. in s-triazine). MS (70 eV) m/z: 355.98 [M+, 
100 %], 357.98 [M+2, 66.66 %], 358.98 [M+3, 11.66 
%], anal. calcd. for C

13
H

10
Cl

2
N

4
O

2
S: C, 43.71; H, 2.82; 

N, 15.68: S, 8.98; found: C, 43.30; H, 2.45; N, 15.48: 
S, 8.40 %.

3-(4,6-dichloro-1,3,5-triazin-2-yl)-2-(2-fluorophenyl)
thiazolidin-4-one (4c): pale yellow solid, yield- 78 
%, mp- 145-147°. 1H NMR (400 MHz, CDCl

3
): δ 

(ppm) 7.58 (td, J=7.5, 1.9 Hz, 1H), 7.32 (td, J=6.6, 
5.8, 3.7 Hz, 1H), 7.18 (td, J=7.6, 1.2 Hz, 1H), 7.06 
(ddd, J=9.5, 8.3 .1.2 Hz, 1H, Ar-H), 5.94 (d, J=7.4 Hz, 
1H), 4.25 - 4.10 (m, 2H). IR (KBr): ν (cm-1) 2836 (C-H 
str. in aromatic ring), 1715 (C=O of thiazolidinone), 
1629 (-C=C- str. in aromatic ring ), 809 (C-N- str. 
in s-triazine). MS (70 eV) m/z: 343.90 [M+, 100%], 
345.90 [M+2, 66.66 %], 347.11 [M+4, 11.11 %], anal. 
calcd for C

12
H

7 
F Cl

2
N

4
OS: C, 41.75; H, 2.04; N, 16.23: 

S, 9.29; found: C, 41.55; H, 2.00; N, 16.10: S, 9.10 %.

2-(4-bromo-2-fluorophenyl)-3-(4,6-dichloro-1,3,5-
triazin-2-yl)thiazolidin-4-one (4d): pale yellow solid, 

yield- 76 %, mp- 145-147°. 1H NMR (400 MHz, 
CDCl

3
): δ (ppm) 7.48-7.42(m, 1H), 7.33 (dd, J=8.4, 

2.0 Hz, 1H), 7.25 (dd, J=9.4, 1.9 Hz, 1H), 5.86 (s, 
1H), 4.20 - 4.13 (m, 2H). IR (KBr): ν (cm-1) 2830 (C-H 
str. in aromatic ring), 1719 (C=O of thiazolidinone), 
1650 (-C=C- str. in aromatic ring), 810 (C-N- str. in 
s-triazine) cm-1. MS (70 eV) m/z: 424.8 [M+, 60 %], 
424.8 [M+2, 100 %], 424.8 [M+4, 46 %], 424.8 [M+6, 
6 %], anal. calcd for C

12
H

6 
F Br Cl

2
N

4
OS: C, 33.99; H, 

1.43; N, 13.21: S, 7.56; found: C, 33.41; H, 1.35; N, 
13.10: S, 7.20 %.

2-(4-bromophenyl)-3-(4,6-dichloro-1,3,5-triazin-2-yl)
thiazolidin-4-one (4e), pale yellow solid, yield- 80 %, 
mp- 160-162°. 1H NMR (400 MHz, CDCl

3
): δ (ppm) 

7.53-7.47(m, 2H), 7.41-7.34 (m, 2H), 5.34 (s, 1H), 
4.17 (q, J=7.2 Hz, 2H). IR (KBr): ν (cm-1) 2830 (C-H 
str. in aromatic ring), 1721(C=O of thiazolidinone), 
1656 (-C=C- str. in aromatic ring), 811 (C-N- str. in 
s-triazine). MS (70 eV) m/z: 403.86 [M+, 60 %], 405.86 
[M+2, 100 %], 407.86 [M+4, 46 %], 409.86 [M+6, 6 
%], anal. calcd. for C

12
H

7
BrCl

2
N

4
OS: C, 35.49 ; H, 

1.74 ; N, 13.80; S, 7.90, found: C, 35.30; H, 1.45; N, 
13.48; S, 7.20 %.

3-(4,6-dichloro-1,3,5-triazin-2-yl)-2-(4-chloro-2-
fluorophenyl) thiazolidin-4-one (4f), pale yellow solid, 
yield- 81%; mp: 155-157°. 1H NMR (400 MHz, CDCl

3
): 

δ (ppm) 7.69 (dd, J=6.4, 2.6 Hz, 1H), 7.41 (ddd, J=8.7, 
4.6, 2.6 Hz, 1H), 6.95 (dd, J=9.6, 8.7 Hz, 1H), 5.86 
(s, 1H), 4.17 (m, 2H). IR (KBr): ν (cm-1) 2820 (C-H 
str. in aromatic ring), 1720 (C=O of thiazolidinone), 
1651 (-C=C- str. in aromatic ring), 812(C-N- str. in 
s-triazine). MS (70 eV) m/z: 377.93[M+, 100 %], 
379.93 [M+2, 100 %], 381.93 [M+4, 33 %], 383.93 
[M+6, 4 %], anal. calcd. for C

12
H

6
FCl

3
N

4
OS: C, 37.97 

; H, 1.59 ; N, 14.76: S, 8.45; found: C, 37.41; H, 1.35; 
N, 14.30: S, 8.20 %.

 

Ethanol 
90° 

2 H 

Fig. 2: Synthesis of aryl substituted 3-(4,6-dichloro-1,3,5-triazin-2-yl)thiazolidin-4-one derivatives
R=4a-l; 4a=phenyl, 4b=4-methoxy, 4c=2-fluoro, 4d=2-fluoro-4-bromo, 4e=2-bromo, 4f=2-fluoro-5-chloro, 4g=3-methyl, 4h=4-nitro, 
4i=2-hydroxy, 4j=3-methoxy, 4k=2,5-difluoro, 4l=3-CN
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3 - ( 4 , 6 - d i c h l o r o - 1 , 3 , 5 - t r i a z i n - 2 - y l ) - 2 - m -
tolylthiazolidin-4-one (4g), pale yellow solid, yield- 
86 %, mp- 140-142°. 1H NMR (400 MHz, CDCl

3
): δ 

(ppm) 7.37-7.33(m, 2H), 7.32-7.27 (m, 2H), 5.88 (s, 
1H), 2.21 (s, 3H), 4.22-4.27 (d, J=7.2 Hz, 2H). IR 
(KBr): ν (cm-1) 2842 (C-H str. in aromatic ring), 1718 
(C=O of thiazolidinone), 1660 (-C=C- str. in aromatic 
ring), 814(C-N- str. in s-triazine). MS (70 eV) m/z: 
340.6 [M+, 100 %], 342.6 [M+2, 66.66 %], 344.6 
[M+4, 11.11 %], anal. calcd. for C

13
H

10
Cl

2
N

4
OS: C, 

45.76; H, 2.95; N, 16.42: S, 9.40; found: C, 45.56; H, 
2.65; N, 16.10: S, 9.30 %.

3-(4,6-dichloro-1,3,5-triazin-2-yl)-2-(4-nitrophenyl)
thiazolidin-4-one (4h), pale yellow solid, yield- 78 %, 
mp- 170-172°. 1H NMR (400 MHz, CDCl

3
): δ (ppm) 

7.66 (m, 2H), 6.85(m, 2H), 5.84 (s, 1H), 4.19-4.12 
(m, 2H). IR (KBr): ν (cm-1) 2836 (C-H str. in aromatic 
ring), 1721 (C=O of thiazolidinone), 1641 (-C=C- str. 
in aromatic ring), 807(C-N- str. in s-triazine). MS (70 
eV) m/z: 370.8 [M+, 100 %], 372.8 [M+2, 66.66 %], 
374.8 [M+4, 11.11 %], anal. calcd. for C

12
H

7
Cl

2
N

5
O

3
S 

: C, 38.72 ; H, 1.90 ; N, 18.82: S, 8.62; found: C, 38.41; 
H, 1.65; N, 18.40: S, 8.40 %.

3 - ( 4 , 6 - d i c h l o r o - 1 , 3 , 5 - t r i a z i n - 2 - y l ) - 2 - ( 2 -
hydroxyphenyl)thiazolidin-4-one (4i), pale yellow 
solid, yield- 82 %, mp- 160-162°; 1H NMR (400 MHz, 
CDCl

3
): δ (ppm) 7.58 (d, J=11 Hz, 1.8 Hz, 1H), 7.32 

(d, J=6.5, 5.7, 3.6 Hz, 1H), 7.18 (d, J=7.5, 1.3 Hz, 
1H), 7.06 ( dd, J=9.4, 8.2 .1.2 Hz, 1H, Ar-H), 5.92 
(d, J=7.5 Hz, 1H), 4.21 - 4.12 (m, 2H), IR (KBr): ν 
(cm-1) 2838 (C-H str. in aromatic ring), 1722 (C=O of 
thiazolidinone), 1630 (-C=C- str. in aromatic ring), 806 
(C-N- str. in s-triazine), MS (70 eV) m/z: 341.7 [M+, 
100 %], 343.7 [M+2, 66.66 %], 345.7 [M+4, 11.11 %], 
anal. calcd for C

12
H

8 
Cl

2
N

4
O

2
S : C, 42.00; H, 2.35; N, 

16.33: S, 9.34; found: C, 41.90; H, 2.10; N, 16.10: S, 
9.20 %.

3 - ( 4 , 6 - d i c h l o r o - 1 , 3 , 5 - t r i a z i n - 2 - y l ) - 2 - ( 3 -
methoxyphenyl)thiazolidin-4-one (4j), pale yellow 
solid, yield- 80 %, mp- 141-143°, 1H NMR (400 MHz, 
CDCl

3
): δ (ppm) 8.15 (s, 1H, Ar-H), 7.93 (m, 1H, Ar-

H), 7.60 (m, 1H, Ar-H), 7.46 ( m, 1H, Ar-H), 5.37 (d, 
J=7.1 Hz, 1H), 3.75(s, 3H), 3.38 (d, 2H); IR (KBr): ν 
(cm-1) 2834 (C-H str. in aromatic ring), 1717 (C=O of 
thiazolidinone), 1625 (-C=C- str. in aromatic ring), 806 
(C-N- str. in s-triazine), MS (70 eV) m/z: 355.7 [M+, 
100%], 357.7 [M+2, 66.66 %], 359.7 [M+4, 11.11 %], 
anal. calcd for C

13
H

10
Cl

2
N

4
O

2
S: C, 43.71; H, 2.82; N, 

15.68: S, 8.98; found: C, 43.50; H, 2.75; N, 15.42: S, 
8.60 %.

3 - (4 ,6 -d i ch lo ro -1 ,3 ,5 - t r i a z in -2 -y l ) -2 - (2 ,5 -
difluorophenyl)thiazolidin-4-one (4k), pale yellow 
solid, yield- 75 %, mp- 178-180°. 1H NMR (400 
MHz, CDCl

3
) δ (ppm): 7.72 (dd, J=6.3, 2.5 Hz, 1H), 

7.39 (dd, J=8.6, 4.5,2.5 Hz, 1H), 6.85 (dd, J=9.5, 
8.6 Hz, 1H), 5.80 (s, 1H), 4.15 (m, 2H), IR (KBr): ν 
(cm-1) 2825 (C-H str. in aromatic ring), 1725 (C=O 
of thiazolidinone), 1650 (-C=C- str. in aromatic ring 
), 813(C-N- str. in s-triazine) cm-1, MS (70 eV) m/z: 
361.1 [M+, 100%], 363.1 [M+2, 66.66 %], 365.1 [M+4, 
11.11 %], anal. calcd for C

12
H

6
Cl

2
F

2
N

4
OS: C, 39.69; H, 

1.67 ; N, 15.43: S, 8.83; found: C, 39.50; H, 1.44; N, 
15.33; S, 8.32 %.

3 - ( 3 - ( 4 , 6 - d i c h l o r o - 1 , 3 , 5 - t r i a z i n - 2 - y l ) - 4 -
oxothiazolidin-2-yl)benzonitrile (4l), pale yellow 
solid, yield- 78 %, mp- 145-147°, 1H NMR (400 MHz, 
CDCl

3
): δ (ppm) 7.94 (s, 1H, Ar-H), 7.59 (s, 1H, Ar-

H), 7.34-7.21 (m, 1H, Ar-H), 7.04-7.02 ( m, 1H, Ar-
H), 5.78 (s, 1H), 3.40-3.36(m, 2H), IR (KBr): ν (cm-

1) 2835 (C-H str. in aromatic ring), 1724 (C=O of 
thiazolidinone), 1640 (-C=C- str. in aromatic ring), 
806(C-N- str. in s-triazine), MS (70 eV) m/z: 350.8 
[M+, 100%], 352.8 [M+2, 66.66 %], 354.8 [M+4, 11.11 
%], anal. calcd for C

13
H

7
Cl

2
N

5
OS: C, 44.33; H, 2.00 ; 

N, 19.88; S, 9.10; found: C, 44.10; H, 1.90; N, 19.56: 
S, 8.89 %.

Antiinflammatory assay: 

Proinflammatory cytokine production by 
lipopolysaccharide (LPS) in THP-1 cells was 
measured according to the method described by 

Hwang et al.[29]. During the assay, THP-1 cells were 
cultured in RPMI 1640 culture medium (Gibco BRL, 
Pasley, UK), containing 100 U/ml penicillin and 100 
mg/ml streptomycin containing 10 % foetal bovine 
serum (JRH). Cells were differentiated with phorbol 
myristate acetate (PMA, Sigma). Following cell 
plating, the test compounds 3-(4,6-dichloro-1,3,5-
triazin-2-yl)-2-phenylthiazolidin-4-one (4a-l) in 0.5 % 
dimethyl sulfoxide were added to each well separately 
and the plate was incubated for 30 min at 37°. Finally, 
LPS (Escherichia coli 0127:B8, Sigma Chemical Co., 
St. Louis, MO) was added, at a final concentration of 
1 µg/ml in each well. Plates were further incubated at 
37° for 24 h in 5 % CO

2
. After incubation, supernatants 

were harvested and assayed for tumor necrosis 
factor (TNF)-α and IL-6 by ELISA as described by 
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the manufacturer (BD Biosciences). The percent 
inhibitions were measured at 10 µM concentration. 
The dexamethasone was used as standard drugs. The 
results are tabulated in Table 1.

Molecular docking: 

Literature and RCSB Protein Data Bank (www.rcsb.
org) survey revealed that no TNF-α trimer has been 
cocrystallized with small molecules; however a TNF-α 
dimer structure binding with a small molecule SPD304 
is available. Therefore, for molecular docking, 
the 3D-structure of human TNF-α with antagonist 
SPD-304 (PDB code: 2AZ5, resolution: 2.1 Å) was 
downloaded and subjected to minimization using 
UCSF Chimera (http://www.cgl.ucsf.edu/chimera/). 
Molecular docking was performed using NRG 
Suite[30,31], a python and C++ based PyMOL plugin, 
which detects surface cavities in proteins and use them 
as target binding-sites for docking simulations with 
the aid of FlexAID[30,31]. In the present work, following 
default settings were used to get optimum performance 
of NRGsuite: binding sites input method, spherical 
shape; spacing of three dimensional grid: 0.375Å; 
side chain flexibility- no; ligand flexibility- yes; ligand 
pose as reference- yes; constraints- no; HET groups- 
included water molecules; vander Walls permeability- 
0.1; solvent types- no type; number of chromosomes- 
1000; number of generations- 1000; fitness model- 
share; reproduction model- population boom; number 
of TOP complexes- 10.

Pharmacophore modelling: 

For pharmacophore modelling, PyMOL 2.1[32] along 

with its plugin LIQUID and LigFit were used with 
default settings. The molecules (three most active) 
were aligned to get consensus pharmacophore model.

RESULTS AND DISCUSSION

The synthesis of different 3-(4,6-dichloro-1,3,5-
triazin-2-yl)-2-phenyl thiazolidin-4-ones (4a-l) 
were successfully achieved by the reaction between 
aromatic aldehyde, 4,6-dichloro-1,3,5-triazin-2-amine 
and ethyl 2-mercaptoacetate in dry ethanol and yield 
of the product obtained was from 76 to 86 %. The 
antiinflammatory activity of 3-(4,6-dichloro-1,3,5-
triazin-2-yl)-2 phenylthiazolidin-4-ones were recorded 
on the basis of reference standard drug dexamethasone 
and tabulated in Table 1. Some of the compounds 
showed highest (4c, 4f and 4k) antiinflammatory 
activity. To understand the structural feature, which 
steer the activity profile, all the molecules were docked 
in the active site of TNF-α. For the sake of convenience 
and representation, herein, we present the docking pose 
for most active molecule 4k. Fig. 3 shows the molecular 
docking poses for molecule 4k, as a representative, 
within the active site of the enzyme TNF-α and fig. 4 

shows the consensus pharmacophore model for most 
active molecules after alignment. 

In this multicomponent reaction (fig. 2), synthesis 
of 3-(4,6-dichloro-1,3,5-triazin-2-yl)-2-phenyl 
thiazolidin-4-ones was obtained in good to better yield. 
This cyclo-condensation multicomponent reaction 
starts with reaction of 4,6-dichloro-1,3,5-triazin-2-
amine and aldehyde, which on further reaction with 
ethyl 2-mercaptoacetate gives the cyclic intermediates 
and finally results into product. The mechanism of this 
cyclo-condensation multicomponent reaction is shown 
is fig. 5.

From antiinflammatory activity data of 3-(4,6-dichloro-
1,3,5-triazin-2-yl)-2-phenylthiazolidin-4-ones  
(Table 1), it was observed that the compounds 4c, 
4f, and 4k were found to be comparatively active as 
TNF-α and IL-6 inhibitor (up to 60-72 % TNF-α and 
67-79 % IL-6 inhibitory activity), while compounds 4k 

(72 % and 79 %) exhibiting highest inhibition against 
TNF-α and IL-6, respectively at 10 µM. It is to be 
noted that the compound found to be equieffective 
to 1 µM dexamethasone. The compounds 4d and 4j 
exhibited moderate activity (45-57 % inhibition) while 
other compounds exhibited low (4b, 4e, 4i, 4l) to very 
low (4a, 4g, 4h) activity at same level of concentration. 
The substitution of functional group such as –OCH

3
, 

-OH, -Cl and –F showed significant activity. The 

Compounds 
(4a-l)

Substituent R
% Inhibition at 10 µM

TNF-α IL-6

4a H 12 20

4b 4-OMe 32 29

4c 2-F 70 76

4d 2-F, 4-Br 54 57

4e 4-Br 22 23

4f 2-F, 5-Cl 60 67

4g 3-Me 10 18

4h 4-NO
2

15 20

4i 2-OH 22 29

4j 3-OMe 45 54

4k 2-F, 5-F 72 79

4l 5-CN 30 29

Reference 

drug

Dexamethasone 

(1 µM)
75 81

TABLE 1: ANTIINFLAMMATORY ACTIVITY 

OF 3-(4,6-DICHLORO-1,3,5-TRIAZIN-2-YL)-2-

PHENYLTHIAZOLIDIN-4-ONE DERIVATIVES
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Fig. 3: Docking poses for molecule 4k
Molecular docking poses for the representative molecule 4k within the active site of the enzyme TNF-α

 

(a)         (b) 

 

 

 

 

 

 

Fig. 4: Consensus pharmacophore model for most active molecules after alignment 
(a) Pharmacophore model with molecules as visible, (b) pharmacophore model with molecules made invisible (green contour: 
hydrophobic, red contour: H-bond acceptor)
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antiinflammatory activity data shows that presence of 
fluorine group at C-2 and C-5 of phenyl ring plays an 
important role in the activity. The presence of ‘F’ group 
at C-5 enhances the antiinflammatory activity (4k). 
Because of the presence of chlorine instead of fluorine 
at C-5 compound (4f) little bit reduces the activity. 
Further, it was observed that the presence of fluorine at 
position-2, bromine at position-4 and methoxy group 
at position-3 on phenyl ring showed moderate activity. 
Interestingly, the presence of other functional groups 
on different position on phenyl such as 4-OMe, 4-Br, 
3-Me, 2-OH, 4-NO

2 
and 5-CN exhibits low to very low 

activity. 

It was revealed from these SAR studies that the 
presence of a halide (electron donating deactivating 
group) -F and -Cl at C-5 position tolerates the 
procytokine activity. It was found that fluorine imparts 
the special characteristics that enhance therapeutic 
efficiency and improved pharmacological properties in 
active molecules. Thus, the compound 4k and 4c were 
found to be potential antiinflammatory agents amongst 
the series of compounds studied. 

The molecular docking analysis for most active molecule 
4k revealed that the molecules have hydrophobic and 
polar interactions with the receptor residues (fig. 3). 
From the docking pose, it appeared that the molecule 

4k adopted a claw-like shape and presented at the 
interface of two chains of the enzyme. Its aromatic 
ring was found to be responsible for hydrophobic 
interactions with nearby residues viz. Leu55, Leu120, 
and Tyr59. The importance of hydrophobic part of 
molecules has also been highlighted by the consensus 
pharmacophoric analysis (fig. 4).

The two chlorine atoms on the triazine ring also favors 
hydrophobic interaction with the residues viz. SER60, 
Tyr151, Gly122, and Leu120. Therefore, presence of 
two chlorine atoms is a good feature for retentions 
in the future optimizations. The five membered 
thiazolidinone rings has contributed as a bridge and 
added additional flexibility to adopt the appropriate 
conformation inside the active site of the receptor. This 
ring is closer to chain B of the receptor and responsible 
for polar interactions with the following residues of 
chain B viz. Ser60 and Gln61. It appeared that docking 
and pharmacophore analyses provide similar results 
and highlight hydrophobic as important feature for 
activity optimization.

In the present work, all molecules (4a-4l) were 
subjected to molecular docking in the active site of 
human TNF-α. Table 2 contains the docking scores for 
the molecules. For the sake of validation of molecular 
docking, the original ligand (SPD304) was also docked 
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Fig. 5: Mechanism of the multicomponent reaction
Multicomponent reaction involved in the synthesis of aryl substituted 3-(4,6-dichloro-1,3,5-triazin-2-yl) thiazolidin-4-ones



www.ijpsonline.com

September-October 2019Indian Journal of Pharmaceutical Sciences858

in the active site of the receptor and its docking score is 
also tabulated in Table 2. From the Table 2, it is clear that 
the original ligand (SPD304) has better binding with 
the receptor than the molecules 4a-4l. Therefore, future 
modifications are required to increase selectivity and 
activity profile of triazine thiazolidinone derivatives, 
synthesized in the present work, for human TNF-α.

In summary, a series of 3-(4,6-dichloro-1,3,5-triazin-2-
yl)-2-phenylthiazolidin-4-one derivatives (4a-l) were 
synthesized in good to better yield by condensation 
cyclisation reaction between substituted aromatic 
aldehyde, 4,6-dichloro-1,3,5-triazin-2-amine and ethyl 
2-mercaptoacetate using dry ethanol. The SAR study, 
suggested that the halogenated electron-withdrawing 
groups imparted greater antiinflammatory activity 
from the title hybrid skeleton. Furthermore, molecular 
docking and pharmacophore analyses provided similar 
results and highlighted hydrophobic moieties as 
prominent features for activity optimization.
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4e Brc1ccc(C2N(c3nc(Cl)nc(Cl)n3)C(=O)CS2)cc1 -5.9886723

4f Clc1nc(Cl)nc(N2C(=O)CSC2c2c(Cl)cccc2F)n1 -6.1999474

4g Clc1nc(Cl)nc(N2C(=O)CSC2c2cc(C)ccc2)n1 -6.0782661

4h Clc1nc(Cl)nc(N2C(=O)CSC2c2ccc([N+](=O)[O-])cc2)n1 -6.4120026

4i Clc1nc(Cl)nc(N2C(=O)CSC2c2c(O)cccc2)n1 -5.9833794

4j Clc1nc(Cl)nc(N2C(=O)CSC2c2cc(OC)ccc2)n1 -6.1720862

4k Clc1nc(Cl)nc(N2C(=O)CSC2c2c(F)cccc2F)n1 -5.9358053

4l Clc1nc(Cl)nc(N2C(=O)CSC2c2cc(C#N)ccc2)n1 -6.3134403

SPD304 FC(F)(F)c1cc(-n2c3c(c(C[N+](CC[N+](CC4=C(O)c5c(OC4)cc(C)c(C)c5)C)C)c2)cccc3)ccc1 -7.6338243

TABLE 2: DOCKING SCORES FOR MOLECULES 4A-4L AND ORIGINAL LIGAND (SPD304)
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A B S T R A C T 

In this study, a series of novel substituted 

propane-1,3-diones i.e. β-diketones (4a-d) 

were synthesized in high yields via Baker-

Venkataraman rearrangement of different 

substituted 2-benzoyloxy acetophenones (3a-

d) with potassium hydroxide in pyridine 

medium. The structures of titled compounds 

were established on the basis of spectral data 

studies of IR and 
1
H NMR. Furthermore, 

these compounds were tested in-vitro against 

human pathogens in order to assess their 

antibacterial and antifungal activity using 

agar diffusion method.  

 

1. Introduction 

In recent years, β-diketones or 1,3-diketones 

have attracted considerable attention of 

chemists, biochemists and pharmacologists 

because of their ready access, predictable 

reactivity, non-toxicity and serve as precursors 

for the synthesis of various biologically active 

heterocyclic compounds
1-2

 such as pyrazoles, 

isoxazoles, imidazoles, benzimidazoles, 

diazepines and benzodiazepines. They have 

been used as chelating ligand for various 

lanthanides and transition metals in material 

chemistry
3
. Aside from their synthetic 

importance, they have been found to exhibit 

significant pharmacological activities like 

antibacterial
4
, antioxidant

5
, antiviral

6
, 

systematic insecticidal
7
, prophylactic 

antitumour
8
 and breast cancer chemo-preventive 

blocking agent
9. In addition, substituted β-

diketones like (4-tert-butyl-4’-

methoxydibenzoylmethane), 1-(4-tert-

butylphenyl)propane-1,3-dione and 1-p-

cumenyl-3-phenylpropane-1,3-dione have been 

used in UV sunscreen cosmetics  that filters 

ultraviolet rays to protect skin
10

 and recently it 

is reported that β-diketones in its keto-enol form 

are also the important pharmacophores for the 

HIV-1 integrase (1N) inhibitors
11. As β-

diketones are having such diverse biological 

and pharmacological applications, we decided 

to prepare a new series of substituted propane-1, 

3-diones. Hence, in the present work, we have 

synthesised  some novel substituted propane-

1,3-diones i.e. β-diketones (4a-d) containing  p-

chloro-m-cresol moiety by Baker-

Venkataraman rearrangement of corresponding 

substituted 2-benzoyloxyacetophenones (3a-d), 

characterized them by IR and 
1
H NMR spectral 

data and investigate their antimicrobial activity. 

 

2. Materials and Methods 

All chemicals and solvents used in this study 

were of analytical grade obtained from S.D.Fine 

Chemicals, Merck and Alfa Aesar Company 

Ltd. The melting points were determined by 

open tube capillary method and were found 

uncorrected. The structures of newly 

synthesized products were characterized by 

spectral data studies of IR and 
1
H NMR. The IR 

spectra were recorded in KBr on Shimadzu 

(IRAffinity-1) FTIR spectrophotometer. The 
1
H 

NMR spectra were recorded on Bruker Avance 

II 400 MHz NMR spectrometer using DMSO-

d6 as solvent and TMS as an internal standard. 

All the products were purified by 

recrystalization and their purity was checked by 

thin layer chromatography (TLC) on silica gel-

G plates. 

 

3. Synthesis of substituted propane-1,3-

diones i.e. β-diketones (4a-d) 

The synthesis of β-diketones involves following 

steps: 
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3.1 General procedure for synthesis of p-

chloro-m-cresyl acetate (1) 

Initially p-chloro-m-cresol (a) was refluxed 

with acetic anhydride in presence of anhydrous 

sodium acetate for 1.5 hour. The reaction 

mixture was allowed to cool followed by 

decomposition in cold water. The two layers are 

formed, out of which lower organic layer was 

separated by means of separating funnel and 

purified by distillation to get p-chloro-m-cresyl 

acetate (1).   

 

3.2 General procedure for synthesis of 5-

chloro-2-hydroxy-4-methylacetophenone (2) 

The p-chloro-m-cresyl acetate (1) and 

anhydrous AlCl3 were heated at 120
o
C for 1 

hour undergone Fries rearrangement followed 

by decomposition in 10% ice cold HCl to form 

crude ketone. It was purified by dissolving it in 

acetic acid and pouring the solution drop wise 

into cold water with stirring to get 5-chloro-2-

hydroxy-4-methylacetophenone (2). 

 

3.3 General procedure for synthesis of 

substituted 2-benzoyloxy acetophenones (3a-d) 

The 5-chloro-2-hydroxy-4-methylacetophenone 

(2) (0.04 mol) and appropriate substituted 

benzoic acids (0.05mol) were dissolved in dry 

pyridine and POCl3 was added drop by drop 

with stirring till the viscous mass is obtained. 

Maintain the temperature below 10
o
C during the 

addition of POCl3. The reaction mixture was 

kept overnight at room temperature and then 

decomposed by 10% HCl. The solid product 

thus separated was filtered, washed with water 

followed by 10% NaHCO3 solution and then 

again with water. Finally it was crystallized 

from hot ethanol to get corresponding 

substituted 2-benzoyloxy acetophenones (3a-d).  

 

3.4 General procedure for synthesis of 

substituted propane-1,3-diones (4a-d) through 

Baker-Venkataraman rearrangement 

Substituted 2-benzoyloxy acetophenones (3a-d) 

(0.05mol) was dissolved in dry pyridine (40 

ml). The solution was warmed up to 60
o
C and 

pulverized KOH was added slowly with 

constant stirring. After 6-8 hours the reaction 

mixture was acidified by ice cold dil.HCl (1:1). 

The coloured solid product thus separated was 

filtered, washed with 10% NaHCO3 and finally 

several times by water. It was then recrystalized 

from ethanol-acetic acid mixture to get 

corresponding substituted propane-1, 3-diones 

i.e. β-diketones (4a-d) as shown in Figure 1. 

The physical characterization data are given in 

Table 1. 
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Where R1 = NO2, Br, Cl and R2 = H, Cl  
Fig.1: Reaction scheme for synthesis of substituted propane-1,3-diones (4a-d) 

 

4. Spectral data of substituted propane-1, 3-

diones (4a-d) 1-(5’-chloro-2’-hydroxy-4’-

methylphenyl)-3-(4’-nitrophenyl)propane-1,3-

dione (4a) 

IR (KBr): 3388 cm
-1

 (Phenolic -OH stretch), 

2918 cm
-1

 (Aromatic C-H stretch), 2848 cm
-

1 
(Aliphatic C-H stretch), 1695 cm

-1 
(C=O 

stretch), 1590 cm
-1

 (Aromatic C=C stretch), 

1338 cm
-1

 (C-N stretch), 715 cm
-1 

(C-Cl 

stretch). 
1
H NMR (DMSO-d6): δ 4.2 (S, 1H of 

OH), δ 2.5 (S, 3H of CH3), δ 3.34 (S, 2H of 
CH2), δ 6.78-8.33 (m, 6H of Ar-H).  

 

1-(5’-chloro-2’-hydroxy-4’-methylphenyl)-3-

(4’-bromophenyl)propane-1,3-dione (4b)           

IR (KBr): 3202 cm
-1

 (Phenolic -OH stretch), 

3073 cm
-1

 (Aromatic C-H stretch), 2929 cm
-

1 
(Aliphatic C-H stretch), 1709 cm

-1 
(C=O 

stretch), 1564 cm
-1

 (Aromatic C=C stretch), 707 

cm
-1 

(C-Cl stretch), 545 cm
-1 

(C-Br stretch). 
1
H 

NMR (DMSO-d6): δ 4.75 (S, 1H of OH), δ 2.3 
(S, 3H of CH3), δ 2.5 (S, 2H of CH2), δ 6.91-

8.04 (m, 6H of Ar-H).  
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1-(5’-chloro-2’-hydroxy-4’-methylphenyl)-3-

(4’-chlorophenyl)propane-1,3-dione(4c)                                                                                      

IR (KBr): 3413 cm
-1

 (Phenolic -OH stretch), 

3136 cm
-1

 (Aromatic C-H stretch), 2950 cm
-

1 
(Aliphatic C-H stretch ), 1720 cm

-1 
(C=O 

stretch), 1540 cm
-1

 (Aromatic C=C stretch), 710 

cm
-1 

(C-Cl stretch). 
1
H NMR (DMSO-d6): δ 

4.54 (S, 1H of OH), δ 1.69 (S, 3H of CH3), δ 
2.28 (S, 2H of CH2), δ 6.69-7.82 (m, 6H of Ar-

H).  

1-(5’-chloro-2’-hydroxy-4’-methylphenyl)-3-

(2’,4’-dichlorophenyl)propane-1,3-dione (4d)                  

IR (KBr): 3734 cm
-1

 (Phenolic -OH stretch), 

3096 cm
-1

 (Aromatic C-H stretch), 2919 cm
-

1 
(Aliphatic C-H stretch), 1653 cm

-1 
(C=O 

stretch), 1538 cm
-1

 (Aromatic C=C stretch), 731 

cm
-1 

(C-Cl stretch). 
1
H NMR (DMSO-d6): δ 

4.75 (S, 1H of OH), δ 2.3 (S, 3H of CH3), δ 2.5 
(S, 2H of CH2), δ 6.95-8.02 (m, 5H of Ar-H).

 

Table 1: Physical characterization data of substituted propane-1,3-diones (4a-d) 

 

5. Antimicrobial Activity 

5.1 Antibacterial activity 

The newly synthesized compounds (4a-d) were 

investigated for their in-vitro antibacterial 

activity against Escherichia coli (Gram -ve), 

Pseudomonas aeruginosa (Gram -ve) and 

Bacillus subtilis (Gram +ve) at different 

concentrations ranging from 25-1000 µg/ml by 

agar diffusion method
12-13

. DMSO was used as 

solvent to prepare the solutions of compounds 

and nutrient agar was used as media. 

Ciprofloxacin was used as standard antibiotic 

for reference. Initially the stock cultures of 

bacteria were revived by inoculating in broth 

media and grown at 37ºC for 18 hrs. The agar 

plates of the above media were prepared and 

wells were made in the plate. Each plate was 

inoculated with 18 hrs old cultures (100 μl, 104
 

cfu) and spread evenly on the plate. After 20 

minutes, the wells were filled with of different 

concentrations of compounds and antibiotic. All 

the plates were incubated at 37ºC for 24 hrs and 

diameter of inhibition zone were noted. The 

antibacterial activity along with values of MICs 

of compounds and antibiotic are given in Table 

2-5

. 

Table 2: Antibacterial activity of substituted propane-1,3-diones (4a-d) against Escherichia 

coli 

 

Table 3: Antibacterial activity of substituted propane-1,3-diones (4a-d) against Pseudomonas 

aeruginosa 

Sr.No. Compound R1 R2 
Mol. 

Formula 
Mol.Wt. 

M.P. 

(
o
C) 

Colour % Yield 

1 4a NO2 H C16H12ClNO5 333.72 
218-

220 
Yellow 70 

2 4b Br H 
C16H12BrClO

3 
367.62 

112-

114 
Yellow 68 

3 4c Cl H C16H12Cl2O3 323.17 
140-

142 
Yellow 72 

4 4d Cl Cl C16H11Cl3O3 357.62 
142-

144 
Yellow 75 

Compound 25 µg 50 µg 100 µg 250 µg 500µg 1000 µg MIC µg 

4a 0 0 0 0 0 0 NF 

4b 0 0 0 0 0 0 NF 

4c 0 0 0 0 0 0 NF 

4d 0 0 0 0 0 0 NF 

Compound 25 µg 50 µg 100 µg 250 µg 500µg 1000 µg MIC µg 

4a 0 0 0 0 0 5 1000 

4b 0 0 0 0 0 0 NF 

4c 0 0 0 0 0 0 NF 

4d 0 0 0 0 0 5 1000 
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Table 4: Antibacterial activity of substituted propane-1,3-diones (4a-d) against Bacillus 

subtilis 

 

  Table 5: Antibacterial activity of standard Ciprofloxacin against human pathogens 

 

NF-MIC not found and *Zones could not be measured due to merging. 

 

5.2 Antifungal activity 

The antifungal activity of newly synthesized 

compounds (4a-d) was also investigated in-vitro 

against Aspergillus flavus, Candida albicans 

and Neurospora crassa at different 

concentrations ranging from 25-800 µg/ml by 

agar diffusion method. DMSO was used as 

solvent to prepare the solutions of compounds 

and Czapek-Dox agar was used as media. 

Amphotericin was used as standard antibiotic 

for reference. Initially the stock cultures of 

fungi were revived by inoculating in broth 

media and grown at 27ºC for 48 hrs. The agar 

plates of the above media were prepared and 

wells were made in the plate. Each plate was 

inoculated with 48 hrs old cultures (100 μl, 104
 

cfu) and spread evenly on the plate. After 20 

minutes, the wells were filled with of different 

concentrations of compounds and antibiotic. All 

the plates were incubated at 27ºC for 96 hrs and 

diameter of inhibition zone were noted. It is 

observed that, the compounds have not shown 

any inhibition zone. The antifungal activity of 

standard Ampotericin along with their MICs is 

given in Table 6. 

 

Table 6: Antifungal activity of standard Amphotericin against human pathogens 

 

 

 

 

 

Result and Discussion 

In the present work, a series of novel substituted 

propane-1,3-diones (4a-d) were synthesized in 

high yields from corresponding substituted 2-

benzoyloxy acetophenones (3a-d) through 

Baker-Venkataraman rearrangement. The 

structures of these compounds were established 

from their physical and spectral data. The IR 

and 
1
H NMR spectra showed all the expected 

signals /peaks which correspond to various 

groups present in each compound. All the newly 

synthesized substituted propane-1,3-diones 

were investigated for their in vitro antibacterial 

and antifungal activities. It was observed that all 

the compounds 4a, 4b, 4c, and 4d has not 

showed any zones of inhibition against E.coli at 

all the concentrations tested. The compounds 4a 

and 4d both showed 5mm of inhibition zones at 

1000 µg/ml concentration whereas compounds 

4b and 4c has not showed any zones of 

inhibition at all concentrations against 

P.aeurigonosa. The compound 4a showed 4 and 

7mm of zones at 500 and 1000 µg/ml 

concentrations respectively and also the 

compound 4d showed 4mm of zone at 1000 

µg/ml concentrations against B.subtilis whereas 

for the compound 4b and 4c inhibition zones 

were not observed against B.subtilis. From the 

results of antifungal activity, it was observed 

that, all the synthesized compounds 4a-d have 

not showed any inhibition against Aspergillus 

flavus, Candida albicans and Neurospora 

crassa. 

 

Compound 25 µg 50 µg 100 µg 250 µg 500µg 1000 µg MIC µg 

4a 0 0 0 0 4 7 500 

4b 0 0 0 0 0 0 NF 

4c 0 0 0 0 0 0 NF 

4d 0 0 0 0 0 4 1000 

Organism 25 µg 50 µg 100 µg 250 µg 500µg 1000 µg MIC µg 

E.coli 26 29 32 34 38 * 25 

P.aeruginosa 30 32 34 35 38 * 25 

B.subtilis 20 24 27 30 36 * 25 

Organism 25 µg 50 µg 100 µg 200 µg 400µg 800 µg MIC µg 

A.flavus 0 0 0 0 7 10 400 

C.albicans 0 2 7 9 13 15 50 

N.crassa 0 0 0 0 7 9 400 
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Conclusion 

In this study, a new series of substituted 

propane-1,3-diones (4a-d)  were successfully 

derived from p-chloro-m-cresol, analysed for 

their structures and investigated for their 

antimicrobial activity. The results of 

antimicrobial activity reveals that, all the 

compounds 4a-d showed negative antifungal 

activity against all the fungi tested and found to 

be inactive at all the analysed range of 

concentrations. But in case of antibacterial 

activity, we concluded that these compounds 

are poorly active against tested bacteria as 

compared to standard ciprofloxacin. If the 

concentration of these synthesized compounds 

increases, its activity may also increases. 
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Abstract  

Pharmacodynamics and pharmacokinetics of drug received importance in the study of drug 
potency. Physicochemical parameter of newly synthesized molecules reasonably influence to different 
steps of pharmacodynamics.  Intermolecular interactions and stability constant related to activity 
synthesized molecules. Present work  concerning to the interaction newly synthesized 4-
Phenylthiocarbamidophenol (L1) and  4-(p-Chloro)phenylthiocarbamido phenol (L2) and  Cu(II) and Cd(II) 
metal ions in 70% ethanol-water mixture. Jobs method of continuous variation is used through this 
investigation. The stiochiometry of complex formation found to be 1:1. This investigation helps to 
understand drug effect and drug activity of newly synthesized drugs.  
Keywords :- 4-Phenylthiocarbamidophenol (L1) and 4-(p-Chloro) phenylthiocarbamido phenol (L2), 
Stability constant, Jobs Method of Continuous variation.  
 

INTRODUCTION 

Drugs Potency closely related to molecular structure and their ionic interactions. Interaction of 
newly synthesized molecules with deferent metal ions has received some major importance to understand 
their intra and inter molecular interactions. Solution equilibrium of molecule possible to understood from 
complex formation ability of ligands and activity of complexes. Physical properties of lignads are 
relatively corresponding to complexation and its knowledge bear to know composition as well as 
conformation of complex formation.  Drug activity, drug effect, transmission of drug and absorption of 
drug all these four factors are depending on stability constant of molecule. Absorption directly 
proportional to concentration and it is alter by different physical parameters of molecules. 
Spectrophotometric technique more efficiently examines absorption. Thus this technique has a great 
significance in measurments of stability constant and confirmation of complex formation in solution. 
Wagh [1] and Deshamukh [2] determined log K value of chalcones pyridine carboxylic acids and 
hydroxyl ethyl benzene. Galhan et al [3] studied (E)-2-(mercaptophe -nylaminoethylene)-3-oxo-N-p-
tolylbutamide with some metal ion by spectrophotometrically. Boldescu et al [4] Spectrophotometrically 
studied sangurine-bcyclodextrin complex formation. Spectrophotometrically determination of 
phenylprine hydrochloride and salbutamol sulphate drugs in pharmaceutical preparation using diazotized 
metacloprine hydrochloride was carried out by Al-Abachi and Abed [5]. Alsamarrai et al [6] investigated 
ephedrine-hydrochloride by spectrophotometrically. Saleha et al [7] investigated sulphsalazine antibiotics 
drugs. Investigation of ion complex formation of anti-hypertensive drug mehtyldopal was studied [8]. 
Meshram [9]  studied complexation by interaction of Dy (III) with lincomycine and lyrodoxin in 70% 
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ethanol-water medium. Spectrophotometric study of diflunisal febuxostate metaxalone, fexofenadine 
methyl ester and linezolide pharmaceutical dosages using tetracynoethelene was carried out by Shrinivas 
et al[10] .  
Wadekar and Tayade [11] studied conditional stability constants and confirmation of complex formation of Cu 
(II), Cd (II) and Cr (III) complex with substituted thio- carbamidonaphthols Spectrophotometrically. Valtierra 
–Alvardo et al [12] investigated complex formation equilibrium of Cu(II). Solvent effect on dissociation 
of ammonium and pyridinium ion was studied by Ohataki [13]. Investigation of effect of dielectric 
constant on Cu(II) –Complexes of phthalic acid in various percentage of dioxane-water mixture was 
carried by Palaskar [14]. To study the interaction of 4-Phenylthiocarbamidophenol (L1) and  4-(p-

Chloro)phenylthiocarbamido phenol (L2) and Cu (II) and Cd(II) metal ions spectrophotometrically. This 
investigations helps to understand metal-ligand stability constant and confirmation of complexes 
formation of these interaction at 0.1 M ionic strength. Job method of continuous variation used to through 
current work. It is specially associated to study of effect of solvents, effect of ligands and group as well as 
effect of metal ions during formation of complexes.  
 

MATERIALS and METHOD :  

Experimental  

4-Phenylthiocarbamidophenol (L1) and 4-(p-Chloro)phenylthiocarbamido phenol (L2), has been 
synthesized in laboratory by standard method. The nitrate salts of Nickel was used & their solutions were 
prepared in double distilled water. The solutions of potassium nitrate was prepared (1M) & used for 
maintaining ionic strength constants. Absorption are measured by UV Spectrophotometer model 106, 
(Systronic make) with an accuracy = ± 0.005 was used.  
 

RESULTS and DISCUSSION 

 Spectrophotometric Measurement 

 Job's Method 

Jobs method of continuous variation method is reliable to examine formation of complex [15]. Jobs 
method consist of equimolar solutions of metal and ligand varying proportion in such manner that total 
concentration of metal plus ligand is constant in resulting mixtures[16]. The compositions of metal ions 
solution (1 x10 -2 M) & ligand (1x 10-2M) were prepared in ten series. Ionic strength was maintained 
constant (0.1M) by adding an appropriate amount 0f  1M KNO3 solution in 10 ml volume (λmax) was 
determined using one of the compositions at which there is maximum absorption. The absorption for all 
the compositions were recorded at a constant wave length (λmax). The data of absorption & % 
composition of metal ion and ligand solutions at constant pH can be used to construct the curves. It was 
observed that 1:1 complex formation occurs in the pH range of  3 to 6. Each solution is diluted up to 15 
ml and recorded absorption at same (λ max). Conditional stability constants of metal ligand complexes 
were calculated for all the systems using following expression. 
               X                                  X 
K = -----------------       =    ------------------- 
         (a1-x) (b1-x)                  (a2-x) (b2-x) 
 
K = Conditional stability constants of complex.      X = Concentration of complex. 
a1 & a2 = Concentration of metal ions;          b1 & b2 = Concentration of ligand. 
Conditional stability constants of metal ligand complexes showed in Table-1
 

 

 

 

 

http://www.ijrar.org/


© 2018 IJRAR January 2019, Volume 06, Issue 1          www.ijrar.org  (E-ISSN 2348-1269, P- ISSN 2349-5138) 

 

 IJRAR19J1360 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org 442 
 

Table – 1: Determination of Conditional Stability of Metal Ligand Complexes 

System Conditional stability constant 
K 

Log K 

L1+Cu(II) 1.4930 X 10-3 0.1741 X 10-3 
L2+Cu(II) 2.4740 X 10-3 0.3934 X 10-3 

 

L1+Cd(II) 1.8060 X 10-3 0.2568 X 10-3 
L2+Cd(II) 1.4590 X 10-3 0.1641 X 10-3 

 
CONCLUSION 

Table No. 1 reveals that resultant values obtain for L1 and L2 are fairly good.   There is no appreciably 
change in log K values. This indicated the simultaneously complex formations.  
L2+Cu(II) interaction has more Log K value than  L1+Cu(II) interaction. It indicate that  L2 able to form 
more stable complex with Cu(II) than L1 and L1+Cd(II) interaction has more Log K value than  L2+Cd(II) 
interaction. It indicate that L1 able to form more stable complex with Cd(II) than L2 .  

 Variation in Log K values observed due to direct interfere of dielectric constant, solvent-solvent 
interaction, solute-solvent interaction and solute-solute-solvent interaction. This investigation helps to 
study of drug activity and drug effect of newly synthesized drugs.  
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A B S T R A C T 

A simple,efficient and new series of propane-

1,3-diones i.e.β-diketone derivatives (4a-d) 

were prepared via Baker-Venkataraman 

rearrangement from substituted 2-

benzoyloxy acetophenones (3a-d) with 

potassium hydroxide in pyridine medium 

and obtained in good yields.The structures of 

the titled compounds were confirmed by 

spectral data studies of IR and 1H NMR.The 

antibacterial and antifungal activity of these 

newly synthesized compounds (4a-d) were 

screened by paper disc method and appeared 

to be significant. 

Keywords: 2-Benzoyloxy acetophenones 

,Propane-1,3-diones, IR and 1H NMR , 

Antifungal activity, Antibacterial activity 

 

1.Introduction  

Development of simple synthetic steps to 

widely used organic compounds using readily 

available of reagents are one of the most 

important objectives of organic synthesis. In 

Baker-Venkataraman rearrangement 

thesynthesis from o-aryloxy acetophenone to β-

diketones was utilized. The β-diketones was 

shows various pharmacological activities like, 

prophylactic antitumor1, antioxidant2, 

antisunscreen agents3and biological 

activity4.The β-diketones have been widely 

used for the synthesis of heterocyclic 

compounds such as flavones5,pyrazoles6,2-

mercapto pyrimidine7etc.Now recently β-

diketones are well known to have keto-enol 

tautomerism and reported that they have 

important pharmacophores for the HIV-

integrase (1N) inhibitiors8.Substituted propane 

1,3-diones are used in various drug containing 

the heterocyclic moieties, such as isoxazole, 

carbazole, imidazole and thiazole etc. The β-

diketones are used as a ligand in co-ordination 

chemistry9-10. The synthesis of substituted 

propane -1,3-diones (β-diketones) are of 

tremendous important in organic chemistry and 

medicine, so by focusing on these aspects we 

are going to synthesized β-diketones asa 

precursor for different heterocyclic compounds 

and study their spectroscopic data and 

antimicrobial properties. 

 

2. Materials and Methods  

All solvents and chemicals were of research 

grade, highest purity and commercially 

available. The melting points were taken in 

open capillaries using paraffin Thiele’s tube. 

All the synthesized compounds were purified by 

recrystallization method. The IR spectra were 

recorded on Shimadzu IR affinity-1FTIR 

spectrophotometer in KBr pallets and values 

were expressed in cm-1.1H NMR spectra were 

recorded on Bruker Avance II 4000 NMR 

spectrophotometer in DMSO-d6 as a solvent 

and TMS as an internal standard.  

 

3.Synthesis of substituted propane-1,3-diones 

(β-diketones) (4a-d) 

The synthesis involves the following steps. 

 

3.1. General procedure for the synthesis of 4-

bromo phenyl acetate (1) 

4-bromo phenol (0.05mol) fused with acetic 

anhydride(5ml) and add sodium acetate. The 

mixture was refluxed for about 1hr. then cooled 

for 15 min. and poured in ice crushed water. 

Acetate layer was separate out by separating 

funnel and wash several times by water. The 

product was purified by distillation process to 

obtained a pure 4-bromo phenyl acetate (1). 
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3.2. General procedure for the synthesis of5-

bromo,2-hydroxy acetophenone (2) 

Place anhydrous aluminum chloride (120 g) in 

kjeldal flask and add 4-bromo phenyl acetate 

(1) (40 ml) drop wise in a flask. Heat the 

reaction mixture in oil bath for 60 min at 120
0
C 

temperature. The reaction mixture was cooled 

and add in to acidified ice crushed water to get 

crude product. It was purified by dissolving 

product in acetic acid and decompose in ice 

cold water to get 5-bromo,2-hydroxy 

acetophenone (2). 

 

3.3 General procedure for the synthesis of 2-

substituted benzoyloxy 5-bromo acetophenone 

(3a-d) 

Place 5-bromo,2-hydroxy acetophenone (2) 

(0.05mol) and substituted benzoic acid 

(0.05mol) were dissolved in dry pyridine at 

0
0
C.Then add POCl3 dropwise with constant 

stirring bellow 10
0
C temperature. The reaction 

mixture was allowed to stand for overnight at 

room temperature. The reaction mixture was 

poured in ice cold acidified 10% HCl. Then the 

product was wash by 10%NaHCO3 and several 

times by water. Recrystallized the product by 

ethanol to obtained a series of 2- substituted 

benzoyloxy 5-bromo acetophenone (3a-d). 

 

3.4 General procedure for the synthesis of 

substituted propane-1, 3-diones(β-diketones) 

(4a-d) 

A series of substituted propane-1,3-diones (4a-

d) was synthesized by Baker–Venkataraman 

transformation reaction as shown in figure 1. 

Take 2-substituted benzoyloxy 5-bromo 

acetophenone (3a-d) (0.05mol) was dissolved in 

dry pyridine. The reaction mixture was heated 

up to 60
0
C and add pulverized KOH slowly 

with constant stirring. After 5-6 hr. the reaction 

mixture was acidified by dil. HCl (1:1) in ice 

cold water. The crude product was filtered, 

washed with NaHCO3(10%) and several times 

by water. Recrystallized the product from 

ethanol-acetic acid mixture to get substituted 

propane 1,3-diones (β-diketones) (4a-d) having 

good yield as shown in table1 

. 

Figure 1. Scheme for the synthesis of substituted propane-1,3-diones (β-diketones) (4a-d)  
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4. Spectral data of all substituted propane -

1,3-diones(4a-d) 

4.1: 1-(5’-bromo-2’-hydroxy phenyl)-3-(4’-

methyl phenyl) propane-1,3-dione(4a) 

Solid, dark yellow colour, IR (KBr): 3335 cm
-

1
(Phenolic -OH stretch),3034 cm

-1
(Aromatic C-

H stretch), 2945 cm
-1

(Aliphatic C-H 

stretch),1690 cm
-1

(C=O stretch),1505 cm
-

1
(Aromatic C=C stretch).

1
H NMR (DMSO-d6): 

δ 4.8 (S,1H of OH), δ 2.5 (S, 3H of CH3), δ 
3.44 (S, 2H of CH2), δ 7.2-8.12(m,7H of Ar C-

H).  

4.2: 1-(5’-bromo-2’-hydroxy phenyl)-3-

(4’nitrophenyl) propane-1,3-dione(4b) 

Solid dark yellow colour, IR (KBr):3388 cm
-

1
(Phenolic -OH stretch), 2918 cm

-1
(Aromatic C-

H stretch), 2858 cm
-1

 (Aliphatic C-H 

stretch),1652 cm
-1

(C=O stretch),1564 cm
-

1
(Aromatic C=C stretch),1377 cm

-1
(C-N 

stretch).
1
H NMR (DMSO-d6): δ 6.7 (S, 1H of 

OH), δ 3.36 (S, 2H of CH2), δ 6.85-8.30 (m, 7H 

of Ar C-H). 
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Table 1 – Physical data of substituted propane-1,3-dione (β-diketones) (4a-d). 

 

 

M.F.-Molecular formula, M.W.-Molecular weight, M.P.-Melting points 

4.3: 1-(5’-bromo-2’-hydroxyphenyl)-3-

(2’chlorophenyl) propane-1,3-dione(4c)  

Solid dark brown colour,IR (KBr): 3300 cm
-1

 

(Phenolic -OH stretch), 3131 cm
-1

(Aromatic C-

H stretch), 2918 cm
-1

 (Aliphatic C-H stretch), 

1703 cm
-1

 (C=O stretch),1559 cm
-1

(Aromatic 

C=C stretch),766 cm
-1

(C-Cl stretch).
1
H NMR 

(DMSO-d6): δ 3.53 (S, 1H of OH), δ 2.63 (S, 
2H of CH2), δ 6.92-8.19 (m,7H of Ar C-H). 

4..4: 1-(5’-bromo-2’-hydroxyphenyl)-3-

(4’chlorophenyl) propane-1,3-dione(4d)  
Solid dark yellow colour,IR (KBr): 3310 cm

-1
 

(Phenolic -OH stretch), 3124 cm
-1

 (Aromatic C-

H stretch), 3042 cm
-1

 (Aliphatic C-H stretch), 

1733 cm
-1

 (C=O stretch), 1558 cm-1(Aromatic 

C=C stretch), 709 cm
-1

(C-Cl stretch). 
1
H NMR 

(DMSO-d6): δ 4.76 (S, 1H of OH), δ 3.87 (S, 
2H of CH2), δ 6.97-8.11 (m, 7H of Ar C-H). 

5.Antimicrobial activity 

 5.1 Antibacterial Activity  

The Synthesized   substituted propane-1,3-

diones (β-diketones) (4a-d) was screened by 

antibacterial activity against gram +ve 

Staphylococcus aureus 

and gram –ve Salmonella typhi bacteria by 

paper disc method
11

.The compounds 4a-d was 

tasted at 50 µg/ml,100 µg/ml and 250µg/ml of 

concentration in DMSO solvent in which sterile 

filter paper disc was dipped. Dried the disc and 

placed the nutrient ager plates spreaded with 

bacteria. After 24 hr. of incubation at 37
0
C the 

dimeter of zone of inhibition were measured in 

mm by metric ruler scale and compared with 

standard ampicillin at 25 µg/ml concentration as 

antibiotic drug. The results of screening are 

given in table 2. 

 

Table 2 -  Antibacterial activity of substituted   propane-1, 3-dione (4a-d) 

 

Std.-Ampicillin, Control-DMSO Solvent," -- "denoted No zone of inhibition 

 

5.2 Antifungal Activity 

 The synthesized substituted propane-1,3-diones 

(β-diketones) (4a-d) was also screened for 

antifungal activity against candida albican and 

aspergillus niger by using paper disc method at 

50 µg/ml,100 µg/ml and 250 µg/ml 

concentration in DMSO solvent. The zone of 

inhibition was measured in mm scale. The 

antifungal activity of the synthesized 

compounds was compared with standard 

Fluconazole at 25 µg/ml concentration as an 

antibiotic drug. The result of antifungal data 

was found to be very poor. The β-diketones (4a-

d) does not show any zone of inhibition. 

 

Result and Discussion 

Entry Compound 

Code 

R1 R2 M.F. M.W.  M.P. (
o
C) Yield% 

1 4a H CH3 C10H13BrO3 335.18 154-156 72 % 

 2 4b H NO2 C15H10BrNO5 364.15 190-192 68% 

3 4c Cl H C15H10BrClO3 353.6 112-114 70% 

4 4d H Cl C15H10BrClO3 353.6 114-116 74% 

Zone of inhibition (in mm) at µg/ml concentrations 

Entry Compound 

Codes 

Staphylococcus aureus 

(Gram +ve) 

Salmonella typhi 

(Gram –ve) 

  50 100 250 50 100 250 

1 4a -- -- -- -- -- -- 

2 4b 9.0 7.0 8.0 -- -- -- 

3 4c 9.0 6.0 7.0 -- -- -- 

4 4d 8.0 8.0 14.0 7.0 7.0 7.0 

5 Std. 24.0 24.0 24.0 24.0 24.0 24.0 

6 Control -- -- -- -- -- -- 
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A series of substituted propane-1,3-diones(β-

diketones) (4a-d) was synthesized by Baker–

Venkataraman transformation to get good yield. 

Among the all compounds 4b,4c and 4d shows 

comparatively better zone of inhibition than 4a 

against Staphylococcus aureus(Gram +ve)and 

4d show good activity than 4a,4b and 4c against 

S. typhi (Gram –ve). The observed data of 

antifungal activity were found to be inactive. 

Compound 4a,4b,4c and 4d does not shows any 

zone of inhibition at any concentration. 

 

Conclusion 

In the present work newly synthesized 

substituted propane-1,3-diones (β-diketones) 

(4a-d) involves different steps to get good yield 

in a short time period. The structure of β-

diketones was elucidated on the basis of 
1
H 

NMR and IR spectral data. In antibacterial 

activity only compound 4b,4c and 4d shows 

zone of inhibition against s. aureus. The only 

compound 4d shows zone of inhibition against 

s. typhi. The result of antifungal activity is 

negative in which compound 4a-d does not 

show any zone of inhibition against candida 

albican and aspergillus nigar. We are 

continuing our research work in extending of β-

diketones (4a-d) for further synthesis of hetero 

cyclic compounds 
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Abstract: 

      A new series of bromo and nitro substituted isoxazolines (3a-d) were synthesized by reacting bromo and 

nitro substituted chalcones (2a-d) with hydroxyl amine hydrochloride   respectively. All these compounds 

were characterized by means of their UV,IR,1H NMR, spectroscopic data and elemental analysis. 

Keywords: Chalcones,Isoxazolines  

INTRODUCTION: 

   The dihydroderivatives of isoxazole (a) are known as isoxazolines. A heterocyclic compound is one which 

possesses a cyclic structure with at least two different kinds of atoms in the ring. Compounds incorporating 

heterocyclic ring systems continue to attract considerable interest due to the wide range of biological 

activities. Amongst them five membered heterocyclic compounds occupy a unique place in the realm of 

natural and synthetic organic chemistry. Five membered heterocycles like isoxazoline have found wide 

applications pharmaceutical and agrochemical agents. 

Experimental 

General procedure for synthesis of chalcones (2a-d) 

   A mixture of substituted acetophenones (0.01 mole) and substituted benzaldehyde (0.01 mole) was stirred 

in ethanol (15 ml) and to this solution 10% potassium hydroxide added gradually with constant stirring. The 

reaction mixture was kept overnight at room temperature and then it was poured into crushed ice and 

acidified with dil. HCI. The product precipitates out was filtered washed with NaHCO3 solution and 

crystallized from ethanol Scheme 1 
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General procedure for synthesis of isoxazolines (3a-d) 

   Bromo and nitro substituted chalcone (2a-d) (0.01 mol) and  hydroxyl amine hydrochloride (0.02mol) was 

refluxed in ethanol (20 ml) and piperidine (0.5ml) for about 1.5 hrs. After cooling; the reaction mixture was 

acidified with HCl. The solid product thus separated was filtered, washed first with sodium bicarbonate 

solution (10%) and then with water. Finally it was crystallized from ethanol to get isoxazolines (3a-d). 

Physical and analytical data of compounds are given in table 1. 

Physical and analytical data of compounds (2a-d,3a-d). 

table 1. 

Compou

nd no. 

R1 R2 R3 M.F. m.p.0

C 

Yield 

% 

C % H % N % 

2a Br H Cl C16H12O2BrCl 101 72 53.98 3.01 -- 

2b NO2 H Cl C16H12O4NCl 115 68 59.95 3.01 4.01 

2c Br Cl Cl C16H11O2BrCl2 82 72 49.01 2.03 -- 

2d NO2 Cl Cl C16H11O4NCl2 102 78 54.02 2.99 3.10 

3a Br H Cl C16H13BrClNO2. 120 60 52.01 3.07 3.00 

3b NO2 H Cl C16H13ClN2O4. 135 76 56.9 3.02 8.00 

3a-d 
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3c Br Cl Cl C16H12BrNO2Cl2. 160 70 47.00 2.03 3.02 

3d NO2 Cl Cl C16H12Cl2N2O4. 145 80 51.90 3.02 7.01 

 

Results and Discussion 

  The structure of synthesized compounds (2a-d,3a-d) were confirmed on the basis of spectral and elemental analysis 
.The IR spectrum of 2a-d exhibited a band due to –OH str.(3350.88cm-1), >C=O str. (1691.59 cm-1),-C=C-
str.(1613.84 cm-1), -Cl str.(1135.52 cm-1),-Br str.(1059cm-1).Futher,in1H NMR spectrum, the appearance of a signal at 
δ 2.4 (s,3H,-CH3), 7.09 to 7.83(m,6H, ArH), 7.85(d,1H,-COCH=CH-),8.2(d,1H,-COCH=CH-),11.17(s,1H,-
OH)confirms the presence of chalcone.       

      Similarly ,the structure of compounds 3a-d was confirmed on the basis of spectral and elemental analysis.The IR 
spectrum of 3a-d exhibited a band due to H-bonded OH stretching (3241.21cm-1), aromatic stretching, >CH 

(3087.43 cm-1), Aliphatic CH stretching 2922.35, C=N- str.( 1582.55cm-1), >CO stretching (1288.00 cm-1) and -

CBr stretching (1102.97 cm-1). Further, in their in1H NMR spectrum, the appearance of a signal at δ 2.33 (s,3H,Ar-
CH3); δ 3.5 (d, 2H, HeterocyclicCH2CH) , δ 5.06 (s,1H,-ArOH), δ 6.8 (t, 1H, HeterocyclicCH2CH), δ 7.09-

7.54 (m,6H,ArH)δ 1.2 (s,1H,-CH), δ 2.5(s,1H,-NH), δ 2.3.3 (s,3H,-CH3), δ 6.9(d,1H, =CH), δ 7.3 to 8.3(m,11H, 

ArH), and δ 12.3(s,1H,-OH) confirms the presence  isoxazoline. 

 

Acknowledgement 

The authors are thankful to Dr.P.R.Rajput ,Principal SSSKR,Innani Mahavidyalaya,Karanja Lad for his help 
in the preparation of isoxaazolines.The authors are also thankful to the Principal Dr.F.C.Raghuwanshi for 
providing facilities 

REFERENCES 

1. Wankhade, B.B., Chincholkar, M.M., Asian Journal Chem., 12(4), 1243, 2000. 

2. Patil, K.N., Ph.D. Thesis, Amravati University, 1993.  

3. Archana V.K., Shrivastava, Ramesh Chandra and Ashok Kumar, Indian J. Chem., 41B(11) 2325, 2002. 

4. Gmail Aziz, G., Nossoir, M.H., Doss, N.L. and Rizk, A.S., Indian J. Chem.,14(B), 286, 1976. 

5. Shiv Kumar, B.,  Nurgud, H.V.G., Indian J. Hertrochem, 8, 27, 1998. 

6. Paolo Quadrelli, Naiara Vazquez Martinez, Roberto Scrocchi, Antonino Corsaro and Venerando Pistarà, 

Scientific World Journal, 12, 2014. 

7. Ravi Kumar G., Sumana, Kotian Y., Narayana, Kangkunam C.S. Vicas, Lokanatha Rai, Ravi Shankar Rai and 

Byrappa, JCBPS; November 2015 – January, 6(1), 128-137, 2016. 

8. Raoni S. B. et al, J. Org. Chem., 9, 2387–2394,2013. 

9. Patel Ankit J., Patel Manish P., Indian Journal of Advances in Chemical Science, 4(4), 409-420, 2016. 

10. Tejaskumar Shah and Vikas Desai, J. Serb. Chem. Soc., 72 (5) 443–449, 2007. 

http://www.jetir.org/


© 2019 JETIR  March 2019, Volume 6, Issue 3                                        www.jetir.org  (ISSN-2349-5162) 

 

JETIR1903046 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 317 

 

11. Hidetoshi Yamamotoa, Sadaka Watanabe, Masayuki Hasegwa, Michihiko Noguchi and Shuji Kanemasa, J. 

Chem. Research (S), 284-286, 2003. 

 

 

  

http://www.jetir.org/


       ‘RESEARCH JOURNEY’ International E- Research Journal 
         

                             Impact Factor - (SJIF) – 6.261, (CIF ) - 3.452(2015), (GIF)–0.676 (2013) 

Special Issue 110 (B) : Chemistry 

UGC Approved Journal  

  ISSN :  

  2348-7143 

  February -2019 

   
 

443 Website – www.researchjourney.net         Email - researchjourney2014gmail.com  

 
 

Metal-Ligand Stability Constants  of Ni(II) and Co(II) ,Cu(II) Metal 

Ions Complexes With  Some Substituted Isoxazoline  Ph –Metrically 
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 Abstract:  

The stepwise stability constant values of substituted  isoxazolines with Ni(II) and Co(II) 

,Cu(II)  metal ion have been studied at 0.1M ionic strength pH-Metrically in  70% Dioxane -

Water mixture by Bjerrum method as adopted by Calvin Wilson. The values of proton-ligand 

stability constant (pK) and metal-ligand stability constant (log K) are calculated and from the 

data obtained it is observed that metal ions formed 1:1 complexes with ligands L1 and L2 using 

half integral & pointwise calculation method. 
 

 Keywords: Metal ions with Ni(II) and Co(II) ,Cu(II) 

L1:- :- (2-hydroxy-3-bromo-5-methylphenyl)-6-(3-Indole)-2-iminophenyl-3,6-dihydro-1,3-

thiazine  

L2  :- (2-hydroxy-3-nitro-5-methylphenyl)-6-(3-Indole)-2-iminophenyl-3,6-dihydro-1,3-

thiazine  

Solvent –70% Dioxane -Water mixture 
 

 Introduction:  

Substituted isoxazoline are an important class of heterocyclic compound and have attracts 

many researchers because of its application in medicinal field. The stability constant for the 

metal complexes are widely used in various fields such as biological processes, pharmaceuticals, 

analytical processes etc. Metal complexes play a very vital role in nature,with the view to 

understand the bio-inorganic chemistry of metal ion. Shelke et al.
5
 have investigated the 

interaction between UO2(II) and Cu(II) with dicarboxylic acids in dioxane-water mixture. 

  Narwade et al.
1
have studied the equilibrium constant of Fe(III) with substituted 

chalcones at 0.1 M ionic strength potentiometrically.Sawalakhe and Narwade
2
 have studied role 

of dielectric constants on substituted pyrazoline - complexes potentiometrically.Sawalakhe et al.
3
 

have studied stability constants of Cu(II) complexes with some substituted diketones at 0.1 M 

ionic strength by pH-metric technique. Gudadhe et al.
4
 have studied the formation constants and 

stability constants of Thorium(IV) complex with some substituted pyrazolines.Gopal Narain et 

al.
5
 studied characters of some Cobalt(II) complexes with substituted pyrazoles. Raghuwanshi et 

al.
6
 showed confirmation of complex formation of N, O and S containing hetrocycle with Cu(II) 

metal ion.Tayade V.B. et al7 had studied proton-ligand and metal-ligand stability constants of 

3,5-diarylpyrazolines, pyrazoles, isoxazolines and isoxazoles potentiometrically.Ramteke et 

al.
8
determined stability constants of 4-(2-chlorophenyl)-3-(3-furanoyl-5-(2-hydroxyphenyl) 

pyrazole with Cu(II), Ni(II), Co(II) and Nd(III) metal ions in 70% dioxane-water mixture. 
 

Experimental:  
The solution of ligands L1 and L2 were prepared in 70% dioxane-water mixture. The 

solution of NaOH, HNO3, KNO3 and metal ions CU (NO3)3,CO(NO3)3, and Ni(NO3)3 were 

obtained from BDH grade chemicals. The NaOH solution was standardized with oxalic acid, 

kept in pyrex vessel and used as a titrant for pH titrations. The 1.0 M KNO3 solutions were 

prepared to maintain the 0.1 M ionic strength of the solution. The metal nitrates were used to 

prepared the metal solution and were standardized by usual procedure.  
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Measurements:  
All measurements were carried out at 30±0.10C . Systronic microprocessor based pH 

meter with magnetic stirrer and combined glass and calomel electrode assembly used for pH 

measurements. The sensitivity of pH is 0.01 units . the instruments could read pH in the range 

0.00 to 14.00 in the step of 0.005. The pH meter was switched ON on half an hour before starting 

the titration for initial warm up of the instrument. It was calibrated before each titration with an 

aqueous standard buffer solution of pH 7.00 and 9.20 at (30±0.10C) prepared from a ‗Qualigens‘ 
buffer tablets. The hydrogen ion concentration was measured with combine glass electrode.  
 

Procedure:-  
Experimental procedure involves following three set of titrations  

•  Free acid titration (HNO3 , 1 x 10-2 M )  

•  Free acid + ligand titration (20 x 10-4M )  

•  Free acid + ligand + metal ion titration (4 x 10-4 M).  

were carried out with standard NaOH solution (0.1M) in presence of inner atmosphere by 

bubbling a contant flow of nitrogen gas. Data obtained from the titration was used to plot a graph 

between volume of NaOH and pH values, they are called acid , ligand and metal titration curves.  
 

Result and Discussion:  
Substituted isoxazolines is considered as monobasic acid having only one replaceable H+ 

ion from –OH group.  

HL H+ + L  

It is observed from titration curve for all the system that ligand curves start deviating 

from free acid (HNO3) curves at about 3.5 and deviated continuously upto pH-11. The deviation 

shows that dissociation of –OH group in substituted isoxazoline.  

Proton-ligand formation number nA were calculated from acid titration curve (A) and 

acid ligand titration curve (A+L) by standard method. It was found that values of decreases 

with increased pH of solution due to replacement of H+ ion from –OH group. The proton-ligand 

formation number were calculated by Irving and Rossotti expression.  

)T()VV(

)EN()VV(
n

0

L1

0

0

12
A  

V0:- is the initial volume of solution, E0 and T0L :- are initial concentrations of mineral acid and 

ligand respectively. , V1 and V2 are the volumes of alkali of a normality N during the acid and 

ligand titration at a given pH,  is the number of replaceable proton from the ligand.  
 

Determination of nA Values 

System – Ligand (L1)            Medium – 70% Methanol-water  

E° = 1.00 x 10
-2

 M   TL° = 20.00 x 10
-4

 M          Temp. = 30 ± 0.1°C 

N  =  0.10 N     = 0.1 M                  V
0
 = 25  ml 

                                                                  Table 1 

pH V1 V2 V2 – V1 nA 

6.00 6.00 5.85 .05 .95 

6.25 6.00 6.05 .05 .90 

6.50 6.00 6.10 .10 .86 

6.75 6.00 6.15 .15 .81 

7.00 6.00 6.20 .20 .72 

7.25 6.00 6.27 27 .63 

7.50 6.00 6.36 .36 .55 

7.75 6.00 6.41 .41 .4875 

Determination of nA Values                                         System – Ligand (L2) 
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Table – 2 

             

pH V1 V2 V2 – V1 nA 

5.75 6.00 6.04 0.04 .96 

6.00 6.00 6.08 .08 .92 

6.25 6.00 6.12 .12 .88 

6.50 6.00 6.16 .16 .84 

6.75 6.00 6.20 .20 .80 

7.00 6.00 6.25 .25 .75 

7.25 6.00 6.30 .30 .70 

7.50 6.00 6.34 .34 .66 

7.75 6.00 6.40 .40 .60 

8.00 6.00 6.46 .46 .54 

8.25 6.00 6.51 .51 .49 

8.50 6.00 6.55 .55 .45 
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Fig. 2 
Plot between  nA Vs pH  

System : (L2) 

 
 

Table 3 

Determination of Proton-Ligand Stability Constants (pK) 

No. Ligands pK Value 

L1 3-(2-hydroxy-3-bromo-5-methyl phenyl)-5-(3-indyl)-

isoxazoline 

8.78 

L2 3-(2-hydroxy-3-nitro-5-methyl phenyl)-5-(3-indyl)-

isoxazoline 

8.33 

                                                   Table 4 

                            Metal-Ligand Stability Constants (log K) 

System Metal-Ligand Stability Constants (Log K) 

log K1 log K2 

L1-Ni(II) 6.09 7.36 

L1-Cu(II) 6.13 7.24 

L1-Co(II) 5.62 6.34 

L2-Ni(II) 6.01 7.03 

L2-Cu(II) 6.76 8.51 

L2-Co(II) 7.00 9.21 
 

Conclusion;  
It was observed from above table-4 that log K2values are greater than log K1 values for 

all metal complexes. The difference between log K1 and K2 is greater than 1 which shows the 

formation of stepwise complex. If the difference is smaller than 1 then that shows the formation 

of simultaneous complexes. The higher values of ratio (logK1/logK2) indicate the more stable 

stepwise complex formation.  
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Abstract:  
The present work is based on the technique of pharmacophoric modeling to identify 

important structural features and their common pattern which is associated with anthelmintic 

activity of a registered pesticide Tolfenpyrad (TFP) and its derivatives. A dataset of forty 

derivatives of TFP, covering broad chemical space, was utilized for the present work. The 

analysis involved a number of steps to arrive at a common pharmacophoric pattern. The results 

highlight the importance of aromatic rings and local environment in the molecule. The results 

shall avail deeper understanding of anthelmintic activity of a registered pesticide Tolfenpyrad 

(TFP) and its derivatives to a greater extent. 
 

Keywords: Common Pharmacophore modeling, Drug designing, anthelmintic activity,  

Tolfenpyrad 
 

Introduction:  
Gastrointestinal roundworms (nematodes) are parasitic worms which cause severe 

decline in production especially in industries like dairy, meat, etc. Therefore, a variety of 

chemicals are used for controlling these pathogens. Unfortunately, recent reports have indicated 

that excessive and uncontrolled use of these drugs has resulted in appearance of resistance and 

tolerance to many anthelmintic agents. Therefore, repurposing of drug(s) or designing a new 

drug in time is essential to curb these parasites [1-4]. In last two decades, CADD (Computer 

Assisted Drug Designing) has appeared a rapid, cheaper and an alternative to traditional 

approaches like Free-Wilson, Topliss approach, etc. due to fast developments in computers, 

biochemistry, mathematics and medicinal chemistry. 

Pharmacophore modeling, QSAR (Quantitative Structure-Activity relationships), 

Molecular docking and many branches of CADD are routinely used by medicinal chemists to 

derive a better drug candidate possessing suitable chemical and biological profiles. 

Pharmacophore modeling is more popular and used when the 3D- structure of protein (target 

enzyme) with which a drug and its derivatives interact is unknown. In such a situation, 

pharmacophore modeling is used to derive a common pattern which is linked with the desired 

bioactivity [6-8]. Hence, in this work, we have established a consensus pharmacophore model for 

anthelmintic activity of a registered pesticide Tolfenpyrad (TFP) and its derivatives  

In 2019, Le et al [1] described anthelmintic activity of a registered pesticide Tolfenpyrad 

(TFP) and its analogues. TFP is a pyrazole-5-carboxamide class of complex I inhibitor. The 

recently synthesized compounds were tested for L3 motility and L4 development of H. contortus 

larvae and activity values (IC50) varies from micromolar (µM) to nanomolar (nM) range. 

Though, SAR (Structure Activity Relationships) were conversed in good details by them, but no 

effort was accomplished to generate consensus pharmacophore model. Hence, in this work, we 

derived consensus model using Tolfenpyrad (TFP) and its analogues for their activity against L4 

development of H. contortus larvae. The results shall a better understanding of structural features 

and their inter-relationships when developing a new drug for parasites.  
 

Experimental Methodology:  
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Dataset:  
The dataset consists of forty TFP derivatives exhibiting the anthelmintic activity, reported 

as IC50, in µM to nM range (1.69 to 0.0007 µM).  The complete dataset has good alteration with 

respect to substitution pattern, thereby broadening the chemical space coverage [1]. Hence 

worth, the carefully chosen dataset is big enough and broad to develop a consensus 

pharmacophore model. The dataset has been tabulated in table 1. 

Table 1. Different TFP derivatives along with reported IC50 for L4 used in the present work 

S.N. SMILES notation L4 (IC50) 

1.  C18H15Cl2N3O2 0.0007 ± 0.0001 

2.  C18H15ClFN3O2 0.0008 ± 0.0001 

3.  C19H17Cl2N3O2 0.0008 ± 0.0001 

4.  C19H18ClN3O2 0.003 ± 0.004 

5.  C20H20ClFN4O2 0.003 ± 0.004 

6.  C19H17ClFN3O2 0.004 ± 0.004 

7.  C18H16Cl2N4O2 0.008 ± 0.009 

8.  C19H18FN3O2 0.01 ± 0.007 

9.  C19H19ClN4O2 0.01 ± 0.01 

10.  C20H20ClFN4O2 0.019 ± 0.011 

11.  C17H14Cl2N4O2 0.02 ± 0.01 

12.  C21H22ClN3O2 0.03 ± 0.005 

13.  C20H21ClN4O2 0.03 ± 0.01 

14.  C18H16ClFN4O2 0.03 ± 0.02 

15.  C20H20ClFN4O2 0.03 ±0.02 

16.  C20H18Cl2FN3O2 0.035 ± 0.005 

17.  C21H21ClFN3O2 0.04 ± 0.005 

18.  C20H19ClFN3O2 0.04 ± 0.01 

19.  C20H18Cl2FN3O2 0.04 ± 0.01 

20.  C20H20ClN3O 0.04 ± 0.01 

21.  C21H22ClN3O 0.04 ± 0.02 

22.  C18H17ClN4O2 0.04 ± 0.03 

23.  C19H19FN4O2 0.05 ± 0.03 

24.  C21H23N3O2 0.057 ± 0.002 

25.  C21H21ClFN3O2 0.06 ± 0.03 

26.  C21H22FN3O 0.07 ± 0.06 

27.  C20H20ClN3O2 0.08 ± 0.006 

28.  C21H21ClFN3O2 0.08 ± 0.03 

29.  C19H19N3O2 0.13 ± 0.10 

30.  C21H21ClFN3O2 0.14 ± 0.05 

31.  C21H21ClN6O2 0.16 ± 0.11 

32.  C17H14ClFN4O2 0.17 ± 0.09 

33.  C20H21ClN4O 0.19 ± 0.08 

34.  C18H17FN4O2 0.19 ± 0.15 

35.  C20H20FN3O 0.19 ± 0.15 

36.  C19H19ClN4O 0.23 ± 0.12 

37.  C21H19ClN4O3 0.34 ± 0.32 
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38.  C20H21ClN4O3 0.45 ± 0.04 

39.  C20H21FN4O 0.97 ± 0.46 

40.  C20H18N4O2 1.69 ± 0.67 
 

Development of Pharmacophore model [6-8]:  

The complete procedure to derive a consensus model for pharmacophoric pattern 

identification encompasses many steps like structure drawing, their optimization by suitable 

method, alignment by appropriate method and creation of model. These steps were accomplished 

using the standard procedure reported in literature [6-8]. A brief description of these four main 

steps is as following: 

Step-1: The structures were drawn using ChemSketch 2012 freeware  

Step-2: PM3 semi-empirical method was used for structure optimization using MOPAC 2012 on 

Linux 

Step-3: Alignment of all the TFP derivatives using Open3dAlign software installed on 

Linux 

Step-4: Using the default settings, consensus pharmacophore model was formed using PyMOl 

2.2 
 

Results and Discussion: 

 
(a) (b) 

Figure 1. 3D- representation of consensus pharmacophoric pattern using the active molecule 1 as 

a representative only (Yellow: Hydrophobic, Blue: Negative and Red: Positive charged regions) 

(a) With molecule and (b) without molecule 

The consensus pharmacophore modeling recognized four regions of importance with 

respect to anthelmintic activity of TFP and its analogues. These four regions are: (1) Two 

hydrophobic regions (shown by yellow contours): one of the hydrophobic regions extends from 

benzene ring to a five membered heterocyclic ring whereas the other is due to remaining benzene 

ring, (2) Two negatively charged regions (shown by blue contour): the first negative region is 

due to linker -CO-NH- and the other is due to two N atoms of a five membered heterocyclic ring. 

Thus, the anthelmintic activity of TFP and its analogues varies with hydrophobic/lipophilic and 

negatively charged regions. The linker -CO-NH- and two N atoms of a five membered 

heterocyclic ring must be retained in future optimizations along with two benzene rings with 

appropriate substituents to have optimum logP. 
 

Conclusions:  
The present work successfully highlighted the importance of various structural patterns 

associated with anthelmintic activity of TFP and its analogues. 
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Abstract 

Microwave irradiation, as conventional way has been used for variety of applications 

including pyrazole synthesis.  Effect of  3-(3, 5-dichloro-2-hydroxyphenyl)-1-phenyl-5-(pyridin-

2-yl)-1H-pyrazol-4-yl) (furan-2-yl) methanone (FP3) ointment was studied on the wounds of 

albino rats. The ointment of the ∆2 –Pyrazoles produced significant result on tested albino rats. 

The ointment of ∆2 –Pyrazoles (FP3) wounds were found to be epithelialise faster and rate of 

wound contraction was higher, as compare to the control wounds.  
 

Keywords: ∆2 –Pyrazoles, Microwave synthesis, IR, NMR,Wound healing activity. 
 

Introduction: 

Five membered heterocyclic compounds with an additional hetero atom are termed as 

azoles. The azoles containing two nitrogen atoms in the 1, 2-position is designated as pyrazoles. 

The generic name pyrazole was given by Knorr
1 

et al in 1883. Microwave irradiation, as 

conventional way has been used for variety of applications including pyrazole synthesis. The 

short reaction time and expanded reaction range offered by microwave assisted synthesis are 

suited for the chemist all over the globe. Laurence
2
 et al studied microwave assisted pyrazole 

reactions.
 

 Most of the skin and their related problems heal by pyrazole and their derivatives. The 

synthetic five membered heterocyclic drugs as pyrazoles is the special type of drugs in 

pharmaceuticals. Malpani
3
 carried out pharmaceutical studies regarding wound healing activity 

of pyrazole moiety in plant extract. Jha
4
 et al reported excision and incision wound healing 

activity of flower head alcoholic extract of sphaeranthus indicus linn. in albino rats. Hence, the 

present study was deals the effect of 3-(3, 5-dichloro-2-hydroxyphenyl)-1-phenyl-5-(pyridin-2-

yl)-1H-pyrazol-4-yl) (furan-2-yl) methanone (FP3) on albino rats with special reference to wound 

healing activity. 
 

Materials And Methods: 

Synthesis of (3-(3,5-dichloro-2-hydroxyphenyl)-1-phenyl-5-(pyridin-2-yl)-1H-pyrazol-4-yl) 

(furan-2-yl) methanone (FP3)  

A mixture of 6,8-Dichloro-3-(furan-2-carbonyl)-2-(pyridin-2-yl)-4H-chromen-4-one 

(FP2) (0.01mol) and phenylhydrazine hydrochloride (0.02) was irradiated in DMSO (20 ml) 
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containing (0.5 ml) piperidine for 3 min.15 sec in microwave. After cooling the mixture was 

decomposed into the ice and solid product thus obtained crystallized from 50% ethanol-methanol 

mixture. The black colored shining crystals of the compound (FP3) were obtained. Yield: 61%, 

m.p:198 
0
C. 

+ PiperidineDMSO

PhNHNH 2.HCl

O N

X

X

O O

R X

OH

X

N N
N

R

O

 
Where X = H, Cl     and R= C6H5, C4H4O 

MW, 800 W, time: 3 min. 15 sec, Solvent: DMSO. 

Microwave:  3 min. 15 sec , Yield: 61% 

Conventional:  2 hour, Yield: 60% 

The conformation of structure of (3-(3,5-dichloro-2-hydroxyphenyl)-1-phenyl-5-(pyridin-

2-yl)-1H-pyrazol-4-yl) (furan-2-yl) methanone (FP3) compound on the basis of spectral result. 
 

Spectral data for compound (FP3) 

FTIR:- (KBr, cm-1): (FP3):- 3354 (OH – stretching), 3074 (Ar-C-H stretching in CH3), 1666 

(C=O Stretching), 1447 (C=N stretch), 1033 (C-O stretch), 754 (C-Cl stretch),  

 H1 NMR: - (400MHz, CDCl3, δ ppm): 6.96 to 8.2655 (m, 14H, Ar-H), 11.97 (s, 1H, OH).   

 (c)  UV: - The UV-VIS spectrum of the compound (FP3) recorded in CHCl3 showed λmax  
value 410 nm corresponding to n→π* 
 

Synthesis of (3-(3,5-dichloro-2-hydroxyphenyl)-1-phenyl-5-(pyridin-2-yl)-1H-pyrazol-4-yl) 

(furan-2-yl) methanone (FP3) ointment  

Trituration method (rubbing or reducing to a fine powder) used as the ointment base. 0.5 

gm pyrazole (FP3) compound was taken. 10 g of ointment base was taken (white soft paraffin 

was used as an ointment base). Ointment base was first melted. The Compound (FP3) was 

trituted with the small quantity of ointment base until a homogeneous product was formed. 

Remaining quantity of ointment base was added step by step at the end of this process we get 

homogenous ointment. The doses of ointment were prepared once a day and applied within the 

12 hours from the preparation 
 

Animals used 

The proposed study deals with the incision wound model of albino rats, weighing 250 to 

280g were procured and maintained at standard housing conditions. The care of laboratory 

animals was taken according to the guidelines of CPCSEA, Ministry of Forests and 

Environment, Government of India (registration number 729/02/a/ CPCSEA). The healthy albino 

rats were selected for the wound healing activity. This, interdisciplinary part of proposed study 
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was carried out after getting permission from the Institutional Animal Ethical Committee, Pusad 

(CPCSEA/IAEC/CP_PL-15/01-02PD02).   
 

Wound Model 

The animals of group (I) are considered as the Control Group rat which is treated with 

simple ointment base. Group (II) are considered as Reference or Standard Group where rats were 

treated with 5 % w/w povidine iodine. Group (III) animals were treated with Low Dose of 

pyrazole (FP3) ointment and group (IV) were treated with High Dose of compounds pyrazole 

(FP3) 2.5 % w/w ointment tropically on wound created on dorsal side of rats. Full thickness 

excision wound was made on the shaved back of the rat by removing a 500sq mm piece of skin 

and the day on which wound was made considered as the day zero. 

Group I:  

Group I was the Control Group rats in which the rats were  immediately after cutting and 

cutting areas were covered with propylene glycol as a simple ointment base once in a day for 24 

days.  

Group II:  

Group II was the Standard Group rats. They were treated with reference standard (5% 

w/w) povidine iodine once a day for 24 days.  

Group III:  

Group III was the Low Dose group of rats which were treated with low dose of 

chlorosubstituted pyrazole (FP3) ointment once a day for 20 days. 

Group IV:  

Group IV was the high dose group of rats were  immediately after cutting, cutting areas 

were covered with high dose chlorosubstituted pyrazole (FP3) ointment once a day for 24 

days.The wounds were observed in all groups every day. After 8 
th, 

16
th

 days and 24 
th 

days, the 

rats were evaluated. 
 

Result and discussion  

The representations of experimental data related to wounds were shown in Table 1.1 and 

graph 1.2. The contraction rates of group I to group III of experimental wounds were found to 

contract much faster as compared to control wound.  Finally on 24
th

 day after cut wound 

creation, the control group rats showed 64.26 % of wound contraction indicating the natural 

healing property of skin. The standard drug povidine iodine treated rat shows 96.6% of wound 

contraction. The group III of low dose of pyrazole (FP3) ointment shows 97.66% wound 

contraction and high dose of pyrazole (FP3) ointment shows 97.79% indicating faster wound 

healing 
 

Measurement of wound Contraction: 

The test animals were observed daily and the evaluation of percentage wound closure 

were made on 8
 th

, 16
th

 and 24
 th

 wounding days percentage was determined using the formula: 

d

0

A
Percent of Wound Contraction = 1 -  x 100

A
 

Where, Ad = Wound area on corresponding days.  Ao = Wound area on zero day.   

Group I: Control Group of rats treated with simple ointment base 



       ‘RESEARCH JOURNEY’ International E- Research Journal 
         

                             Impact Factor - (SJIF) – 6.261, (CIF ) - 3.452(2015), (GIF)–0.676 (2013) 

Special Issue 110 (B) : Chemistry 

UGC Approved Journal  

  ISSN :  

  2348-7143 

  February -2019 

   
 

286 Website – www.researchjourney.net         Email - researchjourney2014gmail.com  

 
 

           
Fig. (a) 0 day                      Fig. (b)  8 days                Fig. (c)  16 days                Fig. (d)  24 days                 

Group II: Standard drug (5% w/w povidine iodine) 

           
Fig. (a) 0 day                Fig. (b)  8 days                     Fig. (c)  16 days                Fig. (d)  24 days                 

Group III: Low dose of pyrazole (FP3) ointment 

             
  Fig. (a) 0 day                Fig. (b)  8 days                     Fig. (c)  16 days                Fig. (d)  24 

days                 

Group IV: High dose of pyrazole (FP3) ointment 

          
Fig. (a) 0 day                Fig. (b)  8 days                     Fig. (c)  16 days                Fig. (d)  24 days    

 

        Table 1.1 :-  Percentagewise effect of treatments on wound contraction 

Treatments 0
th

 day 8
th

 day 16
th

 day 24
th

 day Epithelia- 

lization  

time in days 

Group I 

(Control) 

 

0% 

2.76 

 

17.21 % 

1.62 

 

43.85% 

1.90 

 

64.26% 

1.36 

 

24 

0.42 

Group II 

(Povidine 

iodine) 

 

0% 

2.80 

 

38% 

1.30 

 

65% 

1.42 

 

96.6% 

1.12 

 

17 

0.64 

Group III 

 

Low dose of 

pyrazole (FP3) 

 ointment 

 

0% 

0.85 

 

28% 

2.00 

 

60% 

1.41 

 

97.66% 

0.41 

 

21 

0.66 
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Group III 

 

High dose of 

pyrazole (FP3) 

ointment 

 

0% 

1.2 

 

38% 

2.22 

 

62.78% 

1.53 

 

97.79% 

0.30 

 

18 

0.66 

Graph 1.2 :- Variation of wound contraction % with treatment schedule 

               Where, G1= Group I, G2= Group II, G3= Low dose (FP3) Group III, G4= High dose       

(FP3) Group IV. 

 

 

         

 

 

 

 

 

      

 

 

 

 

Concusion:- 

 From the tabulated data was concluded that the wound healing activity of the compound    

(3-(3,5-dichloro-2-hydroxyphenyl)-1-phenyl-5-(pyridin-2-yl)-1H-pyrazol-4-yl) (furan-2-yl) 

methanone (FP3) high dose  was found  closer (wound contraction 97.79% onday 24thday and 

epithelization time on day 18) to that of standard drug povidine iodine (96.6%) wound 

contraction on  24thday  and epithelization period on day 17).  The presence pyrazole compound 

might have been favoured a significant wound healing activity. It is observed that the p-value for 

rows among the four groups is 0.000316* and calculated thought the days is 0.002477** both the 

values of * and ** is less than 0.05 (p < 0.05). The investigation prove that reatment of pyrazole 

(FP3) compound has increased healing potential of cut wounds in albino rats. 
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ABSTRACT 

A mushroom (Agaricus bisporus) is one of the many species of fungi. About 3,000 different 
species of fungi can be found in Western Europe, approximately 50 of which are edible fungi, 
the mushroom is by far the most familiar one. A fungus is actually the visible fruit body of a 
mould and as such only a small part of that mould. The mould fungus, or mycelium, grows under 
the ground, invisible to the naked eye. This is a tight network of fine threads, which with some 
species can even extend across a surface area of several hectares. The present study deals with 
the effect of newly synthesized bromo and nitro substituted isoxazolines for their growth 
promoting impact on oyster mushrooms. 
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1. INTRODUCTION 

Mushroom cultivation is a profitable agribusiness world-wide. More than 2000 species of edible 
mushrooms exist in nature, but only approximately 22 species are intensively cultivated [1] could 
be employed for foods and medicines. In the fungal classification system proposed by Ainsworth 
and followed by J. Webster [2], almost edible mushrooms are members of the subdivision 
Basidio mycotina and Ascomycotina [3]. Mushrooms are a good source of protein, vitamins and 
minerals and are known to have a broad range of uses both as food and medicine. A high 
nutritional value of oyster mushrooms has been reported with protein (25-50%), fat (2-5%), 
sugars (17-47%), mycocellulose (7-38%) and minerals (potassium, phosphorus, calcium, 
sodium) of about 8-12% [4]. The cultivation of edible mushrooms has become an attractive 
economic alternative over past few years, mainly due to increase in its demand and market value 
[5,6]. Oyster mushrooms are one among the cultivable varieties. They are wide spread in 
temperate zones, can grow at moderate temperature and are suitable to grow in most places in 
India [7,8]. Oyster mushrooms are grown from hyphae (threadlike filaments) that become 
interwoven into mycelium and propagated on a base of steam sterilized cereal grain usually 
Wheat grains. This mycelium-impregnated cereal grain is called spawn and is used to inoculate 
mushroom substrate [8].  
In the present study, the newly synthesized bromo and nitro substituted isoxazolines  were 
assayed for their growth promoting impact on oyster mushrooms with predetermined periodicity. 
 

2. MATERIALS AND METHODS 

2.1. Synthesis of bromo and nitro substituted isoxazolines 

A mixture of 1-(2-hydroxy-3- bromo and nitro -5-methyl phenyl-3-(4-chlorophenyl)-chalcone 
(Iva) (0.01 mole) and hydroxyl amine hydrochloride (0.02 mole) was refluxed in ethanol (20ml) 
and piperidine (0.5ml) for about 1.5 hrs. After cooling the reaction mixture was acidified with 
HCl (1:1).The solid product thus separated was filtered, washed first with sodium bicarbonate 
solution (10%) and then with water. Finally it was crystallized from ethanol to get the 
compound. 
 

NH2OH.HCl
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CH3 COCH3
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Spectral analysis of final compound is given below: 

A) IR, 3241.21, (Vb);O-H stretching, 3087.43 (m), Aromatic C-H stretching; 
2922.35 (s) Aliphatic C-H stretching; 1582.55, (s), >C=N stretching; 
1288.00(s),>CO stretching; 1102.97, (s),>C-Br stretching 

B) PMR : 2.3,s,3H,Ar-CH3; 6.5,t ,1H, Heterocyclic -CH2-CH-,6.9,d,2H, Heterocyclic 
-CH2-CH-,7.1 - 8.4,m,5H,Ar-H, 12.4,s,1H,Ar-OH 

 
2.1. Classification of Oyster Mushroom 

Scientific classification 
Kingdom – Fungi  
Phylum – Basidiomycota 
Class – Agaricomycetes 

 Order – Agaricales 
 Family – Pleurotaceae 
 Genus – Pleurotus 
 Species – ostreatus 
2.2. Materials 

1. Spawn (Source:-  Agriculture College, Amravati)  
2. Soya bean Straws. 
3. Water bath  
4. Hot Air Oven 
5. Plastic Bags  

2.3. Substrate Preparation  

Oyster mushroom was grown on substrates soyabean straw. Since soyabean straw is easily 
available, cheap and widely used. It is used was fresh and well dried. It was chopped into 3-5 cm 
pieces and soaked in fresh water for 15-16 hours. Excess water was drained off. This was 
subjected for sterilization to minimizing contamination problem and gives higher and almost 
constant yields using hot water treatment maintained at 60-80°C for 1 hour. The sterilized 
substrate was taken out and allowed to lower down the temperature. When the sterilized 
substrate had cooled down to room temperature, it was ready for filling and spawning. At this 
stage, substrate moisture content was about 70%. Polythene bags were used for its cultivation. 
The spawns of experimental species P. sajor-cajuie, P. pulmonarius were procured from Shivaji 
agricultural agencies and cultivated in the culture house of the ICAR affiliated Krushi Vidyan 
Kendra, Durgapur (Badnera) Dist. Amravati. Spawning can be done in layer spawning. The 
experimental setup was divided into two parts i.e. ‘A’-control group plants and ‘B’-treated group 
plants. The spawns were inoculated and cultivated by the conventional methods. Substrate was 
filled in bag, pressed to a depth of 8-10 cm and broadcasted with a handful of treated spawn 
above it. Similarly, 2nd and 3rd layers of substrate were put and simultaneously after spawning, 
the bags were closed and 20-25 pin-holes were made on all sides of the packets. Similarly the 
untreated spawns were filled in control group beds (bags). After proper labeling, spawned bags 
were stacked on racks in neat and clean place, in closed position. Temperature at 25-35°C and 
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humidity at 70-85% was maintained by spraying water twice a day on walls and floor. It took 20- 
25 days when bags were fully covered. During this incubation period, appropriate temperature of 
the incubation room was maintained. After the complete development of mycelium, the packets 
were taken out of the incubation room and shifted to growing room, where the packets were 
hanged to bamboo frame. During the harvesting of mushroom beds were irrigated according to 
need. When the first primordial initiation was observed, the test compounds were sprayed on the 
mushroom with specific intervals. Mushroom crop was harvested before the fruiting body 
showed any splitting on the edges. The yields of mushroom crop from various bags with 
different parameters viz. length, diameter, weight and colour were recorded. The results of field 
experiments with test compounds are tabulated and shown in Fig. no. 1 and 2: 

Table 1. Effect of titled compounds (Va-h) on oyster mushroom:-Pleurotussajor-caju spp. 

Treated 

Bags 
Compound D 

(cm) 

T 

(cm) 

L 

(cm) 

Weight of Dry 

Bag (g) (After 

Harvesting) 

Total Colour 

Fresh Dry 

1 Va 7.7 0.5 5.8 0.925 211 20.43 White 

2 Vb 8.4 0.4 5.8 0.982 195 17.59 White 

3 Vc 10.9 0.6 6.9 0.975 225 21.31 Creamy 

4 Vd 11.01 0.5 6.3 0.955 205 18.89 White 

5 Ve 9.92 0.4 5.5 0.966 208 21.22 White 

6 Vf 9.84 .0.5 6.2 0.978 209 20.45 White 

7 Vg 8.64 0.6 6.4 0.976 207 20.99 Creamy  

8 Vh 9.43 0.6 5.7 0.967 208 21.89 Creamy 

9 1,4 Dioxane 6.0 0.4 6.1 0.895 174 19.13 White 

10 Control 6.8 0.3 5.5 0.853 204 20.00 White 

D=Diameter, T=Thickness, L=Length 

 

2.4. Analysis of Mushroom Samples Treated With Test Compounds  

The samples of P. sajor-caju collected during the experimental study of growth promoting impact 
were sun-dried and immediately proceeded for analysis of % crude fibre, % crude protein and 
elemental detection with special reference to N, P, K and S. The analysis of crude fibre 
percentage of the samples was carried out at Food Testing Laboratory, Krishi Vigyan Kendra, 
Durgapur (Badnera) Dist. Amravati using Pelicans FBS-06 (P) Laboratory Manuals & AOAC 
Method, whereas percentage of crude protein and element detection were determined at 
Analytical Lab, using Leaf method of analysis. The Kjeldahls method, UV spectrophotometer 
and Flame photometer were used for the analysis of N, P, K and S elements. The results of 
analysis obtained for treated mushroom samples are tabulated in table no. 2: 
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Table 2. Analytical results of dry oyster mushroom:-Pleurotussajor-caju spp. 
Treated with titled compound. 
 

Sr.  

No. 

Sample % of 

Crude 

Fibre 

% of 

Crude 

Protein 

% N % P % K % S 

1 Va 8.0 15.13 2.421 0.3040 2.558 0.1262 

2 Vb 8.72 16.00 2.560 0.3111 2.934 0.1367 

3 Vc 10.3 20.27 3.246 0.3232 2.760 0.1320 

4 Vd 9.83 18.90 3.024 0.2975 2.441 0.1314 

5 Ve 10.65 17.05 2.574 0.2745 2.567 0.1378 

6 Vf 9.67 18.01 2.654 3.1943 2.647 0.1475 

7 Vg 7.89 16.77 3.143 0.3953 2.849 0.1541 

8 Vh 8.44 17.23 3.143 0.3173 2.563 0.1498 

9 1,4 Dioxane 8.06 13.25 2.122 0.272 2.344 0.1356 

10 Control 5.64 15.95 2.554 0.364 2.741 0.1410 
 

3. RESULTS AND DISCUSSION 

A species of Oyster mushroom was treated with test compounds to examine the efficacy of the 
newly synthesized compounds (Va-h) on the morphology of treated mushroom species with 
inclusion of analysis of treated samples. When the treated and control species of mushroom were 
compared with reference to their morphological characters, it was interesting to note that the 
treated species exhibited significant growth in diameter and thickness of caps as well as 
lengthening of stripes. In addition to this, there was remarkable increase in the yields because of 
that healthy growth and disease free environment. The analytical results obtained for all the 
treated mushroom samples clearly show the increase in the value of crude fibre percentage as 
well as the crude protein percentage. The presence of elements like N, P, K and S were also 
analysed in the treated mushroom samples.. However, further investigation and a systematic 
approach in the light of agricultural science would certainly prove to be a potential tool for the 
growth promoting and creating ecofriendly environment for mushroom cultivation. 
 

4. CONCLUSION 
On the basis of chemical analysis and spectral data, it is concluded that, the synthesis of titled 
compounds was achieved successfully. Besides this, enhancement of the yields reveals the 
healthy growth due disease free environment. The newly synthesized compounds also showed 
noticeable enhancement in the nutritive values i.e. increase in crude fibre percentage and crude 
protein percentage. In this regard, the nitro substituted isoxazolines were found more effective in 
the enhancement of nutritive value.  
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ABSTRACT 
 
Acoustic parameters assessment significantly able to disclose molecular and 

intermolecular interaction briefly. These parameters measured more significant by 
ultrasonic interferometer. Present research scheme concern to measurements of 
ultrasonic velocity and density for solutions of 4-ethylthiocarbamidophenol (ETP) at 
different molar concentrations (i.e. 0.1M, 0.075M, 0.050M and 0.025M) and 300 K, 
in 70% compositions of ethanol-water mixtures. These determinations sustain 
estimation of adiabatic compressibility (β ), apparent molal compressibility (k), 
apparent molal volume (v), intermolecular free length (Lf), relative association (RA) 
and specific acoustic impedance (Z). These properties were help to know about 
solute-solute and solute-solvent interactions in solvent. Internal structure and 
molecular association can be possible to understand through current investigation. 
 

Keywords: 4-ethylthiocarbamidophenol (ETP), Interferometric measurements, 
Intermolecular interactions and acoustic parameters. 

 
INTRODUCTION 

 
Molecular structure and their interactions in solution is always received importance in 

various field of sciences. Ultra sound and ultrasonic interferometer significantly used in 

http://www.chemistry-journal.org/
mailto:pravinbodkhe13@gmail.com
mailto:ajaybwadekar29@gmail.com
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estimation of molecule interactions such as inter and intra ionic or molecular interactions. 
Since from last few decades ultra sound and ultrasonic interferometric investigation 
extensively used to understand molecular interactions in liquid. This investigation has 
important to know the properties and significances of molecules. Ultra sound and ultrasonic 
wave’s measurements widely applicable in many evolutions and new concepts in engineering, 
applied, industrial, mechanics, agricultural, medicinal, forensic sciences and space research 
development and updating. Ultrasonic is a branch of science, which deals with waves of high 
frequencies. A Thiocarbamido phenol nucleus has various significances in different industrial 
and life sciences. Valuable information regarding internal structure, molecular association, 
complex formation, internal pressure and stability1 obtained from the study of ultrasonic 
parameters investigation in liquid phase2-4, liquid mixture5-6 and electrolyte solution7-9. 
Ultrasonic interferometric study of 4-(p-chloro)phenylthiocarbamido phenol in mixed solvent 
media carried out by Isankar et al10. Comparative study of intermolecular interaction by 
inteferometric measurements of α-bromoacetophenones and cumaran-3-ones in ethanol and 
dioxan solvents was studied by Aswale et al11 and acoustical studies on ternary mixture of 
toluene in cyclohexane and nitrobenzene at 308 K was studied12. Ultrasonic velocity and 
density of binary liquid mixture of diethyl ether with three non-polar solvents such as CCl4, 
CS2 and C6H6 at 303.15K were investigated13 and interferometric investigated 4-
ethylthiocarbamdiophenol in 60% mixed solvent media14.  

Ultrasonic investigation received more important to understand the ion solvent and 
solvent-solvent and structure breaking and making properties of solutes. Organic ligands 
solutions used through the current investigation and this study provide an excellent 
information concern to intra as well as intermolecular interactions. In present investigation, 
mainly concentrate on the assessment of ultrasonic velocity and density for solutions of 4-
ethylthiocarbamidophenol (ETP) at different molar concentrations and 300K, in 70% 
compositions ethanol-water mixtures and estimation of adiabatic compressibility (β), apparent 
molal compressibility ( k), apparent molal volume ( v), intermolecular free length (Lf), relative 
association (RA) and specific acoustic impedance (Z). In the view of above current research 
scheme designed as “Assessment of molecular interactions of 4-ethylthiocarbamidophenol on 
acoustic parameters base”. This investigation regarding to know effect of concentrations on 
various acoustical properties and effect of acoustic parameters on molecular interactions.    
 

MATERIAL AND METHODS  
 

All AR grade chemicals used through current work. Freshly prepared solution used 
during study. The solvents were purified by standard method. 0.1M, 0.075M, 0.050M and 
0.025M solutions of ETP in 70% ethanol-water mixture were prepared. Ethanol was purified 
by standard procedure15. Densities were measured with the help of bicapillary pyknometer 
(10.1 % kg m-3). Pyknometer used is of Borosil make. Weighing was made on Citizen CY 104 
one pan digital balance (± 0.0001 gm).  A special thermostatic arrangement was done for 
density and ultrasonic velocity measurements. Elite thermostatic bath was used in which 
continuous stirring of water was carried out with the help of electric stirrer and temperature 
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variation was maintained within ± 0.1 0C. The speed of sound waves was obtained by using 
variable path, Single crystal interferometer (Mittal Enterprises, Model MX-3) with accuracy 
± 0.03% and frequency 1 MHz was used in the present work.  The densities and ultrasonic 
velocity of liquids in ethanol solvent were measured at 300 K for the calculation of 
intermolecular free length and the value of Jacobson’s constant16 (K = 631 ) was taken. 
 

RESULTS AND DISCUSSION 
 

Ultrasonic velocities and densities of ETP in 70% ethanol-water mixture investigated 
through present work and it is tabulated in following Table No.1. 
 

Table-1.1: Average Ultrasonic Velocity of Water at 300K. 
 

Sr. No. 
No. of 

Rotation of 
Screw 

Micrometer 
Reading (mm) 

Difference 
Between Reading 

(mm) 

Distance Travelled 
By Screw in One 

Rotation 

Average 
Ultrasonic 

Velocity (m/sec) 
1 5 26.4705 1.6105 0.61465 

1398.708956 

2 10 24.8642 5.5300 2.18285 
3 15 19.3372 3.0708 1.20041 
4 20 16.2664 4.4071 1.73277 
5 25 11.8593 4.5219 1.78301 
6 30 7.3374 4.0715 1.6004 
7 35 3.2659 2.0059 1.17213 
8 40 1.2663  10.45377 

 
Table-1.2: Average Ultrasonic Velocity of Pure Ethanol 300K (β 0) 

 

Sr. 
No. 

No. of 
Rotation 
of Screw 

Micrometer 
Reading 

(mm) 

Difference 
Between 
Reading 

(mm) 

Distance 
Travelled By 

Screw in 
One 

Rotation 

Average 
Ultrasonic 
Velocity 

(v0) 
(m/sec) 

Density 
(d0) 
(Kg. 
m-3) 

β 0 x 10-10 

(Pa-1) 

1 5 15.2623 4.9016 1.9321 

1243.64 1030.00 5.843517555 
2 10 10.3686 2.0211 0.7845 
3 15 8.3374 3.1108 1.2161 
4 20 5.2265 3.3795 1.3199 
5 25 1.8569  5.4374 

 

Table-1.3: Average Ultrasonic Velocity of 70% Ethanol 300K (β 0) 
 

Sr. 
No. 

No. of 
Rotation 
of Screw 

Micrometer 
Reading 

(mm) 

Difference 
Between 
Reading 

(mm) 

Distance 
Travelled By 

Screw in 
One 

Rotation 

Average 
Ultrasonic 
Velocity 

(v0) 
(m/sec) 

Density 
(d0) 
(Kg. 
m-3) 

β 0 x 10-10 

(Pa-1) 

1 5 16.8193 3.5422 1.39301 

1336.98 1030.52 5.172074651 
2 10 13.2705 3.9280 1.52925 
3 15 9.3775 3.1075 1.21513 
4 20 6.2752 3.8942 1.48981 
5 25 2.4757  6.65083 
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Table-1.4: Acoustic Parameters at Different Concentration of [ETP] at 300 K in 70% E-W 
 

Conc. 
C 

(Mole/lit) 

Average 
Ultrasonic Velocity 

Us 
(m/sec ) 

Density 
ds 

(Kg.m-3) 

β sx10-10   
(pa-1) 

V 
(m3mol-1) 

k         
x10-10 

Lf        
(A0) 

RA Z * 104    
(Kgm-2 

sec-1) 

0.1 1593.587 1034.32 3.7714 0.1885 -8.9981 0.0155 0.982 161.741 
0.075 1445.427 1027.52 4.6011 0.256 -1.0204 0.0168 1.007 145.301 
0.050 1270.737 1025.12 5.941 0.2771 21.855 0.0186 1.048 126.999 
0.025 1172.687 1021.12 6.9857 0.3158 53.761 0.0199 1.072 116.430 

 
CONCLUSION 
 

Table-1.4 reveals acoustic parameters of ETP at different concentration such as 0.1M, 
0.075M, 0.050Mand 0.025M and 300K in 70% ethanol-water mixture. Table-1.4 reveals that 
Ultrasonic Velocity (Us), Density (ds) and decreases along with decreasing concentration from 
0.1M to 0.025M. Acoustic parameters such as adiabatic compressibility (βs), Apparent molar 
volume (φv), Apparent molar compressibility (φk), Intermolecular free length (Lf), Relative 
association (RA) increases and Specific acoustic impedance (Z) decreases along with 
decreasing concentration from 0.1M to 0.025M. This acoustic parameters investigation help 
to understand molecular interactions occur and responsible for breaking and making of their 
structure in solution. 
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Abstract: 

We have witnessed a true revolution with the growth of the Internet. One can see evidence of Information Technology 
everywhere on the worldwide web (www). Many commercial websites have catalogues and support online transactions. It 
includes everything from sourcing to settlement and all the processes that underlie trading. Information Technology is the 
process of conducting business electronically among various entities in order to satisfy an organizational or individual 
objective. A key ingredient of Information Technology, sometimes referred to as electronic trading, is the advertisement 
and procurement of goods and services over the Internet. Information Technology is possibly the most promising 
application witnessed in recent years. It is revolutionizing business management and has enormous potential. We have 
attempted to define Information Technology and examine major Internet elements that link organizational systems. The 
application of Information Technology from manufacturing to service and a framework for describing Information 
Technology role in business. For businesses to survive and prosper in the 21st century and beyond, they must develop 
business models that give Information Technology the prominence it deserves as a key ingredient in business success. 
Keywords: Information, technology; Elements; Applications; Benefits.   
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1. Scope of Information Technology 
 

Information Technology encompasses all forms 
of interactive business transactions, which are facilitated 
by networks of computers. Information Technologyis 
expanding because of the greater number of businesses 
and individuals who are able to use these networks and 
the growing number of ways in which businesses can 
conduct transactions electronically with other 
organizations and directly with consumers. These trends 
are important to the global economy and to the economy 
of individual countries because Information Technology 
contributes to economic efficiency. Information 
Technology contributes to economic efficiency in five 
important ways. They are as follows:  

 
(a) Shrinking distances and timescale,  
(b) Lowering distribution and transaction costs,  
(c) Speeding product development,  
(d) Providing more information to buyers and sellers and  
(e) Enlarging customer choice and supplier reach. 
 
The organization of this paper is as follows:  
Section 2 presents the definition and major elements of 
information technology, 
Section 3 examines the application of IT in different 
areas from manufacturing to service in the organizations, 
Section 4 framework describing the business benefits of 
information technology, 
Finally, Section 5 presents a summary of conclusions.   
 
 
2. Definition of and major elements of 
Information Technology 
 
Information technology (IT) is the application 
of computers and telecommunications equipment to 
store, retrieve, transmit and manipulate data, often in the 
context of a business or other enterprise. 

In a business context, the Information 
Technology Association of America has defined 
information technology as “the study, design, 
development, application, implementation, support or 
management of computer-based information systems”. 
 
2.1. Electronic mail  
 
E-mail is a cheap and convenient way for people to 
communicate. E-mail is the exchange of messages via a 

telecommunications network. E-mail is well established 
as a fast, flexible and cost-effective means of 
communication. One need only few steps to send, reply, 
and forward a message to one or many recipients, 
regardless of the geographic location. For many 
companies, email is the principal means of 
communication between employees, suppliers and 
customers. Email was one of the early drivers of the 
Internet, providing a simple and inexpensive means to 
communicate. Over the years, a number of other 
communications tools have also evolved, allowing staff 
to communicate using live chat systems, online meeting 
tools and video-conferencing systems. Under such 
conditions, groupware becomes a viable option to 
facilitate electronic interaction among groups of people 
who must communicate to accomplish group tasks. 
Voice over internet protocol (VOIP) telephones and 
smart-phones offer even more high-tech ways for 
employees to communicate. 
 
2.2. Internet  
 
The Internet an on-line global marketplace that operates 
24 hours a day, with millions of sellers, buyers, products 
and services. The Internet and its capabilities also 
provide companies with new, more cost effective and 
time-efficient means for working with customers, 
suppliers and development partners. Information 
Technology will enable companies to: shorten 
procurement cycles through the use of on-line 
catalogues, ordering, and payment;  cut costs on both 
stock and manufactured parts through competitive 
bidding; product, marketing information, and prices are 
always up to date; increase the speed and reduce the cost 
of communications, promote closer relationship with 
customers and suppliers, provide a quick and easy way 
of exchanging information about a company and its 
products, internally and externally e.g. WWW sites, 
Intranets, and extranets. The WWW enables B2B and 
B2C transactions. These developments, along with the 
Internet, contributed to the growth of global procurement 
of goods and services and allowed firms to better 
manage customer relationships.  
 
2.3. Electronic Data Interchange (EDI)  
 
EDI is computer- to- computer exchange of business 
documents. EDI enables enterprises to exchange 
precisely formatted business orders, payments, or even 
engineering drawings, electronically via a direct 
communication link. EDI help to reduce inventories, 
foster JIT management, promote engineering 
interchange, and improve work scheduling. Companies 
that have successfully implemented EDI have reported 

http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/Telecommunications_equipment
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general benefits of expedited purchasing processes, 
reduced transaction cycle times, higher inventory 
turnovers, faster response times and overall improved 
service. EDI provides quick order responses from 
suppliers and automatic ordering from customers. 
Information Technology is changing manufacturing 
systems from mass production to demand-driven, 
possibly customized, just-in-time manufacturing 
systems. Companies like IBM, General Motors, General 
Electric and Boeing are assembling products for which 
the components are manufactured in many locations. 
Sub-assemblers gather materials and parts from their 
vendors and they may use one or more tiers of 
manufacturers. Communication, collaboration and 
coordination become critical in such multitier systems. 
Using electronic bidding, assemblers get sub-assemblies 
15–20 percent cheaper than before, and up to 80 percent 
faster. These systems are flexible and adaptable, 
allowing fast changes with minimum cost. Costly 
inventories, once inherent in mass production systems, 
can be minimized.  
 
3. Application of Information Technology in 
Business (Manufacturing and Services)  
 
3.1. Purchasing 
Automated purchasing and logistics are carried out 
between trading partners with well established 
relationships – this is a primary application of EDI. 
Direct selling offers the prospect of large-scale 
disintermediation –eliminating middle-men from supply 
chains. Trading patterns in response to new Information 
Technology opportunities; however, eliminating the 
need for intermediaries, the Internet is currently 
generating a wide range of new opportunities in the 
facilitation and mediation of electronic trading 
environments. 
 
3.2. Production 
The implementation of e-manufacturing necessitates 
business-to-business (B2B) e-commerce. There are 
numerous Internet enabled supply chain management 
(SCM) systems and enterprise resource planning (ERP) 
systems available today. Using database management, 
data warehouse and data mining technologies, the Web 
can facilitate interaction with customers and suppliers, 
data collection, and data analysis processes. Outsourcing 
of service functions is becoming popular. 
 
3.3. Design 
 
Various computer-based technologies have helped to 
improve the quality of product designs. Design engineers 
located in different parts of the country or world can 

exchange information using the Internet and WWW. 
This can reduce design time and improve the accuracy of 
the information on product design, and at the same time 
help to design products that will capture good market 
share. Companies are using an approach for marketing 
that uses continuously refined information about current 
and potential customers to anticipate and respond to their 
needs. 
 
3.4. Warehousing 
 
EDI can help to minimize warehousing cost. EDI 
enables minimal stocks to be held with the resultant 
saving in the costs of storage, insurance, warehousing 
and security. Reduction in manual processing reduces 
the need for people, thus labour cost savings are 
possible. Just-in-time manufacturing refers to the ability 
to produce minimal sized batches of finished goods, only 
when needed, i.e. responding to market pull; in an 
extended supply chain, EDI leads to minimal stock 
holdings by all parties and hence a reduced supply chain 
system operating costs. Reduced stock handling saves 
money. 
 
3.5. Sales and Distribution 
 
Information Technology provides manufacturers with a 
great opportunity to sell and distribute directly to final 
customers. Teleshopping, offer great promise in 
changing the modern retailing. The Internet can actually 
be used to distribute many informational products, as 
well as products like software and music that can also be 
digitized. Internet distribution can produce significant 
savings in shipping, and it facilitates delivery at speeds 
only hoped for by those using other, more traditional 
delivery modes such as truck, air, and rail. Even those 
who use traditional modes of transportation can use 
Internet based tools to increase customer service. Web-
based order tracking has become common place. It 
allows customers to trace the shipment of their orders 
without having to contact the shipper directly.  
 
3.6. Marketing 
 
The advent of Information Technology is changing 
marketing practice.  Information Technology systems 
has provided easy access, be easy to use, help overcome 
differences in time of business, location, and language 
between suppliers and customers, and at the same time 
support the entire trading process. The cost of delivering 
information to customers over the Internet results in 
substantial savings to senders. Major savings are also 
realized in the direct delivery of digitized products (such 
as music and software) as compared to the costs of 
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traditional delivery. Also, the administrative work 
related to physical delivery, especially across 
international borders, can be reduced significantly. 
Customer service can be greatly enhanced by enabling 
customers to find detailed information online.  
 
3.7. Human Resource Management 
 
The web is now a good place for recruiters to go in 
search of employees, and for job hunters to go in search 
of jobs. Many manufacturers, retailers, and service 
providers now advertise job openings on their own sites, 
making it easy for qualified applicants to contact them. 
Some companies have database for employees to 
manage their benefits and retirement accounts via the 
web. This is convenient for employees and it is a time 
saver for HRM employees, who are relieved of some of 
the tasks related to supplying information to employees 
about benefits, retirement, policies, and more.  
 
4. Business Benefits of Information Technology 
 
4.1. Data Management 
 
The days of large file rooms, rows of filing cabinets and 
the mailing of documents is fading fast. Today, most 
companies store digital versions of documents on servers 
and storage devices. These documents become instantly 
available to everyone in the company, regardless of their 
geographical location. Companies are able to store and 
maintain a tremendous amount of historical data 
economically, and employees benefit from immediate 
access to the documents they need. 
 
4.2. Management Information Systems 
 
Storing data is only a benefit if that data can be used 
effectively. Progressive companies use that data as part 
of their strategic planning process as well as the tactical 
execution of that strategy. Management Information 
Systems (MIS) enable companies to track sales data, 
expenses and productivity levels. The information can be 
used to track profitability over time, maximize return on 
investment and identify areas of improvement. Managers 
can track sales on a daily basis, allowing them to 
immediately react to lower-than-expected numbers by 
boosting employee productivity or reducing the cost of 
an item. 
 
4.3. Product Development 
 
Information technology can speed up the time it takes 
new products to reach the market. Companies can write 
product requirement documents by gathering market 

intelligence from proprietary databases, customers and 
sales representatives. Computer-assisted design and 
manufacturing software speed up decision making, while 
collaborative technologies allow global teams to work 
on different components of a product simultaneously. 
From innovations in microprocessors to efficient drug 
delivery systems, information technology helps 
businesses respond quickly to changing customer 
requirements. 
 
4.4. Cost Efficiencies 
 
Although the initial IT implementation costs can be 
substantial, the resulting long-term cost savings are 
usually worth the investment. IT allows companies to 
reduce transaction and implementation costs. For 
example, the cost of a desktop computer today is a 
fraction of what it was in the early 1980s, and yet the 
computers are considerably more powerful. IT-based 
productivity solutions, from word processing to email, 
have allowed companies to save on the costs of 
duplication and postage, while maintaining and 
improving product quality and customer service. 
 
4.5. Inventory Management 
 
When it comes to managing inventory, organizations 
need to maintain enough stock to meet demand without 
investing in more than they require. Inventory 
management systems track the quantity of each item a 
company maintains, triggering an order of additional 
stock when the quantities fall below a pre-determined 
amount. These systems are best used when the inventory 
management system is connected to the point-of-sale 
(POS) system. The POS system ensures that each time 
an item is sold, one of that item is removed from the 
inventory count, creating a closed information loop 
between all departments. 
 
4.6. Customer Relationship Management 
 
Companies are using IT to improve the way they design 
and manage customer relationships. Customer 
Relationship Management (CRM) systems capture every 
interaction a company has with a customer, so that a 
more enriching experience is possible. If a customer 
calls a call center with an issue, the customer support 
representative will be able to see what the customer has 
purchased, view shipping information, call up the 
training manual for that item and effectively respond to 
the issue. The entire interaction is stored in the CRM 
system, ready to be recalled if the customer calls again. 
The customer has a better, more focused experience and 
the company benefits from improved productivity. 



ISSUE :2 (February)  ISSN : 2347 – 9558 

www.ijamce.org                    (C) International Journal For Administration in Management, Commerce and economics [48-52] 

 
4.7. Stakeholder Integration 
 
Stakeholder integration is another important objective of 
information technology. Using global 24/7 
interconnectivity, a customer service call originating in 
Des Moines, Iowa, ends up in a call center in Manila, 
Philippines, where a service agent could look up the 
relevant information on severs based in corporate 
headquarters in Dallas, Texas, or in Frankfurt, Germany. 
Public companies use their investor relations websites to 
communicate with shareholders, research analysts and 
other market participants. 
 
 
 
 
4.7.  Competitive Advantage 
 
Cost savings, rapid product development and process 
improvements help companies gain and maintain a 
competitive advantage in the marketplace. If a 
smartphone competitor announces a new device with 
innovative touch-screen features, the competitors must 
quickly follow suit with similar products or risk losing 
market share. Companies can use rapid prototyping, 
software simulations and other IT-based systems to 
bring a product to market cost effectively and quickly. 
 
4.8. Globalization 
 
Companies that survive in a competitive environment 
usually have the operational and financial flexibility to 
grow locally and then internationally. IT is at the core of 
operating models essential for globalization, such as 
telecommuting and outsourcing. A company can 
outsource most of its noncore functions, such as human 
resources and finances, to offshore companies and use 
network technologies to stay in contact with its overseas 
employees, customers and suppliers. 
 
 
5. Conclusion  
 
There are dozens of applications of Information 
Technology. To execute these applications, it is 
necessary to have supporting information and 
organizational infrastructure and systems. Websites to 
promote products or services, develop sales channels, 
achieve direct cost savings, reduce cycle time, and 
enhance and expand customer services. We have 
examined the evolving role of Information Technology 
in manufacturers to service providers. To reap the 
benefits of IT, firms must develop and use the 

Information Technology infrastructure that will 
empower their business to take advantage of new 
business opportunities. Development of effective 
strategies for achieving competitive advantage through 
Information Technology will be necessary for success in 
the 21st century. The infrastructure must be designed 
with sufficient flexibility to allow for adaptive change, 
as will be surely mandated with the continued evolution 
of Information Technology. The Internet have the 
potential to radically change the ways in which we 
communicate, interact, receive information and 
entertainment, and acquire goods and services.For 
businesses to survive and prosper in the 21st century and 
beyond, they must develop business models that give 
Information Technologythe prominence it deserves as a 
key ingredient in business success.  
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