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Abstract:

Nano-sized ZnO metal oxide was prepared by Green Synthesis method using capping
agent, further synthesized material was assists with ultra-sonicationtreatment. This material has
been investigated for their structural properties.X-ray diffraction pattern revels that pure zinc
oxide was synthesized successful.Also, calculated average particle size found to be 85.46 nm
also synthesized powder contains Zn and O elements only without any impurity.
Keywords:Nano-size ZnO, Ultra —Sonication, X-ray Diffraction (XRD).

1. Introduction

In new era of materials science and electronic devices semiconductor materials have
great potential to enhance electronic devices different passive properties. Green synthesis
approach of nano-sized particle is depend up on green chemistry principles which include the
structure and morphological of nanoparticles using non-toxic chemicals, reusable material,
environmentally friendly solvents and finally product that is synthesized nano material should
degradable waste product. Green synthesis will done using biological systems like bacteria,
fungi, algae, plants, yeasts and actinomycetes [1]. Among these systems; plant extract systems
more appropriate method to synthesized Nano-sized metal oxide materials like ZnO and etc.
As Green synthesized metal oxides (MOX) nano-particles like ZnO, SnO,, WOs3, etc. have high
surface area-to-volume ratio, high reactivity, and good size distribution. This type of metal
oxides is used in many applications like gas sensor technology, antimicrobial, biomedical,
targeted drug delivery, etc. [2-5].

Among the many semiconductor material Zinc Oxide (ZnQO) is extensively used
material. This material used because ZnO is a wide-band gap semiconductor of the 1I-VI
semiconductor group of the periodic table and zinc, a transition metal. The native doping of
the semiconductor (causes are as yet unknown) is n-type[6-9].This semiconductor has several
favorable properties, including good transparency, high electron mobility, wide band gap, and
strong room-temperature luminescence. Those properties are used in emerging applications for
transparent electrodes in liquid crystal displays, in energy-saving or heat-protecting windows,
and in electronics as thin-film transistors and light-emitting diodes.

To acquire these properties material has unique structure and this unique structure
easily achieve using novel synthesis method. ZnO was synthesis by many chemical synthesis
methods also ZnO was synthesized using Green synthesis technology [10]. Particles sized of
nanosized ZnO material should be control by using Ultra- Sonication treatment [11-12].

2. Materials and Methods
2.1 Collection and Preparation of Neem Leaves Solution

Neem leaves called as Azadirachtaindicacollected from College campus. For cleaning

purpose, clean Neem leaves using distilled water after washing kept these leaves in sunlight
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for drying purpose further on dried Neem leaves in Oven at 30°C for 24 hr. Furthermore, dried
Neem leaves crushed into mortar pestle to get fine power of Neem leaves. Add 2 gram fine
powder of Neem leaves into 50 mL of chilled distilled water, stirred it continuously for 5 hr,
further the mixture was ultra —sonicated for 10 min to dissolve the Neem leaves fine powder
[13]. The obtained solution of Neem leaves was filtered to remove any residue or contaminants.
The obtained stock solution stored at 5°C at further experimental use.
2.2 Green Synthesis of Nano-size Zinc Oxide (ZnO) from Neem Leaves Solution

For preparation of ZnO nanosized particles (ZnO NPs), initially zinc nitrate
hexahydrate [Zn (NOs:). 6H20] was mixed into Neem leaves (capping agent) solution and
sodium hydroxide [NaOH] followed by continuously 3 hr stirring [14]. The white precipitate
was centrifuge at 1200 rpm for 10 min and precipitate was settled done at bottom at solution
container. Further, precipitate washed with distilled water and ethanol to get fine powder paste.
Then, a solid white powder obtained was dried in an oven at 60°C for 5 hr. The product was
calcined in a muffle furnace at 450°C for 6 hr. Finally get ZnO NPs powder.
3. Characterization of Nano-sized ZnO

In order to investigate various properties of the synthesized sample, it is necessary to
characterize this sample by various characterization techniques like X-ray Diffraction (XRD)
Technique. This helps to obtain the information about the different structural properties and
particle size of sample.
3.1 X-ray Diffraction (XRD) Technique

In order to get information about crystal structure, crystalline size, purity of sample etc.
of synthesized Zinc Oxide, X-ray diffraction was carried out. XRD pattern of the synthesized
sample was obtained at room temperature. The scanning angle 20was varied from 20-80
degree in step of 0.06° and the step time is fixed at 0.2 sec using Cu-Ko radiation.

Figure 1Shows the XRD pattern of So. The recorded XRD pattern confirmed
that synthesized ZnO is highly crystalline in nature. The higher peak intensities of an XRD
pattern are due to the better crystallinity.

Using PDXL software which provided with Rigaku Minflex 600 model, it is
confirm that synthesized powder contains Zn and O elements only without any impurity.
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Fig. 1: XRD pattern of 0 min ZnO (So).

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 [15]. Particle size of the synthesized
Zinc Oxide was found to be 85.46 nm.

4. Conclusion

Nano-sized Zinc Oxide (ZnO) was successfully synthesis using Neem leaves called as
Azadirachtaindicausing zinc nitrate hexahydrate as capping agent. From XRD, calculated
average particle size found to be 85.46 nm also synthesized powder contains Zn and O elements
only without any impurity.
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ABSTRACT

Nanocomposites of PPy (polypyrrole)-ZnO were prepared by chemical oxidative

polymerization technique using an anhydrous ferric chloride (FeCls) as an oxidizing agent. The

characterization of prepared sensor was done using XRD and SEM (Scanning electron

microscope) to determine the crystal size and porosity, respectively. Thick films of the

sample were prepared on clean glass plate with the help of screen printing technique. Then

sensors were studied by measuring resistance in air and ammonia environments at room

temperature (300 K).

Sensitivity of the sensors was determined at different concentrations of ammonia gas. It was

found that PZ3 sensor (85% PPy + 15 % ZnO) was best among the others as it showed

maximum sensitivity at 90 ppm of NHz gas. Also from dynamic response, response time and

recovery times were found to be 3 min and 17min. respectively.

Keywords: PPy- ZnO nanocomposites, sensitivity, dynamic response, screenprinting
technique.

1. Introduction:

In present environment, we face with toxic, volatile and combustible gases in the
environment. Detecting these harmful gases is vital in order to control air pollution, prevent
human life, and protect nature from being damaged. Ammonia is widely used in industrial
process and medical diagnoses. Hence its detection is very impotent [1-6].

NHs sensors based on conducting polymers have shown better sensing responses
among various sensors based on different materials. Polypyrrole (PPy) is one of the most
stable conducting polymers under ambient conditions. It has attracted more attention as an
NHz3 sensor because of its unique conducto-metric response to NHs [7-8].

Zinc Oxide (ZnO) has been extensively studied for various applications in sensing, acoustic
wave resonator, acoustic optic modulator. The origin of various applications the lies in its
crystal structure, in which the oxygen atoms and zinc atoms are tetrahedral, bonded. In such
anon-Centro symmetric structure, the center of positive charge and negative charge can be
displaced due to external pressure induced lattice distortion. In fact, among the tetrahedrally
bonded semiconductors, ZnO has the highest wide band gap semiconductor with a band gap
~3.2 eV at room temperature which provides a large electro-mechanical coupling. This
property of ZnO nanostructures was also investigated for their potential applications in nano
systems [9-11]. The present study deals with the synthesis, characterization of PPy-ZnO
nano-composites,sensitivity and dynamic response.
2. Experimental:
A. Synthesis of ZnO Nanoparticles:

GR grade, sd-Fine, India (purity 99.99%) chemicals were used for the preparation of ZnO
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nanoparticles. Zinc acetate dehydrate Zn(O2CCHz3)2(H20)2, sodium hydroxide, Methanol and
de-ionized water was used. In the preparation of Zinc Oxide (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. Then abundant liquid was discarded and
the product was washed many times with the deionized water and methanol to remove
byproducts. The final product was then filtered by using Watt-man filter paper to obtain
precipitate in the form of white paste. Now this paste was kept in a vacuum oven at 80°C
for4 hrs. so that the moisture will be removed from the final product and we will get
dryproduct. Then this dry product was crushed into a fine powder by using grinding machine
andfinally this fine nano-powder of ZnO was calcinated at temperature 800°C for 6 hrs. in the
auto controlled muffle furnace (Gayatri Scientific, Mumbali, India.) so that the impurities
from product will be completely removed and got a final product of ZnO nanoparticles.

B. Synthesis of Polypyrole (PPy):

The Py monomer, anhydrous iron (111) chloride (FeCls) and methanol were used as
received for synthesis of PPy. The solution of 7 ml methanol and 1.892 g FeCls was first
prepared in round bottom flask. Then 8.4 ml Py monomer was added to (FeCls + methanol)
solution with constant stirring in absence of light. The amount of Py monomer added to the
solution (1/2.33 times of FeCls) was in such a way to get maximum yield. The resulting black
precipitates are filtered and washed with copious amount of distilled water until the washings
are clear. PPy so obtained is dried by keeping in oven at 600°C for 3 h. The synthesized
material was characterized by using XRD and SEM.

C. Preparation thick films:

Synthesized nanomateirals of ZnO, and PPy were mixed with different weight
percentage. The binder was prepared by using 8 wt% butyl carbitol and 92 wt% ethyl
cellulose. On chemically cleaned glass plate, paste of Al.Os was screen printed and it was
kept for 24 hr to dry it at room temperature and then heated at 100°C for 2 hrs to remove the
binder. Paste or ink of PPy+ZnO was then screen printed on Al,O3 layer. Again plate was
dried at room temperature for 24 h and binder was removed by heating it at 150°C for 4 hrs.
Finally integrated electrons (fig. 1) were made using silver paint for electrical connections
(fig. 2). Sample codes are given in table 1.

Film

Integrated ,
#«— Substrate

Electrodes b

o

Fig. (1) Fig. (2

Table 1: Sample Codes

Sr. No. | Composites Codes
1 95 % PPy + 5 % ZnO PZ1
2 90 % PPy + 10 % ZnO pPZ2
3 85 % PPy + 15 % ZnO PZ3
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4 80 % PPy + 20 % ZnO PZ4
5 75 % PPy + 25 % ZnO PZ5
6 70 % PPy + 30 % ZnO PZ6
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3. Result and Discussion:
(i) XRD (X-Ray Diffraction):

XRD patterns of all the composites of PPy and ZnO are as shown in Fig. 3.
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ZnO
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. Zn0
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Fig. 3: XRD of PPy and ZnO composites
XRD pattern of PPy manifested amorphous nature of PPy. At 27° broad peak occurred which
is the characteristics of amorphous nature of polypyrrole. Occurrence of this broad peak is
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 [12].
The average grain size, determined from XRD pattern using Scherrer formula is about 87
nm [13]. The main diffraction peaks for the ZnO, which are located at 20 = 31.4°; 34.2°,
36.7°; 47.6; 56.1°; 63.4° and correspond to Bragg reflections (100), (002), (101), (102),
(110), (103), respectively, allowed us to identify a hexagonal wurzita type structure (a = 3.
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25 A andc =521 A) for ZnO. These peaks are in agreement with the data obtained for ZnO
[14]. FromXRD pattern of composites, it is observed that average crystallite size of PZ3
sensor (85%PPy + 15%ZnO composition) is least (92 nm) as compared to other
compositions and hence PZ3 sensor has large active area which tends to increase the
sensitivity of PZ3 sample.

(i) SEM Analysis:
The surface morphology of composites of PPy and ZnO materials were studied by SEM and
its pictures are shown in the following figures.

~ 200 nm 25,000x Mag
Fig. 4: SEM of PZ1 (95 % PPy + 5 % ZnO) Fig. 5: SEM of PZ2 (90 % PPy + 10 % ZnO)

Fig. 8: SEM of PZ5 (75 % PPy + 25 % Zn0O)  Fig. 9: SEM of PZ6 (70 % PPy + 30 % 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
porosityof PZ3 sample is more among the samples. Due to high porosity, surface area
increases and hence it tends to more response of the gas.

(iif) Sensitivity Measurement:
The sensitivity is expressed by the formula:
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g = Change in resistance _ Rg -R..

Original resistance R

Where,
Rgas = Resistance of the sensor in presence of NH3 gas environment
andRair = Resistance of the sensor in presence of air.

When PPy is exposed to electron donating gases like NH3, a redox reaction occurs
and its effective number of charge carrier decreases, thus reducing its conductance i.e.
resistance increases during NHs exposure, indicating a p-type-like gas sensing behavior
[15]. PPy-ZnO sensors exhibit good dependence on NH3 gas concentration up to 90 ppm,
where it reaches a saturation level at room temperature (300K). By keeping surface area
fixed, a lower gas concentration implies a lower coverage of gas molecules on the surface.
An increase in the gas concentration raises the surface coverage eventually leading to
saturation level and thus determining the upper limit of detection. Amongst the prepared
sensors, PZ3 sensor showed more sensitivity as 15 % of ZnO mixed with 85 % of PPy
produces more porosity (Fig. 6) and hence enhanced surface area thereby increasing gas
sensitivity. The variation of sensitivity with NHz gas concentration is shown in the figure
10.
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Fig. 10: Variation of sensitivity with concentration of NH3 gas for different sensors
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(iv) Dynamic Response:
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Fig. 11: Dynamic response of PZ3 sensor for 50, 100, 150
ppm ofNHs gas

Figure 11 shows the dynamic response of PZ3 (85%PPy + 15%2ZnQ) sensor for 50, 100,
150 ppm of NHj3 gas at room temperature (300 K). Time required to attain 90 % of maximum
resistance change due to exposure of gas. The recovery time is defined as the time taken to
reach 90% of the recovery when gas is turned off. Response time was found to be about 3
min and recovery time was found to be nearly 17 min. This shows that PZ3 sensor is fast
i.e.it shows quick response but slow in recovery.

The gas sensing mechanism for the prepared sensors may be explained on the basis of
interactions between the sensing film and adsorbed gas. It has been proposed that NHz can
adsorb and donate a lone pair of its electrons to PPy. Electrons will recombine with existing
holes in the p-type PPy, leading to a resistance increase in agreement with the observed
NHz response. By adding unloaded ZnO nanoparticles (ZnO NPs), the response is enhanced.
This could reasonably be explained by interaction of gas with increased specific area of ZnO
nanoparticles. From the SEM image, ZnO NPs addition results in considerable increase of
film porosity and hence the surface area.

4. Conclusion:

Porosity of PZ3 sample was found to be more and its average crystalline size was found to
be90 nm, from XRD pattern. PZ3 sensor showed more sensitivity (about 0.624) at 90 ppm
concentration of NHs gas among the remaining sensor. From dynamic response, response
time and recovery times were found to be 3 min and 17 min. respectively. It showed that
PZ3 sensor is fast in action.

5. References:

[1] Jafarpour M.M., Foolad A., Mansouri M.K., Nikbakhsh Z. and Saeedi Zade H. (2010).
Ammonia Sensing Properties of (SnO2-ZnO)/Polypyrrole coaxial nanocables, World
Acad Sci. Eng. Technol, 70, 940-945.

[2] Raulkar K.B, Wasnik T.S, Joat R.V., Wadatkar A.S. Agrawal, R.M. and Lamdhade
G.T., (2019). Study on DC Conductivity of PPy-ZnO Nanocomposites, Materialstody
Proceedings, 15(3), 595-603.

[3] Jorgensen T.C. and Weatherley L.R. (2003). Ammonia removal from wastewater by


https://www.sciencedirect.com/science/article/pii/S0043135402005717

National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

ionexchange in the presence of organic contaminants, Water Research 37, 1723-1728.
Chougule M.A., Dalavi D.S., Sawanta Mali, Patil P.S., Moholkar A.V., Agawane
G.L., Shashwati Sen and Patil V.B. (2012). Novel method for fabrication of room
temperature polypyrrole-ZnO nanocomposite NO sensor, Elsevier-Measurement,
45(8), 1989- 1996.

Mahaja C., Chaudhari P. and Mishra S. (2018). RGO-MWCNT-ZnO based
polypyrrolenanocomposite for ammonia gas sensing, Journal of Material Science, 29,
8039-8048.

Chatterjee S., Shit A. and Nandi A.K. (2013). Nanochannel morphology of
polypyrrole-ZnO nanocomposites towards dye sensitized solar cell application,
Journal of Materials Chemistry A, 1, 12302-12309.

Abdolmajid B.M., Tayebe N., Badraghi J. and Kazemzad. (2009). Synthesis of ZnO
Nanoparticles and Electrodeposition of Polypyrrole/ZnO Nanocomposite Film, Int. J.
Electrochem Sci., 4, 247-257.

Yeolea B., Sena T., Hansoraa D., Mishra S. (2016). Polypyrrole/Metal Sulphide
Hybrid Nanocomposites: Synthesis, Characterization and Room Temperature Gas
Sensing Properties, Materials Research, 19(5), 37-42.

A shour A., Kaid M.A., El-sayed N.Z. and Ibrahim A.A. (2006). Physical properties
of ZnO thin films deposited by spray pyrolysis technique, Applied surface Science,
52,7844-7848.

Mohammad M.T., Hashim A.A. and Al-Maamory M.H. (2006). Highly conductive
and transparent ZnO thin films prepared by spray pyrolysis technique, Materials
Chemistry and Physics, 99, 382-387.

Chakraborty A., Mondal T., Bera S.K., Sen S.K., Ghosh R. and Paul G.K. (2008).
Effects of Al and In incorporation on the structural and optical properties of ZnO thin
films synthesized by spray pyrolysis technique, Materials Chemistry and
Physics,112,162-168.

Nemade K.R. and Waghuley S.A. (2012). V20s-P.0s Glass Ceramic As A Resistive
Solid-State CO2 Gas Sensor, Asian Journal of Chemistry, Vol. 24, No. 12, , 5947-
5948.

Klug H.P. and Alexande L.E., (1974). X-ray Diffraction Procedure for Polycrystalline
Materials, Wiley Online library,125-127.

Hamed A.K., Aryan Eghbali, Mansoor Keyanpour-Rad, Mohammad R.V. and
Mahmoud Kazemzad. (2014). Ammonia sensing properties of (SnO.—
ZnO)/polypyrrole coaxial nanocables, J. Mater Sci., 49, 685-690.

Shao H., Qian X.F. and Huang B.C., (2007). Fabrication of single crystal ZnO nano-
rods and ZnS nanotubes through a simple ultrasonic chemical solution method.
Materials Letters, 61(17):3639-3643.

10


https://www.sciencedirect.com/science/article/pii/S0043135402005717
https://www.sciencedirect.com/science/article/pii/S0043135402005717

National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

3

Emission Spectrum Analysis of Several Lighting and Display Devices Using
USB650-UV-VI-SPI Mini Portable Spectrometer

Shailesh R. Jaiswal**, Rupali G. Korpe?, Pankaj A. Nagpure?
1Department of Physics, Shri R. L.T. College of Science, Akola. 444001(INDIA)
2Department of Physics, Shri Shivaji Science College, Amravati. 444602 (INDIA)

Abstracts

This study reports an analysis of emission spectra of various lighting and display devices using
a USB650-UV-VI-SPI mini portable spectrometer with ‘Spectra Suite Ocean Optic’ computer
software. This study also shed light on the biological effects of lighting devices on human
health. The fourth new eco-friendly and health-friendly alternatives for lighting and display
technology such as mercury-free fluorescent lamps (MFFLs) and organic LEDs have been put.

1. Introduction

Humans are exclusive animals on the planet that produces lighting using external sources. In
olden eras, the sun light is one of the natural sources of light in day time but at night, lighting
was obtained by burning dry vegetation. Progressively open fires were replaced by candles,
fuel lamps and natural gas. In 1880, Thomas Edison invented an electric light appropriate for
commercialization and today electric lighting predominates and our cities are covered in light
well into the night. Over time due to the large development in lighting technology, it possible
for lighting to be providing at lesser price to more numbers of individuals.

The commercial incandescent lamp which was developed by Edison’s, operates by heating a
tungsten filament to emit light. But in the incandescent lamp most of the energy is loss in to
heat i.e., energy emitted in the infrared, outside the range of human vision. Over time electric
lighting types expanded, a process driven by demand for cost efficiency, large area lighting,
visual attractions and the preference for high color renderings that are similar to daylight [1].
However, over time incandescent lamp were replace by the gas discharge lamps (e.g.,
fluorescent, high-pressure sodium and metal halide). Gas discharge lamps are a light source
that generates light by sending an electrical discharge through an ionized gas, plasma. Some
lamps convert ultraviolet radiation (emitted photons of characteristics energy from gas
discharge/ionized gas) to visible light with the help of phosphor coating on the inside of the
lamp’s glass surface. Such type of lamps is called low-pressure gas discharge lamps. The
classic fluorescent lamp and compact fluorescent lamp (CFL) are the best examples of Low-
pressure gas discharge lamps.

Fluorescent lamps are inexpensive, have a long life, have good luminous efficacy, and
very good CRI but it contains mercury. All fluorescent lamps contaminate the environment
with mercury when broken or disposed of after use. Because of their shapes and the structure
of the materials, the collection and recycling of the lamps do not apply to every situation. Apart
from that it contains ambient temperature affects the switch-on and output, and need auxiliary
ballast and starter or electronic ballast. These are the major disadvantages of fluorescent
lighting [2].

Nowadays replacement of fluorescent lamps with environmentally benign light sources
such as light-emitting diodes (LEDs). The use of LEDs seems to be the most environmentally
benign way of lightning. A characteristic method to producing "white” light from LEDSs is to
combine a blue LED (peak wavelength ~ 460 nm) with a phosphor coating to produce a broad
spectrum in the green-yellow-red range. The manufacturer is able adjust the balance between
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these two components to produce a range of correlated-color temperatures (CCTSs) for "white"
LEDs [1].

But W-LED still suffers from a poor color rendering index (CRI) [2] and a
comparatively low luminous intensity (especially when a good CRI is attempted). Secondly it
is found that most of the new commercial LED light bulbs emit a high proportion of the blue
region reaching up to 35% of the total emitted light. Therefore, the biggest disadvantage of
LED is the suppression of melatonin in humans due to blue light. From the literature survey, it
is reported that blue light from light-emitting diodes elicits a dose-dependent suppression of
melatonin in humans [3].

The fig.1 shows the history of lighting technologies which have been adopted by the
human being.

. Candle Incandescent Fluorescent
1 Sun \’ IS oil lamp 1 bulb 1 bulb LEDs

Fig.1: History of Lighting Technology [4]

In this report, we investigate the emission spectrums of different light sources (lighting and
display devices) and also studies their biological effects on human health. For that we adopted
directed method of reading, in which we identify the spectra of various lighting and display
devises using USB650-UV-VI-SPI mini portable spectrometer with ‘Spectra Suite Ocean
Optic’ computer software. Compare all the emission spectra (other sources of light, lighting
and display devices) with daylight (Sun) spectra. Also put idea of forth new eco-friendly and
health-friendly alternatives for lighting and display technology such as mercury-free
fluorescent lamps (MFFLs) and organic LEDs.

2. Working Method

Emission spectra of various lighting and display devises were acquired using USB650-UV-VI-
SPI mini portable spectrometer with ‘Spectra Suite Ocean Optic’ computer software. It has a
wavelength range of 200-850 nm, and utilizes a detector with 650 active pixels; that’s 650 data
points in one full spectrum, or one data point per nanometer. The spectrometer is a low-cost,
small- footprint lab spectrometer that's ideal as a general-purpose instrument for budget-
conscious teaching and research labs. The innovativeness of this spectrometer is to directly
measure the emission spectrum of any natural and artificial light sources. No need to collect
the samples/phosphors of the devices for monitoring the spectra. Diagrammatic representation
of the system is shown in the fig.2
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Computer with software

USB650-UV-VIS-SPI Mini Spectrometer

Fig.2: Complete System with USB650-UV-VI-SPI mini portable spectrometer [5]
3. Result

3.1 Spectral Power Distribution (SPD) of the Lighting Sources:
Sun Light Spectrum: Spectra were acquired from direct sunlight. The emission spectra of sun
having all types of wavelengths starts with violet and blue colors, with a wavelength of 380
nanometers. It spans the range of visible light colors, including green, yellow and orange and
ends at the bottom with red colors with a wavelength of 750 nm as shown in fig. 3 (a).

(a) SUN

—dl  aada

(b) FIRE OR CANDLE

- =
=. -[
7 IR

(C] INCANDESCENT LIGHT BULB

(d) FLUORESCENT LAMP

Relative Intensity (.

(e) W-LEDS BULB

B

Fig.3: Spectral Characteristics of the Different Light Sources
Fire or Candle: Spectra were acquired from direct burning of fire or candle. The spectra have
a flattened appearance, with the short wavelength and an upward swing in emission from 550
to 700 nm as shown in fig. 3 (b).

..

. Wavelength (nm)
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Incandescent Lamps: Spectra were acquired from incandescent lamp. The emission spectra
of incandescent lamps have blackbody shapes. It is a thermal radiator that emit a continuous
spectrum of light extending from about 380 nm to 780 nm as shown in fig. 3 (c).

Fluorescent Lamps: Spectra were acquired from fluorescent lamp. The fluorescent lamp is a
low-pressure gas discharge lamp that generates light predominately by phosphors excited by
UV emissions. The fluorescent lamp spectra show broad band spectra with consist of a set of
sharp emission lines at wavelength of 408, 436, 544, 574 and 611 nm as shown in fig. 3 (d).
The red emissions are found to be quite low.

Light Emitting Diodes (LED): Spectra were acquired from LED lamps. These are solid state
light sources that generate light by electroluminescence, moving electrons from a high energy
state to a lower energy state on a semi-conductor substrate. Fig. 3 (e) shows two spectra from
white LED bulb containing the primary emission at 420-460 nm and the phosphor induced
secondary emission in the green to red. The second emission peak in the W-LED spectrum is
induced by a phosphor coating on the LED which absorbs a portion of the blue emission and
reradiates at longer wavelengths.

3.2. Discrimination of Lighting Types

We compare the spectrum of various light sources such as sun light, fire, or candle, incandesce

blub, fluorescent tube and LED as shown in the fig. 4.
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Fig. 4. Comparison of emission spectrum of different light sources
From the graph results in fig. 4, the emission of blue light spectra is more in LED. The
blue spectrum element of W-LED spectrum accounts for a larger amount, thus creating the blue
light problem. In most of the countries LED widely used both indoors (lighting and display
devices) and outdoors (streetlight, automobile headlights etc.). Fig.5 shows emission spectrum

of different flat LED display (Cell Phones/Laptops Screen/TVs Screen).
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Fig.5 Emission spectrum of different flat LED display/ Screen

Many reports said that exposure to an intense and powerful (LED) light is ‘photo-toxic’ and
can lead to irreversible loss of retinal cells and diminished sharpness of vision [6]. From the
literature survey, it is reported that blue light from light-emitting diodes elicits a dose-
dependent suppression of melatonin in humans [3].
4. Conclusion
In fact, artificial lighting is an integral part of our everyday life. We spend an average of 10-12
hours under these lights. It was observed that as compared to the emission spectrum of other
light sources, LED emits blue light most so it causes melatonin suppression due to which
sleeping pills can occur. Also, white LEDs still suffer from a poor color rendering index (CRI)
due to comparatively low luminous intensity. It is, therefore, important that LED lights need
the photobiological safety standards prescribed internationally. In fluorescent lamps, low-
pressure mercury vapor is used, and this mercury caused an adverse effect on human health. It
is concluded that this lighting technology may have two alternatives one is mercury-free
fluorescent lamps in which we can use Xe discharge rather than Hg & other may be organic
LED in which we can suppress the blue color. The future will show if this developing
technology will take market shares in the lighting field. We hope that their use will favor the
design of new eco-friendly and health-friendly lighting technologies.
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Abstract:

Solid polymer blend electrolytes of polyvinyl alcohol (PVA) and Polyethylene glycol (PEG)
complex with ammonium nitrate (NH4Br) salt in different compositions have been prepared by
solution cast technique using distilled water as a solvent. The complexation of these flim has
been studied by AC electrical conductivity. The dielectric constant, dielectric loss and ac
conductivity of PVA:PEG has been observed to increase along with the addition of ammonium
bromide at the different frequency and temperature range. The AC conductivity was measured
using 4284 LCR meter in frequency range of 20Hz to 1MHz and at different temperature.

Keywords: Polymer blends, Ammonium salts, AC conductivity.

Introduction:

Many researchers have been carried out for prepared environment friendly
biodegradable materials. These materials have been found useful for drug delivery,
pharmaceuticals, paints, textiles, and tissue engineering applications. They have many uses,
with many new applications involving blends of these polymers with other polymers and other
materials [1]. The selection of polymers for blending plays a major role in attaining good
mechanical, thermal and electrical properties. PEG are synthetic water soluble polymers having
a wide range of applications, including use in pharmaceutical experiments, food additives and
plasticizers [2-3]. PVA is a nontoxin and water soluble polymer having good charge storage
capacity [4]. To increase the ionic conductivity depend on the addition of some dopant
(ammonium salts) in polymer. Ammonium salts have been a very good proton doner to the
polymer matrix system and to increase the conductivity [5-7]. In this paper the attempt has
been made to investigate effect of dopent on ac conductivity of PVA-PEG blends.

Experimental technique:

The solid polymer electrolyte of pure (PVA + PEG) with Ammonium Bromide were prepared
in different concentration (95:05), (85:15), (75:25) by solution casting technique. In this
technique, PVA and PEG were dissolving in water separately. After dissolving same
concentration of PAV + PEG mix with ammonium bromide salt then 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 dried blend solid polymer electrolyte
films were formed. The AC conductivity were measured using 4284 LCR meter in frequency
range of 20Hz to 1MHz and at different temperature.
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Result and Discussion:
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Fig 1: Variation of AC conductivity with frequency (a) PVA-PEG (b) 5 mole %, (c) 15
mole %, (d) 25 mole % of NH4Br.

The fig. 1 shows that the variation between AC conductivity with frequency for (a) PVA:PEG,
(b) PVA:PEG:NH4Br(95:05) and (c) PVA:PEG:NH4Br (85:15), PVA:PEG:NH4Br (75:25). It
is observed that the conductivity increases with an increase of frequency in all composition due
to more number of free ions. This will increase mobile of charge carrier. [8-9]. It found that
conductivity of PVA:PEG blend increases with increase in salt concentration upto 25 mol%
due to enhancement of ionic mobility and the large number of carrier ions being introduced
into the complex [10-11].

3000 -
2500 -
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o 1500 -
1000 -
500 -

0

LN(F) Hz

Fig 2: Variation of Dielectric constant with frequency (a) PVA-PEG (b) 5 mole %, (c)
15 mole %, (d) 25 mole % of NH4Br.

The frequency dependent dielectric constant of PVA-PEG-NH4Br mole % as shown in (figure
2) . Itis observed that dielectric constant is high at low frequency. Due to contribution of charge
accumulation at electrode-electrolyte interface. But in high frequency dielectric constant
decreases and nearly constant value with increases in frequency. This is due to the dipole not
being able to follow apposite of electric field variation at higher frequency [12-13].
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Fig 3: Variation of Dielectric loss with frequency (a) PVA-PEG (b) 5 mole %o, (c) 15
mole %, (d) 25 mole % of NH4Br.

The dielectric loss as a function of frequency is shown in fig 3 shows the dependence
of (0"} on the frequency at room temperature. It is found that the dielectric loss is high at low
frequencies and decreases with increase in the frequency. The origins of the dielectric losses
are the conduction of losses [14].

Conclusion:

Solid polymer blend electrolytes of polyvinyl alcohol (PVA) and Polyethylene glycol
(PEG) complex with ammonium nitrate (NH4Br) salt in different compositions have been
prepared by solution cast technique. The conductivity of PVA:PEG complexed with
ammonium bromide (NH4Br) increase with increasing frequency and concentration of
ammonium salt. The frequency dependant dielectric constant and dielectric loss decreases with
increase in frequency. It is reveal that electrical conductivity of PVA-PEG doped with NH4Br
increases with increasing salt concentration as well as temperature, which is attributed to the
formation of charge transfer complexes.
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Abstract

Tin oxide is a remarkable chemical in today's research because to its unique electrical and
optical properties. Because of its huge band gap (3.6 eV), it is used as a core material in a wide
range of important applications, including optoelectronics, spintronics, photovoltaics, thin-film
transistors, photocatalysis, dielectrics, sensors, and transparent electronics. Thin film
technology provides various advantages in the solar industry, including low cost, low material
and energy consumption, and ease of use. Solar cells made from SnO: thin films have the
potential to open up new technical paths for power production, with conversion efficiencies
ranging from 15% to 20%. The authors examine and outline potential areas of SnO> research
for photovoltaic and gas sensor applications. The data obtained will indicate the possibility of
designing physical, chemical, magnetic, and optical characteristics of SnO for sensing and
photovoltaic applications.

Keywords: Tin oxide, Photovoltaic, Thin film, Gas sensors.

1. Introduction

Material science is the systematic investigation of any material to determine its varied
characteristics and qualities. It covers a wide variety of applications, from manufacturing
nanoscale gadgets to developing novel materials at the atomic level. In the current context, we
are dealing with a number of difficulties linked to traditional energy sources, global warming,
soil and water contamination, climate change, sanitation, and so on. Our primary objective is
to alleviate these issues by bringing new technologies and advanced materials. Nanotechnology
and thin films play an essential role in dealing with such challenges. As stated by [1], this can
be used to enhance the performance of currently used materials and develop new functional
materials. This is because they not only offer good opportunities to study the optical, electrical,
and thermal properties in quantum confinement, but they also provide crucial understandings
of the functional units involved in the fabrication of nanoscale electronic, optoelectronic, and
magnetic devices.

ZnO, TiO2, and SnO; are the most studied metal oxides due to their unique global uses. Tin
oxide is the best option for photovoltaic investigations since it is plentiful, affordable, and non-
toxic. The primary goal of this research is to learn more about the functioning of SnO. and to
identify potential research topics for future applications in photovoltaics and gas sensors [2].
2. Overview of Tin Oxide and its Properties

From the past several decades semiconducting (Metal) oxides such as ZnO, TiO2 and SnO>
have been demonstrated to be an essential class of transparent conducting oxides (TCO) for
use in solar cells and gas sensors. Tin oxide is the most common material used in
optoelectronics because to its low electrical resistance and high transmittance in the visible
range [3]. Tin oxide is a good option for these uses due to its large band gap (3.6 eV) and
strong excitation binding energy (130 MeV). It is the only group-IV oxide that exhibits
transparent properties and excellent conductivity in the visible range of (300—-800 nm). Bulk
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SnOy is unable to achieve effective UV emission because of the dipole-forbidden rule.
Structural morphology, tetragonal structure of pure and SnO; thin films doped with TM of
material is clearly visible by AFM measurements as shown in Fig.1.

3. Methodology

SnO; films may be grown using a variety of deposition processes, including chemical vapor
deposition, spray pyrolysis, thermal evaporation, sol-gel, and sputtering. Recently, the Sol-Gel
process was employed to create several high-quality thin films for photovoltaics and gas
Sensors.

3.1 Chemical deposition technique

3.1.1 Chemical vapor deposition (CVD)

CVD is a chemical approach for vacuum deposition in which gaseous precursors are

transferred into a chamber with the substrate. At high temperatures, the chemical interaction

between the precursor and the substrate can provide the needed thin layer thickness. This is a

prominent method in the semiconductor industry for producing high-quality, high-

performance semiconductors [4]. There are numerous CVD methods for producing thin films,

including thermal chemical vapor deposition, APCVD (Atmospheric-pressure CVD),

MOCVD (Metalorganic chemical vapor deposition), PECVD (Plasma-enhanced chemical

deposition), LCVD (Laser Assisted VVapor Deposition), and PACVD (Photo-assisted chemical

vapor deposition).

3.1.2 Atomic layer deposition (ALD)

The atomic layer deposition process is also known as vapor phase deposition. In this approach,

the reactions between gaseous precursors and substrate occur one at a time. This process uses

two or more gaseous precursors to produce a thin coating of the appropriate thickness. ALD

is a step-by-step method in which precursors react exclusively with the available substrate and

no further reactions occur after the surface is saturated. As a result, it is a slower process, but

it allows for fine thickness control of the film even at lower temperatures [5,6].

3.1.3 Sol- Gel Method

Sol-Gel is a chemical solution deposition process in which precursor materials generate a

solution known as 'sol'. This 'sol' was placed on the substrate using a carefully regulated

method. The Sol-Gel approach comprises a gelation process in which the precursor material

converts from a liquid 'sol' to a solid 'gel' form [6]. This solution is known as a sol-gel, which

is a continual mixture of suspended precursor particles and substrate. The sol-gel process

includes spin coating, dipping, and spraying. Table 1 is a brief summary of various ways for

synthesizing a thin film for practical applications.

Fig. 1 — 3D AFM images of (a) pure SnO2 and (b) doped Sno.c9sMno.00sOz2 thin films.
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3.2 Physical deposition technique
3.2 .2 Sputtering

Sputtering is a physical thin film deposition process in which surface atoms are liberated by
blasting the surface of a target material with ions before coming to rest on the substrate. At
low temperatures, the target material for this deposition process is Nobel gas Argon. Normally,
Nobel gas is less reactive, thus it acts neutrally during any chemical reaction in the chamber,
making it a quick and reliable approach. Sputtering is obviously an etching method, making it
suitable for surface cleaning applications [7]. We grouped the sputtering process into four
types: diode sputtering, reactive sputtering, bias sputtering, and ion beam sputtering.

3.2.3 Thermal evaporation

In thermal evaporation, the material is heated in a vacuum chamber until its surface atoms have
sufficient energy to leave the surface. The evaporated material then condensed on the substrate
for synthesis of thin film of desired thickness.

3.2.4 Spray pyrolysis deposition

Spray pyrolysis involves spraying a solution over a heated surface to form a thin layer. Spray
pyrolysis is the chemical dissociation or evaporation of droplets containing a solute of the
desired nanomaterial [8]. As a result, it has been adopted by both gas-phase and liquid-phase
approaches. The spray pyrolysis technique works by creating an aerosol from a variety of
precursor solutions, such as a metallic salt solution or a colloidal solution25. It is a non-
reversible method that achieves great efficiency.

4. Tin Oxide as Photovoltaic Cell

PV materials for photovoltaic applications work via the photoelectric effect. In this process,
the exposed PV material turns electromagnetic energy (sunlight) into electrical energy.
Photovoltaic cells are the most demanding renewable energy sources [9]. It offers several
benefits over other sources of energy such as fossil fuels and petroleum. It is a viable and
sustainable energy source that will meet growing energy demand without harming our
environment. Zhu et al.[10] successfully used solution-processed SnO nanocrystals to build
an effective ETL for inverted thin film photovoltaic solar cells.

Table 1 — A glance of various preparation methods of thin film deposition of SnO2
material.

Thin Films Deposition Techniques
Chemical Process (Non-equilibrium Physical Process (Equilibrium
reaction) I reaction)
Plating Sol Gel CVvD Evaporation Sputtering
Electroplating Dipping | MOCVD) lon Plating RF
Electrolysis Spraying | PECVD | MBE DC
Flame Hydrolysis deposition| Spin ALD Laser ablation & Electron| Magnetron
(FHD) Coating Beam

They proposed that due to several unique features, SnO> is more suitable than ZnO and TiOx.
In their article, Dong et al. [11] investigated compact SnO, ESL and compact TiO, ESL, as
well as their PCEs. Fabrication of thin films using the sol-gel technique. They characterized
the films using SEM, J-V curves, PL, XRD, and IPCE. In their article, Roose et al. [12] detailed
the UV instability of a perovskite solar cell employing my TiO2. They came to the conclusion
that employing a thin coating of m- SnO2 may solve this instability. In their trials, they reached
a high efficiency of around 16.4%. The solar cell is made from Ga doped SnO: film. The
authors reported an approximate PCE of up to 23% for perovskite solar cells using the spin
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coating and single gel procedures for deposition of SnO; thin films and examination of their
characteristics by comparing thermally annealed SnO> TF (T-SnO2) and P- SnO. TF [13-14].

5. Tin Oxide as Gas Sensors

Nowadays, gas sensors are the most exciting study topic because they are effective in
monitoring environmental concerns based on the needs of physical, chemical, and biological
processes in the Earth's atmosphere. Researchers want to increase its durability,
responsiveness, and sensitivity. Gas sensors have an essential role in environmental
monitoring, medical applications, breath analysis for medical diagnostics, industrial
applications, food processing, and so on [15]. Gas sensors are primarily used to differentiate
odors, detect gases, and monitor changes in specific gases in the atmosphere. Material
selection has a significant impact on gas sensor performance.

Beniwal A et al. [15] explored a SnO: sensor for detecting low-concentration ammonia at
ambient temperature. They synthesized SnO: thin films using the sol-gel process and
characterized them using XRD, AFM, XPS, and SEM. They concluded

that it is a highly promising sensor for detecting Ammonia concentration at extremely low
temperatures, and that it would have a wide range of applications in the future due to its
outstanding stability, adequate recovery time, and good responsiveness. Gupta P et al. [16]
proposed that doping Zn improves the gas sensing characteristics of SnO3, such as surface
shape, crystallinity, crystal size, and so on. They found that SnO, has higher sensitivity for
O2 gas sensing than pure and Zn doped SnO.. Khuspe G D et al. [17] found in their
investigation that SnO: is more sensitive and stable to NO> gas. They reported a higher sensor
response of 19% and stability of 77.90%. Zhou Q et al. [18] found that Ni and Zn doped
SnO: gas sensors recovered and responded more quickly than specific Zn or Ni doped SnO>
nanomaterials did. They conducted several studies on the concentration of harmful CO gas
and discovered improved sensitivity and stability.

6. Results and Discussion

The authors of the current study looked into recent improvements in tin oxide. A study on
alternate methods for producing SnO- thin films in pure, composite, and doped with transition
metals to exhibit structural and electrical properties has been presented. This article describes
many methods of synthesizing SnO> films to highlight their merits and drawbacks, as well as
numerous advances and their different effects and potential applications, notably in
photovoltaics and gas sensors. With so many fascinating applications for SnOz thin films, we
are concentrating on the most demanding ones: photovoltaics and sensors. Excellent charge
collecting qualities in solar cells and a promising future for green energy technology are two
of SnO>'s many advantages. Pure SnO: thin films produced using a variety of techniques,
including sol-gel, ALD, spin coating, PLD, and sputtering, had the highest PCE of 19.56%
[14]. The PCEs of Nb doped SnO- thin film, Mg doped SnO thin film, and Ga doped SnO>
thin film, with doping of transition metals, are 17.57%, 14.60%, and 16.40%, respectively35—
37. According to the inquiry, the Composite thin film of SnO»-TiO, acquired the greatest
PCEA40 of all the studies, 21.10%. Comparably, pure SnO2 thin films made using the Sol-gel
process respond to ammonia (NHzs) gas with a 28% reaction and NO gas with a 19% response
[15, 17]. The authors have reported an enhanced high response and sensitivity of 37.6% for
the monitoring of O gas by doping of Zn in SnO- thin film [16]. Researchers used Ni and Zn
doping in their studies to monitor CO gas, and they discovered that the responses were 7.28
and 5.90, respectively.
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7. Conclusions

The fabrication of SnO- thin films using the Sol gel technique still has a lot of untapped
potential. It is worth noting that, among the alternative synthesis technologies, the Sol gel
technique is the most appropriate due to its clear advantages of precision, simplicity,
flexibility, homogeneity, and uniformity. However, one of its advantages is that the
manufacture of SnO> thin films by sol gel allows for essential characterizations such as XPS
and VBS studies on SnO> materials. We hope that the study of this characterization technique
may explore the new path of photovoltaic and gas sensor applications, which can be useful to
achieve the desired efficiencies of solar cells for future aspects as well as excellent
performance (gas response, selectivity, stability, sensitivity) in gas sensor.
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Abstract

Zinc oxide (ZnO) nanoparticles was synthesized by using (Azadirachta Indica) Neem leaf
extract. In these different parts of neem tree such as leaves, bark, twigs and fruits are used for
synthesis ZnO nanoparticles mainly by two methods: one by soaking and another by boiling.
It also provides an unconventional and fresh approach which shows that it is a reliable, non-
toxic in nature, eco-friendly and also low-cost method. The synthesized Zinc oxide
nanoparticle was then characterized by using X-ray diffraction technique, Ultra violate (UV)
and FTIR technique. The particle size was found to be 32 nm. It also exhibits the synthesized
nanoparticle are in crystalline in nature. This method offers a biological technique to synthesize
ZnO nanoparticles in controlled and precise manner with well-defined diverse sizes and shapes.
Also, the band gap energy was found to be 4.5 ev. The green synthesized method can be used
as an alternative to the existing chemical and physical methods.

Key Words: Neem Leaf, Zinc Nitrate.

1. Introduction
Over last few decades, nanotechnology has established as the great innovation in modern
science and technology. Nanoparticle is well-defined as a small object that behaves as a whole
part in terms of its transport and properties. (1). As Green synthesis of nanoparticle is an
advanced and innovative branch of nanotechnology it has gained more significant importance
and become one of the most useable methods (2). The biosynthesis method of plant extracts
has drawn attention as a simple and viable substitute to chemical procedures and physical
methods [3]. Zinc oxide, is a crystalline yellowish-white powder and is almost completely
soluble in water. It shows hexagonal Wourtzite crystalline structure. The Zinc Oxide
Nanoparticles is a type of inorganic compound and due to the unique physical, chemical, and
biological properties it has widespread application as an additive in a wide variety of materials
and products, including ceramics, glass, cement, and rubber, amongst others (4,5). Azadirachta
indica commonly known as Neem belongs to Meliaceae family. Each part of the tree
has been used as a traditional medicine for various household remedy. The major advantage
of using the neem leaves is that it is anormally available medicinal plant and the biosynthesized
ZnO nanoparticle might have been enhanced as it was capped with the neem leaf extrac [6].

2. Experimental

Synthesis of Zinc Oxide Nanoparticles

Preparation of Neem Leaves (Azadirachta Indica) Extract
Zinc oxide (ZnO) nanoparticles were synthesized from neem (Azadirachta indica) and leaf
extracts using zinc nitrate (Zn (NOs)2) as the precursor. The leaves were washed with water
toremove dirt and dust and dried. The leaves were then oven dried at 30 °C for 6-8 days. After
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complete drying, the leaves were ground to powder using a mixer grinder by using moter pestel.
The powder is then mixer grinder and add 250 ml of distilled water and stirred to obtained
Neem leaf extract.

After that 150 ml neem leaf extracts were boiled on a hot water bath. when the leaf extract
started boiling, 20 g zinc nitrate was added and stirred constantly. The mixture was boiled till
paste was obtained. The paste was then transferred to silica crucible and heated at high
temperature of 600 °C for one hours in a muffle furnace. A white colour Zinc oxide
nanoparticles obtained.

Figure 3.1 : Preparation of Neem leaves (Azadirachta Indica) extract
3. Characterization
Zinc oxide nanoparticle was synthesized by using green synthesis method from zinc nitrate
Zn(NO3)2.6H20, using Neem (Azadirachta Indica) Leaf Extract. The obtained material was
calcinated at 600 °% in muffle furnace.
3.1.  X-ray diffraction analysis

Figure 3.2 : X Ré&fbiffraction

The XRD pattern of pristine zinc oxide (ZnO) nanoparticle synthesized by green synthesis
method and calcinated at 600°C as shown in figure 4.1.(a). The crystalline nature with 26 peak
lyingat (100), (002), (101), (102), (110) and (103) planes. All the peaks match well the standard
hexagonal wurtize structure of zinc oxide (ZnQO) with lattice constants a = b = 0.3249 nm and
¢ = 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 21 nm calculated by Deye-Scherrer formula [7].
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3.2 Fourier Transform Infrared
The FTIR spectrum of ZnO nanoparticles is shown in Figure 3. The major peak for the
Neem plant extract shifting from 3428.62 cm™ ZnO was assigned to the O-H of the phenol
groups and -NH; stretching vibrations. 837-805 cm™ for the aromatic compound (C-H) and
stretchingfor the amine group C-N, C=C and N-H at the range of 1505 cm™. ZnO
nanoparticleshowed a sharp and intense at 433.04 cm™ [8]

Figure 3.3 FTIR Spectroscopy of ZnO NPs

3.3 UV-Visible spectroscopy

UV-phototypesetter analysis was done for preliminary confirmation of green synthesized
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nanoparticles. Absorbance peak of green synthesized ZnO NPs obtained in UV
wavelength
range (200-375nm), which confirmed their size in nano range. ZnO NPs synthesized
usingNeem extract exhibited absorbance peaks at 272 nm.[9]
The band gap for the nanoparticle is calculated by the formula =
E=hc/Acalculated band gap value is 4.5 ev.
where,

E = band gap

h = Planck’s

constant c=

velocity of the light

A= wavelength
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Figure 3.4. UV -Vis spectrum of ZnO NPs.
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4. Conclusion

Zinc oxide nanoparticle was synthesised by a simple, efficient, cheap, environment-friendly

and green protocol by using Zn (NO3)..6H20 with neem (Azadirachta Indica) Leaf extract.

The material was characterised by using X Ray diffraction method and particle size was

foundto be 21 nm. The synthesis of ZnO NP was measured using the UV- Visible

spectroscopy at amaximum absorbance of 272 nm. The FTIR analysis shows the presence of
some reducing biomolecules associated with some organic functional (O=H) groups
responsible for the encapsulation and stabilization of the NPs. The band gap of prepared ZnO
nanoparticle is foundto be 4.5 eV.
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Abstract
New results on luminescence of Cr3* are reported in SrMgAl10017 host prepared by combustion
synthesis. STMgAl10017:Cr (SAM:Cr) was prepared by combustion synthesis. SAM:Eu?*,Cr3*
exhibits excitation in a broader range down to 320 nm. A downshifting phosphor which will
absorb light in 350-450 nm and emit in the green region can improve the performance of the
cell.
1. Introduction

In the system SrO-MgO-Al>,O3 two compounds viz. SrMgAl10017 (SAM 1) and
Sr2MgAlL2036 (SAM 1) are known. Both crystallize in hexagonal system, space groups being
P-6m2 for (SAM 1) and P63/mmc for (SAM I1). Besides these, lyi and Gobbels have mention
some non-stochiometric phases as well. There have been number of investigations related to
luminescence in SAM II. Luminescence of Eu** , Ce®*", Mn** had been documented in the
literature.
2. Experimental

SrMgAl10017:Cr (SAM:Cr) was prepared by combustion synthesis. Strontium nitrate,
Magnesium nitrate, aluminum nitrate and urea were thoroughly mixed in molar ratio
1:1:10:28.33. Crucible containing the mixture was inserted at 500 C in a preheated furnace. In
few minutes the mixtures wells with evolution of gases and finally a flame appears. The flame
lasts for about a minute. The crucible is removed from the furnace after the flame extinguishes.
The foamy product is crushed to powder and used for further characterization. For preparing
Eu?*, Cr¥* doped samples; Europium and/or Chromium nitrate in the desired quantities were
added to the starting mixture.
3. Result and Discussion

Fig.1 shows XRD pattern of the SAM:Cr prepared by combustion synthesis.
Intensity is rather low and pattern appears noisy. This is due to small particle size of the
powders prepared by combustion synthesis. A reasonable match with the ICDD file 26-0879
is seen all the same. SAM crystallizes in hexagonal space group P 6smmc. The structure of
SAM consists of two spinel blocks of STMgAl10017 separated by one mirror plane (SrO). There
are four types of AI** sites. Highest coordination is 6 for Al1. Sr ions are 9 coordinated and lie
at the Dan sites of local symmetry. The coordination number of Sr is 9 shown in Fig.2
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Figure 1 XRD pattern for SAM prepared by Figure 2 Unit cell of SrMgAl10017 showing
combustion synthesis different Al sites.
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PL emission spectra for SAM:Cr are shown in Fig.3. A line emission attributable to
the 2Eq = “Ayg transition around 699 nm is observed. There are several components due to
splitting. This is in good agreement with the previous reports. Inset shows dependence of PL
intensity on Cr3* concentration. Highest intensity is observed for 2 mol.% and there is moderate
quenching for higher values. From this data, critical distance for Cr3* - Cr®* energy transfer is
calculated as 14.3 A. Excitation spectrum (Fig.4, curve a) for 699 nm emission consists of two
strong, broad bands around 408 and 554 nm attributable to *Axg = *T1g, “Azg = *Tog transitions,
respectively.
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Figure 3 PL emission spectrum of Figure 4 Excitation spectra for Cr®* PL
SAM:Cr3* for 420 nm excitation. emission in a> SAM:Cr¥* for and b>
Cr3* concentrations a> 0.5, b> 1.0, ¢> 2.0 SAM:Eu?*,Cr3*

and d> 4 mol.%.

For extending the excitation in near UV region, we attempted Eu?*-Cr* energy transfer.
Eu?* is known to absorb in near UV region and emit in the blue region . Excitation spectrum
indeed showed additional features after Eu?* co-doping. An additional band attributable to Eu?*
is observed in the excitation spectrum for Cr®* emission at 699 nm (Fig. 5, curve b). Cré*
emission also increases in doubly doped samples (Fig. 6). Eu?* concentration taken as 10 mol.%
and Cr®* concentration was varied between 0.5-2.5 mol.%. Maximum Cr®" emission is
observed for 1.5 mol.% of Cr®* (Fig. 5 inset). Increase in Cr3* emission is accompanied by
decrease in Eu®* emission (Fig. 6). Inset shows decrease in Eu?* emission as a function of Cr3*
concentration. Data of Figures 4-6 show energy transfer from Eu?* to Cr®* which results in
broadening of the excitation spectrum for Cr3* which covers broad region of the spectrum from
nUV to visible.
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Figure 5 PL emission spectrum of SAM: Figure 6 PL excitation and emission spectra
Eu?*,Cr¥ in the range 600-800 nm. (in the range 400-600 nm ) of SAM:
Excitation wavelength was 340 nm (Eu?* Eu®,Cr3*

excitation). Excitation wavelength was 340 nm.
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Eu®* concentration is 10 mol.%. Cr®*
concentrations a> 0.5, b> 1.5, ¢> 2.0 and d>
2.5 mol.%,

Inset shows dependence of intensity of 699
nm line on Cr3* concentration.

ISBN : 978-81-19931-25-5

a> Excitation spectrum for SAM: Eu?*,Cr¥*
for 460 nm (Eu?*) emission

Eu?* concentration is 10 mol.%. Cr*
concentrations b> 0.5, ¢> 1.5, d> 2.0 and e>
2.5 mol.%,

Inset shows dependence of intensity of 460
nm band on Cr* concentration.

Figure. 7 shows results on lifetime measurements for Cr®* emission in SAM:Cr3*
phosphor. Decay can be fitted to a single exponential with T = 3.35 ms as shown in inset. This
is of the same order as reported in the literature.

L
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Figure 7 Luminescence decay of 699 nm
emission in SAM:Cr3*

Decay can be fitted to a single exponential
with T = 3.35 ms as shown in inset. 408 nm
excitation was used for recording the decay.

Conclusions
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Figure 8 Modification of Solar Spectrum
using Cr3* doped phosphors.

a> AML1.5 solar spectrum, b> spectral
response of CdS-CdTe solar cell, Cr®*
excitation spectrum for c¢> AlOs:Cr¥*
d>SAM:Cr¥* and e>SAM: Eu?*Cr¥* | f>
Typical Cr®* emission spectrum.

Shaded portion shows the portion of solar
spectrum adequate for downshifting.

SrMgAl10017:Cr3* shows emission close to 700 nm. SAM:Eu?*,Cr3* exhibits
excitation in a broader range down to 320 nm. It is thus suitable for downshifting the solar
spectrum in the region 320 to 430 nm (Figure 8). An ideal phosphor should absorb in the
entire 300-500 nm and convert to longer wavelengths. SAM:Eu?*,Cr®* is quite close to this.
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ABSTRACT

Here, in this report we have followed a well-known modified Hummer’s method for the
synthesis of graphene oxide. In this method we have completely removed the presence of
NaNOs, Graphite powder was oxidized using concentrated H.SOs4 and KMnQOs which is
resulted into high yield of the product. Structural investigation of synthesized product was
studied using X-ray powder diffraction (XRD). X-ray powder diffraction pattern of the product
showed the diffraction peak at (26 = 10.64°) with an inter space distance of 0.839 nm, crystallite
size of 5.31 nm and lattice strain of 0.0710. Optical characterization was done using UV-
Visible spectrophotometer, Fourier Transform infrared spectroscopy (FTIR) and
morphological study was performed using Scanning electron microscope (SEM).

Keywords: Hummer’s Method, Graphene Oxide, XRD, FTIR, SEM

INTRODUCTION

In recent years, carbon based nanomaterials has generated enormous interest in the field of
nanomaterials. Carbon based nanomaterial such as graphene, carbon nanotubes and activated
carbon have unique pore structure!, adsorptive capacity?, electronic properties® and acidity”. In
the realm of carbon based nanomaterials graphene has rapidly gained prominence for its
exceptional properties and versatile applications across various industries. Graphene is a one-
atom-thick planar sheet of sp2 -hybridized carbon atoms arranged in honeycomb structure. Out
of the other carbon based nanomaterials graphene have many distinctive properties such as
enhanced hole field-effect mobility up to the 48000 cm?/Vs [5], higher thermal conductivity 40
to 90 W/mK [6], higher intrinsic mobility up to 5600000 cm2/Vs at T = 50 K [7], the Young’s
modulus of G can reach 1100 GPa [8], excellent optical transmittance 97.7% [8] and large
surface area- 2630 m?g™ [9]. The high surface area of graphene has been effectively utilized in
various application such as nanoelectronics®®, hydrogen production and storage!!, drug
delivery®?, gas sensing®, catalysis* and photovoltaics™. Single-layer of graphene nanosheets
were first obtained by mechanical exfoliation (Scotch-tape method) of bulk graphite® and
another method to obtained grapheme nanosheets is epitaxial chemical vapour deposition.t’.
These routes are not preferred for the bulk production of graphene and these routes are not used
for large scale manufacturing so scalable synthesis approaches from structurally similar
compounds are of prominent scientific interest. The large scale synthesis is an important factor
for the synthesis of graphene and one of the most admired approach is to use of strong oxidizing
agents to obtained graphene oxide (GO). Graphene oxide is one of the form of graphene which
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is a nonconductive hydrophilic carbon material.*® The very first GO synthesis process were
enlarged by Brodie!®, Staudenmeier?® and Hummer’s?. Out of these methods, modified
Hummer’s method is widely used because KCIO3 was replaced by KMnO4 as the oxidation
agent. In this method, the byproducts of toxic gas were terminated and the safety of experiments
were enhanced. Furthermore, the oxidation time was reduced. In this paper, modified
Hummers’ method was employed to prepare GO.

Experiments and Method

Chemicals and Materials: Graphite powder (100 pm size), KMnQOs, H2SO4, H202, HCI and
orthophosphoric acid were purchased from SD Fine chemicals. All chemicals were of
analytical grade and used as received.

Synthesis of Graphene Oxide (GO): In this investigation, a modified Hummers’ method 22 was
employed to prepare GO. In this method, we completely removed sodium nitrate (NaNO3) and
initiation of orthophosphoric acid. 3.0 g of graphite powder (100 um) was added to 120 ml
solution of sulphuric acid (H.SO4) and orthophosphoric acid (HsPO4) in a 500 ml conical flask
in ratio 9:1. The mixture was stirred vigorously and maintained at 100°C for 2 hours. The
mixture was then allowed to cool to room temperature and kept below 10°C by placing the
mixture in an ice bath. 15.0 g of potassium permanganate (KMnQO,) was added gradually over
a period of one hour after which it was continuously stirred for another hour in order to obtain
homogeneous mixture. It was then removed from ice-water bath, placed in a warm-water bath
maintained at 60°C and stirred for an hour. After this, the mixture was allowed to cool to room
temperature. Later on 250 ml of distilled water was added to the mixture. For the purpose of to
stop the reaction, 20 ml of hydrogen peroxide (H202) was added to the mixture until the color
changed from reddish brown to dark brown. The obtained mixture was left overnight. The
mixture was re-dispersed in dilute hydrogen chloride and ultrasonicate for 15 minutes. After
this, it was repeated two times and washed in distilled water. In the end, the mixture was filtered
and dried at 100°C for 4 hours in air on hot plate.

Characterization: The structural study of GO was performed by X-ray diffractometer (Model:
Mini flex-1I, Rigaku, Japan) with Cu Ka radiation (A = 1.5406 A) operating at 40 kV and 30
mA. Surface morphology was studied using Scanning Electron Microscope (SEM, Model:
JEOL JSM-6360, Japan). Fourier transmission infrared (FTIR) spectra of the GO were
recorded using FT-IR Spectrometer (Shimadzu, Japan) in the range of 4000-400 cm-1. The
optical absorption spectra were measured in the range of 300-800 nm by using UV-Visible
spectrometer (UV-1800 Spectrophotometer, —Shimadzu, Japan).

RESULTS AND DISCUSSION

The Structural properties of GO: XRD analysis was used to determine the structural properties
of the GO. XRD spectra is as shown in Figure 1 (a). The synthesized GO exhibit a very strong
peak at 26 = 10.64° with an inter space distance of 0.839 nm, crystallite size of 5.31 nm and
lattice strain of 0.0710.The calculated structural parameters are as shown in table 1.

FTIR Spectroscopy Analysis of GO: FTIR spectra analysis was performed to investigate the
structure and functional groups of the materials, as shown in Figure 1 (b). The GO sheet showed
apparent adsorption bands for the carboxyl C=0 (1733 cm™), aromatic C=C (1626 cm™3),
epoxy C-O (1238 cm™?), alkoxy C-O (1048 cm™), and hydroxy -OH (3333 cm™) groups. The
exhibition of oxygen-containing functional groups, such as C=0 and C-O, further confirmed
that the graphite in fact was oxidized into GO.

The Optical Absorption of GO: The analysis of UV-Visible spectra of the GO was shown in
Figure 1 (c). The UV-Visible spectrum is a plot of the absorbance as a function of wavelength
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. The absorbance peak of GO dispersion is in the range of 300-325 nm. It is indicated that
graphene oxide possessed a good absorption in the visible range 323~800 nm. The results
exhibit the good photoresponse of GO sheet not only in ultraviolet range but also in visible
range, which implied the enormous potential for application of light.

Morphological study: Scanning electron microscope was employed for the detailed
morphological studies as shown in fig 1 (d). The SEM images of GO show the characteristic
wrinkles and folds of GO nanosheets. This result confirmed that two dimensional nanosheets
of GO can be produced from exfoliation of Graphite oxide.

Figures and Tables
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Table 1. Structural parameter of GO

Interspace
FWHM | Crystalline size D | Dislocation Lattice distance d
20 Plane ®» innm in crystal o strain € (nm)
10.53 (001) 15 5.3165 0.0353 0.0710 0.8391
42.47 (002) 1.13 | 7.5395 0.0175 0.0126 0.2125

CONCLUSION

GO nanostructure were successfully prepared via modified Hummer method. The SEM
analysis showed successful preparation of GO nanostructure at nanoscale. The exfoliation of
graphene sheets is confirmed

by SEM image. The presence of oxygen-containing groups and characteristic peaks in FT-IR
and XRD analysis further determined the successful preparation of GO nanostructure. The
presence of oxygen-containing functional groups provided more opportunities for potential
applications of GO in many areas. These data will provide a reference to further study the
nature of graphene oxide.
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Abstract

Nanotechnology has very broad range of potential applications in the field of physics, biology
and medicine on nanoscale. Nanomaterials are the group of materials that have at least one
dimension in the range of 1 to 100 nm. As these materials possesses exceptionally important
properties at nanoscale level, it is important to study the different synthesis methods related to
nanomaterials to explore them. This review article gives deep inside about the physical
methods of synthesis of nanomaterials and their applications, which may be helpful for
researchers.

Keywords: History, classification, synthesis methods, applications of nanomaterials.

1 Introduction

From the beginning of 19" century nanotechnology branch is flourishing to a great
extent. Today lot of research is going on related to the nanotechnology. Nanotechnology can
be stated as the developing application of materials and devices by modifying their dimensions
in nanoscale. ‘‘Nano” word is derived from the Greek word nanos or Latin word nanus which
means ‘‘dwarf”’. Materials are said to be nanomaterials if their size or one of their dimensions
is in the range of 1 to 100 nm [1].
Although nanotechnology is new, but research on nanometer scale is done in very early time.
Colloidal dispersions and metallic quantum dots have been in the nanometer scale for centuries.
Chinese people were using gold nanoparticles as an inorganic dye for applying red color in
ceramic porcelains more than thousand years ago [2, 3]. The nanomaterials show different
properties compared to the bulk material which depends on their size and shape. So to introduce
a new characteristic in a material it must be modified with its shape and size at the nanoscale
level. Nanomaterials may be of different shapes like nanorods, nanoparticles, nanosheets which
are characterized based on dimensions. Nanomaterials with zero-dimensional are
nanoparticles, one dimensional is nanorods or nanotubes and two dimensional are in the form
of films and layers type. The nanomaterials are of different types based on their morphology,
size, properties and the constituent in it. They are carbon-based nanomaterials, metal
nanoparticles, semiconductor nanomaterials, polymeric nanomaterials, lipid-based
nanomaterials.

It is not easy to cover all the synthesis methods of nanomaterials and applications,
Therefore this review attempts to provide information about the physical methods for the
synthesis and applications of nanomaterials by referring important papers from history and the
current literature.

2 Synthesis Methods of Nanomaterials

The synthesis of nanoparticles can be done by following methods
(1) Physical methods

(2) Chemical methods and

(3) Biological methods
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In this review article only physical methods for the synthesis of nanomaterials have been
discussed.

2.1 Synthesis of nanomaterials by Physical route

The physical methods are categorized to ‘‘top-down” and *‘bottom-up” approaches. In “‘top-
down” approach the larger materials are crushed into smaller particles by mechanical milling.
The problem with top-down approach is the imperfection of the surface structure and difficulty
in getting desired particle size and shape [4, 5].

Fig. 1 Synthesis of nanomaterials via top-down and bottom-up approaches [6]

It is well known that the conventional top-down techniques such as lithography can
cause substantial crystallographic damage to the processed patterns and additional defects may
be introduced even during the etching steps [7, 8]. Bottom-up approach is often emphasized in
nanotechnology literature, though bottom-up is nothing new in materials synthesis. In the
““bottom-up” method either liquid or gaseous phase, nanoparticles are condensed in which the
larger materials are formed by the chemical combination of the smaller ions.

2.1.1 Top-down approaches

In top-down approaches, bulk materials are divided to produce nanostructured materials. Top-
down methods include mechanical milling, etching, and sputtering and laser ablation. In this
article mechanical milling process for the synthesis of nanomaterials has been discussed.
Mechanical milling

Mechanical milling is a costeffective method for producing materials at the nanoscale level
from bulk materials. Mechanical milling is an effective method for producing blends of
different phases, and it is helpful in the production of nanocomposites. The principle of the ball
milling method is shown in Fig. 2
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Fig. 2 The principle of the ball milling method [9]
Mechanical milling is used to produce wear-resistant spray coatings, aluminum and copper-
based nanoalloys, and many other nanocomposite materials [10]. Ball-milled carbon
nanomaterials are considered a novel class of nanomaterial, which provides the opportunity to
satisfy environmental remediation, energy storage, and energy conversion demands [11].

2.1.2 Bottom-up approaches

Bottom-up approaches includes chemical vapor deposition, sol-gel method, and soft & hard
templating method. Here chemical vapor deposition for the synthesis of nanomaterials has been
discussed.

Chemical vapor deposition (CVD)

Chemical vapor deposition is more difficult than physical vapor deposition but it has benefits
including the capacity to create pure thin films or nanoparticles, high manufacturing yield, and
simplicity in scaling up. Chemical vapor deposition method is generally used in the synthesis
of carbon-based nanomaterials. In CVD, a thin film is formed on the substrate surface via the
chemical reaction of vapor-phase precursors [12]. A precursor is considered suitable for CVD
if it has adequate volatility, high chemical purity, good stability during evaporation, low cost,
a non-hazardous nature, and a long shelf-life. Moreover, its decomposition should not result in
residual impurities [12]. For instance, in the generation of carbon nanotubes via CVD, a
substrate is placed in an oven and heated to high temperatures. Subsequently, a
carboncontaining gas is slowly introduced to the system as a precursor. At high temperatures,
the decomposition of the gas releases carbon atoms, which recombine to form carbon
nanotubes on the substrate [13]. However, the choice of catalyst plays a significant role in the
morphology and type of nanomaterial obtained.

3. Applications of Nanomaterials
Nanotechnology and nanomaterials can be applied in all kinds of industrial sectors. They are
usually found in these areas:

A) Electronics: Carbon nanotubes are close to replacing silicon as a material for making
smaller, faster and more efficient microchips and devices, as well as lighter, more
conductive and stronger quantum nanowires. Graphene's properties make it an ideal
candidate for the development of flexible touchscreens.

B) Energy: A new semiconductor developed by Kyoto University makes it possible to
manufacture solar panels that double the amount of sunlight converted into
electricity. Nanotechnology also lowers costs, produces stronger and lighter wind
turbines, improves fuel efficiency and, thanks to the thermal insulation of some
nanocomponents, can save energy.
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C) Biomedicine: The properties of some nanomaterials make them ideal for improving
early diagnosis and treatment of neurodegenerative diseases or cancer. They are able to
attack cancer cells selectively without harming other healthy cells. Some nanoparticles
have also been used to enhance pharmaceutical products such as sunscreen.

4. Conclusion

In recent days the synthesis of nanomaterials are increasing with novel and advanced
technology. The nanomaterials with mixed compositions are also synthesizing to apply in
different fields. Synthesis methods discussed in this article will produce the nanoparticles of
desired size, shape and property which will be used for various applications. Therefore, the
present review article will provide an opportunity to make general information about the
nanoparticles. Nanotechnology can be used in recycling and removing contamination from the
wastewater. Nowadays wide research in going into the fields of electronics and storage devices,
sensors and medicine but still there is a scope for the development of research in
nanotechnology.
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Abstract:

(SnO2-ZnO)/polypyrrole(PPy) coaxial nanocables sensor had been fabricated and used to
check the response for ammonia gas sensing. (SnO2-Zn0O) coaxial nanocables having narrow
diameter size about 60 nm were fabricated via electroplating technique. Using vapor-phase
polymerization of pyrrole monomer, on the surface of SnO2-ZnO nanofibers, PPy shell, as a
conducting polymer had been polymerized. The important part is that the fabricated sensor
manifested linear sensing response to ammonia gas at room temperature (300 K). This method
had made easy and feasible detection and determination of NHz gas concentration. The
synthesis material exhibited quick response, recovery time and high sensitivity. The materials
characteristics under study exhibited good potential in the industrial applications such as high
response to ammonia gas. The response time is 12 s and recovery time is 38 s. Hence the sensor
under study was best among the known sensors. Due to low operating temperature i.e. 300 K
(room temperature), its durability is more.

Keywords: SnO2-ZnO sensor, PPy, electroplating technique, sensitivity, response and
recovery times.

I. Introduction:

Day by day, the environment is being uncomfortable for breathing due to the many
dangerous gasses present in the atmosphere. Therefore, it is vital to detect such harmful gases
in order to control air pollution, prevent human life, and protect nature from being damaged.
Many people are facing problems with toxic, combustible and volatile gases in the atmosphere
including domestic, laboratorial, and industrial places. One such hazardous and toxic gas is
ammonia and hence its detection is very important task. This gas, in general is used in many
places and in many applications, such as for cooling purposes in the industries [1-3] and
medical diagnoses [4-6]. Thus, many researchers are developing affordable and reliable
techniques and methods for the detection of ammonia as well as other toxic gases [7-8].

Conducting polymer ammonia gas sensors, at room temperature (300 K) have shown
better detection responses among the various material used sensors which work at high
temperatures [9]. At low temperature, sensor life will be more and power consumption is less
which makes easer operation of the sensor [10-15]. Many notable features, such as low energy
optical transitions, controllable electrical conductivity, low ionization potential, and high
electron affinity have been shown by conducting polymers, which can be synthesized either by
electro-chemical or polymerization of pyrrole (Py) monomer [16-20]. Polypyrrole (PPy), being
most stable conducting polymer under ambient conditions has attracted attentions in sensing
NHz gas due to its unique conducto-metric response to ammonia [21-23]. When surface to
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volume ratio is higher, more potential places are there for reactions to occur then this causes
the best and more accurate sensing mechanism of PPy as chemical reactions which take place
on the surface.

In the present work, (SnO2-ZnQO)/PPy nanocables had been synthesized via electro-
spinning method and vapor-phase polymerization of Py on the surface of SnO>-ZnO
nanofibers. The core—sheath structure of prepared nanocables was confirmed by Transmission
electron microscopy (TEM). The fabricated sensor could detect ammonia gas with fast
response and recovery time. It also manifested linear response to ammonia concentration. The
determination of NHz gas concentration becomes more feasible due to linear behavior of graph.

Il. Experimental
A. Synthesis of (SnO2-ZnO)/PPy nanocables:

To synthesize SnO2-ZnO composite nanofibers, 2g polyvinyl alcohol (PVA) was
dissolved in 18 ml distilled water, followed by adding 1g Zinc Acetate and 1g Stannous
Chloride to prepare electrospinning solution. This mixture was kept at 60°C for 4h under
constant stirring at 400 rpm speed. The electrospinning process was performed with a constant
feeding rate of 0.3 ml/h and 8 cm distance between the tip of the syringe and the Al plate
collector while the 16 kV electric potential was maintained. The calcination of electrospun
nanofibers was done in the furnace at 700°C for 3 h which resulted in the formation of SnO»-
ZnO composite nanofibers.

On the template of SnO2-ZnO composite nanofibers, Py monomers in a vapor-phase
were polymerized. The soaked template of nanofibers in 0.1 molarity ethanolic FeClz solution
for 30 min was left in the air for 15 min. This nanofibers template, for about 3h was exposed
to saturated Py vapor, due to which, iron (III) ions absorbed on the surface of the nanofibers.
Py monomer was oxidized by an iron (I11) ion (a). Py dimer and two hydrogen ions will be
liberated by bonding two of oxidized Py monomers together (b). By reaction (c), Py dimer will
be oxidized using an iron (I11) ion and finally a Py trimer resulted by bonding with another
oxidized Py (d). This oxidation reaction (e) is given below:

Py + Fe* — Py  + F&% e (a)
2Py" — PYy-Py+2H" ., (b)
Py-Py+Fe* — Py-Py"+Fe” ...ccccovvvernnne, (c)
Py-Py"+Py" — Py-Py-Py+2H".......cccce.... (d)

Py-..-Py+Py"+Py" — Py-..Py-Py+2H"... (e)

The template was kept hanging up from the vessel containing Py placed on a stirrer
which was used for polymerization of Py. For a time about 4 h, Py was heated through stirring.
The slow production of black colored precipitates on the template confirmed the PPy
formation.

B. Preparation of (SnO2-Zn0O)/PPy nanocables Sensor and its measurements:

On 10 mm x 5 mm x 1 mm alumina substrate, nanofibers were electrospun by electro-
spinning procedure. SnO2-ZnO nanofibers layer was resulted after electrospun nanofibers
calcination at 700°C for 3h. Finally PPy layer was developed on SnO2-ZnO nanofibers layer.
In this way, (SnO2-ZnO)/PPy nanofibers sensor was fabricated.
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By the silver paste, thin Pt wires were cemented to the sample area with a gap of about
1mm [24]. The sample was mounted on thick walled borosilicate glass tubing to form sensor
probes. The sensing response of (SnO2-ZnO)/PPy were recorded at 300 K temperature (Room
Temperature) by using two insulated cables connected to the impedance measurement device.
15 ppm to 90 ppm range ammonia gas concentrations were used for the measurement.
Sensitivity is defined as the ratio of resistance of the sensor due to presence of gas to the
resistance in air environment and is given by

_ Resistance in presence of gas _ Rgas

Original resistance in air Rair

Where,
Rgas = Resistance of the sensor in presence of NH3 gas environment and
Rair = Resistance of the sensor in presence of air.

For achieving 90 % of total resistance change, the time taken by the sensor is known as the
response time in case of absorption and in case of desorption, this time is referred as recovery
time.

I11. Results and Discussions:

A. Characterization study:

The nano-scale dimensions of the fibers and its porosity provided higher accessible surface
region, because of which, higher rate of reaction initiated by the diffusion of ammonia gas. The
SEM pictures are shown below:

(a) Before calcination (b) After calcination
Figure 1 SnO2-ZnO nanofibers SEM pictures
(M
( ) —— Gaussian fit (d) —— Gaussian fit
50 100 150 200 250 300 0" 20 40 6 30 q00
Size (nm) Size (nm)
(c) Before calcination (d) After calcination

Figure 2 SnO2-ZnO nanofibers SEM pictures

From figure (1) (a) & (b), it is exhibited that, due the removal of volatile species, diameter sizes
of nanofibers reduced. As shown in figure 2 (c) and (d), before calcinations, average nanofibers
size is about 165 nm and that after calcination, it is 60 nm.
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10 kV x 10,000 1 wm 10 kV x 50,000 100 nm

Figure 3 SEM image of (SnO2-ZnO)/PPy Figure 4 TEM image of (SnO2-ZnO)/PPy

Morphology of PPy-caoted nanofibers showing similar texture with those of electrospun
nanofibers before and after calcination is depicted in figure 2. Figure 4 depicted the TEM of
PPy-coated nanofiber which manifested core shell type structure with thin PPy layer. In the
study of TEM, nanocables peeled off from the substrate, dispersed in ethanol and exposed to
ultrasonic environment of 30 s which causes the shorter length of nanocables. Though the
Sn0O2-Zn0O nanofibers have white colour, they becomes yellowish in FeClz ethanolic solution.
Further when exposed this solution with pyrrole vapour, it becomes balck, which manifested
formation of PPy layer on the SnO2-ZnO nanofibers. TEM, also exhibited nanofiber’s diameter
size which was also derived from SEM pictures.
B. Sensitivity Measurement:

At different concentration of ammonia gas (15 ppm to 90 ppm), the variation of sensing
behavior of resistor type (SnO.-ZnO)/PPy nanofibers sensor with time is shown in the
following figure 5.

4.50
4.00 90 ppm

3.50 o T 72 ppm
3.00 -

2.50 -

Voltage (V)

2.00 4

1.50 <

1.00 4

0.50 5

0-00 T T T T T T T T T
o A 1 3 & s 6 1 % o ©

Timein hour

Figure 5 response/recovery features of (SnO2-ZnO)/PPy nanofibers sensor to NH3s gas at
300 K

As shown in figure (5), the response of sensor to the varying concentration of ammonia gas is

due to the interactions between positive charge along the PPy chains and surrounding

environment of NH3 gas. Redox reaction occurs when PPy is exposed to the NH3 gas, an

electron donating gas. Due to this, decrease in effective number of charge carries causing

reduction of its conductance [25]. At different NHs concentration, typical response/recovery
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features of nanocables versus time are depicted in figure (5) at constant current. As shown in
response, voltage increases at higher ammonia concentration (say 90 ppm), after about 45 s, it
reaches constant value, exhibiting saturation of sensor. Then sensing probe is exposed to air to
get recovery of voltage to initial minimum value (0.2 V). for different concentration of NH3,
sensor showed different saturation levels. This feature of sensor can be used to evaluate the
sensor response for different gas concentrations. The minimum response time is determined to
be 38 s, hence this sensor showed fast response as its surface to volume ratio is large.

Different sensing measurements were carried out and average sensing response is
graphed with ammonia gas concentrations which are shown in figure 6.
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Figure 6 Linear response of (SnO2-Zn0O)/PPy nanofibers sensor to NHs gas
As shown in figure 6, as ammonia gas concentration increases, amount of reaction occurring
between NH3 and PPy increases, exhibiting involvement of more free electrons along the PPy
chains and raising of resistance of the sensor i.e. more response. This linear response is useful
to determine the unknown ammonia gas concentration.

IV. Conclusion:

Sn02-ZnO electrospun nanofibers were prepared via vapor-phase polymerization to use as
porous template for polymerizing thin PPy layer and (SnO2-ZnQO)/PPy nanofibers sensor was
fabricated to sense NHz gas at room temperature (300 K). The fabricated sensor exhibited linear
response to ammonia gas which allows for the determination of unknown ammonia gas
concentration. SEM and TEM pictures, after calcination exhibited decrease of diameter sizes
of nanofibers. Due to high porosity of nanofibers structure, more reactions between NHz and
the positive charges along PPy chains occur and sensing is enhanced. This more porosity also
led to easier diffusion of ammonia gas which exhibit decrease of response and recovery times.
The response time is 12 s and recovery time is 38 s. Hence the sensor under study was best
among the known sensors. Due to low operating temperature i.e. 300 K (room temperature),
its durability is more.
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Abstract:

SnO, powder was efficiently produced through the sol-gel method, followed by
washing and calcination at 400°C to yield SnO2 nano-powder. X-ray diffraction (XRD)
analysis demonstrated the formation of a rutile structure in the SnO2 nanocrystalline powder.
Scanning Electron Microscopy (SEM) revealed a uniform distribution of small grains across
the analyzed area. UV-Vis spectroscopy was employed to assess optical properties, showing a
characteristic absorbance peak at 312 nm corresponding to SnO2. The energy band gap of the
SnO; thin film, determined from the (ahv)? versus hv graph, was measured at 3.78 eV. The
synthesized SnO- film exhibited a transmittance of 78% in the spectral range of 350 nm to 800
nm. Overall, the XRD analysis confirmed the rutile structure, SEM analysis illustrated
homogeneity, UV-Vis absorbance spectrum verified SnO> presence, and the measured band
gap indicated the semiconductor nature. The high visible range transmittance (78%)
underscores SnO>'s potential for transparent conductive applications. Overall, the results
indicate successful synthesis and characterization of SnO2 nanocrystalline powder with
promising optical and structural properties.

Keywords — Band gap, Metaloxide, Tinoxide, nanocrystallites, Sol-gel

1. Introduction

Nano-crystals of semiconductor metal oxides, particularly Tin Oxide (SnO.), have
gained attention for their unique properties distinct from their bulk forms. SnO: is noteworthy
for its wide bandgap (Eq = 3.64 eV at 330K), n-type conductivity, and high transparency
(>80%) in the visible range. It crystallizes in a rutile structure and can be synthesized in various
shapes and sizes using cost-effective methods. These properties make SnO. suitable for
applications such as solid-state gas sensors, flat-panel displays, and solar energy cells. Thin
films of SnO2 exhibit a high free carrier density, primarily due to factors like oxygen vacancies,
excess interstitial tin, and unintentional chlorine doping, often originating from glass substrates
during high-temperature processes [1-3].

Various methods have been employed to prepare SnO2 nanostructures, aiming for better
control over particle size and physical properties. These methods include the hydrothermal
method, polymeric or organo-metallic precursor synthesis, sonication, microwave-assisted
synthesis, and surfactant-mediated methods. However, these techniques often come with
drawbacks such as complexity, high cost, energy or time consumption, and low throughput.
For instance, the hydrothermal method typically requires at least 24 hours to synthesize SnO-
nanoparticles. Polymeric and sonication techniques, while effective, are complex and yield
fewer throughputs, making them unsuitable for large-scale production. In contrast, the sol-gel
method offers a simple and efficient approach to produce homogeneous nanoparticles with high
purity and crystallinity at relatively low temperatures. In the sol-gel process, the precursor
solution undergoes two main steps: dispersion of colloidal particles in a liquid (sol) and
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conversion of the sol into a rigid phase (gel) through hydrolysis and condensation reactions.
This method is known for its simplicity and its ability to facilitate the synthesis of
nanostructures with desirable properties.

The sol-gel method typically results in the synthesis of amorphous precipitates, and
subsequent heat treatment becomes necessary to induce particle growth through re-
crystallization and to alter the particle morphology. However, when it comes to the preparation
of tin oxide, the sol-gel method stands out due to several advantages over alternative
approaches. It offers benefits such as lower processing temperatures, improved homogeneity,
controlled stoichiometry, and the flexibility to form dense monoliths, thin films, and
nanoparticles [4-5].

In our current study, we delved into the structural, morphological, and optical properties
of SnO2 nano-powder and thin films, synthesized through a straightforward and convenient
sol-gel technique. The characteristics of these SnO> nanocrystallites were explored using
various characterization techniques, including X-ray diffraction (XRD), Scanning Electron
Microscopy (SEM), and UV-Vis spectroscopy.

2. Experimental
2.1 Materials:

For the synthesis of SnO2 nanoparticles, we utilized high-quality Analytical Reagent
(A.R.) grade chemicals, specifically tin tetrachloride penta-hydrate (SnCls.5H20), ethylene
glycol, and ammonia, all sourced from Loba Chemie Pvt. Ltd. in Mumbai, India. These
chemicals were employed without undergoing any additional purification steps. Double
distilled water served as the solvent during the synthesis, facilitating the dissolution of
precursors like SnCls.5H20, ethylene glycol, and liquid ammonia.

2.2 Method:

The sol-gel technique was used for the synthesis of tinoxide nano-powder. A 0.1 molar
solution of tin tetrachloride penta-hydrate was prepared by dissolving 3.51g in 50 ml of double-
distilled water. To this, 50 ml of ethylene glycol was added, creating a 100 ml precursor
mixture. The mixture was stirred at 300 RPM on a magnetic stirrer, and a 0.1M aqueous
ammonia solution was added drop-wise at a rate of 10 drops per minute. After about 50 drops,
a sol-gel formed within 5 minutes. The resulting gel was filtered, washed, and the content was
transferred to a crucible or onto a glass substrate using a 1 um commercial applicator to form
a thin film. Both the precipitate and the thin film were dried at 150°C for 2 hours to remove
water molecules. After the completion of the synthesis process, the crucible sample and the
thin film on the glass substrate, both initially displaying a black-brown colored tin oxide nano-
powder, underwent a subsequent step of calcination. This involved heating at 400°C for a
duration of 2 hours. Calcination is a crucial thermal treatment process that aids in enhancing
crystallinity, promoting particle growth, and influencing the final morphology of the
synthesized material [6-8].

The resulting material from the calcination process is expected to exhibit improved
structural and morphological properties, contributing to the desired characteristics of SnO>
nanocrystallites. The entire synthesis process, including the drying and calcination steps, is
depicted in detail in Fig. 1, providing a comprehensive visual representation of the different
stages involved in achieving the final SnO2 nanocrystallite products through the sol-gel
method.
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U (@) "
Fig.1 Stepwise photographicillustration of synthesis process of SnO2 nanocrystallites
(@) precursor,SnCls, 5H,0,(b)solutions in beakerscontain from left to right SnCls,5H20,
ethylene glycol,(c)simultaneous addition(d) gel formed by drop-wise addition aqueous
ammonia under constant magnetic stirring, (e) filtrationand washing,(f)gel of SnO:
nanocrystallites, (g) dried SnO2 nanocrystallites at 150°C for 2hrs. and (h) calcinated at
400°C to obtain SnO nanocrystallites in powder form.

2.3 Characterization:

The structural properties of SnO> nano-powder were studied by X-raydiffraction
measurements (BrukerD-8 advance diffractometer, Billerica, MA) using the Cu Ko (A =
1.5406A) as a radiation source, operated at 40kV and 30mA with a scan rate of 0.02°/s over
the range of 10°-80°. The average crystallitesized (hkl)of all crystal planes for SnO, powder
was estimated from the classical Scherrer formula [9-10]

KA

Boosl (1)

Where K is the shape factorusually has a value 0.9, A is the X-ray wavelength and 0 the
Bragg’s angle and B gives the full width of the halfmaxima (FWHM).

The study involved examining the surface structure of SnO, powder using a scanning
electron microscope (SEM). Additionally, spectral transmittance and absorbance
measurements were conducted using a UV-Vis spectrometer (Shimatzu 1650PC) in the
wavelength range of 250 nm to 800 nm. The X-intercept was determined by extrapolating
the linear portion of the exponential curve in the graph of (ahv*2) versus photon energy
(hv). This X-intercept represents the bandgap energy of the SnO2 material. In simpler terms,
it identifies the energy required to transition electrons from the valence band to the
conduction band in the material.

3. Results and Discussions
3.1 Structural and Morphological Properties:

The X-ray diffraction analysis of the SnO> powder sample, synthesized through the sol-
gel technique, was conducted to determine its phase, crystal structure, and estimate the average
grain size. The recorded X-ray diffraction pattern presented in Fi. 2 indicates the formation of
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SnO2 nanoparticles with a polycrystalline phase featuring a rutile structure [JCPDS Card No:
41-1445, with lattice parameters a = 4.743 A and ¢ = 3.1859 A]. The XRD pattern displays
distinct crystal planes such as (110), (101), (211), (002), (310), and (301), highlighting the
polycrystalline nature of the powder. The average lattice constant was determined by
considering the values obtained from different (hkl) planes, reflecting the average spacing
between atoms in the crystal lattice.

The average lattice constant, denoted by 'a’, was determined by utilizing the formula

a=dvh>+k 41 e, (2)

Where, 'd' represents the interplanar distance and (hkl) are the Miller indices. Through this
calculation, the average lattice constants were found to be a = 4.7470 A and ¢ = 3.1854 A. The
absence of any impurity phase was confirmed in the X-ray diffraction (XRD) spectra.
Furthermore, the average crystallite size ('D'), determined using Scherer's formula based on the
XRD spectra, was found to be 52 nm. This provides information about the average size of the
crystalline domains in the material. The respective angles of peak positions (2 6 ), Miller indices
(hkl) corresponding to different crystal planes, and interplanar distances ('d") are detailed in
Table 1. These results collectively contribute to a comprehensive understanding of the
structural properties of the SnO> powder synthesized through the sol-gel technique [11].

110

{211)

{002)
301)

Intensity (a.u.)

Wl

20 30 40 50 60 70 80

20 (degree)
Fig.2 XRD pattern of SnO2 nanocrystallites

Tablel: XRD analysis of SnO2 nanocrystallites

29 {(hkDplanes Inter-planardistances(d) in nm
26.61 (110) 589
3390 (101) 553
38.00 (200) 436
5180 1) 593
5790 (002) 577
62.00 (310) 493
6.0l (301) 513
7130 (202) 475
78 70 (321) 44 4
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SEM analysis was performed to reveal morphological features of the sample. SEM micrograph
of nano- crystalline SnOxthin film is shown in Fig.3 this shows a homogeneous, uniform
distribution of SnOznanocrystallites over a scanned area.
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Fig.3 SEM micrograph of SnO2 nanocrystallites
3.2 Optical Properties:

The UV-Vis absorbance spectra for SnO, nanocrystallites are depicted in Fig. 4 and
Fig. 5. A distinctive absorption peak was observed at approximately 312 nm within the
wavelength range of 275 nm to 350 nm. The substantial reduction in transmittance near the
band edge suggests improved crystallinity and a lower defect density in the synthesized thin
film.

Specifically, the SnO> thin film exhibited a transmittance of 78% in the spectral range
from 350 nm to 800 nm. This information indicates that the thin film allows a significant
amount of light to pass through within this wavelength range, highlighting its transparency and
suggesting potential applications in optoelectronic devices or other technologies where
controlled light transmission is essential. The analysis of the transmission Fig.4 (thin film) and
absorbance spectra (absorbance for SnO. nanocrystallites) in the vicinity of the fundamental
absorption edge shows that the variation of the absorption coefficient is in accordance with
following relation which in- plies the direct transitions.

(ahv)” =AMV -E,) oo 3)

Here, o is an absorption coefficient, h is Planck constant, v is the frequency and hv is the
incident photon energy.

EUE

)

*e Transmittance
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Fig.4 Transmittance spectrum of SnO> thin film
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Fig.5 UV-Vis absorption spectrum of SnO2 nanocrystallites
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Fig.6 The plotof (chv)? vs hv for SnO2 nanocrystallites

The direct band gap (Eg) of our sample was determined by analyzing the absorption
coefficient data as a function of wavelength, using the Tauc relation. This involved
extrapolating the straight line of the (ahv)?vs. hv plot to intercept on the horizontal photon
energy axis. The measured band gap was found to be 3.78 eV, as illustrated in Fig. 6.

It's noteworthy that the obtained tin oxide (SnO) exhibits an optical band gap larger
than the reported value of 3.64 eV for bulk SnO.. This difference is attributed to the quantum
confinement effect. Essentially, the quantum confinement effect refers to the phenomenon
where the electronic and optical properties of materials are altered when their dimensions are
reduced to nanoscale dimensions. In the case of our sample, the smaller size of nanocrystallites
contributes to the observed increase in the optical band gap, highlighting the impact of quantum
confinement on the material's optical properties.

4. Conclusions

Tinoxide (SnO.) nanocrystallites and thin film were synthesized successfully by Sol-
Gel method. Here, we concluded from XRD analysis that particles are polycrystallized with
tetragonal rutile structure. Morphological characteristics of SnO. nano crystallines thin film
are obtained from SEM image, shows uniform distribution of quite small grains with average
crystallite size of 52 nm. The absorbance and transmittance spectra indicate that the synthesized
tin oxide nano-crystallites are small and uniform. UV-Vis analysis reveals a characteristic
absorbance peak at A=312 nm for SnO2. The bandgap, determined from the plot of (a hv)?
versus hv, is measured at 3.78 eV. Transmittance analysis demonstrates 78% transmittance for
the as-synthesized SnO; thin film in the spectral range 350 nm to 800 nm.
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ABSTRACT

In present studies the efforts are made to improve gas sensing properties by doping of mixed
metal oxide and the result indicates substantial increase in gas sensing properties of CO> gas
sensor. The gas response of SnO2:TiO2doping observed substantial increase in porosity over
pure metal oxide. The metal oxides used for the designing of gas sensor were first calcinated
at 600°C for 6 hr. Sensors of SnO2: TiO,were prepared by screen printing technique with Al,O3
as substrate on clean glass plate. The surface morphologies of doping of SnO,:TiOxwere
analyzed by SEM. Static and dynamic responses also studied, it was found that response of
optimized sample 92Sn0,:08TiO2 shows enhancement in gas sensing properties as compared
to pure SnO2 and TiOs.

Keywords: Metal Oxide nanoparticles, screen printing technique, Gas sensing.

1. Introduction:

Currently, electronics is a fast developing field; we observed that the sensor plays a very
important and vital role for controlling, monitoring, analyzing and in all era. There are multiple
type of sensors, depending upon their working. Among the sensors, the chemical sensor is the
best one and is preferred due to its high performance [1]. The chemical sensor has made great
advances and has taken root in human life and industry as a feature of modern technology and
also remarkable progress is expected in the future [2-5].We have multiple types of sensors,
depending upon their working. Among these, the chemical gas sensor is preferred due to its
high sensitivity. The sensor has countless advances and has taken origin in industry and human
life as a feature of recent modern technology and also notable progress is expected in the
prospect. In the last decade, it had an increasing attention in the electronic industry for those
aspects related to semiconducting gas sensor (SGS) materials. Semiconductor gas sensors
having good benefits related to other sensor devices, due to its low price, simple
implementation, and goodreliability for real-time control systems and easy make. The gas
sensor is electronic noses, because sensing devices are able to capture and process signals
generated by surface interaction processes with gasmolecules, in one or multiple built-in
sensitive layers. Most of the industries are using such type of sensors due to their wide
applications. As per previous studies the sensing properties of metal oxide-based material
depend upon its chemical and physical characteristics, which are strongly hooked in to the
preparation conditions, doping and grain size, which indicates that the synthesis of the sensing
material is crucial within the preparation of high-performance Metal oxide semiconductor
(MOS) gas sensors. SnO», TiO2 powders and films can be prepared by a spread of synthesis
methods [6-10]. The electrical resistance of the sensorsprepared by TiO2doping with SnO2 was
measured in presence of CO; gas. The study revealed that 92Sn02:08TiO2 sensor showed more
sensitivity for CO2 gas concentration at room temperature.
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2.Material and Method

2.1 Synthesis of SnO2 Nanoparticles

In order to carry out the experiment described above, GR grade chemicals with a purity level
of 99.99% were purchased from Sd-fine in India. In order to produce stannous dioxide (SnOz),
2 grams (0.1 millimetres) of stannous chloride dehydrate (SnCl,.2H>0O) were dissolved in 100
milliliters of water. After the aqueous solution that was previously used had finished dissolving
entirely, 4 cc of an ammonia solution was added while magnetic stirring was performed. A
time period of spinning for twenty-five minutes led to the beginning of the formation of a white
gel precipitate. After that, it was allowed to rest for ten to fourteen hours before being examined
again. After that, it was cleansed in deionized water after passing through four or five filters in
the previous process. A total of 0.27 grammes of charcoal-activated carbon black powder was
added to the precipitate that was produced as a consequence. After about one day of being
ground into powder in a vacuum oven at a temperature of 80 degrees Celsius, the mixer was
removed. The dry material was broken up into smaller pieces and then milled into a powder.
In order to purge impurities from the end product, the ultrafine SnO2 nanopowder was calcined
in an auto-controlled muffle furnace at a temperature of 700 degrees Celsius for up to seven
hours [11].

2.2 Synthesis of TiO2 Nanoparticles

Iso-propanol [(CH3)2CHOH] and nitric acid [HNOs] were both utilised straight from their
respective containers when they were prepared. Titanium tetra iso propoxide
[Ti(OCH(CHBz)2]4. To a solution that was 22 millilitres in size, drop by drop additions of 20
millilitres of titanium tetra isopropoxide, 10 millilitres of isopropanol, and 12 millilitres of
deionized water were made while the temperature was maintained at 80 degrees Celsius. After
an hour, 0.80 millilitres of highly concentrated HNO3 and 0.8 millilitres of deionized water
were added to the TTIP solution. After six hours of continuous stirring at 60°C, a very viscous
sol-gel was created. Two hours at 300°C were spent heating the prepared sol-gel outside. After
annealing, 2g of TiO2 nanocrystalline powder was created. The produced powder was mixed
with the iso-propanol solution in a 1:10 ratio. To acquire thoroughly dried powder, the obtained
powder was stored in a vacuum oven at 70 °C for 24 hours.

2.3 Preparations of thick films

The obtained samples were used for screen printing, which resulted in the creation of thick
films. Sintered fine powders of pure and composite nano-powders of SnO2 and TiO: in different
weight ratios were first mixed with ethyl cellulose as a temporary binder in order to form the
thixotropic paste for screen printing. This paste was then used to print on screens. In order to
get the desired results, this solution is combined with organic solvents such as terpineol, butyl
cellulose, and butyl carbitol acetate. The production of the paste consisted of inorganic
chemicals 75 percent of the time and organic ingredients 25 percent of the time. Screen printing
was used to apply thick sheets of pure and composite SnO2 and TiO, materials formed from
the paste onto a clean glass substrate. Al,O3 served as the base for the printing process.The
created films were baked for an hour at 90-100°C to completely evaporate all of the organic
materials (in the form of binders) and organic pollutants. Electrodes are made to measure
surface conductivity on the thick film's opposing sides, and the silver paint is then dried by
heating the film at 70°C for 0.5 hours. The table below displays the samples in order

Table 1: Sample code

Sr.No. | Sample doping Sample code
01 Pure SnO> S1
02 98Sn0,: 02TiO./Al,03/GP S2
03 96 Sn0,:04 TiO/Al03/GP S3
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04 94 Sn02:06 TiO2/Al,0O3/GP S4
05 92 Sn02:08 TiO2/Al,03/GP S5
06 90 Sn02:10 TiO2/Al.O3/GP S6
07 Pure TiO» S7

3. Result & Discussion
3.1 X-ray Diffraction Study
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Fig.1. XRD pattern of SnO, -TiO, System

Fig. 1 shows the pure SnOz and TiO2 X-ray diffraction patterns and doping of SnO2 and TiO».
It is recorded in terms of 20 in the range 10 to 100°. Prominent peaks of SnOz and TiO- are
observed. It was manifested that the associated peak's intensity rose and peaked for
92Sn02:08TiO2doping. All planes corresponding to the Anatase-tetragonal phase of TiO2 with
space group number 141 are formed. The unit cell parameters a = b = 3.2320, ¢ = 6.6430, «
= B = y =90°% FWHM was used to compute the “crystallite size (D)” from Scherer's
formula and was found to be 93.23 nm for 92Sn0,:08TiO. doping. It was observed that average
crystallite size of 92Sn02:08TiO2 doping is least as compared to other compositions and pure
materials and hence 92Sn0,:08TiO.doping surface large active surface area for sensing the
gas.

3.2 SEM (Scanning Electron Microscope) study
The SEM images (Fig. 2-4) showed that the number of pores varied in every square inch of the
region, and hence to compare, an average number of pores was used. For an area of one inch

on each shot, porosity was determined
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Fig. 4 SEM pictures of 92Sn0,:08TiO, Fig. 5. SEM picture of SnO>

According to SEM images, SEM pictures of 92Sn0,:08TiO, showed more porosity as
compared to pure SnO., pure TiO2 and doped SnO2 + TiO> sensors. This showed the increased

effective area of S5 sensor for absorption of CO> gas.

3.2 Sensitivity measurement

It was shown that sensitivity increases linearly up to 550 ppm for all doping samples then
becomes saturated for further increase in CO gas concentration. Variation of sensitivity is also
shown in the bar graphs at 600 ppm CO> gas concentration [12-14]. It was found that S5 sensor
(92Sn0,:08Ti02) has maximum sensitivity 1.554 at 600 ppm CO2 gas among the prepared

Sensor.
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Fig. 6 Sensitivity of the SnO2:TiO, system changes as CO, concentration (ppm) increases

at 300 K.
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4. Conclusion

Sensors were prepared by using pure SnO», pure TiO2 and TiO2 doped with SnO, with different
percentage of doping. The series consists of sensors S1, S2, S3, S4, S5, S6, S7. Among these
seven prepared sensors, S5 sensor showed less crystalline size from XRD study, to be 93.23
nm, from SEM study, it showed more porosity and more active absorption surface area. Hence
sensitivity of S5 sensor is enhanced and found to be 1.554 at 600 ppm CO2 gas concentration.
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Abstract:

Polyaniline (PANI)based Metal oxide nanocomposites were prepared by using the screen
printing technique. The films were fired and optimized temperature of 60°c for 30 minutes in
an air atmosphere. In the present work Polyaniline is prepared by polymerization of aniline
under acidic conditions. Zinc Oxide (ZnO) nanoparticles and Tin Oxide (SnO3) prepaired by
the Precipitation method at room temperature. The films were showing a decrease in resistance
with an increase in temperature indicating semiconducting behavior. It is observed that PANI
doped Metal oxide nanocomposite sensor shows a high response and sensitivity with good
repeatability as compared to that of pure PANI and Metal oxide nanoparticle. The crystallinity
and the crystallite size were examined by X-Ray Diffraction technique (XRD),and Scanning
Electron Microscopy (SEM).Also confirms that the properties of pure polyaniline can be
improved by the synthesis of Polyaniline - Metal oxide nanocomposites

Keywords: Polyaniline , Metal Oxides Nanocomposites, Humidity sensor, XRD, SEM

1. Introduction: Humidity control and monitoring are of great interest to a wide area; these
include moisture sensitive products, fresh and pack-age food, drug storage and environmental
control for valuable Antigues or paintings etc. [1, 2]. Humidity sensors that are available in the
market include dew point, infrared, catalytic and tin oxide-based sensors, which may be
expensive, or require high temperature operation and consume significant amount of power
and high cost of maintenance [3].Much research has been focused on the development of
humidity sensitive material [4-6]. Among these are the investigation of using conducting
polymers such as polyaniline, polypyrrole, and polythiophene for humidity and gas sensing [7—
9]. Advantages with polymers as sensing materials are light weight, flexible, low cost and
simple fabrication process [10]. Pure polymer, polymer blends and polymer—inorganic
composites have also been studied for the purposes, resulting in different degree of
advancements in this area [11-16].

2. Synthesis of Material:

A) Synthesis of Polyaniline (PANI): in genral is synthesized using two major polymerization
approaches: electronic and chemical polymerization. In the present work polyaniline 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 ageous medium. both solution kept 1 hour at room tempraturethen mixed in
beaker ,briefly stirred. And left at rest to polymeriz, next day, the pani precipitate was collected
on a filter , washed with three 100 ml portion of 0.2 M HCL and similarly with acetone .
polyaniline hydrochoridfe powder was dried in air and then in vaccum at 60°c. Polyaniline
prepared under these reactions and processing condition are further referred to as standard
sample.

B) Synthesis of Tin oxide (SnO2): In preparation of SnO2, 2 g (0.1 M) of stannous chloride
dehydrate (SnCl2.2H20) is dissolved in 100 ml water. After complete dissolution, about 4 ml
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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 °C 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 SnO was calcinated at 600°C up to 6 hours in the auto
controlled muffle furnace (Gayatri Scientific, Mumbai, India.) so that the impurities from product
will be completely removed

C) Synthesis of Zinc oxide (ZnO): It is prepared by the aqueous solution of zinc nitrate. And
ispreparedbydissolving 0. 2M of zinc nitrate hexahydrate in 100 ml of distilled water .To this
aqueous 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 hour after which the
white precipitate was obtained. The formed oxide wet precipitate is centrifuged Then the wet
precipitate is washed with de-ionized water to remove impurity ions present in it and further
heated in the oven at 150°c to dry the precipitate formed.

4. RESULT AND DISSCUSIONS:
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Figure 1. XRD of pristine ZnO (Z-0)

Figure 1,2,3 shows XRD pattern of pristine material ZnO, SnO> and Polyaniline (PANI)
nanocrystalline materials respectively.The XRD pattern of pristine zinc oxide (ZnO)
nanostructure synthesized by liquid phase method via solid state method calcinated at 700°C
as shown in figure 4.1.(a). The crystalline nature with 26 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 ¢ = 0.5206 nm its unit cell
volume (V=47.49A%) [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 37.33 nm calculated by Deye-Scherrer formula [17].

~ (110

- (101

y (a.u.)
11



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

Figure 2. XRD of pristine (SnO2) (S-0)

Figure 2. shows the XRD pattern of pristine stannic oxide (SnO2) nanostructure synthesized
by liquid phase via co-precipitation method calcinated at 600°C 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 SnO.. All the peaks match well with the standard tetragonal
structure of SnO with lattice constant a = b = 4.723 nm and ¢ = 3.18 nm and its unit cell
volume (V=71.48A°%) with JCPDS card no. 71-0652. All the peaks are perfectly match with
pure SnO2 nanostructure, which indicates the high purity of obtained SnO> nanoparticles. The
average crystalline size was found to be 28.95 nm calculated by using Debye-Scherer formula

[18].
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Figure 3. XRD of pristine (Polyaniline) (P-0)
Figure 3. shows the XRD pattern of pristine Polyaniline (PO) nanostructure synthesized by
precipitation method and calcinated at 70°c was studied by XRD spectrometer using cuk, lines
the spectra indicates the almost amorphous nature of sample as shown in fig- 4.1(c ) the film
prepared at higher thickness show polyaniline nature having peak for polyaniline at 26 = 25.58.
Similar observations on polyaniline sample have been reported by previous worker [19 ]
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Figure 4. XRD Pattern of Polyaniline (PANI) Doped Metal Oxide Nanocomposites

Figure. 4. shows the XRD pattern of nanocomposite of Series (SZP) having four
samples SZP-2(20SnOz - 70ZnO - 10 PANI), SZP-4 (40SnO,-50Zn0O-10PANI), SZP-6
(60Sn0O> - 30Zn -10PANI),and SZP-8 (80Sn0O2 -10Zn0O-10PANI), It is observed that from
XRD pattern for SZP-4 sample shows crystalline nature with 20 peaks lying at
(110),(002),(201),(101),(102),(110) and (002) (310) and (201) planes. The observes peaks are
the mixed combination of SnO, and ZnO semiconducting metal oxides and Polyanilne (PANI).
It is seen from crystal quantization plot, that more peaks about are corresponds to SnO>
nanomaterial and very few about of them are corresponds to ZnO and polyaniline (PANI)
nonomaterials. For the XRD pattern of the sample such as SZP-8, SZP-6, SZP-2 also shows
crystalline nature and crystalline planes are obtained due to SnO2 ZnO, and polyaniline. The
average crystalline size is obtained by using scherrer formula and has been found to be 38.44
nm, 29.33 nm, 52.58 nm, 61.26 nm, for sample SZP-2, SZP-4, SZP-6, and SZP-8 respectively.
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Fig. 5. 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 80 % RH as shown in the fig. 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
SZP-4 (40Sn0,-50Zn0 -10PANI) the change in value of resistance is near about from 10° Q
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to 10° Q, these is a remarkable change in the value of resistance. Therefore, by the addition of
10 %

Molar Polyaniline in the combination of ZnO and SnO., in different molecular weight
concentration the adsorption and deadsorption process are much faster in the samples. it is also
noted that ,by increasing the sensor temperature from 30° C to 80 ° C, its resistance decreases
at a particular constant humidity due to process of adsorption and deadsorption.
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Fig. 6. Variation of Conductivity with Relative Humidity

it is observed that in fig .6 The conductivity increases perfectly linearly with relative humidity
from 30 to 80 % RH and decreasing relatively on same path from 80 to 30 % RH. In this case
also the conductivity increases with increase in temperature and it is highest at temperature
80°C and lowest at temperature 30°C. the conductivity difference between temperature 30°C
and other ones are minimizes and the conductivity curves are not seen mixed so as seen in the
group of sample. This behavior is obtained due to the addition of small amount of PANI in the
SnO2 and ZnO.the conductivity get stabilized through the resistance to near in the range of
Megaohm ( MQ) . Hence the stability, linearity and equality are obtained in the samples
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Fig. 7. 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. 7 For higher RH the sensitivity is found to be higher in case of all
samples of thick films. The sensitivity of SZP-4 (40 SnO2 -50 ZnO -10 PANI) is more than
SZP-2, SZP-6, and SZP-8 samples and also from the
pristine samples S-0 , Z-0 and P-0. The (SnO2-ZnO-
PANI) composite sensors exhibits significantly
higher sensitivity than sensor constructed specially
from SnO2, ZnO nanoparticles and PANI itself due to
the formation of heterogeneous interface between
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them and more adsorption site was created to absorbed more water vapours.
Z Vb " .

Jes L %‘ \(.2
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SZP6 (c)
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Fig. 8. FESEM Image of PANI Doped Metal Oxide Nanocomposites

The FE-SEM morphology of nanocomposites shows the particles are small sized, almost
spherical flower like, rod like structure. The micrograph of SZP-4 (figure.8.(b).) One can see
that nanocrystalline and porous SnO,, ZnO , is formed on the surface of SZP4 .By using
crystalline quantization plot , these more peaks carrespond to SnO, , than ZnO , and
Polyaniline .The average crystalline size is obtained by using scherrer formula and it has been
found to be 38.17nm, 35.20 nm, 38.25 nm, 41.31nm , Each grain seems to be like a bead of
different shape and reveals that they possess the grain size of nanometer order and shows
nanoporous 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.

5. CONCLUSIONS:

Nanostructured SnO-, ZnO , was successfully prepared via chemical precipitation method and
PANI with IUPAC polymerization technique. Minimum crystallite size was found to be for
SnO; (S0) is 28.95 nm , ZnO (Z0) is 37.33 nm and Polyaniline 25.58 nm.The Hysteresis plot
shows very significant average change in the value of the resistance from near about 10*°Q to
10°Q during forward and reversed cycles of sample SZP-4(40 SnO, -50 ZnO-10PANI). 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.
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Abstract:

Polymer and their blends are a very important class of materials. As these materials
plays vital role in day today life so it is necessary to study. Polymer material classified
according to the mechanical response and basis of electrolytes system. Variation in polymeric
properties mainly depends upon there synthesis methods and deposition techniques. So, various
synthesis methods and deposition techniques are mention. USP (unique selling point) of
polymeric materials are there application in various sector such as Electronic devices and
batteries applications, in membranes such a range of industrial applications and also polymers
are essential components of many drug delivery systems and biomedical products.

Keywords: Polymer, Polymer blends, Electrolytes, Applications

1. Introduction

Polymer material plays vital role in day today life. Polymer materials and their blends
has varies applications in many areas e,g electrochemical devices batteries, fuel cells, super
capacitor, sensors and insulting materials [1-4]. So, it is important to study ice-break material
like solid polymer and polymer electrolytes. To study the basic of the polymers and their
polyblends is essential.

2. Polymer

Polymers form a very important class of materials without which the life seems very
difficult. They are all around us in our everyday use e.g. in rubber, in plastic, in resins, and in
adhesives and adhesives tapes. The word polymer is derived from Greek words, poly = many
and mers = parts or units of high molecular mass each molecule of which consist of a very large
number of single structural units joined together in a regular manner. In other words polymers
are giant molecules of high molecular weight, called macromolecules, which are build up by
linking together of a large number of small molecules, called monomers. The reaction by which
the monomers combine to form polymer is known as polymerization [5]. The polymerization
is chemical reaction in which two or more substances combine together with or without
evolution of anything like water, heat or any other solvents to form a molecule of high
molecular weight. The product is called polymer and the starting material is called monomer.

Every polymer has its own characteristics, but most polymers have the following
general properties. They have low density, low coefficient of friction, good corrosion
resistance, good mouldability, economical, poor tensile strength, low mechanical properties,
and poor temperature resistance. It can be resistant to chemicals and also to both thermal and
electrical insulators. Generally, polymers are light in weight with varying degrees of strength.
Polymers can be processed in various ways to produce thin fibers or intricate parts.

Polymer electrolytes are plastic materials that can be modified and processed by
conventional techniques. If the polymer chains are helped for a charge transport of the ionic
type, often called “polymer electrolyte”. In general, polymer electrolytes are used as separator
and they are used for ionic transport. In recent years, Polymer electrolytes have attracted
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scientific and technological importance because of their potential applications. The idea of
preparation of polymer electrolytes was first proposed by Wright [6, 7] and Fenton etal in 1973
[8, 9] but their technological significances are fulfilled and appreciated by Armand etal [10]
few years later. Poly (ethylene oxide) was the first solvating polymer to be proposed and
studied in solid polymer electrolyte (SPE) Li-rechargeable batteries [11, 12]. Most of the solid
polymer electrolytes (SPES) are prepared by dissolving lithium salts in a solvating polymer in
a common solvent or by diffusion in the solid (or) molten state. An effort is also made to fix or
immobilize the anion on the polymer matrix by covalent bonding (or) another chemical or
physical process [13]. In the present work, an attempt has been made to develop the polymer
electrolytes based on PVAc.
2.1 Classification of Polymer on Basis of Mechanical Properties

Polymers may be classified as follows, according to the mechanical response at elevated

temperatures [6].
Polymers

Thermoplastics Thermosets Elastomers

|
|

Crystalline Amorphous

Flow-chart 1. Classifications of Polymer

2.2 Classification of Polymer on Basis of Electrolytes System

The polymer electrolyte systems [14] could be classified into three categories, namely,
Polyelectrolyte, Solvent swollen polymer electrolyte and Solvent free polymer electrolytes.
Solvent free polymer electrolytes means that polymer —salt complexes which are formed by
complexes between salts of alkali metals and polymer containing solvating heteroatoms such
as O, N, S, etc. The most common examples are complexation between poly (ethylene oxide)
(PEO) and alkali metal salts. The polymer salt complexes are further classified into: a) Solid
polymer electrolytes b) Blend polymer electrolytes c) Gel polymer electrolytes d) Composite
polymer electrolytes.
2.3 Synthesis and Deposition Methods for Polymers and Polyblends

Methods for synthesis and deposition of polymer thin films and their polyblends are:
Langmuir Blodgett (LB) Technique [15], Gas phase deposition technique [16], Solvent
evaporation [17], Vacuum evaporation technique [18], Isothermal evaporation technique [19-
20], Spin Coating [21-22], Plasma Polymerization [23], Laser lithography [24] and etc.
3. Applications of Polymers and Their Blends
3.1 Electronic Devices and Batteries

Polymers are already playing a critical role in saving energy and resources across a
variety of applications, such as transport, packaging, healthcare, and buildings [25]. Polymer
scientists are conducting a great deal of research into the potential for polymers to provide
cutting-edge renewable energy technologies. Such avenues are photovoltaic, fuel cell, polymer
semiconductors, LED (light-emitting diode), etc. Polymer and polymer blends elucidates some
important polymers thoughtful effort of elaborating various such energy application schemes
in line with the energy assembly, energy storage, dye sensitized electric cell, light emitting and
sensing, perovskite electric cell, thermoelectrical generator, polymer composite for
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thermoelectrical generator, piezoelectric, triboelectric generator, and supercapacitor have been
discussed for better understanding of the readers [26].
3.2 Polymer Blends in Membranes

It is intended to highlight here possible ways of improvement the properties of
polymeric membranes, by modifying with other polymers, functional groups, compounds,
drugs, bioactive components, and nanomaterials. Polymeric membranes are widely used in a
range of industrial applications, such as desalination, wastewater treatment, bio-
purification/separation, solvent purification/recovery, gas and liquid phase pollutant capture,
and gas separations [27].
3.3 Polymer Blends in Drug Delivery

Polymers are essential components of many drug delivery systems and biomedical
products [28].
4. Conclusion
Polymer and polymer blended material are an effectively synthesis and deposited. These
fabricated new versatile materials have potential applications in various sectors such as drug
delivery, electronic devices and batteries and etc.
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Abstract:

ZnO nanoparticles were synthesized by a simple cost-effective chemical precipitation
method technique using L-histidine as a capping agent. The X-ray diffraction pattern (XRD)
has been utilized to investigate various structural parameters of ZnO nanoparticles. XRD
pattern confirms purity and phase formation of ZnO nanoparticles. Particle size has been
calculated using XRD data and have found to be 24 nm and 19 nm for pure and L-histidine
capped ZnO nanoparticles. These nanoparticles have also been characterized by UV-visible
(UV-vis) spectroscopy. The blue shift evident from the absorption spectra clearly indicate
formation of ZnO nanoparticles.

Keywords: ZnO nanoparticles, X-ray diffraction, UV-visible spectra.

1. Introduction:

Zinc oxide (Zn0), a transition metal oxide material, has been recognized as a promising
semiconductor material due to its direct band gap (3.37 V) and relatively high exciton binding
energy (60 meV) at room temperature [1]. With its exceptional physical and chemical
properties, this versatile material has great potential for applications in electronics,
optoelectronics, spin electronics and sensing devises [2-5]. Several techniques have been used
to prepare ZnO nanostructures, including sol-gel, including SILAR [6] sol-gel [7],
hydrothermal [8], solvothermal [9], chemical bath deposition [10], pulse laser deposition [11],
spray pyrolysis [12], DC magnetron sputtering [13]. Among these synthesis routes, the
precipitation approach, compared with other conventional strategies, provides a facile way for
low-cost and large-scale production that does not require expensive raw materials and
complicated equipment [14]. To avoid agglomeration of the nanoparticles capping agents play
important role.

In the present study, we report the synthesis of ZnO nanoparticles using cost-effective
and simple chemical precipitation method employing with the biocompatible amino acid L-
histidine as a capping agent. Powder X-ray diffractometry (XRD) and UV-visible spectroscopy
have been utilized to investigate the structural evaluation and optical properties of as-
synthesized ZnO nanoparticles.

2. Experimental:
2.1 Synthesis Of ZnO Nanoparticles

All chemicals used were of analytical reagent grade and used without further
purification. Zinc chloride (ZnCl2) AR grade and Sodium Hydroxide pellets (NaOH) AR grade
was purchased from Sigma Aldrich, USA while L-histidine was procured from TCI Chemicals,
Japan. To begin, stock solutions of 1M ZnClz, 2M NaOH, and 0.1M L-histidine in double
distilled water were prepared in separate beakers.

To synthesized pure ZnO nanoparticles, firstly 10 ml of 1M ZnCl; was dissolved in 100
ml distilled water and stirred for 30 minutes. Then, 10 ml of 2M sodium hydroxide was added,
and the mixture was stirred continuously for 2h at room temperature. L-histidine-capped ZnO
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nanoparticles were synthesized by taking 10 ml of 1M ZnCl, was dissolved in 100 ml distilled
water and stirred for 30 minutes. Then 6 ml of 0.1M L-histidine was added dropwise into this
solution and stirred for another 60 minutes at room temperature. Thereafter, 10 ml of 2M
sodium hydroxide was added, and the mixture was stirred continuously for 2h at room
temperature. The two samples were termed as S-1 and S-2. The chemical reaction can be
summarized as follows:
ZnClz + 2NaOH — > Zn0 + 2NaCl + H>O

The precipitate was then centrifuged in both cases for 20 minutes at 4000 rpm (REMI
Model-8RC) and rinsed with ethanol 2-3 times. The white precipitate was subsequently dried
for four hours at 80 °C in an electric oven. The solid precipitate was then finely ground in an
agate mortar to get fine powder and then thermally treated at 450 °C in a muffle furnace for 4
h to remove residuals.

2.2 Characterization:

Powder XRD measurements were performed using by using Rigaku X-ray
diffractometer Miniplex II with nickel filtered CuKa radiation (A=1.5406 A). For optical
properties the product was characterized by UV-visible spectrophotometer (Model-Black-C-
SR, Stellarnet Inc. USA) in the spectral range 300 -900 nm.

3. Result and Discussion:
3.1 XRD Studies

The X-ray-diffraction pattern of ZnO powder samples S-1 and S-2 after calcination at
450-C is shown in Fig. 1. The presence of different peaks such as (100), (002), (101), (102),
(110), (103), (200), (112), (201), (004), and (202) confirm the hexagonal wurtzite structure of
ZnO powder [15,16]. No other peaks related to impurities are observed, which proves the high
purity of the wurtzite phase. The average crystallite size of the ZnO NPs was estimated from
X-ray line broadening of the diffraction peaks using Debye-Scherrer's relation. The average
particle size for samples S-1 and S-2 was obtained to be 24 nm and 19 nm, which clearly
indicate that the capping agent has played a role in controlling the size and size distribution.

Different parameters unit cell volume (V) [17], Atomic Packing Fraction (APF) [18],
X-ray density (dx) [19], Bulk density (ds) [20] and porosity [21] of ZnO nanoparticles are
listed in tablel.

Table 1: Different parameters of unit cell

Sample | Lattice Constant (A) \Gl(lg;;e APF d)é;]rs?%/y deBrl:slil;y PO';;OS'W D (hm)
a b c (dx) (ds)
S-1 3.2494 | 3.2494 | 5.2038 | 47.584 | 0.7547 | 11.3598 6.529 42.5214 24
S-2 3.2342 | 3.2342 | 5.1772 | 46.899 | 0.7550 | 11.2508 6.366 44,7652 19
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Figure 1: XRD Pattern of pure and L-histidine capped ZnO nanoparticles

3.2 UV- Visible Study:

Figure 2 depicts the UV-Vis absorption spectra of pure and L-histidine capped ZnO
nanoparticles. For pure ZnO, the absorption starts at 381 nm, while for the capped ZnO
nanoparticles, the absorption starts at 372 nm. There is a window of UV absorption of width
29 nm for capped sample. Compared to pure ZnO, the absorption spectrum shows a blue shift
which suggests that surface modification has enabled the formation of nanoparticles of lesser
size. The capping agent has played a role in controlling the size and size distribution.
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Figure 2: UV-visible spectra of different samples of ZnO
4. Conclusion:

ZnO nanoparticles were effectively synthesized by a simple chemical precipitation
method. With a proper concentration of L-histidine, ZnO nanoparticles with particle sizes up
to 19 nm can be obtained when calcined at 450 oC. The X-ray diffraction (XRD) pattern
provides confirmation of the phase, purity, and particle size of ZnO nanoparticles. The
reduction in particle size, caused by the presence of a capping agent, leads to an increase in the
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porosity of the nanostructure. UV-visible spectroscopy provides evidence of a blue shift,
indicating that the surface modification has facilitated the formation of smaller nanoparticles.
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ABSTRACT

In the present work, ZnO is doped in SnO> with the percentage 2%, 4%, 6% & 8% and prepared
sensors are labeled as T1, T2, T3, T4, T5 & T6. Chemicals used are first calcinated at 700°C
for 6 hours then mixed the given proportion and screened out on the plane glass plate using
screen printing technique. Prepared materials are characterized by XRD and SEM. The X-ray
diffraction (XRD) pattern indicates a small crystalline size for the T4 material, which consists
of 94% SnO, and 6% ZnO. The SEM study reveals increased porosity in the T4 sensor. The
resistance of the T4 sensor, with a polypyrrole (PPy) layer on top, decreases at room
temperature with an increase in CO2 gas concentration. This leads to higher sensitivity due to
the presence of surface oxygen vacancies in ZnO and SnO, which act as donors. The sensor
with a PPy rooftop layer on 94% SnO2: 6% ZnO doping exhibited the highest sensitivity 1.638
at 1200 ppm among all the prepared sensors.

Keywords: Tin dioxide, Zinc Oxide, screen printing technique, Multilayer sensor, CO> gas

1. Introduction:

In the rapidly evolving field of electronics, sensors play a crucial role in controlling,
monitoring, and analyzing various processes. Chemical sensors, known for their high
performance, are particularly noteworthy in this regard. Their advancements have become
integral in both daily life and industrial applications, with expectations of further progress in
the future. Metal oxide sensors, especially those based on SnO3, are popular for gas detection
due to their stability and selectivity. This work focuses on the sensing process of SnO»-based
sensors and explores techniques such as doping, dynamic responsiveness, and sensor array
improvements to enhance their gas detection capabilities. The integration of composite sensors
is anticipated to significantly improve the detection of hazardous gases. Polypyrrole (PPy)
stands out as an intelligent material with applications in optical, electrical, and electro-chromic
devices, as well as sensors. In recent years, PPy has gained prominence in detecting volatile
organic compounds (VOCs) due to its selectivity and sensitivity to target gas molecules. The
study aims to develop PPy-based sensors with reliable mechanical and electrochemical
performance for improved sensing devices. Given the presence of harmful chemicals in the air,
gas sensors have garnered attention in both academic and industrial settings. The study
underscores the health risks associated with poisonous gases and emphasizes the need for
effective gas sensors to detect such hazards. Various metal oxides, including SnO., TiO2, ZnO,
In.O3, and WOs, offer stability benefits. While SnOz is crucial in semiconductor sensors, it has
limitations in detecting low-concentration biogas and odors for gas alarms. The study delves
into the preparation conditions, dopants, and grain sizes of SnO-based materials, as these
factors significantly influence their chemical and physical qualities, impacting their sensing
capabilities. The primary objective is to construct a multi-layer CO2 gas sensor utilizing a
combination of polypyrrole and SnO.-doped ZnO [1-3]. While SnO-based chemiresistors

72



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

exhibit faster gas sensing responses than conducting polymer-based counterparts, they require
higher operating temperatures (>200 °C).

2. Materials and Method

2.1 Synthesis of SnO2 Nanoparticles

To conduct the described experiment, high-purity GR grade chemicals (99.99%) were procured
from Sd-fine in India. Stannous dioxide (SnO) was synthesized by dissolving 2 grams (0.1
millimeters) of stannous chloride dehydrate (SnCl2.2H20) in 100 milliliters of water. Following
complete dissolution of the aqueous solution, 4 cubic centimeters of ammonia solution were
added with magnetic stirring. A twenty-five-minute stirring period initiated the formation of a
white gel precipitate. Subsequently, the mixture was left undisturbed for ten to fourteen hours
before further examination. Afterward, the precipitate underwent cleansing with deionized
water, passing through four or five filters as part of the previous process. The resulting
precipitate was combined with 0.27 grams of charcoal-activated carbon black powder.
Following a day of grinding into powder in a vacuum oven at 80 degrees Celsius, the mixture
was removed. The dry material was then broken into smaller pieces and milled into a powder.
To eliminate impurities, the ultrafine SnO2 nano powder underwent calcination in an auto-
controlled muffle furnace at 700 degrees Celsius for duration of seven hours [4-5].

2.2 Synthesis of Polypyrrole

Chemical polymerization was employed to prepare powder polypyrrole, utilizing a high weight
ratio of 4.290 for the pyrrole (Py) monomer and the oxidant (FeCls). The synthesis maintained
a constant concentration of FeCls, with methanol serving as the solvent. The synthesis involved
the use of Py monomer, anhydrous iron (I11) chloride (FeCls), and methanol. In a round-bottom
flask, a solution of 7 ml methanol and 1.892 g FeClz was prepared, and then 8.4 ml Py monomer
was added to the (FeCls + methanol) solution with continuous stirring in the absence of light.
The addition of Py monomer to achieve maximum vyield was carefully controlled. The
polymerization of Py, initially suppressed in the solution, progressed rapidly due to an increase
in oxidation potential resulting from solvent evaporation. During the polymerization reaction,
the solution's color changed to dark green/black immediately upon the addition of Py monomer.
The reaction was exothermic, evidenced by arise in solution temperature at the reaction’s onset.
The reaction was conducted at room temperature for duration of 4 hours. The final precipitated
polymer was filtered using conventional methods, and the polymer underwent multiple washes
with distilled water until the filtrate became colorless. To eliminate any remaining traces of
unreacted pyrrole and residual ferric and ferrous chloride formed during polymerization, the
polymer was washed with methanol. The resulting polypyrrole, obtained in powder form, was
first dried at room temperature for a few hours and then further dried in an oven at 80°C for 5-
6 hours. This synthesized polypyrrole was subsequently utilized for the active layers of
Semiconductor Gas Sensors [6-9].

2.3 Synthesis of Zinc Oxide

In this study utilized chemicals of GR grade obtained from Sd-Fine, India, with a purity of
99.99%. These chemicals were used as-is without any additional purification. The key reagents
included Zinc Acetate Dihydrate (Zn(O2CCH3)2(H20)2), sodium hydroxide (NaOH),
methanol, and deionized water.To prepare the ZnO, 0.2 M Zinc Acetate Dihydrate was
dissolved in 100 ml of deionized water and ground for 15 minutes. Subsequently, this solution
was mixed with a 0.02 M NaOH solution using a glass rod. The resulting mixture underwent
constant magnetic stirring for 15 minutes and was then ground for an additional 30 minutes. A
white precipitate formed at the bottom. Excess liquid was discarded, and the product was
thoroughly washed with deionized water and methanol to eliminate by-products.The final
product, a white paste, was filtered using Whatman filter paper. This paste was then placed in
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a vacuum oven at 80°C for 4 hours to remove moisture and obtain a dry product. The dry
product was further crushed into a fine powder using a grinding machine. Finally, this fine ZnO
nano-powder was subjected to calcination at 800°C for 6 hours in an auto-controlled muffle
furnace (Gayatri Scientific, Mumbai, India). This step aimed to eliminate impurities and yield
the final product of ZnO nanoparticles [10-12.

2.4 Preparations of thick films

The collected samples were employed for screen printing to generate thick films. Initially,
finely sintered powders of pure and doped nano-powders of SnO2 and ZnO, in various weight
ratios, were mixed with ethyl cellulose as a temporary binder to create a thixotropic paste
suitable for screen printing. This paste was applied to screens, and to achieve the desired
consistency, it was combined with organic solvents like terpineol, butyl cellulose, and butyl
carbitol acetate. The paste formulation comprised 75 percent inorganic chemicals and 25
percent organic ingredients. Screen printing was utilized to deposit thick layers of both pure
and doped SnO2 and ZnO materials, derived from the paste, onto a clean glass substrate. The

printing process was conducted on an Al,O3 base, as illustrated in Figure 1.
Interdigited electrodes

Sensing layer —» plm——

_ «—— Sandwich Iayer
+—— Glass Plate

Fig. 1. The structure of SnO2/ZnO multilayer sensor.
The produced films underwent baking for one hour at temperatures ranging from 90 to 100°C
to ensure the complete evaporation of all organic materials, including binders, and eliminate
any organic contaminants. Electrodes were constructed to measure surface conductivity on
both sides of the thick film. Subsequently, silver paint was applied to the electrodes, and the
film was dried by heating at 70°C for 0.5 hours. The table below presents the samples in
sequential order.

Al20;3 layer —

Table 1: Sample code

Sr.No. Sample doping Sample code
1. | Pure SnO; T1
2. | 98Sn02: 2 ZnO/Al,03/GP T2
3. |96 SnO2: 4 ZnO/Al,03/GP T3
4. |94 SnO,: 6 ZnO/Al;03/GP T4
5. |92 Sn0Oz: 8 Zno/Al203/GP T5
6. | Pure ZnO T6

3. Result & Discussion

3.1 X-ray Diffraction Study

The X-ray diffraction pattern of Polypyrrole (PPy) is illustrated in Figure 2, revealing its
amorphous nature. The XRD analysis demonstrated a wide peak at 26°, indicative of
PPy'samorphous structure. This broad peak is attributed to the scattering of X-rays by polymer
chains within the inter-planar gaps. The intensity and location of this amorphous peak were
influenced by the monomer-to-oxidant ratio.
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Fig. 3. XRD pattern of SnO2-ZnO System

It was observed from XRD that the average crystallite size of the 94Sn02:06ZnO doping
composition is the smallest compared to other compositions and pure materials. Consequently,
this doping combination exhibits a larger active surface area, making it more effective for gas

sensing applications.

3.2 SEM (Scanning Electron Microscope) Study

The SEM images (Fig. 4-6) exhibited variations in pore density across different regions, and
an average pore count per square inch was calculated for comparison. The porosity was
determined for an area of one square inch in each image. The prepared pure samples showed
higher porosity compared to other compositions. Increased porosity contributes to enhanced

gas absorption or sensing capabilities.
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Fig. 6. SEM picture of 94 Sn02:6ZnO/Al203/GP (sensor T4)
From SEM study, it is manifested that porosity of T4 sensor is more porous as compared to
other prepared sensor. Therefore T4 sensor has more active surface area for CO2 gas absorption.

3.3 Resistivity measurement

Resistance variations with CO2 gas concentration

a5

20
——T12
B . —A—T3

1 T4
w1 ¥
—#—T15

~—*-T6

[Resistance in Mega ohm

0 200 4D0 600 BOO 1000 1200 1400 1600 186D 2000

Concentrationof CO2 gas in ppm

Resistance variations at 1200 ppm of CO2
25 -
20.31
20 A

15 1

10 A

Resistance in Mega ohm

T1 T2 T3 T4 T> T6

Sensors

Fig..7 variation of resistance with CO2 gas concentration
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Fig.:8 variation of Sensitivity with CO, gas concentration

As shown in Fig. 7, resistance increases with increase in concentration of CO2, becomes
maximum resistance for T4 sensor, 20.31 MQ and resistance decreases with further increase
in concentration of CO> at room temperature (300 K). From Fig. 8, sensitivity first increases
by little amount and suddenly increase at 1200 ppm CO> gas concentration then remain nearly
constant. T4 sensor showed maximum sensitivity to be 1.638 at 300 K and at 1200 ppm [13-
14].

4 Conclusion

XRD showed small crystalline size for T4 sensor, SEM exhibited T4 sensor is more porous as
compared to other prepared sensor. Therefore T4 sensor has more active surface area for CO>
gas absorption. Maximum resistance for T4 sensor was recorded to be 20.31 MQ at 1200 ppm
concentration of CO> gas at room temperature (300 K). Sensitivity of T4 sensor recorded to be
maximum 1.638 at 300 K and at 1200 ppm. Thus T4 sensor is best to sense CO> gas.
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ABSTRACT

This paper concentrates on nanocrystalline powders of ABOs3 structure were synthesized by
the various. Solid state gas sensor is a very effective sensor compared to other sensors
because it can detect different harmful gases and it can be used in variety of applications.
Given the intense market rivalry, it would be ideal for gas sensors to become more
dependable and of higher quality. High sensitivity, high precision, and cost-effective
compatible gas sensors have garnered a lot of interest. Research on sensing materials has
been broadly targeted in order to provide good gas sensing. This paper review on solid state
gas sensor. The creation of effective and efficient gas sensors is the result of advancements
innanotechnology and the use of various materials.

Keywords: Nanomaterials, gas sensors, perovskite, etc.

1. Introduction

In day today modern life detection of different gases play a vital role. The significant area of
research towards gas sensing that leads to the fabrication of gas sensing devices which detect
various harmful gases. Human body suffers from different diseases due to the emission of
various toxic and hazardous gases. Solid-state sensors are among the most versatile of all
sensors, as they detect a wide variety of gases, and can be used in many different applications.
Among the unique attributes of the solid-state sensor are the abilities of the sensor to detect
both low ppm levels of gases, as well as high combustible levels. Solid state gas sensors, are
the excellent candidates to the fabrication of commercial gas sensors for a wide range of
applications [1-5]. The development of high precision gas sensors is crucial for the monitoring
of harmful (exhaust) gases in the environment. A variety of dangerous gases, such as CHa,
NO2z, LPG, NHs, SOz, CO, HzS, NO2, Acetone, Hz,ethanol, and methanol, are constantly
released by industry, transportation, and agricultural activities. Many of these gases are
hazardous to human health as well as the environment,

even at levels measured in parts per million, or ppm. Some of these gases, like Hy, are
naturally explosive when exposed to air.

In recent years, nanomaterials based on perovskite have been used in a variety of sustainable
applications. Their structural properties enable researchers to investigate functionalities in a
variety of directions, including solar cells, LEM devices, transistors and sensors, etc.
Perovskite nano-materials have been shown to have remarkable sensing performance to a
wide range of chemical and biological species, both in solids and solutions. In particular,
they are able to detect small molecules (e.g., oxygen, nitrogen dioxide, carbon dioxide, etc.).
In addition, Solid-state gas sensors are emerging as a viable substitute for the intended real-
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time functions in light of recent developments in the materialsciences and advancements in
processing and downsizing techniques. The greatest options for the development of
commercial gas sensors for a broad range of such applications are solid state gas sensors,
which are based on a variety of concepts and materials. [6-10].

2. Structure, Stability and Properties of Perovskites
Perovskite is the name given to the compounds that have the formula type ABXswith different
sized 'A" and 'B' cations bonded to anion X [11]. ABO3s Perovskites exhibit good thermal
stability with an eV band gap of 34, which is why they were used in a lot of gas sensing
studies [12]. Perovskite materials can be employed as sensors for gaseous species because
their stability was significantly disrupted when exposed to gaseous environments, such as
NOgz, CHs, NH3, C2HsOH, acetone, etc. [13]. The chemiresistive I-V, phosphorescence, and
fluorescence responses of these perovskite materials can be used to record the sudden changes
in them. However, in these sensing investigations, the opto- electronic characteristics of
perovskites are crucial. Renowned contenders with remarkable attributes including electrical
conductivity, ferroelectricity, superconductivity, catalytic activity, etc. are perovskite oxides.
There are several ways to synthesis the naocrystalline perovskite material, including the
hydrothermal, sol-gel, and chemical co-precipitation processes, etc. Because of the
remarkable stability of the perovskite structure, structural flaws can be created when one or
both of the cations in the A and B sites are partially substituted with other metals that have a
different oxidation state.
3. Review of solid state gas sensor
Soil, water, and air pollution are the three categories into which environmental contamination
falls. Of these three categories, air and water pollution are the main contributors to disasters
since they spread quickly over a wide area in a short amount of time. Since industrial progress
has dramatically expanded environmental pollution to such a level that public concern is now
so great that it cannot be ignored any longer, environmentalmonitoring and management are
absolutely necessary. Therefore, in order to address these environmental issues, thorough
study has been done to quickly identify these contaminants and lower their levels to within
the regulatory allowed concentrations. These factors have contributed to the advancement of
solid-state gas sensor research and development in recentyears. Gas sensors with metal oxides
as the sensing medium have been widely used in gas detection applications. In fact, there is
growing interest in gas sensing for nanocrystalline semiconducting metal oxides with
regulated compositions, which also represent an intriguing new area of fundamental research
[14]. Because of its oxide stability, high response, low production cost, and ability to respond
to a wide spectrum of chemicals, semiconductor metal oxide nanostructures are the most
preferred of all the solid state gas sensing materials. They respond quickly, are robust,
dependable, and reasonably priced. Different types of solid state gas sensors are
semiconductor gas sensor, optical gas sensor,
electrochemical gas sensor, etc. Semiconductor gas sensors (SGS), known sometimes as
chemoresistive gas sensors, are typically based on metal oxides (e.g. SnO», TiOz, In,03, WOs3,
NiO, etc.). Recent applied research and product releases in this sector of gas sensors have
revealed some noteworthy developments regarding the use of nanotechnologies and gas-
sensing layers. In the sensing industry, optical gas sensors are crucial for measuring chemical
and biological quantities. Changes in the absorption spectrum were used to measure the first
optical chemical sensors. Chemical sensors and biosensors currently employ a wide range of
optical techniques, such as ellipsometry, surface plasmon resonance (SPR), spectroscopy
(luminescence, phosphorescence, fluorescence, Raman), interferometry(white light, modal,
and optical waveguide structures), spectroscopy of guided modes in optical waveguide
structures (grating coupler, resonant mirror), and interferometry (white light,
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phosphorescence, and fluorescence). Electrochemical gas sensors use an electrochemical cell,
which is made up of two terminals (an anode and a cathode) of the same composition and a
casing that holds a collection of chemical reactants (electrolytes or gels) in contact with the
environment. A membrane on the top of the gas sensor enclosure allows the gas sample to
pass through it. At the anode, oxidation happens, and at the cathode, reduction happens.

4.  Conclusion

In this review study, the materials chosen for the construction of such gas sensors, and the
sources of emission and regulatory standards of air pollutants are briefly reviewed. It has been
addressed how advances in material science have led to the development of potential solid-
state gas sensors, with the aim of comprehending the underlying technology and offering
targeted functionality for a particular application.
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Abstract

Electrical and dielectrical properties of EC, PMMA and their polyblends doped with THF,
have been investigated as a function of temperature, electric field and frequency, to study the
mechanism of electrical conduction. The most important of the cellulose ethers is ethyl
cellulose (EC). Its electrical, mechanical and weathering properties are good in comparison
with other cellulose. Poly Methyl Methacrylate (PMMA) is a hard, rigid, transparent
thermoplastic, which has good outdoor weatherability and is more impact resistant than glass.
Poly Methyl Methacrylate (PMMA) is weakly polar. Polymers like Ethyl Cellulose (EC) and
Poly Methyl Methacrylate (PMMA\) being essentially insulating materials, the number of free
charge carriers is very small and their mobility is very low. In present study the current was
measured by applying the frequency in the range 1 KHz -1 MHz at various constant
temperatures (323-373 K). Dielectric constant increases with increase of temperature. AC
electrical conductivity of Ethyl Cellulose (EC), Poly Methyl Methacrylate (PMMA) and their
blend (EC/PMMA) is increasing with increasing frequency of applied electric field. Dielectric
constant increases with increase of temperature.

Keywords Tetrahydrofuron; ethyl cellulose; poly methyl methacrylate

1. Introduction

The physical mixing or blending of two polymers produces an alloy with quite different
properties, which can be potentially useful [1]. The a.c. and d.c. electrical conductivity studies
are aimed at understanding the origin of the charge carrying species, their numbers and the way
in which they move through the bulk of the material. These parameters are related to the
chemical composition, microstructure and morphology of the material [2]. The most important
of the cellulose ethers is ethyl cellulose (EC). Its electrical, mechanical and weathering
properties are good in comparison with other cellulosic’s, but not generally outstanding. Poly
methyl methacrylate (PMMA) is a hard, rigid, transparent thermoplastic, which has good
outdoor weatherability and is more impact resistant than glass. PMMA is weakly polar [3]. The
electrical conduction in iodine doped polystyrene (PS) and poly methyl methacrylate (PMMA)
has already been reported by Chakraborty et al [4]. Keller et al reported the thermally
stimulated discharge current (TSDC) study of poly blends of PS and PMMA [5]. Deshmukh et
al [6] reported electrical conduction in semiconducting PVC— PMMA thin film. The electrical
conductivity of polyaniline doped polyvinylchloride (PVC) and poly methyl methacrylate
(PMMA) thin films has been measured by studying the 1-V characteristics at various
temperatures in the range 323-363 K by DESHMUKH et al [7].In the present investigation,
the a.c. conductivity of EC, PMMA and their blend was measured to identify the mechanism
of electrical conduction. The dielectric constants have been measured for different
temperatures. A good number of reports [8, 9, 10] on the theory of electrical conduction and
experimental findings have appeared in a number of such blends. Polymers like EC and PMMA
being essentially insulating materials, the number of free charge carriers is very small and their
mobility is very low.
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2. Experimental

In the present work, Isothermal Evaporation Technique has been used, as it is best suited
to the laboratory. Polymers of Ethyl Cellulose (EC) and Poly Methyl Methacrylate (PMMA)
were obtained from S.d. Fine Chem Ltd, Mumbai, India. The different quantities of given
substances have been used for preparing film of thickness. The two polymers PMMA or Ethyl
Cellulose (EC) were pure were taken in 1:1 ratio were dissolved in the common solvent THF
(10 ml). And their blends were taken in 1:3 ratio dissolved in the common solvent THF (15
ml).The solution was kept for 3-4 days to allow polymers to dissolve completely to yield
uniform solution. A glass (15 cm X 15 cm) thoroughly cleaned with water and later with was
used as a substrate. To achieve perfect levelling (and uniformity in thickness of the film), a pool
of mercury was used in a plastic tray. It was, thereafter, allowed to evaporate in air at room
temperature. Further, it was dried for 48 h to remove any traces of solvent. The dry film was
removed from the plate and cut into pieces (samples) of desired size. The films of other samples
were prepared by the same method.
2.1 AC Conductivity Measurement

The film sample was loaded into the sample holder in oven. The a. c. frequencies were
applied (in the range 1KHz-1MHz) across the sample by using the 4284 A precision LCR meter
(20Hz-1MHz) supplied by Agilent Technologies, Singapore. The corresponding dielectric
constants were measured by using LCR meter. From the dielectric data, the a. c. conductivity
of the samples was calculated by using relation,
cac = f & tand /1.8x10
Supplied by Mitutoyo Corporation Japan, was for the measurement of thickness of

sample thin film. It is measuring range is 0-25mm with resolution 0.001mm. And the thickness
of the EC and PMMA blend film is 0.002mm.
3. Results and discussion

In our study, we observed for Ethyl Cellulose (EC) and Poly Methyl Methacrylate
(PMMA) there is decrease of dielectric constant with increase in frequency. The dielectric
constant of Ethyl Cellulose (EC) and Poly Methyl Methacrylate (PMMA) for pure sample is
increases at lower frequency range and as frequency get increases the dielectric constant
suddenly decreases and then remains same as the frequency increases up to 1 M Hz. Here we
noticed that the range of dielectric constant of polymer blends of Ethyl Cellulose (EC) with
Poly Methyl Methacrylate (PMMA\) increases as compare to the pure samples as shown in
Figure. This is the expected behaviour in most dielectric material. This is due to the dielectric
relaxation. From a structural point of view the dielectric relaxation involves the orientation
polarization, which in turn depends upon the molecular arrangement in to the dielectric. So at
higher frequencies the rotational motion of polar molecules of dielectric is not sufficiently
rapid for the attainment of equilibrium with the field. As a result dielectric constant decreases
with frequency. Also there is the increase of dielectric constant with increase in temperature
as shown in Figure. Thus the increase in dielectric constant is due to the greater freedom of
moment of dipole molecular chains within the polymer blends.
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3.1 AC conductivity Analysis

AC conductivity of all three samples have been investigated by carrying out Cp and
Rp measurement by using LCR meter with respect to increase of frequency at various constant
temperature 323K to 363K.

For all samples,
1. AC conductivity (cac) increases with the increase of frequency at constant

temperatures as shown in Fig.[3.1, 3.2 and 3.3].

2. AC conductivity (oa.c.) Varies marginally increases with the increase of temperature at

constant frequencies as shown in Fig. [3.4, 3.5 and 3.6].

3. Dielectric constant (er) increases with the increase of temperature at constant

frequencies as shown in Fig. [3.7, 3.8 and 3.9].

4. Dielectric constant (er) decreases with the increase of frequency at constant

temperatures as shown in Fig. [3.10, 3.11 and 3.12].

3.1.1 Effect of frequency on AC conductivity (cac.)

In our observation, Fig. [3.1, 3.2 and 3.3] shows AC conductivity of samples increases
with frequency.

3.1.2 Effect of temperature on AC conductivity (cac.)

In the present study, Fig. [3.4, 3.5 and 3.6], we have noticed that AC conductivity
varies marginally increases with temperature which shows almost temperature independent of
AC conductivity. This model is based on the assumption that the energy states in the gap near
the Fermi level are due to dangling bonds and exothermic reactions only paired defects are
found in the gap [11]. Accordingly at low temperatures, a large distribution of relaxation time
would be exposed contributing towards the dielectric loss. As a result AC conduction should
be almost independent of temperature as observed in the present case.

3.1.3 Discussion of result related to Dielectric constant
In the present study we have noticed that,

1. At constant frequency, dielectric constant (&) increases with increase of temperature
as shown in Fig. [3.7, 3.8 and 3.9].
2. At constant temperature, dielectric constant decreases with the increase of frequency

as shown in Fig. [3.10, 3.11 and 3.12].

In our study, Fig. 3.10, 3.11 and 3.12, shows that there is decrease of dielectric
constant with increase in frequency. This is the expected behaviour in most dielectric material.
This is due to the dielectric relaxation. From a structural point of view the dielectric relaxation
involves the orientation polarization, which in turn depends upon the molecular arrangement
in to the dielectric. So at higher frequencies the rotational motion of polar molecules of
dielectric is not sufficiently rapid for the attainment of equilibrium with the field. As a result
dielectric constant decreases with frequency.

Fig.3.7, 3.8 and 3.9 shows that there is the increase of dielectric constant with
increase in temperature.

When the AC voltage of constant frequency is applied across the capacitor, it
is charged by an applied AC voltage. The electric field will have the same time varying nature
and the polarization of the capacitor takes place under the time varying electric field with
frequency. At the same time if the temperature is increased, it may cause the freeing of more
number of charge carriers and dipole due to the side chain motions and segmental motions
occurring within the polymer dielectric. This freed dipole may follow the time varying nature
AC field thereby increasing the polarization and dielectric constant of the blend sample under
study.

Thus the increase in dielectric constant is due to the greater freedom of moment
of dipole molecular chains within the polymer blends. At lower temperatures as the dipoles
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molecular chains within the polymer blends, At lower temperatures as the dipoles are rigidly
fixed in dielectric, field cannot change the condition of dipoles. As the temperature increase,
the dipoles comparatively become free and they respond to electric field. This causes the
increase polarization and hence the dielectric constant increases with temperature.

The microscopic behaviour of the dielectric material under the influence of a
periodic (AC) electric field can be understood from the polarization which constitutes a
dielectric or which is introduced during its proportion. These may be extra nuclear electrons
and positively charged impurities, charged molecular species, etc.

The oppositely charged species having equal and opposite charges with a
reasonable bond (Attractive forces between them) form a dipole. This dipole, under an applied
electric field, may undergo spatial or rotational displacement which may be reflected in the
macroscopic behaviour of the dielectric. The polarization effect is dependent on the nature of
the dipoles and the frequency of the applied electric field.

As stated earlier, under the static electric field or the AC field of low frequency,
the net polarization of the sample is contributed by electronic polarization. Atomic
polarization and orientation polarization becomes unable to follow the field variations at
higher frequencies (in present case beyond 250 KHz). As a result the dielectric constant
decreases with the increase of frequency.

4. Conclusion

The A.C. electrical conductivity of Ethyl Cellulose (EC), Poly Methyl Methacrylate (PMMA)
and their blend (EC/PMMA) is increasing with increasing frequency of applied electric field.
The variation in the dielectric properties with temperature and frequency were studied. The
increase in dielectric constant is due to the greater freedom of moment of dipole molecular
chains within the polymer blends
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Abstract:

Nanostructured metal oxides exhibit unique properties due to their nanoscale dimensions and
find versatile applications in catalysis, energy storage, sensing, and environmental remediation.
This mini-review presents various synthesis methods of nanostructured metal oxides like sol-
gel, hydrothermal, chemical vapor deposition (CVD), etc., discussing their characteristics,
advantages, and limitations and highlighting the importance of the hydrothermal method
because it is pivotal for precisely controlling the morphology and crystallinity of metal oxide
nanostructures. This mini-review also explores applications, emphasizing how synthesis
influences nanostructure design and functional properties for advancing innovative
technologies.

Keywords: Metal oxide, Nanostructures, Top-down, Bottom-up, Hydrothermal method

1. Introduction

Metal oxides, resulting from metals bonding with oxygen, possess diverse
characteristics based on the metal and oxidation state, showcasing electrical, magnetic, and
catalytic properties. Manipulating these materials at the nanoscale comes into the realm of
metal oxide nanostructures. Nanostructured metal oxides, with their unique properties derived
from nanoscale dimensions, have become a focal point in scientific exploration, offering vast
potential across diverse applications. These materials possess distinctive physical, chemical,
and mechanical characteristics at the nanoscale, revolutionizing materials science, catalysis,
energy storage, sensing technologies, and environmental solutions. Their manipulation at the
nanoscale marks a significant shift in materials science, introducing novel functionalities and
customizable traits that were previously unattainable in bulk materials [1-3].

Nanostructures involve materials or structures within 1-100 nanometers, classified by
their dimensions. Zero-Dimensional (0D) nanostructures like nanoparticles and quantum dots
confine all dimensions. One-Dimensional (1D) structures like nanowires have two larger
dimensions and one nanoscale dimension. Two-Dimensional (2D) nanostructures like
graphene possess two nanoscale dimensions. Three-Dimensional (3D) nanostructures exhibit
nanoscale features in all dimensions [4-5].

The synthesis of various nanostructures emerged from interdisciplinary studies,
evolving with technological advances. Early observations on atomic behaviors led to deliberate

fabrication, gaining importance from the late 20™ to 21% centuries. Synthesis methods of
nanostructures can be classified on their fundamental approach to fabrication. These methods
can be classified into two primary categories: bottom-up and top-down approaches:
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Synthesis Methods of Nanostructures

) ¥

[ Top-Down Approach ] [ Bottom-Up Approach ]
| Ball Milling | | Hydrothermal |
| Thermal Evaporation | | SoiGeI |
| Laser Ablation | | Co-Precipitation |
| Sputtering | | CVvD |

Fig. 1 Classification of synthesis methods of metal oxide nanostructures

Top-Down Approach: Ball milling involves mechanical grinding or milling processes that
break down bulk materials into nanoparticles, offering scalability and control over particle size.
Thermal evaporation utilizes high temperatures to vaporize materials, condensing them onto
substrates to create thin films or nanostructures, offering high purity and precise control over
film thickness. Laser ablation employs high-energy laser pulses to vaporize target materials,
generating nanoparticles or thin films with controlled sizes and compositions, which is
particularly useful for creating unique nanostructures and exotic materials. Sputtering involves
bombarding a target material with high-energy ions or atoms, ejecting atoms from the target to
deposit thin films with excellent adhesion and uniformity.
Bottom-up Approach: Hydrothermal Synthesis involves the synthesis of materials in a high-
pressure, high-temperature aqueous solution, enabling controlled growth of various
nanostructures. The sol-gel method fabricates materials from a colloidal solution, notably
employed for metal oxides and ceramics, allowing precise control over composition and
structure. Co-precipitation methods create nanoparticles by precipitating solutes from a
solution, offering simplicity and scalability. Chemical Vapor Deposition facilitates the
deposition of thin films or nanostructures through chemical reactions in a gas phase, ensuring
high precision and uniformity in structure and composition. One of these methods, the
hydrothermal method is essential for precisely shaping metal oxide nanostructures, crucial for
optimizing their properties. This technique enables tailored designs, enhancing applications in
catalysis, energy storage, and environmental solutions. Its precision in nanostructure control
drives advancements in technology by creating high-performance materials with specific
functionalities. [6-8].

Both bottom-up and top-down approaches in nanomaterial synthesis present distinct
advantages and limitations. Bottom-up methods offer precision at the nanoscale, enabling
controlled assembly of atoms or molecules to create nanostructures with unique properties,
self-assembly capabilities, and monodispersity. However, challenges in scaling up, complexity,
and limited structural control may hinder mass production. In contrast, top-down techniques
allow for scalability, precise structural designs, and compatibility with established
technologies, yet they may face resolution constraints, material wastage, and complexity in
fabricating intricate 3D structures. The choice between these approaches depends on specific
application needs, desired properties, scalability requirements, and cost considerations, leading
to a balance between precision and scalability for optimal nanomaterial fabrication [9-10].

Nanostructured metal oxides exhibit diverse and impactful applications across several
fields. In gas sensing, these materials, including zinc oxide (ZnO), tin dioxide (SnO.), and
Titanium dioxide (TiO2), etc. nanomaterials, offer heightened sensitivity and selectivity,

93



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

enabling the detection of various gases crucial for environmental monitoring and industrial
safety. Catalytically, nanostructured metal oxides serve as efficient catalysts, supporting
chemical transformations and environmental remediation processes by aiding in pollutant
degradation and wastewater treatment. These materials significantly enhance battery
performance for energy storage, facilitating improved energy storage capacity and stability in
lithium-ion batteries and contributing to advancements in supercapacitors and fuel cells.
Furthermore, in environmental remediation, nanostructured metal oxides play a pivotal role in
water and air purification by efficiently removing contaminants, emphasizing their potential
for addressing critical environmental challenges. Ongoing research focuses on refining
nanostructure designs, composite materials, and scalable synthesis methods, pushing these
materials closer to practical applications for a sustainable future [11-14].

This review provides a thorough exploration of metal oxides and nanostructures,
detailing their diverse characteristics stemming from metal-oxygen bonding. Manipulating
metal oxides at the nanoscale yields unique structures, reshaping materials science with
applications in catalysis, energy storage, sensing, and environmental solutions. Nanostructure
dimensions, 0D to 3D, and synthesis methods, top-down and bottom-up, are discussed, with
examples. The environmental impact, the influence of synthesis on properties, and ongoing
research for practical applications in medicine, energy, and environmental solutions are
emphasized. This review delivers a comprehensive overview of nanostructured metal oxides,
spanning their properties, applications, and the evolving landscape of research in the field.
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ABSTRACT

The investigation, magnesium oxide and AICI2 were combined in varying mol% w/w
stoichiometry. Thick layers of humidity sensors are made using the screen printing method.
After testing every humidity sensor device, it was determined that the sample T-1, which was
kept at a constant temperature between 400 and 700 degrees Celsius, had a high sensitivity and
a quick response time to humidity sensing at room temperature. Curves in the case of
conductivity are often jumbled and congested. Relative humidity has a linear effect on sample
film conductivity. When sensors are kept at room temperature and their surface oxygen
vacancies operate as electron donors, the resistance of thick films reduces.

KEYWORDS: Thick films, MgO-AIClIy, Sensitivity, and Humidity sensors.

1. INTRODUCTION

The operator can manage the temperature and relative humidity in these humidity chambers at
predetermined levels via the front panel.[1-4] The chamber's air is continuously circulating, scheduled
to be compared to predetermined points. Electric resistance heaters, which regulate temperature by
turning on and off, produce heat. There is a refrigeration unit that runs constantly on units with cooling.
A low-pressure vapor generator injects water vapor into the chamber via a tiny opening to achieve
chamber humidification. At the blower discharge, the water vapor enters the chamber. Test chambers
were programmable, and they could be networked or connected to the Internet. The goal of the current
work is to create and characterize the structure of magnesium oxide nanoparticles using the liquid phase
method, which has the advantage of producing a greater surface area in a shorter amount of time at
room temperature. This approach is also the most straightforward, economical, and environmentally
benign. Through XRD analyses of MgO nanoparticles, its impact on the nanocrystalline size structure
is also investigated.[5-12]

2. EXPERIMENTAL METHOS:

All of the chemicals utilized in this work were 99.99% pure GR grade chemicals that were
bought from Sd-fine chemicals, India. The sol-gel technique is utilized to synthesize MgO
nanoparticles. There are several processes involved in the synthesis of MgO nanoparticles, including
stirring, drying, filtration, mixing, and calcination. Ultimately, the powder is calcined for three hours at
300 °C to produce MgO in the form of nanoparticles.

In screen printing, a mesh is used to transfer ink onto a substrate, with the exception of places
blocked with a blocking stencil to prevent ink from penetrating such areas. In order to fill the gaps in
the mesh with ink, a substance or gel is pushed over the screen, and vice versa, causing the screen to
briefly make contact with the substrate along a line of contact. When the screen springs back after the
blade has passed, the material gets moist on the substrate and is drawn out of the mesh holes. Similar
to this, we utilize glass slides as the substrate and a paste made of nanomaterials in place of ink. Thus,
instead of using the glass slide that we are using here, we are using mesh that has a less permeable
stencil area. First, we take the 90% nanomaterial and use a solid binder (10%) called ethyl cellulose to
build a paste out of it. Drop by drop, liquid binder is added to a well-ground mixture of nanomaterial
and solid binder. Making sure the right amount of liquid binder is added requires caution. Thus, the
ideal thick nanomaterial paste is made. Next, we proceed to apply a paste made of permeable mesh for
well-layered nanomaterials to substrates (glass slides) using a squeegee. First, we let these thick
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sheets of magnesium oxide nanoparticles dry in the air while they are being made. After that, they spend
an hour in a vacuum oven set at 80°C. After that, we heated these thick sheets for three hours at 250°C
in a muffle furnace. These thick films are now dipped in aluminum chloride for varying lengths of time
[13-16].

Aluminum and chlorine make up the bulk of aluminum chloride (AICI2). The substance
is frequently mentioned as a Lewis acid. Aluminum chloride has been utilized in the dipping
process by us. We produced an AICI2 solution and then dipped a thick layer of magnesium
oxide for varying durations of time. After dipping the slides for one, two, or three minutes, we
fire them for one hour at 250°C to create three thick film slides for varying dipping times, and
one thick film slide is taken for purity.

A measurement of humidity indicates how much water vapor is present in a gas or the atmosphere.
The relative humidity and the ambient temperature work together to determine the comfort level.
Measuring humidity is crucial for using some pieces of equipment. As a general rule, maintain a
relative humidity of about 50% RH at a typical room temperature of 20 to 25 degrees Celsius. This
can range from as low as 40% RH in clean rooms to 60% RH in operating rooms of hospitals.
Hygrometers are used to measure humidity. Sir John Leslie invented the first hygrometer. Measuring
humidity is crucial for both controlling the indoor climate and forecasting the outdoor climate. [17—
20]

3. RESULTS AND DISCUSSION:
3.1 Hysteresis:

Hysteresis is the term for the phenomena when changes in an effect cause a physical property's
value to lag behind. Our current study, which uses MgO nonmaterial thick films for humidity sensing,
displays the hysteresis plot of samples M-1, M-2, M-3, and M-0 at a constant temperature of 40°C. The
hysteresis plot illustrates the change in the sample's resistance in relation to relative humidity in stages
of 5% RH, from 40 to 80% RH, and in both increasing and decreasing orders. Using a Keithley 2400
source meter, the resistance was measured in increments of 10-0C at various constant temperatures
between 400C and 700 C.
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Figure 3.1 M-1 Metal oxide Thick Film (1-minute) hysteresis plot

We may plot the graphs for the remaining samples in a similar manner. The hysteresis plot
series of a sample, MgO nanomaterial film M-1, M-2, and M-3, dipped in aluminum chloride
for varying dipping times, i.e., for 1, 2, and 3 minutes, respectively, and the hysteresis plot of
a pure sample of MgO nanoparticle film at corresponding constant temperature are observed
in the current work. It is evident from the hysteresis plot that relatively little hysteresis occurs
during the forward (increasing) and reverse (decreasing) cycles of RH. The resistance value of
the sample was found to have changed on average by a fairly substantial amount between 1010
and 108Q.m. With the exception of sample M-1 (1 minute), the resistance value changes from
109 to 107Q.m. between 40 and 80% RH. Sample M-1's resistance value noticeably changes
from 40°C to 70°C at constant temperature.
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Table 2.1 Sample Codes

Sr. No. | Sample | Thickness | Material
x10° m

1. M-0 26 Pure MgO

2. M-1 20 MgO +Dipped with AICI; for 1 minutes dipping and after firing
these slides for 1 hour at 250°C.

3. M-2 21 MgO +Dipped with AICI; for 2 minutes dipping and after firing
these slides for 1 hour at 250°C.

4. | M-3 22 MgO +Dipped with AICI; for 3 minutes dipping and after firing
these slides for 1 hour at 250°C.

Because the processes of adsorption and deadsorption are not as quick at a given humidity, hysteresis
was seen. The physiobsorbed water molecules are changed into chemisorbed by donating the surface
electron at a constant temperature, as adsorption would not be effective and would result in a modest
change in the value of resistance. Deadsorption necessitates a high activation energy. However, as we
have shown, the sample in question exhibits a similar drop in resistance as the percentage RH increases,
suggesting that conduction happens at the grain surface as a result of the release of electrons from the
water molecule. As a result, the sample clearly demonstrates a shift in resistance between values in the
humidity range of 40% to 80% RH. [21-28]
3.2 DC Conductivity
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Fig. 1.2 Variation (a-d) Lne Vs RH at different constant temperature (40°C to 80°C)

The Lne fluctuation as the series sample's RH increases and decreases (from 40 to 80% RH and from
80 to 40% RH). correspondingly between 40°C and 70°C at constant temperature. From 40 to 80%
relative humidity, it has been found that conductivity increases somewhat linearly and vice versa. The
conductivity of sample M-1 rises in tandem with its temperature. The conductivity was found to be
highest at high temperatures and lowest at 400C for all sample series.[28-29]
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Fig. 1.3 XRD pattern of Periclase Magnesium oxide (MgO)
XRD peaks for sol-gel-synthesised MgO nanoparticles. These peaks, which are formed at (111), (002),
(022), (113), and (222) planes, respectively, at 26 =36.862, 42,824, 62.167,74.516, and 78.443 degrees,
are compared with the ICSD, powder diffraction card of MgO file No. 43-1022. Moreover, the
Mg(OH)2 phase is absent from XRD patterns that highlight excellent purity. The diffraction peaks of
the MgO nanoparticles made by sol-gel are slightly broadened, indicating a return to a tiny size of
nanoparticles, but the sharp peaks in the XRD data for the microwave approach and the sol-gel route
suggest uniform crystallinity. The Scherrer formula, found in Equation (1), was used to calculate the
average crystalline size.
D=09ABCosH.....(1)
Where D is the average crystalline size, A is the X-ray wavelength, {3 is the Full Width at Half Maximum,
and 0 is the Bragg diffraction angle. D, on the other hand, stands for the average crystal size determined
by the diffraction peaks. For the sample made using the sol-gel method, it is visible at 33 nm.[30]

3.3 SEM PICTURES:

l — WO S8am g= 1000 | ’ — WD+ 55 Mage SOLOKX

(a) Under 1 pm and (10.00 KX) magnification (b) Under 200 nm and (50.00 KX) magnification

SEM pictures of MgO.

The morphology of nanocomposites as revealed by FE-SEM reveals that the particles are tiny,
spherically-shaped, and nanoporous. On the surface, one can observe the formation of porous and
nanocrystalline magnesium oxide. The prepared sample has an aggregated appearance. Along with a
range of shapes and sizes, grains also have a nanoporous structure and organization at the nanoscale.
The large surface area of the structure and the micro capillary pore are expected to facilitate the
adsorption and condensation of water molecules. This porosity allows for good response to and recovery
from humidity.
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4. CONCLUSIONS:

The investigation of humidity sensors has produced a novel detecting mechanism that may be used
under many circumstances. The resistance value of the sample was found to have changed on average
by a fairly substantial amount between 1010 and 108 ohm. Sample M-1's resistance value noticeably
changes from 40°C to 70°C at constant temperature. When it comes to conductivity, curves are usually
jumbled and packed. Sample film conductivity reacts to relative humidity in a linear fashion. The
sample films demonstrate the noteworthy outcomes related to humidity sensing. The fact that every
peak matches the MgO nanostructure exactly suggests that MgO nanoparticles were produced. Within
the XRD instrument's detection limit, no more peaks were seen in the spectrum, showing the pure MgO
Nanomaterial is synthesized.
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Abstract:

The process of modifying the shape and size of structures, electronics, and systems at the
nanometer scale, i.e., 1 nm to 100 nm (10-9m), is known as nanotechnology. The prefix nano
derives from the Greek word "nano," which meaning "very little". Because of their small size,
they have larger surface areas than bulk forms, better reactivity, and the ability to control
numerous features. These unique qualities have fueled the expansion of nanoscience and the
use of nanoparticles in a variety of sectors such as biomedicine, cosmetics, electronics, food
analysis, environmental and remediation, and painting. Nanoscale science and engineering
enable us to understand and control matter at the atomic and molecular levels [1,2].

Brief overview of nanotechnology’s historical development
Nanotechnology's historical development traces back to a series of theoretical concepts and
experimental observations. Here's a brief overview:

1. Early Concepts (1950s-1960s):

The term "nanotechnology" was first coined by physicist Richard Feynman in his 1959 lecture,
"There's Plenty of Room at the Bottom," where he discussed the possibilities of manipulating
individual atoms and molecules. Physicist Eric Drexler expanded on these ideas in the 1980s
with his book "Engines of Creation,"” envisioning nanoscale machines and their potential
applications.

2. Scanning Tunneling Microscopy (1981):

The development of the scanning tunneling microscope (STM) by Gerd Binnig and Heinrich
Rohrer in 1981 revolutionized nanotechnology. It allowed researchers to visualize and
manipulate individual atoms, opening the door to nanoscale exploration.

3. Fullerenes and Nanotubes (1985):

In 1985, the discovery of fullerenes (buckyballs) by Robert Curl, Sir Harold Kroto, and Richard
Smalley introduced a new class of nanomaterials. Later, carbon nanotubes, cylindrical
structures with remarkable properties, were identified.

4. Development of Nanolithography (1980s-1990s):

Advancements in nanolithography techniques, such as electron-beam lithography and
photolithography, enabled precise control over nanoscale structures. This was crucial for the
fabrication of nanodevices.

5. Nobel Prize in Chemistry (1996):

The Nobel Prize in Chemistry was awarded to Robert Curl, Sir Harold Kroto, and Richard
Smalley for their discovery of fullerenes. This recognition significantly boosted interest and
research in nanotechnology.
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6. Bottom-Up Approaches (1990s-2000s):

Scientists increasingly explored bottom-up approaches, involving self-assembly and molecular
manipulation to create nanoscale structures. This shift in focus led to the development of
nanomaterials and nanodevices with unique properties.

7. Interdisciplinary Growth (2000s-Present):

Nanotechnology became a highly interdisciplinary field, incorporating knowledge from
physics, chemistry, biology, and engineering. Collaborative efforts led to breakthroughs in
various applications, including medicine, electronics, energy, and materials science.

8. Advancements in Nanomedicine (2000s-Present):

Nanotechnology has made significant contributions to medicine, with developments in targeted
drug delivery, imaging, and diagnostics. Nanoparticles are engineered for precise interactions
with biological systems, improving treatment efficacy and reducing side effects.
Nanotechnology continues to evolve, with ongoing breakthroughs shaping its future
applications and impact across diverse scientific and industrial domains.

9. Highlight major achievements and breakthroughs in the field.

1. Scanning Tunneling Microscopy (STM):

Gerd Binnig and Heinrich Rohrer's creation of the STM in 1981 enabled scientists to observe
and manipulate individual atoms, marking a watershed moment in nanoscale observation and
manipulation.[3-4]

2. Discovery of Fullerenes (1985):

The discovery of fullerenes, particularly buckyballs (C60), by Robert Curl, Sir Harold Kroto,
and Richard Smalley ushered in a new era of nanomaterials with distinct features, earning them
the Nobel Prize in Chemistry in 1996. [5]

3. Carbon Nanotubes (1991):

Sumio lijima's discovery and characterisation of carbon nanotubes gave rise to a new class of
nanomaterials with exceptional mechanical, thermal, and electrical properties. [6]

10. Types of Nanomaterials:

NPs are divided into numerous classes based on their morphology, size, and chemical
properties. Based on physical and chemical properties, some of the most well-known classes
of NPs are mentioned below [7].

10.1. Carbon-based NPs.
Carbon nanotubes (CNTSs) and fullerenes are two main groups of carbon-based NPs.

10.1.1. Fullerenes.

Fullerenes (C60) are spherical carbon molecules composed of carbon atoms joined by sp2
hybridization. The spherical structure consists of around 28 to 1500 carbon atoms, with
diameters ranging from 8.2 nm for single layers to 4 - 36 nm for multi-layered fullerenes [8].
Fullerenes contain nanomaterials comprised of globular hollow cages, such as allotropic forms
of carbon. Commercial interest has been generated by their electrical conductivity, high
strength, structure, electron affinity, and flexibility [9].

10.1.2. Graphene.

Graphene is a kind of carbon. Graphene is a two-dimensional planar hexagonal honeycomb
lattice network of carbon atoms. A graphene sheet typically has a thickness of 1 nm [10].
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10.1.3. Carbon nanotubes (CNT).

Carbon nanotubes (CNT) are made from graphene nano sheets with a honeycomb structure of
atoms arranged into hollow coils to form nanotubes with sizes as small as 0.7 nm for single-
layered CNT and 100 nm for multi-layered CNT, with lengths ranging from a few micrometers
to several millimeters. The ends can be empty or closed with half fullerene molecules[11].
These have a structure that is akin to a graphite sheet rolling on itself [12]. The rolled sheets
are referred to as single-walled (SWNTSs), double-walled (DWNTSs), or multi-walled carbon
nanotubes (MWNTS) since they can have one, two, or multiple walls. It is common to create
carbon precursors by deposition, particularly atomic carbon precursors. Carbons are vaporized
from graphite and deposited on metal particles using a laser or an electric arc. Recently, they
have been produced using the chemical vapor deposition (CVVD) method [13].

10.1.4. Carbon nanofiber.

Carbon nanofiber is created in the same way that graphene nano foil and carbon nanotubes are.
The distinction is that instead of conventional cylindrical tubes, it is twisted into a cone shape
[14].

10.1.5. Carbon black.

Amorphous carbon is typically spherical in shape, with diameters ranging from 20 to 70 nm.
They aggregate because the particles interact quickly, resulting in roughly 500 nm
agglomerates [15].

10.2. Metal NPs.

Metal-based nanoparticles are created by reducing metals to nanometric sizes through
destructive or constructive processes. Almost all metals may be produced using nanoparticles
[16]. Aluminum, cadmium, cobalt, copper, gold, iron, lead, silver, and zinc are often utilized
in the synthesis of nanoparticles. Nanoparticles have unique characteristics such as diameters
ranging from 10 to 100nm, surface characteristics such as pore size, high surface to volume
ratio, surface charge with density, crystalline structures, spherical morphologies, color,
reactivity, and sensitivity . Metal precursors are employed in the creation of metal
nanoparticles. These NPs have distinct optoelectrical properties due to restricted surface
plasmon resonance (SPR). In the solar electromagnetic spectrum, noble metal and alkali NPs
such as Cu, Au, and Ag exhibit a notable absorption band. In today's cutting-edge materials,
the synthesis of size and shape-controlled metal NPs is critical [17].

10.3. Metal oxide nanoparticles synthesis.

Metals such as Cu and Ag, for example, can be extremely toxic to bacteria in trace amounts.
Metals have been widely used as antimicrobial agents in a variety of applications in industry,
healthcare, and agriculture in general due to their biocidal influence. Metals, unlike other
antibacterial agents, are stable under present manufacturing settings and can thus be employed
as additions [58,59].These metal-based additives are currently available in a variety of forms,
such as particles, ions absorbed/exchanged in different carriers, salts, hybrid structures, and so
on. Many metal oxide nanoparticles have been investigated for electrochemical detection of
biomolecules, including ZnO, NiO, MnO2, TiO2, Fe,03, and Coz04. Furthermore, mixed metal
oxides have gotten a lot of attention in this field. CuO-NPs have distinct properties that make
them valuable in a variety of applications, including super-strong materials, sensors,
antibacterial agents, and catalysts. Because of the large surface area to volume ratio, it can also
interact with other nanoparticles. CuO-NPs have recently been proven to be more effective
against E coli and B subtilis than Ag-NPs. Because they are polymer-coated, CuO-NPs are
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extensively used as antibacterial agents in paints and textiles. TiO2 and ZnO are often used
because of their photolytic properties. Other fascinating metal-oxide NPs include CeO3, CrO,
MoOs, Bi203, and LiCo0.. CeO: is increasingly being employed as a combustion catalyst in
diesel fuels to improve emission quality. Under biological conditions, iron oxide NPs (10-NPs)
must be highly crystalline, monodisperse, and water-soluble, with high magnetization values,
reproducible quality, and acceptable biocompatibility. The two forms of superparamagnetic
IONP-based nanoparticles are superparamagnetic iron-oxide (SP10) nanoparticles with a mean
crystal size of 50-100 nm and ultra-small superparamagnetic iron-oxide (USPIO) nanoparticles
with a size less than 50 nm.[18-20]

10.4. Ceramics NPs.

Ceramic nanoparticles (NPs) are nonmetallic inorganic solids formed by heating and cooling.
They are available in a variety of shapes and sizes, including amorphous, polycrystalline,
dense, porous, and hollow materials. Researchers are paying close attention to these NPs
because to their use in applications such as catalysis, photo-degradation of dyes, photo-
catalysis, and imaging [21].

10.5. Semiconductor NPs.

Semiconductor materials have qualities that are halfway between metals and nonmetals,
providing them a wide range of applications in the literature. Bandgap tuning resulted in
considerable changes in the characteristics of semiconductor NPs due to their large bandgaps.
As a result, they play an important role in photocatalysis, photo optics, and electronic devices.
Several semiconductor NPs are very efficient in water splitting applications due to their ideal
bandgap and band edge placements [22].

10.6. Polymeric NPs.

These are often organic-based NPs that are referred to in the literature as polymer nanoparticles
(PNPs). They are often nano-spherical or nano capsular in shape. The former are matrix
particles with a solid overall mass, whilst the other molecules are adsorbed at the spherical
surface's outside edge. The solid mass is entirely enclosed within the particle in the later
scenario. Because PNPs are easy to functionalize, they have a wide range of applications in the
literature. Lipid nanotechnology is a subfield that focuses on the design and fabrication of lipid
nanoparticles for a variety of applications, including drug delivery and RNA release in
cancer.[23]

11. Conclusions

Nanoparticles with varying properties are a common form of nanomaterial that has contributed
in the growth of nanotechnology. Scientists interested in such approaches have lately produced
their nanocomposites as a result of recent advances in the properties of new nanomaterials and
their applications. This article defined nanotechnology and explained the procedures used to
create nanomaterials from metals, metal oxides, graphene oxides, and polymers. Green
techniques, such as plant extracts and microorganism biomolecules, are promising possibilities
for synthesis of nanoparticles with low or no toxicity when compared to other methods. This
review opens up new avenues for the creation and application of different nanomaterials.
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Abstracts

The CaSiOz: Ce, Al phosphor was synthesized via Solid State Diffusion Method. The
crystallinity of the phosphor was investigated by using X-ray diffraction (XRD). The CaSiOs:
Ce, Al phosphor has been investigated for its photoluminescence (PL) and Optically Stimulated
Luminescence (OSL) studied. PL spectra showed the characteristic emission of Ce ion at 377
nm when excited by 326 nm.

Keywords: - CaSiOz: Ce, Al Phosphor; Solid State Diffusion Method; Radiation Dosimetry
and OSL.

1. Introduction

Silicates are widely used as phosphor hosts due to their abilities to incorporate rare-
earth and transition-metal ions as luminescent centres, excellent chemical and thermal stability,
high energy efficiency, visible-light transparency, high yield, easy fabrication, and wide
availability of inexpensive raw materials [1]. Silicates have a basic tetrahedral geometry (SiOa)
with a variety of crystal structures including single, twin, cluster, ring, chain, and network
structures [2]. Silicate phosphor has been widely used in colour television, flat panel display
screen and cathode-ray luminescence tubes. Recently, the luminescent properties of rare-earth
ion doped silicates phosphors have been widely investigated because of their possible
applications in white LEDs [3]. Moreover among the series of silicates, one of the ceramic
materials, Calcium silicates (CaSiOs) is found as a mineral in the lower mantle of the earth. It
has a ‘distorted cubic’ structure. CaSiOz also known as wollastonite is a good matrix for
luminescent materials. It has also many important properties such as good and high temperature
strength, chemical inertness, low thermal conductivity and thermal stability [4]. Hence, it is
suitable in many applications.

To our knowledge, OSL properties of Al Co-doped CaSiOz:Ce phosphor under beta
irradiation has not been reported in the literature. Hence, the synthesis of CaSiOs: Ce, Al by
using solid-state diffusion method and its luminescence properties (PL, and TL) were
investigated.

2. Experimental

CaSiOa: Ce, Al phosphors was synthesized by using Solid State Diffusion Method [5].
Phase purity of CaSiOs: Ce, Al phosphor was checked by means of X-ray powder diffraction
(PXRD) using a Rigaku miniflex Il diffractometer. The OSL measurement was carried out
using an automatic Risg TL/OSL-DA-15 reader system at RPAD divison BARC (Mumbai).
PL and PL excitation (PLE) spectra were measured on (Hitachi F-7000) fluorescence
spectrophotometer.
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3. Results and discussions
3.1 XRD-Pattern

The XRD pattern of the as synthesised CaSiOz: Ce, Al phosphor was represent in Fig.
1. XRD patterns was fully matched with the Internatonal center for diffaction data (ICDD) file
with card no 01-075-1396.
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Fig. 1 XRD pattern of the CaSiOs: Ce, Al sample and match with the Internation
Center for Diffaction Data & Card No-01-075-1396.

3.2 Photoluminescence (PL)

Fig 2. shows the combined excitation and emission spectra of CaSiOs: Ce and CaSiOs:
Ce, Al phosphor. The excitation spectra were monitored at 377 nm and emission spectra were
monitored at 326 nm. The excitation spectra consists of broad band around 200-350 nm
corresponds to the 4f 5d* to 4f” (8S1/) allowed transition of Ce3* ions. Predominant excitation
peak for Ce is in near UV region under the excitation wavelength of 326 nm. The emission
spectra consist of broad band from 350 to 450 nm.
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Fig. 2 Excitation and Emission spectra of CaSiOs: Ce & CaSiOs: Ce, Al phosphor under
UV excitation

From Fig. 2 it is clear that PL intensity increases by adding Aluminum as co-dopant in

CaSiOz:Ce. The emission spectra consist broad in range 325-500 nm and maximum intensity

observed at 377 nm correspond to 5d-4f (°Fs2) transitions of Ce [6].

3.3 Continuous wave OSL (CW-OSL)

OSL measurements were carried out in continuous wave (CW) mode using blue LED
stimulation of wavelength 470 nm. Phosphor were irradiated to beta source with dose range 20
mGy/Sec. Fig 3 shows the comparison of CW-OSL response of CaSiOz: Ce & CaSiOs: Ce, Al
phosphor. From Fig. 3 observed that OSL sensitivity of CaSiOs: Ce, Al was found to be 1.15
times that of the CaSiOs: Ce phosphor.
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. Fig. 3 CW-OSL curves for an absorbed dose of 20 mGy from beta source
4. Conclusions

The development of the new phosphor could be applicable for radiation dosimetry
technique. Synthesis technique of CaSiOz: Ce & CaSiOs: Ce, Al simple, cost effective with
readily available raw material and is acquiescent to large-scale production of the phosphor. The
X-ray diffraction patterns matches well with the ICDD files and gives the exact crystal structure
as required from the synthesized materials. The Effective atomic number of CaSiOs is 15.3.
The OSL sensitivity of CaSiOs: Ce, Al phosphor was found to be 1.15 times that of CaSiOs:
Ce, Al phosphor. Photoluminescence (PL) emission spectrum consists of broad band
characteristics of Ce emission in the range of 350-450 nm. Hence, this phosphor could be one
of promising candidate in radiation dosimetry applications.
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Abstract

For the treatment of psoriasis, vitiligo, atopic dermatitis (eczema), and other photo
responsive skin conditions, narrowband UVB has emerged as the preferred phototherapy
option. The narrowband UVB emitting polycrystalline sample YPO4 doped with Gadolinium
(Gd®*") was prepared by the Re-crystallization method. The phase formation of the samples was
investigated by X-ray powder diffraction (XRD) measurement. The optical property of sample
such as photoluminescence (PL) was carried by fluorescence spectrophotometer. The surface
morphology of as prepared phosphor was studied by Scanning Electron Microscope (SEM).
The photoluminescence spectra showed that the sharp narrow band UVB emission maxima of
YPO4:Gd®" is observed at 312 nm, which is in accordance with the ®P; = 857/, optical transition
of Gd®* ions. The Stokes shift of the synthesized materials was measured from obtained
wavelength of excitation and emission. Because of narrow band UVB emission, this phosphor
can be served as a prime candidate for phototherapy application.

Keywords: Narrowband UVB, Stoke shift, Phototherapy, XRD, SEM.

1. INTRODUCTION

The development of luminescent materials has been the subject of extensive research
in the past few decades. Luminescent materials in the form of nanostructures have shown some
interesting optical properties. These materials have implications in development of a novel type
of phosphors for phototherapy applications. The spectrum of electromagnetic radiation is
consisted of different wavelengths ranging from 100 nanometers (nm) in the ultraviolet (UV)
range to 1 millimeter (mm) in the infrared (IR) range. The division of whole electromagnetic
spectrum occupied by ultraviolet radiations (UVR). The convenient partition of ultraviolet
radiation take place according to their Biological and Physical characteristic such as UV-C: the
rays that do not pass through the earth's atmosphere (200-290 nm) UV-B: the rays responsible
for nearly all biological effects following sun light exposure including tanning, burning and
skin cancer, (290-320 nm) and UV-A: those rays closest to the visible spectrum that pass-
through glass and are the least harmful to the skin (320-400nm) [1]. Ultraviolet radiation
(UVR) is well established for treating the more than 40 skin diseases such as psoriasis [2], or
vitiligo [3], which could be treated by UV-B radiation, and lichen sclerosus [4], morphea [5]
scleroderma [6], cutaneous T-cell lymphoma, lupus erythematosus [7], which could be treated
by UV-A radiation. In the treatment of hyperbilirubinemia [8], commonly known as infant
jaundice.

Ultraviolet B (UVB) has become the phototherapy treatment of choice for Psoriasis,
Vitiligo, Atopic dermatitis (eczema) and other photo-responsive skin disorders. UVB can be
divided as narrow-band UVB and broadband UVB. Broadband UVB radiation has been used
for the treatment of Psoriasis for decades [9]. Various investigations imply that the Narrowband
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ultraviolet-B (NB-UVB) (311-313 nm) is the most favorable range phototherapy than the
Broad band ultraviolet-B radiation.

The commercial phosphor LaB30s:Gd**, Bi** and CeMgBs010:Gd** is used for narrow
UVB phototherapy lamps. In our previous work we have reported some UV emitting phosphor
materials such as NazLa;B,O7 [10], Sr.Mg(BOs3)2:Pb?*, Gd** [11], KCas(BOs3)s:Pb?* [12],
YBO; [13] and SroMg(BOs)2:Pr3*, Gd®* [14].

2. EXPERIMENTAL
2.1 Synthesis of material

The phosphor Gd*" doped YPO. was prepared by Re-crystallization method. The
stoichiometric amounts of high purity Y203 (AR) and Gd203 (AR) were dissolved in to
concentrate HNOz with deionized water. The resulting solution was considered as
Y (NO3)3:Gd*". The solution of di-ammonium orthophosphate was added dropped by dropped
in formed nitrate solution. The entire homogenous solution was then placed on a hot plate at
70°C for slow evaporation of excess water. The dried precursor was finally crushed and heated
at 900°C for 2hr to get white crystalline powder of YPO:Gd**. The resultant powder sample
was then characterized using powder XRD and Spectrophotometer.

2.2. Characterization of samples

The phase purities of YPO4:Gd*" sample was studied using Rigaku miniflex 11 X-ray
Diffractometer with scan speed of 6.000_/min and Cu Ka (k = 1.5406 A) radiation in the range
10-90°. PL and PL excitation (PLE) spectra were measured on (Hitachi F-7000) fluorescence
spectrophotometer at room temperature. The parameters such as spectral resolution, width of
the monochromatic slits (1.0 nm), photomultiplier tube (PMT) detector voltage and scan speed
were kept constant throughout the analysis of samples.

3. RESULT AND DISCUSSIONS
3.1 Structural properties

The formation crystalline phase of the YPO4 prepared by Re-crystallization was
confirmed by XRD pattern, as shown in Fig. 1. The YPO4:Gd*" XRD pattern and the standard
data from the ICDD file (01-084-0335) matched quite well.

YPO,

Counts

Xenotime-(Y), syn, ¥ P 04, 01-084-0335

10 20 30 40 50 60 70 80 90
2- Theta
Fig 1. XRD pattern of YPOas doped with Gd** ion.
Additionally, the XRD show that the formed material was completely crystalline and
was in single phase, where a = b = 6.8817 and ¢ = 6.0177 A. The space group for YPO4 was
[41/amd 141). Furthermore, as the figure illustrates, the addition of the dopant had no
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discernible impact. The ionic radii of Y** ion (0.9A) and Gd** ion (0.93A) are quite similar.
Therefore, we can deduce that Gd®* ions will substitute for Y** ions.

3.2 Morphological Study

Fig. 2 shows the FE-SEM images of YPO4:Gd*" powder prepared at 900 °C. The
heating at a high temperature caused the phosphor to become strongly agglomerated. It was
found that the average particle size was between 1 - 5 pm. The findings demonstrate that
phosphors have a low sinter temperature and good crystallinity.

.,.‘.‘15kV” m11mm:§30 xsmzi
Fig 2. FE-SEM image o
3.3 Photoluminescence Analysis
It is well recognized that the ultraviolet radiations mainly those in the UVB (280 - 320
nm) region are useful for phototherapy. The Gd®* ion doped phosphors which give emission in

the narrow UVB region (280 - 320 nm) are used in phototherapy lamps; therefore it is usually
useful for the treatment of many skin diseases such as psoriasis, vitiligo, atomic dermatitis, etc.
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Fig 3. Photoluminescence spectra of Gd®* ion activated YPOs phosphor.

Fig 3. represents the room temperature Photoluminescence spectra for sample of
composition Y0.99Gdo.01PO4. The phosphor gives sharp narrow emission in the UVB region
around 312 nm corresponding to 8Pz, = &Sy, transition under the excitation of 276 nm. In the
emission spectra there was a weak line observed at 304 nm. These lines correspond to the ®Ps;
- 8S transitions of the Gd®* ion. Finally, the stoke shift was calculated to be 4312 cm™
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4. CONCLUSIONS

The low-cost, low-temperature Re-crystallization approach was successfully used to
synthesized the inorganic narrow UVB emitting YPO4:Gd** phosphor. The prepared sample's
XRD pattern was determined to be fully crystalline and to be in conformity with the
corresponding ICDD data. The study of photoluminescence qualities led to the conclusion that
phosphor exhibits UV emission, making it useful for phototherapy lamps. The SEM image
demonstrates the processes of agglomeration and uneven grain size. The photoluminescence
spectra show that, when excited to 275 nm, the YPO4:Gd3+ produces sharp, narrow UVB
emission at 312 nm which shows this phosphor is a potential candidate for phototherapy lamp
phosphor for treating many skin diseases.
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Abstract :-

The trivalent Eu* doped YBaBsO16 phosphors were synthesized using the traditional
solid state diffusion process and were characterized by X-ray diffraction (XRD),
photoluminescence (PL) excitation and emission measurements. Under UV stimulation,
strong orange emission was seen, with the dominant peak of the radiation coming from the
Dy 'F4 transitions of Eu* ions at 590 nm.

Keyword: - XRD, Photoluminescence, Solid State reaction, UV Excitation.

1. INTRODUCTION

REBaByO1s phosphors were first reported by Fouassier and co-workers [1, 2]. They
studied luminescence of europium in these systems for rare earth (RE = La, Gd or Y). These
compounds contain two different kinds of cations RE®* and Ba?* by doping with different rare
earth ions, such as Eu®*, Th*3 and Eu®", efficient blue, green and red colour phosphors can be
obtained, respectively in a single host. Therefore, these materials are considered to be suitable
candidates as universal hosts of the luminescent materials for tri-color lamps. Subsequent
research focused on YBaB9016 since a number of yttrium compounds provide suitable hosts
for rare earth luminescence [3-7], and GdBaBgO1s, in context of the role of Gd** as ‘sensitizer
intermediate’ as well as for PDP application [8].

NdBaBgO1s has also been investigated as a potential laser material [9]. REBaByO16 (RE=
La, Gd or Y) possesses a property like low alkaline earth content, they show a high chemical
stability, favorable for use in fluorescent lamps [10]. Among Ln-doped materials, Eu®**- doped
materials found much interesting due to simple lower energy levels scheme of Eu®* ions as
well as its applications as the red emitting phosphor by its intense, narrow and monochromatic
red emission around 610 nm as a result of °Do - ’F» transitions [11, 12].

Strong broad band luminescence is typically seen in Eu-doped solid-state materials,
with decay times of between 600 and 1500 ns. From the ultraviolet to the red part of the
electromagnetic spectrum, luminescence can occur, however it is very reliant on the host
lattice. The intensity of the Eu emission is high enough to find significant industrial uses, such
as in LEDs, electroluminescent lamps and display devices, X-ray imaging detectors,
scintillation detectors, and fluoride doped with europium [13 - 16].

Due to their intense, narrow, and monochromatic °Do — ’F2 emission in the red
spectral region, trivalent rare earth (Eu®*) doped yttrium-based phosphors with non
centrosymmetric site have found widespread use in display panel applications of various
types, including plasma display panels, light emitting diodes, and field emission displays. The
reflecting layer, dielectric layer, black matrix, phosphors, and their blending gas mixture are
some of the factors that affect the luminescence efficiency of fluorescent lamps [17, 18, 19].
Because of their resonant radiation of He-discharge (253.7 nm) and the excited state of
molecular He ions, yttrium-based phosphors should exhibit good luminous qualities under
ultraviolet (UV) light [20].
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2. EXPERIMENTAL

The YBaByO16: Eu®* phosphor was prepared by the Conventional solid state diffusion
method. The starting raw material were stoichiometric mixture of reagent grade Y203 (S.D.
fine), Ba(NOs3)2 (Loba 99.9%), HsBO3 (Loba 99.9%), Eu203 (Loba 99.9%). The raw material
yttrium oxide and Eu.O3 was boiled in HNO3 (S.D. fine) and evaporated to dryness, so as to
convert it into respective nitrate. The stoichiometric amounts of the ingredients were added in
formed yttrium nitrate solution. These materials were thoroughly mixed in an Agate mortar
with the help of pestle on adding a little amount of acetone and then transferred into china
clay basin. After that the material was dried at 120° C for 1 h and sintered at 900° C for 4 h
and then allowed to cool down to room temperature (RT). The prepared samples were again
grinded and taken for characterizations.

3. RESULT AND DISCUSSION
3.1 XRD

The formation of the crystalline phase was confirmed by X-ray diffraction. Fig. 1
shows XRD pattern obtained for YBaByO1s:Eu®" powder prepared by Conventional solid-state
method. The XRD patterns for samples sintered at 900°C agree well with ICCD card No. 00-
055-0792. According to the standard X-ray diffraction pattern ICCD card No. 00-055-0792,
the YBaByO16:Eu®* lattice possesses Monoclinic structure with a space group P2/ m (10) with
lattice parameters a = 15.5720 A°, b=3.892A° and ¢ = 6.7427 A®
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Figure 4 XRD pattern of YBaBoOs:Ew’" and matched with the ICCD card No. 00-055-
0792.

3.2. Photoluminescence

Europium can act as an activator in two forms viz. Eu?* and Eu®*, because YBaByO1s
substitutional sites for both these varieties are available, respectively at Ba?* and La®
positions. Eu®* or Eu?* can be identified from the characteristic photo luminescence they
exhibit.

Fig. 3 shows the emission spectra of YBaByO1s: Eu** exhibits intense yellow emission
at 590 nm under UV excitation which is excited by 231 nm. The emission spectrum consists
of higher intensity peak at 590 nm under UV excitation which corresponds to the °Do = 'F1
transition of Eu®". The other weak peak at 613 nm occurs which corresponds to the °D; = 'F,
transition of Eu®* ions.
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Fig. 2 shows the photoluminescence excitation (PLE) spectra measured at 590 nm

emission. The excitation spectrum shows that Y BaBgsO16:Eu®* has broad band absorption from
200 to 280 nm peaking at 231nm.
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Figure 5 Excitation spectra of YBaBeOjs:Ew’*
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Figure 6 Emission Spectra of YBaBoOs:Eu’*

4. CONCLUSION

The Eu®* doped YBaByO16 phosphor were successfully prepared by conventional solid

state diffusion method. This phosphor shows a pure phase of YBaBg016:Eu®*. The study of the
luminescence of Eu®* doped YBaBg016 shows optimum emission at 590nm under the 231nm
UV excitation.
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Abstract:

As we all know that the matter around us is made up of atoms and we describe atomic structure
in the terms of protons, neutrons, and electrons. Then there was a question, are these protons
and neutron are elementary particles? Deep Inelastic Scattering (DIS) experiment investigated
substructure of the proton in terms of massive quarks and further it was found these quarks are
in a bound state due to massless gluons. These quarks and gluons, collectively known as
partons, are forming a complex structure of the proton. Yes, it is a complex structure and these
partons are designing a dynamical inner world of it. The study and its evolution have been
moving further in recent years which have been further investigating the spin dynamical realm
of these partons. In this study we focus on recent developments of three-dimensional spin
structure of the proton. We review both theoretical and experimental developments to
understand the recent spin structure of the proton. We discuss the idea of proton structure
function and its evolution as spin dependent structure function. In the theoretical study we
focus on calculation of cross sections for different quantum chromodynamical (QCD)
processes like electroproduction and hadroproduction of J/psi (a bound state of charm and anti-
charm quarks) and pions. We discuss the spin crisis and subsequent measurement of an
observable quantity called Transverse Single Spin Asymmetry (TSSA) and recent experimental
data and its analysis. We also discuss the status of measurement of TSSA at RHIC-PHENIX,
J-Lab, and SPD-NICA.

Key Words: QCD, DIS, RHIC, TSSA, PDF, TMD

Introduction:

The structure of the matter and its study of evolution is one of the fundamental research
areas. Elementary particle physics addresses the most basic questions like what the constituents
of matter are, what are the forces which govern these particles, how to detect them and so on.
We have standard model of elementary particles which helps us to classify and study
systematically these elementary particles. Now we know that standard model of elementary
particles prescribes 36 quarks, 12 leptons, 12-gauge bosons and the Higgs boson which are
members of standard model designing the most fundamental structure of matter. Now it is well
known that the protons are made up of quarks and they are in a bound states because of gluons
which are quanta of strong force. These are elementary particles having spin as a very important
and a special property. In classical mechanics the spin as its own perspective, it is treated using
the rotation of the particle with respect to its axis just like rotating earth and spinning top. The
spin of particles like electron and proton is described by using intrinsic angular momentum.

Spin is one of the most fundamental concepts in physics which is needed for a deep and
intuitive understanding of structure of matter and its interaction. Spin plays a crucial role in the
theory of strong interaction i.e. Quantum Chromodynamics (QCD) and understanding of QCD
phenomenology. In recent years, the study of QCD has been focused on the investigation of
the spin structure of the nucleon. All the elementary particles in standard model can be
classified into two groups based on their spin quantum number, S = ', 3/2 .... for electrons,
protons etc. they are fermions and S = 0; 1; 2 ....for photon, meson and they are bosons. The
calculations of nucleon magnetic moments within quark model assume that quarks behave like

119



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

point Dirac particles with intrinsic magnetic moments. Magnetic dipole moment of a spin 1/2
particle with mass m and charge q is given as ug = %S where, S = /s(s + 1)h, the z-
o

component of magnetic dipole moment vector is u, = H:’SZ and S, = mgh where magnetic

spin quantum number my takes the values from +s,s — 1, —s. This confirms that the nuclear
magnetic moment is a charge dependent quantity which created a puzzle when it was found
that the neutron has non-zero magnetic moment. In case a nucleon is in zero orbital angular
momentum state, the net magnetic dipole moment is a vector sum of individual magnetic
moments of three constituent quarks. In case of proton magnetic moment- u, = po(u) +
s (1) + s (d), The resultant magnetic moment is the sum of individual magnetic moments of
constituent two up quarks and a down quark (1). The detailed understanding of three-
dimensional spin structure of the proton is an active research field with phenomenological
implications in high energy hadron physics. QCD provides the essential formulation to
understand this spin structure. Within QCD regime, information on this structure, especially
how the nucleon’s momentum and spin are divided among quarks and gluons is encoded in
parton distribution functions (PDFs). In this study we focus on the review of spin physics and
recent developments in three-dimensional proton spin structure.

Deep Inelastic Scattering DIS) (and proton structure:

Electron-proton (e-p) and proton- proton (p-p) scattering are powerful tools for probing
the structure of the proton. At low energies when the beam energy is much smaller than the
size of proton, the scattering process is elastic, and the proton remains intact. At higher
energies, inelastic scattering starts, and the proton breaks up. As energies are increased further,
the cross section again starts behaving as if the scattering is taking place via elastic scattering
of the beam off point scatterers inside the proton. This is the Deep Inelastic region and the point
like scatterers initially named partons, are the quarks. The Deep Inelastic Scattering (DIS)
process provides a kinematical tool to probe the structure of proton and understand the
momentum distribution of constituent quarks. The nature of e-p scattering cross section
depends on the wavelength of virtual photon in comparison with the radius of the proton.

The differential cross section for DIS in terms of kinematical variables is-

2 2

o = o [(1+ A = yD) (R + 2 (Fy(x) — 2xFy(x))],  where a is  the
electromagnetic coupling and Fi(x) and F2(x) are proton structure functions. The structure
function encodes the interaction between the photon and the proton. From the experimental
data it was found that the structure functions F1(x) and Fz(x) are independent of Q2 for fixed x
and this led to the conclusion that in DIS region electrons scattered off a point charge and
therefore the proton is made up of point-like constituents. This behaviour of structure function
is called Bjorken scaling, which means the structure functions, at fixed x, are independent of
Q2. The relation between proton structure functions, F2(x) = 2xF1(x); is called 'the Callan-Gross
relation' and it is a direct consequence of the spin-1/2 nature of the quarks.

Proton Spin Crisis:

The discovery of proton structure in Deep Inelastic Scattering (DIS) experiment, in
1969, initiated a detailed study of strong interaction leading to the development of quantum
chromodynamics (QCD). The initial evidence for proton structure came from the measurement
of unexpected anomalous magnetic moment of proton by O. Stern in 1933. Even after 80 years
of this discovery, detailed studies of nucleon structure are of prime interest. The proton spin
crisis essentially refers to the experimental observation that only a very small fraction of the
spin of the proton is carried by the spin of the constituent quarks. In 1988, European Muon
Collaboration (EMC) published their polarised deep inelastic scattering (pDIS) measurements,
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which indicated that quarks inside the nucleons carry around 30 % of nucleon spin. EMC data
of pDIS measurements of spin dependent structure function of proton, g,, and flavour -singlet

axial charge, gﬁlo) , Which give information about the spin content of quarks inside the proton,
suggested that the total spin of the quarks summed over up, down, and strange quarks,
contributes only a small fraction to the proton spin. The spin dependent structure function (2)
is defined as-

2 1 2 2 = 2
01,01 =3 ) e[44(x,0%) + 43(x,0%)]
x is longitudinal momentum transfer, Q is energy scale, g and g denoting quarks and antiquarks.

Aq and Aq are helicity distribution functions for quarks and antiquarks respectively.
In the static quark model 100 % of the proton spin described by the sum of the spins of

the valence quarks. i.e. % = ¥, S7. Relativistic quark models excluding gluon spin contribution

predict that about 60 %of proton spin is carried by quarks and remaining 40 % comes from
angular momentum of quarks.
It is now established that significant fraction of proton spin comes from polarised gluons.
1
S, =§=§AZ’+AG+L‘Z’+L‘Z’
where %AZ is the net contribution of both valence and sea quark helicities to the proton helicity,

AG is the net contribution of gluon helictites to the proton helicity and L?, L? are z-components

of orbital angular momenta of all quarks and gluons respectively.

The Present
(and near future)

Naive parton model:
el => Gluons are polarized (AG)
2 => Sea quarks are polarized:

For complete description
- +AG)+AG include parton orbital
0,12£0.0940.14 angular momentum L

A

Vi A7+ A5+ AT+ AR b
=5 Spin Crisis 2 Z(M +A7)+AG+L;

(The diagrams show the evolution of spin physics from 1980 onwards, the proton has not only
a quark structure, but these quarks are spinning with a distribution of angular momenta. Ref.
M. Boglione, Shea (BNL))

Quantum Chromodynamics and Spin Physics:
The smallness of the spin contribution of quarks indicates that a non-zero value of total
orbital angular momenta of the quarks may be induced by the confinement. This
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introduces a transverse scale in spin physics. The orbital angular momentum, through spin-
orbit coupling, can give rise to single spin asymmetry (SSA) in the scattering of unpolarised
beam off polarised target. In polarised p-p process, p + p' — n1X, and p + p* — nX the cross

section depends on the proton spin orientation with respect to the production plane, giving rise
to an observable quantity called single spin asymmetry, it is defined as Ay = % , Where
do" and do' represent differential cross-sections for scattering of a transversely polarised
proton off an unpolarised proton (or lepton) with one of the protons being upwards
(downwards) polarised with respect to the production plane. Large TSSAs (up to 40 %) have
been measured in 1 meson production in p-p collisions.

After EMC result, in 1990s, measurement of transverse single spin asymmetry (TSSA) in
lepton-proton (I-p) and proton-proton (p-p) collider experiments showed up to 40 %
asymmetries in p-p and 5 to 10 % asymmetries in I-p collider experiments. The spin-orbit
coupling in the nucleons is associated with quark transverse momentum and bound state
structure of the nucleons and leads to TSSA. The orbital angular momentum leading to spin
orbit coupling could be a prime candidate to explain large TSSAs. Indication of partons of
orbital angular momentum in the nucleon has motivated new theoretical and experimental
investigations of three-dimensional structure of the nucleon. Deeply Virtual Compton
scattering (DVCS) reaction is one of the hard exclusive reactions which is described using
generalized parton distribution (GPD) formalism. This reaction probes the three-dimensional
spatial structure of the nucleon. The sum rules connecting forward limit of GPD provide
information about the quark and gluon in angular momentum in the nucleon. Transverse single
spin asymmetry (TSSA) in semi-inclusive meson production in lepton -proton and proton-
proton collisions is sensitive to spin-orbit coupling in the nucleon. Transverse momentum
dependent parton distribution function (TMDPDF) and transverse momentum dependent
fragmentation function (TMDFF) are theoretical tools to probe three-dimensional structure of
a nucleon. These TMDPDFs and TMDFFs collectively referred as TMDs. The main
observables in DVCS and TSSA are sensitive to orbital angular momentum in nucleon. To
study the spin asymmetries, one requires an extension of TMD factorization to the process in
which one of the nucleons is polarised. The inclusion of partons' transverse momentum, K,
effects and TMDs can in principle lead to sizable TSSA. In 1989, D. W. Sivers suggested that
the correlations between azimuthal distribution of unpolarised parton and the spin of the parent
nucleon can lead to sizable asymmetry, an effect which was later named as Sivers effect
resulting to give rise Sivers TMD or Sivers function where distribution of unpolarized quarks
in polarised nucleon is described. Along with Sivers function, the class of TMDs contain Boer-
Mulder function where TSSA is described due to polarised quarks in unpolarised nucleons. In
1993, J. Collins proposed another possible azimuthal angular dependence in

the transversely polarised quark into spinless hadron which can result in a left-right asymmetry
in the fragmentation function named as Collins function.

Recent Developments in Spin Physics:

After EMC results on spin dependent structure function of proton, further
measurements have been made at the European Organisation for Nuclear Research (CERN),
Stanford Linear Accelerator Centre (SLAC), Deutsches electron synchrotron (DESY),
Jefferson Lab (J-Lab) and Relativistic Heavy lon Collider (RHIC). COMPASS is a fixed target
experiment at CERN studying nucleon spin structure in polarised deep inelastic muon-nucleon
scattering and hadron spectroscopy using hadron beam. The main goal of COMPASS is to
measure the helicity contribution of the gluons to nuclear spin. Recently, COMPASS

Collaboration have reported the D° meson production at v/S = 160 GeV using polarised muon
scattering experiment (S is centre of mass energy at collider) The data analysed provide an
average value of the gluon polarisation in the nucleon. Spin Muon Collaboration (SMC) of
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SLAC reported the first measurement of spin dependent structure function g¢ of deuteron in
DIS of polarised muon off polarised deuteron. J-Lab has set a program to study structure
function g1 and g2. Structure function gz has been measured extensively in Hall A and spin
asymmetries of the nucleon experiment (SANE) has been performed in Hall C. In RHIC spin
program single spin asymmetries (SSAs)in inclusive hadron production in proton-proton

collisions have been measured at V'S = 200 Gev and v/S = 500 GeV In the measurent of
Sivers function, transverse TSSAs have been measured at RHIC for 1, 1° and inclusive jets at
mid-rapidity. Model calculations indicate that the asymmetries impose significant constraints
on the contributions from gluon Sivers function. The additional data were taken at 200 GeV
and 500 GeV during the latest RHIC run which will allow more precise determination of
inclusive jet asymmetries. Non-vanishing Collins effect have been observed in SIDIS and in
e-et annihilation and STAR has recently measured Collins asymmetries of charged pions in
jets.

The PHENIX collaboration is in the process of designing a series of upgrades to
considerably expand the physics capabilities and make full use of the constantly increasing
luminosity at RHIC. Recently, in May 2018, PHENIX collaboration has reported measurement
of TSSA of J/y production at forward and backward regions as a function of J/y transverse
momentum p; and x. The measurement of gluon Sivers function (GSF) has been focuses in
recent years in p' +p — J/y+ x and e + p' = JAy+ x processes. It has been found that GSF
has important and measurable contributions in the to TSSA. In 2020 GSF has been estimated
for TSSA in p" + p — J/y+ x at PHENIX RHIC and Spin Physics Detector (SPD) Nuclotron-
based lon collider fAcility (NICA), Dubna, Russia. In this study modified J/psi production
model has been tested with existing sets of parameters which gives useful information to
understand spin physics in more details. Recent experiments indicate that gluons play a
significant role in establishing key properties of proton and nuclear matter. Electron-ion
collider (EIC) facility has a potential to reveal the three-dimensional dynamical state of quarks
and gluons in a proton just like a tomography of a human brain.

Conclusion:

In this study, we focus on the review of spin physics and its development since the
measurement of spin dependent proton structure function in polarised DIS by EMC. We
highlight the relation between spin physics and measurement of TSSA in the domain of QCD.
We found the proton spin crisis demands more systematics and collaborative effort to
understand inner dynamical structure of proton. The recent developments in spin physics show
a progress in phenomenological, experimental advancements to understand proton spin and its
origin at deeper level.
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Abstract: Rare earth-activated borate based phosphors have gained considerable interest in
recent years due to their potential applications in various areas such as optoelectronics, solid-
state lighting and display devices. This review article provides a comprehensive overview of
the synthesis methods and characterization techniques used for the production and analysis of
rare-earth-activated borate phosphors.

Keywords: Borate; Excitation; phosphors; ultraviolet and LED

1. Introduction
1.1 Significance of rare earth doped borate phosphors

Rare earth (RE) activated borate phosphors are a type of luminescent material with
numerous potential applications in display, lighting and sensing technologies. These phosphors
have high brightness, tunable colors, long lifetimes and excellent thermal and chemical
stability. They can be activated by various rare earth ions, such as Eu, Th, Ce, Pr, and Dy, to
produce different emission spectra under UV or VUV excitation. In comparison to other types
of phosphors, rare earth-activated borate phosphors have several advantages. These borate
phosphor materials exhibit a broad transparency to ultraviolet light, which enables them to
increase their luminescence efficiency by absorbing more energy from the excitation source.
These materials possess a high optical damage threshold, allowing them to tolerate both high
power and high temperatures without degrading [1]. The low content of alkaline earth
components in these materials reduces the likelihood of quenching and enhances the purity of
the color [2].The coordinating environment and varied crystal structure of these materials
enable the adjustment of emission characteristics and the exchange of energy among activators
[3].

Due to these advantages, rare earth-activated borate phosphors are significant for the
development of advanced phosphor-based devices, such as plasma display panels, white LEDs,
scintillators, and optical sensors [3-5]. The main characteristics of some rare earth activated
borate phosphor are tabulated in Table 1.

Tab. 1. Characteristics of some rare earth activated borate phosphor

Sr. | Phosphors Synthesis Excitation and | Applications Ref.
No. Method Emission
Wavelength
1 LaBaByO1s: RE Solution For Eu®* | Plasma Display | [2]
(RE = Eu¥, Ce®**/Th¥) Combustion Ae=254/147  nm | panel
Method (UV/VUV) &
Aem=615 nm
2 Bas(B20s)2F2:XEU* Solid State | Aex=394 nm & W-LED [6]
Reaction Aem=616 nm
Method
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3 | NaMgBOzRE (Dy* & | Solution - Personal [7]
Sm) Combustion protection
Method dosimetry field &
Radiation
dosimetry
4 LiSr4(BOs3)sGd*, Pr3* Modified Solid | Aex=276 nm & Phototherapy [8]
state Diffusion | Aem=260-370 nm
Method

1.2 Applications of borate phosphors

Rare earth-activated borate phosphors are a class of luminescent materials that can emit
various colors of light under different excitation sources. These materials have become
increasingly popular for their potential applications in optoelectronics, solid-state lighting and
display devices due to their high thermal stability, low toxicity, and ability to emit light in a
range of colors.

One of the primary applications of these materials is in the production of white light-
emitting diodes (WLEDSs) used for general lighting and backlighting. By doping different rare
earth ions into borate hosts, such as LaBO3z, GdBOgz, YBOs3, and Caz(BOs)2, various color
components can be obtained, such as blue, green, yellow, and red. By mixing these components
with a blue or near-ultraviolet LED chip, white light with high color rendering index (CRI) and
color temperature can be achieved. For instance, LaBOs:Ce** Tb3* phosphor can produce green
and yellow emissions, which can be combined with a blue LED to generate warm white light
[9]. GdBOs:Eu®" phosphor can emit red light, which can be used to improve the color gamut
of backlight w-LEDs [10].

Rare earth-activated borate phosphors have various applications such as in
phototherapy and plant lamp applications, where specific wavelengths of light are required to
stimulate biological processes. For example, ultraviolet (UV) light can be used to treat skin
diseases such as psoriasis, vitiligo and eczema. These phosphors, such as Caz(BO3)2: Pr*, can
emit UV light under NIR excitation, making them suitable for use as phototherapy lamps.
Similarly, red and blue light can promote plant growth and development, such as
photosynthesis, flowering, and fruiting. Borate phosphors, such as YBOs:Eu®* can emit red and
blue light under UV excitation and can be used as plant lamps [11].

Another application of rare earth-activated borate phosphors is in display devices, such
as LCDs, PDPs, and FEDs, which require high luminous efficiency, fast response time and
good color purity. Phosphors such as LaBO3:Ce3* can exhibit high brightness, short decay time,
and narrow emission bands, making them suitable for display applications [12]. Additionally,
they can be used for color tuning and security ink applications by utilizing their upconversion,
downshifting, and quantum cutting properties [9].

2. Synthesis of the phosphors

The process of creating RE activated borate phosphors can be divided into two primary
categories: solid-state reactions and solution-based methods. Solid state reactions are the most
conventional approach, involving the high-temperature calcinations of a mixture of RE oxides,
boric acid, and other metal oxides or salts, leading to the formation of pure and crystalline
borate phosphors with well-defined stoichiometry and morphology. However, this method is
associated with some drawbacks, including high energy consumption, extended reaction times
and difficulty in controlling the particle size and shape. In contrast, solution-based methods
offer certain advantages, such as lower reaction temperatures, shorter reaction times and
simpler particle size and shape control. Some of these methods include sol-gel, hydrothermal,
co-precipitation, combustion, and microwave-assisted methods. These procedures involve
using various precursors, solvents, surfactants, and additives to create a borate precursor
solution, which is then converted into the borate phosphor by heating, drying or pyrolysis. The
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selection of a solution based method depends on the desired properties of the borate phosphor,
such as composition, phase, morphology, and luminescence.
3. Reaction Parameters and Crystal structure

The properties of rare earth-activated borate phosphors depend on various factors,
including the type and concentration of the rare earth ions, the borate host, the synthesis
method, and the annealing conditions. These factors can affect the luminescence properties of
the phosphors, such as the coordination environment and symmetry of the rare earth ions,
which determine the energy levels and transition probabilities of the f-f transitions.
Additionally, the crystal field splitting and Stark effect can cause the splitting of the degenerate
energy levels and fine-tune the emission wavelengths. Concentration quenching and energy
transfer can reduce the luminescence intensity and efficiency when the rare earth ions are too
close to each other or interact with other species. Defects and impurities can also introduce
non-radiative recombination centres and lower the luminescence quality [13].

4. Characterization techniques

Characterization techniques for rare earth-activated borate phosphors are utilized to
investigate their structure, morphology, composition, and optical properties. Some of the
commonly employed techniques include [14]

X-ray diffraction (XRD)

Scanning electron microscopy (SEM)
Transmission electron microscopy (TEM)
Energy dispersive spectrometer (EDS)

Fourier transforms infrared spectroscopy (FTIR)
Excitation and Emission

5. CONCLUSION:

It is concluded from above study, the best synthesis method for rare earth activated
borate phosphors is solution-based methods like sol-gel method and combustion method. There
are so many characterization techniques discussed in this review. Rare earth elements enhance
the luminescence properties of borate phosphors. From the data we have found various
applications of rare earth activated borate phosphors. It was found that doping different rare
earth ions into borate hosts, various color components can be obtained and mixing these
components with a blue or near-ultraviolet LED chip, white light with high color rendering
index and color temperature can be achieved. They are also used as phototherapy lamps, plant
lamps and Display applications.
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ABSTRACT:

The green light emitting LaB3Os:Eu®* phosphor was successfully synthesized via solid-
state diffusion method. The phase of the prepared LaBszOs:Eu®" phosphor was confirmed by
powder XRD analysis and studied its PL properties under ultraviolet (UV) excitation (200-
390nm). The XRD pattern of prepared LaBzOs:Eu®* phosphor is well matched with available
standard JCPDS file having card no-01-073-1150. The excitation and emission spectra of
prepared phosphor were monitored at 544 nm and 234 nm respectively. The CIE (Commission
International de 1'Eclairage) coordinates of prepared phosphor was calculated and found
to X=0.26 Y=0.73. Hence the LaB3sOg:Eu®" has great potential in fluorescent lamp applications.

Keywords: - Solid state diffusion method; X-ray diffraction technique (XRD); PL and CIE.

1. Introduction:

Novel luminous materials have drawn a lot of attention lately because of their crucial
role in a number of technical applications, such as optoelectronic devices, lighting and displays.
Rare earth element doping has demonstrated potential for improving luminescence properties
in materials. Among these, lanthanum borates have attracted attention due to their distinct
structural features and their uses in the phosphor materials industry [1].Within this framework,
the lanthanum borate compound LaB3Os offers a fascinating platform for the introduction of
luminous dopants to customize its optical characteristics.

Light emitting diodes, or LEDs, are becoming more and more popular as a possible
alternative to incandescent and fluorescent light sources. As the upcoming generation of solid
state lighting, white light emitting diodes (w-LEDs) have garnered a lot of attention lately
because of their unique benefits, which include high efficiency, long lifespans, minimal
environmental impact, no mercury, short response times, application in final products of
different sizes, optical memory, light guide, dosimetry, pressure sensor, and more [2-7].
Recently, there has been a focus on developing novel phosphors with strong luminescence
qualities that can be activated in the long-UV region (300-450 nm) in order to boost the
efficiency of w-LEDs. Phosphors are used in scintillators, LEDs, display devices, fluorescent
lamps, phototherapy lamps, and up-conversion lasers. Photoluminescence (PL) can occur
anywhere in the electromagnetic spectrum from the ultraviolet to the infrared and is highly
reliant on the host lattice [8]. When photons or an electron beam, or any other type of energy,
stimulate phosphor, it produces light with the desired wavelength.

The synthesis and luminescence characteristics of LaB3Oes doped with europium ions
(Eu®"), a rare-earth element known for its unique optical properties, are the main topics of this
study. It is anticipated that the addition of Eu* to LaB3Og will cause substantial changes in the
material's luminescent behavior, providing chances for the creation of sophisticated
luminescent materials with specialized emission characteristics. Clarifying the synthesis
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method and describing the luminous properties of the resultant material are essential to
determining its possible uses in fields like biomedical imaging and lighting technology.
2. Experimental

LaB3Og:Eu®" phosphor was synthesized at a high temperature solid-state diffusion
method. Analytical grade La>O3, H3BO3 and rare earth oxide Eu2O3 are the starting ingredients
employed. To create a homogenous mixture, the stoichiometric reactants were combined and
finely pulverized in an agate mortar using acetone. The combinations were then heated in air
atmospheres for 24 hours at 800 °C. After being cooled to normal room temperature, the
finished products were once more ground into a powder for additional characterization.
3. Results and Discussion:
3.1 X-Ray Diffraction (XRD) Pattern

The X-ray diffraction (XRD) pattern of the LaB3Os:Eu* phosphor is shown in Fig. 1.
The acquired sample is single phase, as evidenced by the whole set of diffraction peaks being
in good agreement with those in JCPDS file with file no. 01-073-1150. With no secondary or
impurity phases, the pattern shows the synthesis of a single-phase compound with a monoclinic
structure that belongs to the 12/a space group and has lattice parameters of a=7.9560A,
b=8.172A, c=6.4990 A, and =93.6300 A.

1500

1000+

Intensity (cps)

500+ .' ’ : i

20 40 80 80
2-theta (deg)

Fig.1 X-Ray Diffraction (XRD) pattern of LaB3Os: Eu®* phosphor

3.2 Photoluminescence (PL)

Fig. 2 showed the excitation and emission spectrum of Lag.99B3OsEUo.01 phosphor.
From figure observed that excitation spectra consists broad band between wavelength range of
200 nm to 350 nm and maximum peak intensity at 234 nm and is explained by the charge
transfer from O%to Eu®". We find a very significant charge transfer from O? to Eu®* in the
Lao.99B306EUo 01 lattice. In addition to the charge transfer band, the excitation spectrum of Eu®*
with host showed some sharp lines that corresponded to the f-f transitions. These lines were all
the result of transitions inside the Eu3* 4f® configuration [9].
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Figure 2: Excitation & Emission spectra of sample LaB3Os:EU®*

The emission spectra of Eu**doped LaB3Os quenched for one hour at 800 demonstrate
how Eu transforms from Eu?'to Eu®*. Figures 2 show that the emission lines of *Ds—'Fg,
°Dy—'Fs, °Ds—"F4 and °Ds—'F3 have dramatic splittings of 489 nm, 544 nm, 587 nm and 625
nm respectively. The magnetic dipole transition *Ds—'Fs is responsible for the greatest
emission peak, which is located at 544 nm and displays vivid and bright green spectra. The
transition °Ds—'F3 of the Eu®* forced electric dipole is responsible for a peak at 625 nm. Its
relative weakness suggests that the °Ds—"Fs electric dipole transition is very weak and the Eu®*
site has inversion symmetry.

3.3 CIE Coordinates

The photoluminescence data and Interactive CIE software were utilized to compute the
chromaticity coordinates of the generated samples. Fig. 3 showed the computed CIE
coordinates of the produced phosphor on the 1931 CIE chromaticity diagram. The chromaticity
coordinates of the prepared phosphor LaB3sOg:Eu®" are A (X=0.26 Y=0.73) in the green zone.

- - . L L T Ll T T Ll T T T L b
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
X

Fig. 3 CIE color coordinates for LaB3Os: Eu®* phosphor

4. Conclusion

The polycrystalline LaB3Os: Eu®" phosphor was successfully synthesized by solid state
diffusion method. The XRD pattern of prepared LaBsOs: Eu®* phosphor is good agreement
with the JCPDS standard file with file no, 01-073-1150. The PL excitation spectra, was
monitored at 544 nm and emission spectra was monitored at 234 nm. The CIE chromaticity
coordinates of the as-prepared phosphor was calculated and found to be X=0.26 Y=0.73). The
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outcome of this phosphor material provides the support for the possible application in green
emitter in many applications in fluorescent area.
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Thermally Stimulated Discharge Current (TSDC) Study of 4:1 PS PMMA
Polyblend Thin Films doped with 10% Oxalic Acid.
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Abstract

The 4:1, PVC PMMA polyblend thin films, with the doping of 10% of Cinnamic Acid, were
prepared by using Isothermal Evaporation Technique. The TSDC study of these films were carried out
at three different poling electric fields (Ep) 35 kV/cm, 50 kV/cm, 65 kV/cm at the constant poling
temperature (Tp) 373 K. It has been observed that the peak TSD current (Im) and peak temperature
(Tm) increases with an increase in poling electric field.

[Keywords: Polystyrene (PS), Poly Methylmethacrylate (PMMA), TSDC]

1. Introduction

The TSDC is an effective tool for understanding the internal structure, molecular relaxations
and decay of space charge due to trapping of charge carriers and their subsequent thermal release from
traps in a polymer [1-4].

The TSDC technigue for polyblends of PMMA and Polyvinyl pyrrolidene has also been studied
[5]. The electret behaviour of PS and PMMA separately has been carried out by number of researchers
[1, 6-10]. The TSDC study of polyblends of PS and PMMA has been carried out and it has been reported
that the TSD current increases with the increase in the poling electric fields (Ep). This effect of poling
electric fields (Ep) after doping with 10% Oxalic Acid on the charge storage properties of polyblend
films was the main thrust of investigation.

2. Experimental

2.1 Sample Preparation

The Polystyrene (PS) of commercial grade supplied by Poly Chem., Mumbai and Poly
Methylmethacrylate (PMMA) obtained from Otto Kemi were used for the present study. The two
polymers PS PMMA and Oxalic Acid (OA) doped blend films have been prepared by taking OA in the
weight percentage 10% were taken in the ratio 4:1 were dissolved in the common solvent
Tetrahydrofuran (THF).The solution was kept for 3-4 days to allow polymers to dissolve completely to
yield uniform solution. The solution mixture was then heated for 1 hour at 60°C to get completely
homogeneous solution. A glass plate thoroughly cleaned with water and later with acetone was used as
a substrate. To achieve perfect levelling (and uniformity in thickness of the films), a pool of mercury
was used in a plastic tray. The solution was poured on the glass plate and was allowed to spread
uniformly in all directions on the substrate. The solvent in the solution was thus allowed to evaporate
completely and get air-dried. The film on the glass substrate was then removed and cut into small pieces
of suitable sizes. In this way the films were prepared by isothermal evaporation technique. Further it
was dried for 3 days to remove any traces of solvent. The thickness of the films was measured by
digimatic micrometer (Mitutoyo Corporation, Japan).

2.2 Measurement Technique
Each film was metallised on both sides by applying silver paint and then the film was
sandwiched between two brass electrodes of the sample holder. The Metal-Insulator-Metal system so
formed was placed inside the furnace.
i) The poling electric field Ep = 35 kV/cm) was applied across the sample at room temperature (30
°C) and the sample was heated at a nearly uniform rate (1.33 °C/min) till the system attained the
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constant poling temperature Tp = 373 K (100 °C). The charging current was measured with respect
to the increasing temperature.

i) Keeping the applied field ON for one hour at the constant applied field Ep = 35 kV/cm, the
charging current was measured with respect to time.

iii) Keeping the field ON the sample was slowly cooled down to room temperature in another one hour.
In this case also the charging current was measured with respect to decreasing temperature. Thus
the total time of charging was adjusted to be 3 hours in each case.

iv) Atroom temperature the electric field was removed and the sample was kept shorted for 15 minutes
to remove the surface charges. In this way the thermoelectret has been prepared at (Ep =35 kV/cm)
and Tp =373 K.

v) Now the thermoelectret had been formed. It was then heated at the same heating rate and the
discharging (TSD) current was measured as the function of temperature from 303 K — 453 K (30
OC - 180 °C). The current was recorded after every 5 °C rise of temperature whenever it showed a
significant change in its value.

The same procedure from steps (i) to (v) was followed, for preparing the thermoelectrets, at poling

Fields (Ep =50 kV/cm and 65 kV/cm) and at the same poling temperature Tp =373 K.

3. Results and Discussions

In this manuscript results have been presented in the form of representative graphs for all the poling
(Ep = 50 kV/cm and 65 kV/cm) and constant poling temperature (Tp = 373 K) . The variations of
charging current with rising temperature are illustrated as in fig 1. It has been observed that the charging
current increases with an increase in temperature.

3.1 Measurements Carried out:

After attending the constant poling temperature Tp = 373 K, the sample was charged at the constant
applied field for the period of one hour. For this charging current has been recorded with respect to time
at an interval of 5 minutes upto one hour. The charging current gradually decreases with the increase of
time as shown in fig 2.

After charging the sample for one hour, the temperature was gradually decreased from
373 K to room temperature keeping the field ON. The charging current with decreasing temperature
was recorded after every decrease of 5 °C. It has been noticed that the charging current decreases for
the decrease in the temperature as illustrated in fig 3.

The electric field was removed and the thermoelectret sample was gradually heated at
the average uniform heating rate of 1.33 °C/min. The TSD current has been recorded with respect to
increase of temperature. The graphs were plotted between TSD current and Temperature (known as
Thermograms) as shown in fig.4.
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The prominent results can be summarized as follows,

1) At a given poling field (while heating the samples) the charging current was found to increase with
the increase of temperature.

2) The charging current (while cooling the samples) was found to decrease with the decrease in
temperature.

3) The charging current, in both the cases, was found higher at higher poling fields.

4) The thermograms showed single peaks at temperatures above 100°C. The current corresponding to
the peak is known as peak TSD Current ().

3.2 Discussion of Results
In the present case we have used the two polymers PS and PMMA doped with Oxalic Acid. Among
these, PS is non polar, while PMMA is weakly polar with the dielectric constant 3.5 - 4 at 10° cps. The
glass transition temperature of PS is Tg = 95°C (368 K), and for PMMA Tg = 105°C (378 K). Both of
them are essentially insulation materials and number of free charge carriers is very small and their
mobility is very low. PS has a phenyl side group which is electron donor and also PMMA containing
electron releasing methyl group supplies electron. PMMA also contains acrylate group (=C-CO-0 - R),
which is a bulky side group. The TSD current is contributed by several processes.

The effect of dopant Oxalic Acid on the polarisability of PS PMMA polyblend under the
combined influence of temperature and electric field can be interpreted from chemical point of view.
The structures of three components are given below:

PS PMMA doped with Oxalic Acid 0
I
- C-OH
{7 CH,— c.'Hj—L CH, I
# | C-O0OH
—— CH,—C— -~ L
| |
COOCH O
3 11
PS PMMA Oxalic Acid

Polymethyl Methacrylate (PMMA) is clear, colourless transparent plastic with a higher softening
point, better impact strength and better weatherability than Polystyrene (PS). It undergoes pyrolysis
almost completely to monomer by a chain reaction.

PS is relatively inert chemically. It is quite resistant to alkalies, halide acid and oxidizing and
reducing agents. PS degrades at elevated temperatures to a mixtures of low molecular weight
compounds about half of which is styrene. Two of its major defects in mechanical properties are its
brittleness and its relatively low heat deflection temperature. These defects can be overcome by proper
formulating or by copolymerization and blending.

A number of copolymers of styrene with a minor amount of co monomer may enhance heat and
impact resistance without loss of other desirable properties. Typical co-monomers are those that
increase intermolecular force of attraction by introducing polar groups or those that stiffen the chain
reduced rotational freedom through the steric hindrance of bulky sides groups.
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Copolymer of styrene with methacrylate is of major commercial interest. Such polymers have
higher heat deflection temperature and more resilience and impact resistance than polystyrene.

Oxalic acid is the strongest acid of all the dicarboxylic acids. When it is heated a molecule of
formic acid (-HCOOH) is formed with elimination of CO,. The formic acid, thus formed, undergoes
further rapid reaction with phenyl rings of styrene molecules under acidic conditions giving rise to the
formation of methylene bridges. Oxalic acid has natural affinity to easter segment of methycrylate
molecule. It may form an association with methoxy (-OCHjs) part of the some segment. In addition to
this polyacrylates contain an easily removable tertiary hydrogen atom. It undergoes some chain transfer
in variety of ways.

Oxalic acid doping with PS PMMA under the influence of thermal energy not only
enhance the pyrolysis of PS PMMA but also creates charged species by protonic oscillation between
polyvalent atoms. The overall impact of oxalic acid as a dopant on PS PMMA would certainly enhance
the polar character of the blend system.

Thus the peak TSD Current increases due to the stronger polarisation of samples at higher poling field
Er.
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Abstract.

In recent years, there has been a growing interest in nanomaterials, this review highlight the
distinctive characteristics of carbon-based nanomaterials. Specifically, the focus extends to key
advancements in carbon based nanomaterials, including fullerene , Graphene , carbon
nanotube, carbon quantum dot , nanodiamond . Throughout this review, the exceptional
features of carbon based nanomaterials are highlighted, illustrating their significance in diverse
applications. The review concludes by addressing future perspectives of carbon-based
nanomaterials in various fields.

Keywords: Fullerene , Graphene , Carbon Nanotube , Carbon Quantum Dot , Nanodiamond .

1.Introduction.

Nanotechnology is the general term for designing and making anything whose use depends on
specific structure at the nanoscale — generally taken as being 100 nanometres (100 millionths
of a millimetre or 100 billionths of a metre) or less. Nanomaterials are usually considered to be
materials with at least one external dimension that measures 100 nanometres or less or with
internal structures measuring 100 nm or less [1,2]. They may be in the form of particles, tubes,
rods or fibres. The nanomaterials that have the same composition as known materials in bulk
form may have different physico-chemical properties than the same materials in bulk form, and
may behave differently if they enter the body. They may thus pose different potential hazards.
Aggregated nanomaterials also need to be assessed in this light as they may exhibit properties
that are similar to those of the single nanoparticles, especially when they have an unusually
large surface area for a given amount of material [3,4]. The number of products produced
by nanotechnology or containing nanomaterials entering the market is increasing [6]. Current
applications include healthcare (in targeted drug delivery, regenerative medicine, and
diagnostics)[5,7], electronics, Thermal conductivity [10],even in COVID-19 era [11] ,
cosmetics, textiles, information technology and environmental protection[8]. For example,
nanosilver is appearing in a range of products, including washing especially close scrutiny [9].

2.Special Carbon Based Nanomaterial.

Carbon is a fascinating element that has been regarded as an essential component of all
living things. Carbon's capacity to link to itself to create polymers permits it to play such a
significant part in biological processes. This feature may also be employed to create the diverse
structures that make carbon such a valuable asset due to its exceptional features such as
outstanding mechanical characteristics, variable morphologies, high thermal conductivity, and
high corrosion resistance [12, 13,14]. Modern science and technology centred on carbon-based
nanomaterials are changing at a fast pace with the potential to replace or complement current
systems. Carbon-based materials that can be produced and characterised at the nanoscale have
become a cornerstone in nanotechnology. The morphologies and topographies of these carbon
compounds can be quite diverse. As the well-known allotrope of carbon based nanomaterial
demonstrate, they can have hollow or filled frameworks and can assume a variety of forms .
The carbon family consists of several unique nanomaterials, including CNTs, fullerenes,
graphene, carbon nanohorns, carbonbased quantum dots, and many others [15]. Graphene and
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carbon nanotubes are all sp2 hybridized carbon allotropes. Due to their remarkable features
such as electrochemical stability, high charge carrier mobility, and mechanical flexibility have
gotten a lot of interest[16].Hence, chemical separation, superlubricity, electronics, and catalyst
support are only a few of the applications of graphene and carbon nanotubes. 3D nanodiamonds
possess both the sp® and sp? carbon atoms, with the reconstruction of the sp? playing a key part
in its stability. The Nano-diamonds have appealing surface areas, adjustable surface
morphologies, and high hardness, hence, their novel applications in cosmetics and biomedicine.

Carbon nanomaterials (CNMs) have attracted a lot of interest in recent decades due to
their exceptional features. The types of different carbon nanomaterials available the existing
three allotropes of carbon fullerene carbon nanospheres first prepared by Krotto et.al in 1985,
carbon nanotubes (CNT) having a cylindrical shape, and grapheme obtained from graphite
contains an extended hexagonal lattice of sp?-bonded carbon atoms. Hence, they are
characterized by remarkable chemical, mechanical, and electrical features that offer
tremendous possibilities in applications such as carbon fibres, energy storage, conversion
devices, biosensors, and catalysts. Carbon nanomaterials are being used to improve a variety
of products, including electronics, lubricants, composites, and sporting equipment . Carbon
based nanoparticles have a wide range of applications due to their unique chemical
characteristics and the variety of carbon nanostructures that may be created. Some of them are
discussed here :

i) Fullerne

Discovered in | 1985

Discovered by | Sir Harold W. Kroto

Also known as | Buckministerfullerne , Buckyball
Hybridisation | Sp?

Types Ceo , C70,C72,Crs, C 84,Cr00

Strusture @ By A AR
: : I 2o
ishilietey

OS2 oA CMaam a3

O 2 A oA & M Bevem 1N 4o

Solubility Soluble in-1,2-dichlorobenzene, toluene, p-xylene, and 1,2,3-
tribromopropane.

Insoluble in- Water

Modification There are two main ways to modify fullerenes:

1.Fullerene inner-space modification(Endohedral) and

2.Fullerene outer-surface modification(Exohedral).

exchedral doping endohedral doping
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Purpose of

modification

Endohedral fullerne —

1.act as robust nano-container for host target species.

2.Li- based endohedral fullerne show unique solid properties.

3.Li- based endohedral fullerne can be used as nano-scale lithium bettries.
4.Fullerene cages useful for storage of gases.

Exohedral Fullerne-

1.Strongly affects electronic properties.

2.Act as scavenger for reactive oxygen species.

Application.

1.Conical Fullerne amphiphiles canbe used as Drug delivery agent.
2.Watersoluble cationic fullerne tetrapiperazino fullerne Expoxide(TPFE) used
for targeted deilivery of DNA and siRNA specifically for the lungs.

3. Combination of fullerne with polymer result in good flame retardant.

4. used as Lubricant.

Characyeristics

Anticancer, Antioxidents ,Antibacterial
conductivity

Antiviral , Highly stable , Good

i) Graphene

[17,18]

Discovered in

2004

Discovered by

Andre Geim and Konstantin Novoselov

Also Known as

Material of the future,

Hybridisation | Sp2
Structure Carben aroms Molecular bonds
\‘ ~ 0142
» "(/H\ ) f‘—Q/‘_‘\
/ \
&4 ) ?*
» 4
Stability Soluble in - N-MethyI-Z-pyrrolldone (NMP), dimethylformamide (DMF),
and dimethyl sulfoxide (DMSO)
Insoluble in-water or organic solvents
Properties Thermal conductivity : Approx.3080- 5150 WmK!
Therotical surface area: 2630 m?g*
Mechanical Strength:- 130 GPa
Electron Moblity:-10* cm?/V/s
Application 1. Electrochemical sensors

2.Biosensors

3.Electrodes

4. Liquid crystal display

5.Light emitting Diode

6. Fabrication of pressure sensors.
7. Pollution absorbent.

8. Non-metal catalysts.

Characteristics

1.Large specific surface area
2.Transperent in nature

3.Good Peiezoresistive sensitivity
4.Excellent mechanical strength
5.Electronic conductivity.

[19,20]...

137




National Conference on "Recent Advancements in Science & Technology"

ISBN : 978-81-19931-25-5

iii) Carbon Nanotube

Discovered in 1991
Discovered by S.lijima
Also known as | Buckytubes
Hybridisation sp?

Types Single Walled Carbon Nanotube
Double Walled Carbon Nanotube
Multiwalled Cccarbon Nanotube
Structure Single- Double- Multi-
walled walled walled
Stability
Insoluble in : Water and Organic Solvent
Properties :
properties SWCNT MWCNT
Diameter 0.4to 2 nm 0.33t00.42 nm
Electrical conductivity | 10%to 10® Scm? 10% to 10°Scm'?
Thermal Conductivity | Approx.6000 Wm?*K* | Approx.2000 Wm*K
Application 1.Rectifying diodes
2.Single Electron Transistor
3. Field Effect Transistor.
4.Biomedical devices
5. Drug Delivery
6.Cell Biology.
Characteristics | 1.High Tensile Strength
2.High aspect Ratio
3.LIlight weight
4.Chemical Stability
5.Nanosize
[21]
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v) Carbon Quantum Dot

Discovered in

2004

Discovered by

Xu et.al

Also known As

Carbon Nano Dots , CQD’s , C-dots or CD’s

Hybridisation

Structure

Carbon quantum dot
Properties Thermal Conductivity - 6.049 W/mK
Application 1.Cell Imagining

2.Light Emitting Diodes
3. Nanomedicine

4. Solar Cells

5.Sensors

6.Catalysis
7.Bioimaginig

iv) Nanodiamond

[22]

Discovered in

1963

Discovered by

K.V. Volkov, V.V. Danilenko, and V.I. Elin

Also Known
as

Diamond nanoparticles

Hybridisation | Sp3

Strucuture
Nanodiamond (ND)

Properties 1.Tensile Strength- (ND-reinforced aluminium) : 205 MPa
2. Thermal Conductivity: 3W m™ K™
3Electrical Conductivity : 3.4 x 1077 Ohm™* cm™

Application 1. Bio sensors.

2.Wastewater treatment.
3.Imaging

4, Cancer Treatment.
5.Biomeical application

Characteristics

1. Shows excellent optical properties.
2.High mechanical Properties.
3.High Specific surface area.
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4.Have high number of functional group present on the surface.
5. High thermal stability.
6.Stable and Long fluorescence.

[23,24,25]

3. Conclusion.

Currently, huge numbers of theoretical and experimental literature studies of carbon based
nanomaterials and nanotechnology have been witnessed. Future technologies depend upon how
Effectively these carbon basedd materials can be manipulated on the nanoscale for various
applications . Carbon-based nanomaterials are a fascinating class of nanomaterial, consisting
of fullerene , carbon nanotube , carbon based quantum dot , graphene, and. Moreover, the
surfaces of carbon-based nanomaterials can be functionalized further to tune their properties
for certain applications. CNTs and graphene are highly acknowledged members of the
carbonbased nanomaterials family and they have been extensively explored for various
applications due to their high surface areas, rapid charge transfer properties, and high
mechanical strength. Carbon quantum dots have received great attention in the fields of
sensing, nanomedicine, and bioimaging. After grapheme isolation in 2004 from graphite, large
interest in ultrathin 2D materials was witnessed due to their numerous unprecedented
features.The experimental evaluation of these materials is still at an early stage; however, these
materials are being rapidly explored for useful applications. By using nanotechnology, some
commercial devices have already been introduced , much more progress is anticipated, with
nanomaterials being introduced into next-generation devices to cope with future high energy
demands and playing a more active role in biosensors and nanomedicine to fight against
existing and novel diseases. Nanotechnology can play an active role in the decontamination of
water and the recycling of wastewater. Future challenges faced by modern society can be fixed
with a better understanding and the rapid development of nanotechnology.
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Abstract

The objective of the following study was a synthesis of Zirconia (ZrO,) using two different
methods such as sol-gel (SG), and co-precipitation (CP) and evaluation of its structural and biological
properties. The sample was characterized by powder X-ray diffraction (XRD) and Field Emission
Scanning Electron Microscopy (FE-SEM). The XRD pattern shows that the monoclinic phase was
obtained for CP synthesized Zirconia and tetragonal phase for SG method. The FE-SEM images showed
that the prepared sample of Zirconia having different morphology for these two different methods.

Keywords: Zirconia; Nanobiomaterials; biomedical application.

1. Introduction

Zirconia is a ceramic biomaterial in a crystalline form. It was accidentally identified by German
chemist Martin H. Klaproth [1] in 1789 while he was working with certain procedures that involved the
heating of some gems. Its mechanical properties are very similar to those of metals, and its color is
similar to tooth color. In 1975, Garvie proposed a model to rationalize the good mechanical properties
of Zirconia, by virtue of which it has been called ceramic steel [2]. The name Zirconium comes from
Arabic word Zargon, which means golden in color. In late sixties the research and development of
Zirconium as biomaterials was refined. The first recommended use of Zirconium as a ceramic
biomaterial in the form of ball heads for Total Hip Replacements (THR) has been documented [3].
Zirconia has a bright future because of its high mechanical strength and fracture toughness and has
unique a characteristic called transformation toughening, which can give it higher strength and
toughness compared with other ceramics. The excellent electrical, mechanical, optical and thermal
properties of Zirconia, makes it a good choice for application such as: structural materials [4], dental
crowns [5], femoral heads for total hip replacement [6], solid oxide fuel cell (SOFC) electrolytes [7],
air-fuel ratio sensors for automotive applications [8] and Catalytic application [9-12].

The present work was undertaken with a view to develop nanocyrstalline Zirconia to
characterize the materials for their structural properties employing two different techniques.
2. Experimental procedure
2.1 Sol-Gel synthesis

The ZrO, nanomaterial was synthesized using the method described by Heshmatpour et al. [4]
with some modifications. Initially, n-propanol (AR graded) was added to Zirconium n-propoxide (70
wt %) (AR graded). Then resulting solution was hydrolyzed using a drop by drop addition of ammonia
(AR graded) and distilled water with a pH value of 9 to 10. 3 g Hydroxypropyl methyl cellulose (AR
graded) was added to the solution under vigorous stirring. After homogenization, the solution was
stirred at room temperature for an hour so the resulting gel was polymerized. The gel was dried in an
oven at temperature of 100°C for 12 hrs and sintered by using the microwave furnace at 300°C for 2
hrs.
2.2 Co-precipitation Method

Sodium hydroxide (NaOH) (AR graded) solution (pH10) was added drop by drop to aqueous
zirconium chloride (ZrOCl,) (AR graded). The precipitate of ZrO,was stirred for 1 hr and was allowed
to settle over night followed by decantation and washing with distilled water. The resulting precipitate
was dried for 24 hrs and sintered by using the microwave furnace at 800°C for 2 hrs.
2.3 Characterization

The Zirconia samples were characterized by the X-ray diffraction (XRD) analysis using

Rigaku Miniflex-11 diffractometer and then analyzed, using Ni-filtered CuKo radiation (1 = 0.1542
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nm) in the step scanning mode, with tube voltage of 40 kV and tube current of 40 mA. The XRD patterns
were recorded in the 26 range of 20 to 70°, with a step size of 0.02° and step duration of 1 s. Field Effect
Scanning Electron Microscopy (FE-SEM) technique was also used to observe the surface morphology.
For this, a very small amount of powder was placed on an adhesive carbon tape, coated with
gold/palladium and then observed in a FE-SEM (HITACHI S-4800).

3. Results and Discussions

3.1 X-ray diffraction (XRD) analysis

The structural properties are studied by X-Ray diffraction technique. The XRD pattern of SG synthesis
ZrO; as shown in Fig. 1(A), which is well matched with standard ICCD file no, 01-079-1764 of ZrO,
and showed tetragonal Phase. The XRD pattern of CP synthesis ZrO, as shown in Fig. 2(A) which is
well matched with standard ICCD file no, 01-074-0815. It shows that ZrO; has a single pure phase with
a monoclinic crystal structure which was obtained at 800°C.
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Figure 1: (A) XRD patterns of SG synthesis ZrO; sintered at 300°C and (B) standard ICDD file
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Figure 2: XRD patterns of CP synthesis ZrO, sintered at 800°C

3.2 FE-SEM analysis
Field Effect Scanning Electron Microscope is a well known and reliable technique to analyze
nanoscale materials. It gives surface morphology of materials. The FE-SEM images for SG synthesis
ZrOsas shown in Fig. 3(A-B) at different magnification. It shows that uniform distribution of particles
and spherical like morphology. The FE-SEM images for CP synthesis ZrO; as shown in Fig. 4(A-B) at
different magnification. It shows that amorphous nature and aggregated partlcles of materlals

Figure 3 (A B)FESEM images of SG synthe5|s ZrOZ at dlerent magnlflcatlon (C) EDAX
spectrum of ZrO, _
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Figure 4:(A-B)FE-SEM images of ZrO synthesis by CP at different magnification, (C) EDAX
spectrum of ZrO;

4. Conclusions

Zirconia materials are successfully synthesized using two different methods such as simple Sol-

gel and co-precipitation methods. The formation of tetragonal and monoclinic crystalline phases was
confirmed by powder XRD analysis. The morphology, particle size and nanostructure were analyzed

using FE-SEM
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Abstract

This review explores the intricate realm of piezoelectric energy harvesting, aiming to outline
key parameters influencing performance and guide future developments. A universal
theoretical model categorizes parameters into six groups, covering materials, structural designs,
excitation sources, frequency and speed effects, electrical load impact, and energy
accumulation. The discussion includes materials like ceramics, polymers, and nanomaterials,
structural designs such as off-resonance and on-resonance, and sources of vibrations like
contact force and acoustic power. Examples of potential applications range from structural
health monitoring to human gait power. The review concludes by addressing future challenges
in the field.

Keywords

Piezoelectric energy harvesting,Direct piezoelectric effect,Ambient waste energy,Voltage,
current, charge, power source,Energy scavenger, power generator,Piezoelectric sensors
Materials: ceramics, polymers, single crystals, composites, nanomaterials, lead-free materials
Lead zirconate titanate (PZT),Perovskite structure,Doping,PVDF, P(VDF-TrFE),Lead-free
materials: organic and inorganic, Tungsten bronze, aurivillius, perovskite families,Piezoelectric
nanomaterials,Zinc oxide,Single crystals: PMN-PT, PZN-PT,Cantilever and proof mass
structures,Off-resonance, on-resonance, impact designs,Excitation sources: direct contact
force, low vibration force, hydraulic, pneumatic power, acoustic power,High-frequency, high-
speed harvesters,Electrical load, impedance matching,Energy accumulation,Green energy,
environmental protection,New materials development,Low-power all-in-one devices,Niche
market applications,Gas igniters, ultrasonic energy harvesters,Future prospects,Challenges.

1.Introduction to Piezoelectric Energy Harvesting

A piezoelectric energy harvester is a device that utilizes external forces acting on piezoelectric
elements to generate energy, typically converting ambient waste energy into usable electrical
power. Its mechanism relies on the direct piezoelectric effect, where applied stresses induce
proportional charges on the material's surface. These charges, when connected to an external
circuit, result in current flow through the load, essentially turning the piezoelectric material
into a voltage, current, charge, or power source. The device is also known as an energy
scavenger or power generator. Traditionally, the direct piezoelectric effect has been employed
in sensors like force, pressure, and acceleration sensors. However, in recent decades, there has
been a growing interest in applying the direct piezoelectric effect to energy harvesters. This
shift is driven by concerns over energy depletion, the need for carbon emission reduction,
environmental considerations promoting clean and sustainable energy sources, and the
increasing demand for low-power or powerless applications in smart devices, especially in
situations where battery changes are inconvenient or costly.
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2. Categories of Materials

2.1 Ceramics

Lead zirconate titanate (PZT) is a commonly used piezoelectric polycrystalline ceramic in
various industrial applications, with a chemical formula Pb[ZrxTi1-x]O3, denoted as PZT, and
a perovskite structure. The piezoelectric effect in PZT arises from both intrinsic and extrinsic
factors. The former involves the shift in relative anion/cation positions that preserves the
ferroelectric crystal structures, while the latter is attributed to domain wall motion. For practical
use, PZT materials are often doped with different elements such as Mn, La, Sr, Fe, Cu, etc., to
achieve desired properties.

Various categories of PZT series are available on the market, each with its own
properties, as outlined in Table 1, which also includes a few other piezoelectric materials. PZT
stands out due to its superior performance, ease of manufacturability in bulk, film, or composite
forms with diverse dimensions and shapes, and reasonable cost. It boasts a wide bandwidth,
high natural frequency, and low loss, making it suitable for both off- and on-resonance
applications. PZT's higher Curie point compared to polymers results in a broader temperature
range. As a stiff material, it exhibits significant strain with minimal deflection. The relatively
high piezoelectric coefficients (d and g) and mechanical coercive field make PZT promising
for high-voltage applications.

2.2 Polymers

Poly(vinylidene fluoride) (PVDF) and copolymers like poly(vinylidene fluoride-
trifluoroethylene) (P(VDF-TrFE)) stand out as widely used piezoelectric polymer materials,
differing from ceramics in providing lower piezoelectric coefficients. However, these polymers
offer advantages such as increased mechanical flexibility, lower stiffness, and higher chemical
resistance, mitigating fatigue and enhancing device lifespan. Table 1 outlines typical material
properties. PVDF and its copolymers find applications in sensors, actuators, and energy
harvesters. Notably, PVDF materials, illustrated by examples, demonstrate their effectiveness.
An energy harvester using PVDF-TrFE for MEMS scale applications was produced using
standard MEMS techniques on a Si substrate. The device, featuring cantilever and proof mass
structures with a 1.3 pum spin-coated piezoelectric layer and sputtered Al and Ti/Al thin film
electrodes, exhibited a maximum power output of 35.1 pW for a tip displacement of 500 pum
from a 1200 x 300 um? cantilever. This corresponds to a power density of 97.5 pWmm"2. A
key advantage lies in the low crystallization temperature of PVDF-TrFE (160 °C), enhancing
compatibility with CMOS technology or flexible electronics compared to ceramics.
Consequently, PVDF-TrFE-based piezoelectric energy harvesters emerge as promising
candidates for creating self-sustained lower-power electronics.

2.3 Lead-Free Materials

Lead-free materials have gained attention in recent decades due to environmental concerns
associated with the commonly used lead-containing PZT ceramics. Given the toxicity of lead,
researchers are actively exploring alternative materials to comply with environmental
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regulations for new applications. Lead-free materials can be broadly categorized into organic
and inorganic types. The organic category includes PVDF and copolymers, while inorganic
lead-free materials encompass tungsten bronze, aurivillius (bismuth layer-structured
ferroelectrics), and perovskite families.

Lead-free compositions with perovskite structures, such as BT (Barium
titanate), BNT (Bismuth sodium titanate), and KNN (sodium potassium niobate), along with
their derivatives, are actively researched. Among these, BT-based ceramics and KNN are
notable, with KNN considered a promising lead-free material. Studies have explored BaTiO3-
based ceramics with doping, comparing them with PZT. For instance, compositions like
BaTiO3, Mn-doped BaTiO3, and Mn-doped (Ba0.85Ca0.15)(Ti0.95Zr0.05)03 have been
investigated. In a study comparing these materials with PZT, the results indicate that hard
materials with a higher coercive field exhibit larger voltage and energy. Specifically, Mn-0.2
mol% doped BaTiO3 ceramics generated 432 pJ of energy under experimental conditions of
45 s oscillation, 0.8mm displacement, and 80Hz frequency. While this performance is modest
compared to PZT, it is noteworthy as a lead-free alternative, addressing environmental
concerns.

2.4 Piezoelectric Nanomaterials

Piezoelectric nanomaterials and structures have garnered increased attention in recent years,
with zinc oxide serving as a notable representative. Zinc oxide is abundant, cost-effective,
chemically stable in air, and biologically safe, primarily adopting a hexagonal wurtzite
structure. Unlike PZT, zinc oxide is not ferroelectric, but its nanostructures can be easily
formed on various flexible and rigid substrates using low-temperature methods without the
need for poling.

While the piezoelectric properties of zinc oxide may not match those of PZT,
its versatility lies in the ability to form various nanostructures, including lateral nanorods, tilted
nanorods, vertical nanorods, nanotubes, and nanowires. These structures have the potential to
generate DC or AC voltage in response to external stresses, contributing to their energy-
harvesting capabilities. Numerous examples of such applications have been extensively
explored and are discussed further below.

2.5 Single Crystals

Single crystal materials exhibit significantly superior piezoelectric properties compared to
conventional PZT materials, but their higher cost has limited their use in energy harvesters.
Examples of piezoelectric single crystal materials include lead magnesium niobate—lead
titanate (PMN-PT) and lead zirconate niobate—lead titanate (PZN-PT). To assess their potential
for energy harvesting, a study by Z.G. Yang et al. investigated the performance of PZN-PT and
PMN-PT, comparing them with PZT. The comparison, detailed in Table 3, reveals that single
crystal materials demonstrate larger d and g values, suggesting improved energy-harvesting
performance.The investigation utilized cantilever samples under both off-resonance and on-
resonance conditions. In both scenarios, the single crystal samples exhibited higher power
generation and efficiency compared to PZT materials. This suggests that single crystals could
be advantageous for energy harvesting, although potential challenges such as fatigue,
fabrication, cost, temperature sensitivity, and nonlinearity need consideration. The study
focused on soft PZT materials, leaving the evaluation of hard materials an open question.
Consequently, further research is needed to assess the energy harvesting performance of single
crystal materials under diverse conditions.
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3. Future Prospects

Energy-harvesting technology addresses the need for green energy and environmental
protection. Challenges persist, but demand remains high. Key areas for advancing piezoelectric
energy harvesters include:

e New Materials Development: Focus on materials that offer moderate voltage, higher
current, scalability, and cost-effectiveness.

e Low Power All-in-One Devices: Develop small, low-power all-in-one electrical
devices, like sensor nodes, to power modern, complex devices.

e Niche Market Applications: Explore niche markets such as harsh environments,
inaccessible locations, emergencies, military applications, etc. Successful examples
include gas igniters and ultrasonic energy harvesters for structural health monitoring

4. Conclusion

The efficiency of piezoelectric energy harvesting, as per the theoretical model, relies on
material, structure, excitation, electrical load, frequency/speed, and time parameters. Various
materials, including ceramics, polymers, single crystals, composites, nanomaterials, and lead-
free materials, are used, with some surpassing PZT in specific aspects. Designs involve off-
resonance, on-resonance, and impact structures, with cantilever and proof mass designs being
common. Excitation sources include direct contact force, low vibration force, hydraulic,
pneumatic power, and acoustic power. High-frequency and high-speed harvesters, though less
common, may offer superior properties. Consideration of electrical load, impedance matching,
and energy accumulation over time is crucial for practical applications.
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Abstract:

Supramolecular gels have drawn a lot of interest because of their distinct characteristics
and prospective uses in a variety of industries. This article gives a thorough explanation of
supramolecular gels' categorization and uses. It is possible to comprehend these materials in a
systematic way thanks to the categorization, which is based on the structures and mechanisms
of gelation. The study also examines the several uses of supramolecular gels, such as
medication delivery, tissue engineering, sensors, and catalysis. These gels are extremely
flexible and adaptive for specific applications because to their variable physical characteristics
and capacity to contain functional molecules and nanoparticles. The research emphasizes how
crucial it is to comprehend the supramolecular interactions that cause gelation and the
possibility of modifying gel characteristics to suit certain needs. The final discussion highlights
the need for more research and development to fully realise the potential of supramolecular
gels in improving materials science and allowing advanced uses.

Keywords: Supramolecular gel, Hydrogen Bond, Soft material’s, Molecular Engineering
Introduction:

The scientific community has paid special attention to soft materials and intensively
studying them for the last decade due to their special physical properties over the other
materials. Soft materials are a type of material that has flexibility, deformability, and a low
modulus of elasticity[1]. They are distinguished by their capacity to endure substantial
deformations at low applied stresses. Polymers, gels, colloids, foams, and biological tissues
such as muscle and skin are examples of soft materials. These materials are used in a variety
of disciplines, including biomedical engineering, textiles, coatings, energy storage, and
electronics. Understanding soft materials' mechanical, chemical, and physical characteristics,
as well as how these qualities may be adjusted and optimized for specific purposes, is the reason
behind to the study of soft materials. Especially supramolecular gel holds a major contribution
in the field of advances of soft materials, there are many definitions of gels but, the international
union of Pure and applied chemistry (IUPAC) defines gel as a non-fluid colloidal matrix of
molecules or polymers suspended throughout the volume and this matrix traps the whole
solvents and makes semi-solidus.[1], [2], [11], [12], [3]-[10] So, gel is nothing but the large
amounts of solvents traps using colloidal or polymer matrix of the small amount of ligand, and
the matrix of ligand framed by the self-gathering of small molecules through non-covalent
interactions, such as hydrogen bonding, weak van der Waals forces, m-n staking and
electrostatic interactions[1]-[6]. Supramolecular gels, which are created by non-covalent
interactions between molecules, have several potential uses in various industries, such as; Drug
delivery [13], Tissue Engineering [13], Sensors [14], Catalysis [4], Optoelectronics [9].

Supramolecular gels have special qualities that make them appealing materials for a
variety of uses in many industries, including biocompatibility, reactivity to stimuli, and
adjustable characteristics.

Mechanism of supramolecular gel formation:

Supramolecular gels are compositions of liquid-like solvents and solid-like ligands and
despite containing 99% w/v of liquid phase solvent contribution in composition, the 1% wi/v
solid phase ligand traps the whole solvent in its crosslinks fibrous matrix to form a gel[2], [6].
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And this 3D ligand matrix of gel forms using small molecules or polymers self-assemble into
a network structure during the development of supramolecular gels via non-covalent
interactions such as hydrogen bonds, van der Waals forces, stacking of atoms, electrostatic
interactions, and hydrophobic interactions. The following steps are often included in the
process:

2.1 Dissolution: To create a transparent solution, the gelator molecules are dissolved in an
appropriate solvent.

2.2 Nucleation: As a result of non-covalent interactions, the gelator molecules begin to cluster
together to form nuclei.

2.3 Growth: The nuclei keep expanding and accumulating to build a three-dimensional
network structure that covers the whole solution.

2.4 Maturation: As the network structure grows and stabilises, a gel-like substance that can
sustain its own weight is produced.

Dissolution Nucleation Maturation Gel

Scheme.1. Schematic representation of supramolecular gel formation using different steps.

Classification of supramolecular gels:

Low-
molecular-

Image.1. Pictorial representation of classifications of supramolecular gels.
As shown in image.l. classification of supramolecular gels based on their molecular
makeup can be categorized, which may have an impact on their characteristics and prospective
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uses. Here we explain briefly that Supramolecular gels can be categorised in a number of ways,
as mentioned here;

3.1 Low molecular weight (LMW) gels:

Low molecular weight gels are classified using the molecular size of the gelator we used while
synthesis of supramolecular gels, small molecules that can self-assemble through non-covalent
interactions such as hydrogen bonding, pi-pi stacking, and van der Waals forces create low-
molecular-weight gels (LMW gels), and the majority of the molecules that make up these gels
have a molecular weight of under 10,000 Dalton. The development of a 3D network of linked
fibers or fibrils, which traps a solvent or surfactant to make a gel, is a key step in the self-
assembly of LMW gels, further providing different external stimuli, such as variations in
temperature, pH, or concentration, or mechanical agitation, can cause the gel to develop. To
achieve certain features, LMW gels may be constructed using various chemical structures, such
as amphiphilic compounds, peptides, and organic molecules. For instance, peptides can create
gels that are nontoxic and biodegradable and are suited for biomedical applications, whereas
amphiphilic compounds can create gels with great mechanical strength. LMW gels provide a
number of benefits over other forms of gels, including their adaptable characteristics, simplicity
in production, and potential for use in a variety of industries. These gels are excellent for uses
like medication delivery, tissue engineering, and sensors because they may have specific
features including mechanical strength, porosity, and reactivity to outside stimuli. LMW gels,
all things considered, provide a flexible foundation for the creation of innovative materials with
special features and prospective applications in a variety of disciplines[5].

3.2 Polymer gels:

Polymer gel are classified using the molecular size of gelator we used while synthesis of
supramolecular gels, high molecular weight Polymer chains that may self-assemble through
non-covalent interactions or crosslinking of polymer chains give rise to a particular sort of
supramolecular gel known as a polymer gel. The majority of the time, these gels are made of
polymers with a molecular weight of above 10,000 Dalton. A network of linked polymer chains
is formed during the self-assembly of polymer gels, and this network traps a solvent or
dispersion to form a gel, further providing different external stimuli, such as changes in
temperature, pH, or concentration, or chemical crosslinking, might cause the gel to develop.
To achieve certain features, polymer gels can be made using various chemical structures, such
as natural or synthetic polymers. For instance, synthetic polymers like polyethylene glycol
(PEG) and polyvinyl alcohol (PVA) may generate hydrophilic gels with great mechanical
strength, whereas natural polymers like polyethylene glycol and hyaluronic acid can make
biocompatible gels suited for tissue engineering applications. In comparison to other forms of
gels, polymer gels have a number of benefits, including their adaptability, biocompatibility,
and potential for use in a variety of industries. These gels are excellent for uses like medication
delivery, tissue engineering, and sensors because they may have specific features including
mechanical strength, porosity, and reactivity to outside stimuli. In general, polymer gels
provide an adaptable framework for the creation of innovative materials with special features
and prospective uses in a range of industries[15].

3.3 Hydrogel:

Hydrogel is classified using the solvent used while preparation of the supramolecular gel. A
particular kind of supramolecular gel known as a hydrogel is created by chains of hydrophilic
polymer that can absorb water and form a network structure. These gels are often made of
organic or inorganic polymers with a high affinity for water, such as hyaluronic acid,
polyethylene glycol (PEG), and polyvinyl alcohol (PVA). The hydrophilic polymer chains in
hydrogels absorb water during the self-assembly process, causing them to expand and create a
network structure, further providing different external stimuli, such as variations in
temperature, pH, or concentration, might cause the gel to develop. Different chemical
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structures and crosslinking techniques can be used to achieve various qualities in hydrogels.
For instance, synthetic polymers like PEG and PVA may create hydrophilic hydrogels with
great mechanical strength, whereas natural polymers like PEG and hyaluronic acid can create
biocompatible hydrogels suited for tissue engineering applications. In comparison to other gels,
hydrogels offer a number of benefits, including the potential for use in a variety of biomedical
disciplines and biocompatibility and biodegradability. These gels are excellent for uses
including drug delivery, tissue engineering, and wound healing because they may have specific
qualities like mechanical strength, porosity, and response to external stimuli. Overall,
hydrogels provide a flexible framework for the creation of innovative materials with distinctive
qualities and prospective uses in a variety of industries, particularly the biomedical industry[6].
3.4 Organogel:

Organogels are classified on the basis of solvent present in the gel. Using non-covalent
interactions including hydrogen bonds, pi-pi stacking, and van der Waals forces organic
molecules that can self-assemble to produce supramolecular gels are known as organogels. The
majority of the time, these gels are made of low-molecular-weight organic substances like fatty
acids, fatty alcohols, and their derivatives. The development of a 3D network of linked fibres
or fibrils, which traps an organic solvent to make a gel, is a key step in the self-assembly of
organogels, further providing different external stimuli, such as variations in temperature, pH,
or concentration, or mechanical agitation, can cause the gel to develop. To achieve certain
qualities, organogels can be constructed using various chemical structures, such as fatty acids,
fatty alcohols, and their derivatives. For instance, although fatty alcohols can create
biocompatible and biodegradable organogels ideal for biomedical applications, fatty acids can
create organogels with great mechanical strength. Organogels are superior to other forms of
gels in a number of ways, including their high stability, biocompatibility, and potential for use
in a variety of industries. These gels are excellent for uses like medicine administration,
cosmetics, and food because they may have specific qualities including mechanical strength,
porosity, and response to external stimuli. Overall, organogels provide a flexible foundation
for the creation of innovative materials with distinctive qualities and prospective uses in many
industries, including the food and cosmetics industries[1], [4].

3.5 Peptide gels:

A specific kind of supramolecular gel called a peptide gel is created when peptides self-
assemble through non-covalent interactions such hydrogen bonds, electrostatic interactions,
and hydrophobic interactions. Short peptide sequences, usually not longer than 20 amino acids,
make up the majority of these gels. In order for peptide gels to self-assemble, a network of
linked peptides must first develop. This network then traps a solvent to form a gel. and
providing different external stimuli, such as variations in temperature, pH, or concentration,
might cause the gel to develop. Different amino acid sequences and modification techniques
can be used to design certain qualities into peptide gels. For instance, self-assembling peptides
with high mechanical strength and biocompatibility, such RADA16 and Fmoc-FF, can create
peptide gels that are appropriate for tissue engineering applications. Peptide gels are superior
to other forms of gels in a number of ways, including their potential for use in a variety of
biomedical sectors and their biocompatibility and biodegradability. These gels are excellent for
uses including drug delivery, tissue engineering, and wound healing because they may have
specific qualities like mechanical strength, porosity, and response to external stimuli. Overall,
peptide gels provide a flexible platform for the creation of new materials with distinctive
qualities and prospective uses in a variety of industries, particularly the biomedical industry[8].
3.6 Xerogel:

A procedure known as desiccation, which includes drying the gel under extreme vacuum,
removes the liquid portion of a gel to produce xerogel, a type of solid substance. A low-density,
extremely porous solid with a sizable surface area is the end product. Depending on the liquid
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component that is eliminated during the drying process, xerogels can be made from a number
of gels, including hydrogels, aerogels, and organogels. They can have specific features like
large surface area, porosity, and mechanical strength and are often made of inorganic or organic
materials including silica, alumina, and carbon. To achieve certain features, xerogels may be
created with various chemical compositions and drying techniques. For instance, silica xerogels
with high surface area and mechanical strength suited for catalytic applications may be made
via sol-gel processing. Xerogels are superior to other types of materials in a number of ways,
including their great surface area, low density, and potential for use in a variety of industries.
Applications for these materials include thermal insulation, gas sensors, and catalytic supports.
Overall, xerogels provide a flexible platform for the creation of new materials with distinctive
qualities and prospective uses in a variety of industries, particularly in the catalysis, sensing,
and energy storage industries[10].
We classified the supramolecular gels into different types on the basis of the type of solid ligand
and the type of solvent present in the supramolecular gel system respectively.
CONCLUSION

In conclusion, the study of supramolecular gels has revealed their enormous promise in a
variety of domains, from health applications to materials research. Researchers have been able
to classify supramolecular gels based on their gelation mechanisms and structures via careful
design and knowledge of their distinctive features. This categorization has given researchers a
starting point for understanding and modifying these gels' characteristics, enabling their usage
in a variety of applications. The creation of functional materials has shown to be a great fit for
supramolecular gels. Their extremely adaptive and diverse physical characteristics, including
mechanical strength, self-healing capacity, and stimuli reactivity, make them ideal for a variety
of applications. These gels have been used in a variety of industries, including medicine
delivery, tissue engineering, sensors, and catalysis. Their potential for the creation of new
sensing platforms and catalytic systems, as well as for the targeted and controlled release of
medicinal drugs, is further expanded by the possibility to include diverse functional compounds
and nanoparticles inside the gel matrix. Furthermore, a logical approach to designing
supramolecular gels with certain features has been made possible by our growing knowledge
of the supramolecular interactions that promote gelation. Researchers may fine-tune the gel
qualities, such as gelation kinetics, stability, and reactivity to external stimuli, by modifying
the molecular constituents and their interactions. This degree of control makes it possible to
create gels with specialized functions and creates new avenues for tackling difficult problems
in fields like medication delivery and regenerative medicine Supramolecular gel research has
advanced significantly, however, there are still obstacles to be addressed. Our comprehension
of these systems and their prospective applications will be improved by further investigation
of the fundamental elements of gelation processes and the development of novel
characterization techniques. The practical application of gel synthesis technologies will also
depend on improvements in scalability and repeatability. In conclusion, the identification and
use of supramolecular gels have significant potential to advance materials research and spur
innovation across a range of industries. As this field of study develops, we may anticipate the
creation of novel functional materials and ground-breaking applications that make use of
supramolecular gels' distinctive characteristics and will enhance science, technology, and other
fields.
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Abstract

This review paper offers a comprehensive examination of the utilization of natural dyes in Dye-
Sensitized Solar Cells (DSSCs). Natural dyes, sourced from a variety of plants, fruits, and
vegetables, present a sustainable alternative to synthetic counterparts in solar cell applications.
The paper delves into the environmental sustainability, diverse sources, and potential
challenges associated with the incorporation of natural dyes in DSSCs. Emphasizing ongoing
research efforts, the review discusses strategies to improve stability and efficiency, considering
biodegradability and end-of-life aspects, as well as innovative approaches, including hybrid
systems. The paper also underscores the aesthetic appeal and potential integration of natural
dye-based DSSCs into architectural designs. Future prospects outlined in this review involve
scaling up production, enhancing public awareness, and fostering collaborative efforts to
advance the viability and acceptance of natural dyes in the realm of solar energy.

Keywords: Natural Dyes; Dye Sensitized Solar Cell; Photovoltaic Cell

1. Introduction

Dye-sensitized solar cells (DSSCs), also known as Grétzel cells, are a type of solar cell that use
a photoelectrochemical system to generate electricity from sunlight. Here are some reasons
why Dye Sensitized Solar Cells are of interest:

e DSSCs can be fabricated using low-cost materials and simple manufacturing processes.
This makes them potentially more cost-effective than traditional silicon-based solar
cells, which require expensive and complex manufacturing methods.

e DSSCs can be designed in various shapes and sizes, making them flexible and adaptable
for different applications. This flexibility in design is particularly advantageous for
integration into building materials, windows, or wearable technologies.

e DSSCs perform well under low-light conditions and can generate electricity in diffuse
or indirect sunlight. This makes them suitable for regions with less sunlight or for
indoor applications where conventional solar cells might not be as effective.

e DSSCs are generally lightweight and can be fabricated as thin films. This characteristic
makes them suitable for portable applications, such as mobile devices, backpacks, or
clothing.

e DSSCs can be made transparent, allowing them to be integrated into windows or other
transparent surfaces without obstructing the view. This feature is attractive for building-
integrated photovoltaics.

Despite these advantages, it's essential to note that DSSCs also have some challenges, such as
stability issues over time and lower efficiency compared to traditional silicon-based solar cells.
Researchers continue to work on improving the efficiency, stability, and scalability of DSSCs
to make them more competitive in the solar energy market.
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2. Importance of Natural Dyes in DSSC

Natural dyes play a crucial role in Dye-Sensitized Solar Cells (DSSCs) for several reasons,
contributing to both environmental sustainability and improved performance. Here are some
key aspects of the importance of natural dyes in DSSCs:

e Natural dyes are derived from plant extracts, fruits, vegetables, or other organic
materials, making them a renewable and sustainable source of colorants. Using natural
dyes aligns with the principles of green chemistry and promotes environmentally
friendly practices in solar cell technology.

e The production and application of natural dyes typically involve fewer toxic chemicals
compared to synthetic dyes, reducing the environmental impact of the solar cell
manufacturing process. Avoiding the use of harmful chemicals aligns with the goal of
creating more eco-friendly and sustainable technologies.

e Natural dyes are often more cost-effective than their synthetic counterparts. This
affordability is especially important for making DSSCs economically competitive with
other solar cell technologies.

e Natural dyes can be extracted from a wide range of sources, providing a diverse palette
of colors and chemical compositions. This diversity allows researchers to explore
various natural dye options, optimizing the absorption spectrum and enhancing the

overall efficiency of DSSCs.
Despite the advantages of natural dyes, it's important to note that they also pose challenges
related to stability, efficiency, and consistency. Researchers are actively working to address
these challenges and improve the overall performance of DSSCs using natural dyes.
Integrating the benefits of natural dyes with advancements in solar cell technology can
contribute to the development of more sustainable and environmentally friendly energy
solutions.

3. Various Sources of Natural Dyes for DSSC
Natural dyes used in Dye-Sensitized Solar Cells (DSSCs) are derived from various plant
sources, fruits, vegetables, and other organic materials. The choice of natural dye influences
the absorption spectrum and overall performance of the solar cell. Here are some types of
natural dyes commonly used or explored for DSSC applications:
e Anthocyanins:
o Found in various fruits, flowers, and leaves, anthocyanins are water-soluble
pigments responsible for red, purple, and blue colors.
o Examples of sources include berries (blueberries, raspberries, etc.) and red
cabbage.
e Chlorophyll:
o Chlorophyll is the green pigment present in plants and is essential for
photosynthesis.
o Spinach, parsley, and other leafy green vegetables are potential sources of
chlorophyll for DSSCs.
e Carotenoids:
o Carotenoids are pigments responsible for yellow, orange, and red colors in
fruits and vegetables.
o Examples include lycopene from tomatoes, beta-carotene from carrots, and
xanthophylls from marigold flowers.
e Betanin:
o Betanin is a red pigment found in beets. It belongs to the betalain class of
pigments.
o Beets can be a source of natural dye for red or violet-colored DSSCs.
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e Blackberry and Raspberry Extracts:
o Extracts from blackberries and raspberries contain anthocyanins and can be
used as natural dyes in DSSCs, contributing to the red and purple spectrum.
e Pomegranate Peel Extract:
o Pomegranate peel contains pigments such as anthocyanins and ellagitannins,
offering potential as a natural dye source for DSSCs.

It's important to note that the efficiency and stability of DSSCs depend not only on the type
of natural dye used but also on the overall design of the cell, the electrolyte, and other factors.
Researchers continue to explore and optimize natural dyes to enhance the performance and
viability of DSSCs as a sustainable solar energy technology.

4. Future Prospects

The future prospects for natural dyes in Dye-Sensitized Solar Cells (DSSCs) hold promise and
involve ongoing research and development efforts aimed at addressing challenges and
optimizing their performance. Here are some potential future directions and advancements for
natural dyes in DSSC applications:

Improved Efficiency:

e Researchers are working to enhance the light-harvesting efficiency of natural dyes
in DSSCs. This involves identifying new natural dye candidates with broader
absorption spectra and improved charge injection capabilities.

Stability Enhancement:

e Stability remains a challenge for DSSCs, and efforts are underway to improve the
long-term stability of natural dye-based cells. This includes exploring strategies to
enhance the dye's stability and prevent degradation over time, especially in the
presence of light and harsh environmental conditions.

Novel Natural Dye Sources:

e Continued exploration of diverse natural sources for dyes, including novel plants,
fruits, vegetables, and even unconventional sources such as microorganisms or
algae, may lead to the discovery of new and efficient dye molecules.

Synergy with Synthetic Dyes:

e Researchers may explore hybrid systems that combine natural and synthetic dyes to
leverage the advantages of both. This approach could lead to improved efficiency,
stability, and tunability of the dye-sensitized solar cells.

Tandem and Multijunction Cells:

e Combining natural dyes with other types of solar cells in tandem or multijunction
configurations may allow for more efficient utilization of the solar spectrum, further
enhancing the overall efficiency of DSSCs.

As research in the field of DSSCs continues, it's likely that advancements in natural dye
technology will contribute to the development of more sustainable and eco-friendly solar
energy solutions. Collaboration between researchers, industry, and policymakers will play a
crucial role in shaping the future of natural dyes in DSSC applications.

5. Conclusions

In conclusion, natural dyes for Dye-Sensitized Solar Cells (DSSCs) offer a promising avenue
for sustainable and environmentally friendly solar energy applications. The unique properties
of natural dyes, derived from various plant sources, fruits, and vegetables, make them
attractive for use in solar cells. The future of natural dyes in DSSC applications depends on
overcoming technical challenges, improving efficiency and stability, and advancing large-
scale production methods. With ongoing research and collaborative efforts between scientists,
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industry stakeholders, and policymakers, natural dyes have the potential to contribute
significantly to the development of sustainable and efficient solar energy technologies.
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Abstract

Upconversion (UC) phosphors have a wide range of technological uses. There is a tendency
towards either finding a new efficient UC phosphor or improving the UC efficiency and other
attributes of the currently available phosphor by modifying the synthesis process, adding other
dopants, altering the size of the particulates, changing the environment, and other factors.
Because of its superior chemical and physical characteristics, Y203 is one of the most
investigated hosts for UC luminescence. The current work emphasizes the effect of Cd?* and
K* on UC emission in Y203:YbEr UC phosphor. The phosphors have been synthesized with
varying concentration of Cd?* and K*. The impact of Cd?* and K* dopants on UC emission has
been observed. The UC emission spectra recorded with stimulation at 980 nm shows strong
emission in red band and weak emission in green band. The possible application of prepared
phosphors in optical thermometry has also been reported.

Keywords: Upconversion luminescence; combustion synthesis; powder X-ray diffraction;
yttrium oxide, optical thermometry.
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ABSTRACT:

This review discusses nanocomposite based on graphene, as well as the synthesis of these
graphene based nanocomposite. Various methods are discussed, including the sole -gel method,
Hummers method, Co precipitation method, electrochemical method, etc. By using these
methods, the graphene based nano-composites are prepared. Graphene-based nanocomposite
possess mechanical, electrical, thermal, and optical properties. They have many applications in
potential field sectors, such as super capacitor applications, biomedical applications, EMI
shielding, sensors, and solar cell applications.

Keyword: Nanocomposite; graphene; advanced applications.

INTRODUCTION:

Nanotechnology is the field of application-based research in Nanoscience. It has expanded to
include environmental remediation applications. It involves the study of manipulating and
controlling matter at the micrometer scale. The micrometer is approximately 1 to 100
nanometers, which is 1079 meters in length (2D). There are many types of nanosciences, such
as nanotubes, nanoparticles, graphene, quantum dot, nano-medicine, nanocomposite and
manufacturing composite materials. A nanoparticle is a particle that is 1 to 100 micrometers in
size and consists of a macromolecule material containing the active ingredient. They are found
in nature and can also be created by human activities. Due to their small size, nanoparticles
have unique material properties and can be used in a variety of applications, such as medicine,
engineering catalysis, environmental remediation, and manufacturing nanoparticles.
Nanocomposite the general idea of nanocomposite is based on the concept of creating a very
large interface between the nano sized building blocks and polymer matrix the main problem
of nanocomposite are usually the homogeneous distribution of particles in the polymer matrix.
And interfacial interaction Nanocomposite in which at least one of the phase shows dimension
in nanometer range, i.e. (lnm=10°). The materials used to make nanocomposite are separated
into three categories: metal matrix nanocomposite, polymer matrix nanocomposite, and
ceramic matrix nanocomposite. Properties: The electrical, thermal, mechanical, magnetic,
chemical, radioactive, and watt ability properties of nanocomposite vary if the nanomaterial
converts from bulk to nanoscale

Graphene: Graphene is an allotrops of carbon, is the thin, almost see through a sheet that is
only one atom thick. it is incredibly lightweight but also incredibly strong , with a strength 100
times that of steel additionally, it has the unique property of being able to conduct electricity.
of carbon consisting of a single layer of atoms arranged in a two dimensional honeycomb lattice
nanostructures. Graphene is characteristerized as the thinnest material in our universe. It is a
single atomic layer of graphite has been extensively studied owning to its exceptional electrical
and mechanical properties. its two dimmensional sheet-like structures and excellent
conductivity led to the use of graphene in a wide area of application becouse of its high surface
area. Its has become a valuable and useful nanomaterial due to its exceptionally high tensile
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strength this nanomaterial has made it desirable and practical. Transparency, electrical
conductivity, and the world's thinnest two-dimensional substance Graphene is a single sheet of
pure carbon arranged in a flat hexagon pattern. It has use in electronics, transportation, and
medicine, among other fields.the high quality graphene also provide bto be sparingly easy to
isolate, Andre Geim Konstatin at the University of Manchester won the Nobel Prize in physics
in 2010”for grounbreaking experiments regarding the Two-dimenssinal material graphene. the
elements of other allotrops , including graphite , charcoal, carbon nanotubes and fullerence.
Graphene is made using one of two tree-type methods:

1. Exfoliation

2. A liquid exfoliation

3. The method of chemical deposition

Synthesis methods of nanocomposites fron Graphene:

a)Sol —Gel: The technique is a standard procedure for creating nanoparticles with various
chemical compositions. The creation of homogenous sol from precursors and its transformation
into gel form the cornerstone of the sole-gel process.

b)Electrochemical Method : the electrochemical synthesis method for the fabrication of
nanostructured energy materials, and various nanostructures, such as nanostructures , such as
nanorods nanowires, nanotubes, nanosheets, nanostructures, and composite ,and nanostuctures
can be easily fabricated with advantages of low cost.

c)Co-precipitation method: Co-precipitation is the simultaneous precipitation of multiple
compounds from a solution. This is the most effective inextensive method for nanoparticle
precipitation. In this method, methal precipitates from a salt precursor as hydroxide in the
presence of base in a solvent.

d) Hummer’s method: Hummer's method is a chemical method for the production of graphite
oxide by adding pottasium pergnete to a graphite solution containing sodium nitrate and
sulfuric acid.

Applications:

1. The utilization of decorated ZnO graphene nanocomposites not only enhances the
photocatalytic property of ZnO (Gz) nanocomposite, but also finds applications in the field
of energy, particularly in the development of nanofiber-like nanocomposite for
supercapacitor energy storage devices.[1]

2. Graphene-based nanocomposite exhibit superior performance in Lithium-ion batteries due
to their high power density and rapid charging capabilities in hydrogen fuel.[13]

3. The nanocomposite based on graphene, when utilized in EMI shielding applications,
exhibit remarkable compatibility in augmenting radiation adsorption and electromagnetic
radiation shielding properties.[31]

4. In the textile industry, the utilization of protective clothing is prevalent, while in the
military sector, nanofibers find application to enhance the capacity for chemical and
biological detection.[8]

5. The Ceo2-Mno2/RGO Nanocomposite Were Used for the Electrode Material InSuper
capacitor Application.[5]

6. Facile Synthesis Of Zno Reduced Graphene Oxide For NO2 Gas Sensing Application [25]
Conclusions:

There are several ways to create graphene-based nanocomposite, including Hummer's method,
co-precipitation, electrochemical, and hydrothermal methods; however, the sol-gel approach is
the most efficient. The properties of graphene like tough, flexible, lightweight, and with a high
resistance thinness and conductivity have led to global research into its applications as a
semiconductor. Additionally, a review of numerous applications that concentrated on future
aspects was conducted. These included the most beneficial applications in fields with great
promise, such as solar cells, EMI shielding, super capacitors, and sensors.
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Abstract

The thin films of 1 : 1 EC/PVC polyblend system of pure and doped with 5%, 10%,
15%, 20% and 25% salicylic acid (SA) where prepared by using isothermal evaporation
technique. The electrical conduction mechanism was studied by investigating the electrical
properties of salicylic acid doped 1 :1 Ethyl Cellulose (EC)-Polyvinyl Chloride (PVC) blends.
The DC conductivity was measured as a function of temperature (303-343) frequency electric
field. The AC conduction mechanism was discussed in terms of AC Conductivity (Oac),
Dielectric Loss (&), Dielectric Constant (er) as a function of temperature (303-343K) and
frequency (20Hz-1MHz) by LCR meter. The results reveal that, the AC conductivity of thin
films increases with increase of temperature for all values of frequencies and it increases with
increase of frequency at constant temperature. The dielectric constant decreases with increase
of temperature of blends.
Key Words : EC- Ethyl cellulose, PVC-polyvinyl chloride, salicylic acid.

I. Introduction

When two or more polymers are mixed together, the properties of the resulting mixture
are quite different, which can be potentially useful. In number of application bands study is
essential, for light emitting diode, transparency in the visible region combine with high
electrical conductivity [1]. Various research groups have undertaken extensive studies of the
parameters that govern miscibility and have attempted to gain a good knowledge of the
thermodynamics of the mixtures [2-7]. This provides the relationship between the phase
behaviour of blends and polymer — polymer energy interaction this relationship predicts
whether the two components will form miscible or immiscible blend. The study of dielectric
constant, dielectric loss and AC conductivity, as function of frequency is one of the most
convenient and sensitive methods of studying the polymeric structure [8]. For determining the
dielectric behaviour with the physical structure is very important.

PVC is a commercially available polymer with good dielectric constant and is good
mechanical stiffener [9, 10] PVC is polar and is used in cable and wire covers, children toys
and medical devices [11] PVC is widely used due to its high electrical and chemical resistance
and ability to be mixed with wide range of physical and chemical properties [12]

EC is weakly polar which has excellent chemical resistance and good mechanical
properties. It is thermally stable. EC is used for many application due to its activeness [13] EC
is already extensively used for films thickening agents [14, 15] It is compatible with other
polymers and plasticizers and can therefore be use to make waterproof films [16, 17] Many
researcher reported the electrical conductivity of PVC and EC.

In the present work, we study AC conduction to identify the mechanism of electrical
conduction.

I1. Experimental details

Polyvinyl chloride (PVC) of standard grade supplied by poly Chem industry, Mumbai
and EC from s.d. Fine Chem. Ltd., Mumbai, India where used for the study. Solvent Tetrahydro
furan (THF) and salicylic acid as used as dopant.
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Method of Preparation
The two polymers ethyl cellulose (EC) and polyvinyl chloride (PVC) were taken in the
ratio 1:1 and dissolved in common solvent (THF)Tetrahydrofuran. Then the poly-blend films
of EC-PVC pure and doped with salicylic acid in different weight percentage (5%, 10%, 15%,
20%, 25%) were prepared by isothermal evaporation technique [18-22] but the results are only
interpreted for EC-PVC pure and 25% doped with salicylic acid . Further the dried films were
sandwiched between silver coins for better electrode contact .The thickness of the film was
measured by digital micrometer (Mitutoyo Corporation, Japan)
Then the film was kept between the electrodes of specially designed sample holder. The
AC frequencies were applied (in the rangelkHz-1MHz) across the sample by using the 4284
A precision LCR meter (model no4284)(20Hz-1MHz) supplied by Agilent Technologies
,Singapore and the corresponding Dielectric constant (er),AC conductivity were measured in
the temperature range 323 K -363K . From the dielectric data, the values of AC Conductivity
of the samples were calculated by using the relation eq.1 [23].
Gac = f & tan /1.8 x 100 (1)
where, f — frequency applied in Hz
e— Dielectric Constant at frequency f
tan 6 - Dielectric loss tangent

I11. Results and Discussion
I. Variation of Conductivity with Ln f at different constant temperature.
{Fig. 1 (a) to (b)}
ii. Variation of Dielectric Constant ((0r) with Ln f at different temperatures
{Fig. 2(a) to (b)}
ii. Variation Dielectric Loss (O0”) with Ln f. {Fig. 3 (a) to (b)}
iv. The Results of the present study have been presented in the form of graphs as
underl. Variation of Dielectric Constant ((0r) with temperature at different
frequencies. {Fig. 4 (a)to (b)}
V. Variation of Conductivity with temperature at different constant frequencies.
{Fig. 5 (a) to (b)}
Prominent Findings
> At constant temperature, A C Conductivity (Oac) increases with the increase of
frequency.

> At constant frequency, A C Conductivity (Oac) very marginally increases with the
increase of temperature.

> At constant frequency, A C Conductivity (Oac) increases with the increase in the
percentage of dopant.

> At constant frequency, Dielectric Constant (Or) increases with the increase of
temperature.

> At constant temperature, Dielectric Constant (Or) decreases with the increase of
frequency.
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(a) 1:1 EC PVC SA (0) (b)1:1 EC PVC SA (25)
Fig. 1 (a) & 1 (b) variation of conductivity with freq. (Ln f) at different constant temperature

i AR

(a) 1:1 EC PVC SA (0) (b) 1:1 EC PVC SA (25)
Fig.2¢a) &2(b) Variation of dielectric constant ( ) with freg. (Ln f) at different constant temperature
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Fig.3(a) &3(b) Variation of dielectric loss { ') with freq. (Ln f} at different constant temperature
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Fig.4(a) &4(b) Variation of dielectric constant { ) with temp. at different frequencies

-4.00
6.00
800
-10.00

-12.00

Long

-14.00

-16.00

-18.00

-20.00

() 11 EC PVC SA (0)
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Conclusions

i The conductivity of 1:1 EC PVC system increases with increase in frequency.
ii. The value of dielectric constant increases with increase in temperature.
iii. AC conductivity of 1:1 EC PVC SA (25) is greater than 1:1 EC PVC SA (0)

polyblend.
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Abstract:

Lead titanate PbTiO3 nano-powders have been synthesized using wet chemical method.
Effects of synthesis conditions sintering temperature (500°C-800°C), sintering time (4 hr.) and
on the phase formation, morphology were studied. The produced lead titanate powders were
investigated using X-ray diffraction (XRD), scanning electron microscope (SEM) and
transmission electron microscope (TEM). The results obtained showed that pure single
tetragonal PbTiO3 phase was obtained for thermally treated precursors at 600°C with sintering
time 4 hr. The crystallite size of the pure PbTiO3z was in the range between 25.44 to 35.84 nm.
SEM and TEM micrographs shows that sintering temperature have significant change in the
morphology of the produced lead titanate powder.

Key words: Wet Chemical Route, PbTiOs, XRD, structural properties.
Introduction:

Lead titanate, PbTiOs, is one of the simplest and the most important members’ of
ferroelectric, pyro-electric and piezoelectric materials with perovskite structure ABO3s where
A is a monovalent or divalent cation with large radius, B is pentavalent or tetravalent cation
with small radius and O is oxygen [1]. Owing to their ferroelectric nature, PbTiO3s show high
spontaneous polarization (75-88 nC/cm?), high dielectric constant and high Curie temperature
of 490°C. At this temperature, the material undergoes a first order transition from high
temperature para-electric phase with higher symmetry and then without spontaneous (Pm3m
cubic perovskite structure) into a low temperature ferroelectric phase (P4 mm tetragonal
perovskite structure) [2]. At room temperature, it exhibits a lattice parameter of c= 4.150 A and
a= 3.904 A, thus giving a c/a as high as 1.063. Large c/a ratio in PbTiO3 at low temperature
confer tetragonal phase, it disintegrates into powder when cooled through the Curie point.
Synthesis of PbTiO3 by wet chemical methods offer advantages because of high-purity, good
stoichiometry and controlled particle size. [3-8]

Lead titanate (PbTiO3) is a ferroelectric nano-crystalline powder that has not only been
proved to be a technologically important material but also it is a significant component material
in electronics such as capacitors, ultrasonic transducers, thermistors, and optoelectronics.
These systems are due to their potential applications as ferroelectric materials [9-13]. The
conventional solid-state reaction has a tendency to produce a coarse PbTiOs powder with
compositional in homogeneity and a degree of particle agglomeration if the processing
parameters are not carefully optimized. Therefore, many chemistry-based processing routes,
including co-precipitation, sol-gel synthesis, hydrothermal and citrate routes have been devised
for the preparation of an ultrafine, sintering-reactive PbTiOz powder. Our method of
synthesizing PbTiOs relies on the reaction between Lead Nitrate [Pb (NO3).] and Titanium
Isopropoxide [C12H2804Ti] at high temperature.

Experimentation:

Molar proportions of Pb(NOs). (Lead Nitrate) is dissolved in Titanium Isopropoxide
[C12H2804Ti] in liquid. The lead titanate were prepared by dissolving solid lead nitrate powder
in pure water and stirred for 1 hr. at 100°C in reaction flask, when the lead nitrate was dissolved
in water, then a stoichiometric amount of titanium Isopropoxide was added to the solution and
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the solution was refluxed at 100°C for 1 hr. and the solution was kept at 100°C for 4 hr. to get
nanocrystalline powder. Nanocrystalline powders with various crystallite sizes were obtained
by calcining the powder at different temperatures at 500°C, 600°C, 700°C and 800°C. Structure
and phase transformation analyses were investigated by XRD in the range of 0°-90°. The
average crystallite size was calculated from the full width at half maximum of the diffraction
lines using Scherrer’s relation.

RESULTS AND DISCUSSIONS

X-RAY DIFFRACTION: XRD pattern of the PbTiOs calcined at 500°C, 600°C, 700°C and
800°C is shown in Fig.1 at 500°C; the crystallization of tetragonal lead titanate phase began
along with traces of impurity phase. At 500°C all peaks can be indexed to the PbTiO3 with a
tetragonal structure. No peak corresponding to any of the source materials or allotropic forms
was found, suggesting that a pure crystalline compound exists. The crystallinity of the produced
phase was increased with the increasing calcination temperature from 500°C to 800°C. The
diffraction peaks corresponding to diffraction planes (101), (110), (100), (001), (200) and (211)
which ascribed to tetragonal PbTiO3 phase were obtained. On the other hand, the decreasing of
the calcination temperature to 500°C lead to form of the mixture of leads titanate PbTiO3, lead
oxide PbO and titanium dioxide TiO> phases. The crystallite size of the particles calcined at
various temperatures could be calculated by the Scherrer’s equation: t =k A /B cos 6 (where t
is the average size of the particles, assuming particles are spherical, k = 0.9, A is the wavelength
of X-ray radiation, P is the full width at half maximum of the diffracted peak and 0 is the angle
of diffraction. The crystallite size obtained from XRD data at 500°C, 600°C, 700°C and 800°C
were 25.44 nm, 26.47 nm, 27.44 and 35.87 nm respectively. XRD peaks present 101 for PbTiOs
sample calcined at 500°C represent PbO phase with the plane 101 [JCPDS File No. 381477].
As the calcined temperature increases the blending of PbO with TiO2 get optimum resulting in
the shifting of peak position.
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Fig.1 XRD Analysis for PbTiOs
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b c d
Fig. 4 SEM image for a, b, c and d for PbTiOs sintering temperature
at 500°C, 600°C, 700°C and 800°C

e f g h
Fig. 5 TEM image for e, f, g and h for PbTiO3 sintering temperature
at 500°C, 600°C, 700°C and 800°C

Fig.2. shows the variation of c/a ratio with the sintering temperature, which clearly
indicates c/a ratio, is maximum at 500°C which means stable tetragonal phase at 500°C and
decreases for 600°C, 700°C and slightly increase for 800°C. Decrease in c/a ratio afterwards
indicates dispersion from tetragonality and an approach to the cubic phase with higher sintering
temperature.

Fig. 3 shows variation between calcination temperature and crystalline size of Lead
Titanate. With respect to temperature for lead titanate at 500°C, it has a less value. The plot
shows increased to crystallite size at 600°C and 700°C then that of at 500°C and 800°C. As
calcination temperature increases, the crystallite size lightly increases at 600°C and 700°C then
that the crystallite size is sudden increase at 800°C, in crystallite size will be reflected in the
further structural for TEM and magnetic studies.

Surface micrograph in figure 4 of materials confirms that of lead titanate is smooth at
micro-level and average. Its surface began to change with synthesised materials calcined at
500°C 600°C, several crystalline grains with average dimension image 50 L m are observed. A

few fine grains of less than 1 L m dimension image can be viewed. This microstructure supports
perovskite structure of lead titanate, which has also already been confirmed by XRD results.
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Fig. 5 shows the TEM image and the powder and corresponding calcination
temperatures. These results demonstrated crystallinity of the materials. Size of nano-crystallites
calculated from XRD data and the particle size with the TEM images of PbTiO3z are compared.
[13] The diffraction patterns illustrating spot patterns of the tetragonal structure of PbTiO3
indicates highly crystalline PbTiO3 particles. The crystallite size from XRD data is small in
case of powder calcined at 500°C, 600°Cand 700°C. Its value is large for the powder calcined
at 800°C. It may be due to the preferred grain growth of materials. The trend that has been
observed in crystallite size and TEM particle size agree to each other although the magnitude
differs. In XRD the crystallite size is an average while in the case of TEM particle size. The
morphology of particle in TEM micrograph suggests that the grain growth pattern changes with
calcination temperature. It is also observed that most of crystallites of PbTiO3 adhere together
and form large particles. [14]

Conclusion:

This work done attempted to generalize the reaction for material synthesis by using the
wet chemical route is successful. The average crystallite size 25.44 nm, 26.47 nm, 27.44 and
35.87 nm at 500°C, 600°C, 700°C and 800°C calcinations was assured from XRD peaks. The
variation in c/a ratio showed transition from Cubic to tetragonal phase. The grain size also
increase with increased calcination temperature. The smallest crystallite size in the range 25.44
— 35.87 nm can be obtained at low calcination temperature 500°C. SEM and TEM micrographs
showed that the produced pure lead titanate nano-powders were formed in the nano-spheres
with narrow particle size distribution.
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Abstract

The surfaces of p-type SmFeOs thick film were modified by simple dipping method.
SmFeOs films prepared onto glass substrate were inserted into a cobalt chloride solution for 5
min. These films were fired in muffle furnace and their FE-SEM and EDX micrographs were
recorded. The films were porous in nature and well dispersion of cobalt particles on the surface
of SmFeOs film was observed. Gas sensing performance of as-prepared Co-SmFeOs film was
analyzed in presence of ammonia, ethanol, hydrogen, LPG, carbon dioxide and chlorine. The
observations showed that the film was selective to ammonia and exhibited better gas response
as compared to SmFeOs film. Maximum gas response to 50 ppm ammonia at 200 °C was 6.39
which was three times more than that of SmFeOs film. The effect of Co surface modification
on microstructure and ammonia gas sensing properties SmFeOs film was discussed.

Keywords: Surface modification, Gas Response, selectivity, Chemisorption, Reducing gas.

1. Introduction

Need of environmental monitoring has made considerable amount of research in solid
state gas sensors based on semiconductor metal oxides. ZnO, TiO2, SnO; and their composites
are well known materials for solid state gas sensors [1-3]. Some ABOs- type perovskites such
as SmFeO3 also presented good gas sensing characteristics [4]. P-type SmFeOs has been
investigated repeatedly by my researchers in the fabrication of sensors for the monitoring of
oxidizing gases such as ozone [5]. But under reducing condition, phase separation and low
electrical conductivity was observed for P-type SmFeO3 [6]. The electrical conductivity can be
increased by creating more oxygen vacancies on the surface of material. Addition of oxidizing
or reducing elements to SmFeOs is better approach for increasing the number of oxygen
vacancies at its surface. This can be achieved either by doping method or dipping method. Co,
Ce and Ni dopants were investigated for the modification of SmFeOs [7-8]. Cobalt is reducible
element addition of which to pure SmFeOs can induce more oxygen vacancies. In cobalt doped
SmFeOgs, each Co?* ion delivers one electron and therefore Co misfit act as oxygen vacancy
[9].R. C. Michel reported synthesis and characterization of SmCoOs for enhanced gas sensing.
Since Co-O bond is weaker than Fe-O bond, problem of chemical stability can arise for
reducing gases. Therefore addition of controlled amount of Co to pristine SmFeQs is essential.

In our previous work, nanocrystalline SmFeO3 powder was prepared by sol-gel method
and SmFeQO3 thick film was fabricated onto glass substrate by screen printing method [10]. In
present investigation, as prepared SmFeOs film was surface modified with cobalt and the
corresponding gas sensing properties were studied.

2. Experimental

As reported in our earlier work, nanocrystalline SmFeOs powder was synthesized by
sol-gel method and SmFeOs films were formed onto the glass substrate by screen printing
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technique [10]. 0.1 M aqueous cobalt chloride solution was prepared by using CoCIl.6H.0O and
distilled water. To this solution, as prepared SmFeO3s film was dipped for 5 min. Finally the
film was fired for 30 min at 550 °C before applying for further investigations.

The microstructure of Co-SmFeOs film was observed by FE-SEM technique. The wt
% of Sm, Fe, O and Co present on the film was measured in EDX spectra. Gas sensing
performance of as prepared Co-SmFeOs film was tested in static gas sensing set-up. Target
gases employed in the experiment were ammonia, ethanol, hydrogen, LPG, carbon dioxide and
chlorine.

3. Results and Discussion
3.1. XRD, morphological and elemental analysis:

The recorded XRD spectra of as prepared nanocrystalline SmFeOs powder was
explained in previous publication conforming the formation of pure polycrystalline SmFeOs3
with average crystallite size 50 nm [10].

FE-SEM micrographs and EDX spectra of Co-SmFeOs film was presented in Fig. 1
and Fig. 2 respectively.

'r'll|=|||:E‘-Ii1!l\ll]l|__!m|_"1',l1l!:!l\‘

Fig. 1: FE-SEM of Co-SmFeOs; film Fig. 2: EDX image of Co-SmFeQs film

FE-SEM micrograph seems to be consists of large number of grains having size in the
range 47 nm to 80 nm. Particles appear irregular in shape and the agglomeration of particles
was also observed at some places. Co particles might be distributed around the larger grains.
Porosity observed in Co-SmFeOs film favours adsorption and desorption processes. EDX
spectra of Co-SmFeQz film confirmed the incorporation of Co on the surface of SmFeO3 film.
Co has occupied Sm or Fe sites in SmFeOs perovskite structure.
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3.2 Gas sensing properties:

Performance of gas sensor is generally determined from its gas response, optimal
operating temperature, selectivity and stability. For p-type SMO, gas response is expressed as
(Rg/Ry) where R, and R, represents resistance of semiconducting material in target gas and
in air respectively [11]. In our previous work, SmFeO3 film was selective to ammonia gas but
the gas response to 50 ppm ammonia gas at 200 °C was only 2.07. In present investigation,
Co-SmFeOs film was also selective to ammonia gas but this time the response was 6.39 which
is three times larger than the response of pure SmFeOs film although the optimal operating
temperature was same.

To study temperature dependence of gas response, the responses of Co-SmFeOs film to
50 ppm ammonia were calculated at different operating temperatures ranging from 30 °C to
400 °C and presented in Fig.3.

———SmFeO3

Ammonia Gas Response
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Fig. 3: Dependence of 50 ppm ammonia gas response on operating temperature for SmFeO3 and Co-SmFeO3
films.

Initial growth and then decay in gas response was observed with the increase in
operating temperature. The maximum gas response 6.39 was obtained at optimal operating
temperature of 200 °C. This variation in gas response with operating temperature is related to
adsorption and desorption rates. Below optimal operating temperature, desorption rate is very
small and above optimal operating temperature, desorption rate is high. Hence small change in
resistance and thereby decrease in response at lower and higher temperatures was recorded.

The change in resistance of Co-SmFeOs film was monitored for 60 days and the results
are graphically illustrated in Fig. 5. Negligible change in the resistance of sensor was observed
indicating good stability and durability of Co-SmFeO3 film.
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Fig. 4: Stability of Co-SmFeO3 based sensor.
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3.3. Ammonia gas sensing mechanism:

The most accepted gas sensing mechanism of p-type SmFeOs is described below. In
presence of air, the adsorbed oxygen species extract the electrons from conduction band and
get converted to 05,20~ or 0%~ depending on the temperature. Due to this, concentration of
electron holes increases and the resistance of film decreases. When Co-SmFeQOs film is exposed
to ammonia gas, the extracted electrons returned back to the conduction band and the resistance
of film increases. Eq. 1 depicts the chemical reaction of ammonia gas with chemisorbed oxygen
[26].

2NHz + 07 (gas) + 02 = 2NO, + 3H,0 + 5e™. (D
3.4. Conclusion:

In this investigation, SmFeOs film was surface modified with Co by dipping it in cobalt
chloride solution for 5 min. As prepared Co-SmFeOs film was selective to ammonia gas. To
50 ppm ammonia gas, response of Co-SmFeO;3 film was 6.39 at 200 °C which is three times
more than that of SmFeOs film. The increased ammonia gas response is related to the
additional oxygen vacancies induced by Co misfits.
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Abstract:

Ferrites have gained a lot of attention because of their diverse uses in domains including
photocatalytic degradations, gas sensors, electronic devices, organic transformation catalysts,
adsorption, and so on. This review focuses on cadmium ferrites production methodologies and
applications. The structural, electric, magnetic, and dielectric properties of cadmium ferrites
are primarily influenced by the synthesis procedures and circumstances used during
preparation. As a result, the main goal of this study was to provide the most often used
synthesis processes, such as sol-gel, hydrothermal, co-precipitation, solvothermal, micro-
emulsion, and solid state. In this review, attention has been paid to the synthesis and
applications of cadmium ferrites across various fields.

Keywords: Cadmium ferrites; Nanoparticles; Spinel, Synthesis methods, Applications.
1. Introduction:

Ferrite nanoparticles are in the spotlight of current nanoscience due to immense
application potential. Spinel ferrite materials are metal oxides with spinel structures that have
the general chemical formula AB204, where A and B represent various metal cations that are
located at tetrahedral (A site) and octahedral (B site) positions, respectively. The types,
quantities, and placements of the metal cations in the crystalline structure have a significant
impact on the physicochemical properties of ferrites [1,2].

Due to their unique and remarkable properties, nanocrystalline magnetic materials have
attracted attention from various fields. Nanomaterials have particle size up to 100 nm and high
surface-to-volume ratio, which altered or enhanced reactivity, thermal, mechanical, optical,
electrical, and magnetic properties as compared to their bulk counterparts [3-6]. The size and
shape of spinel ferrite nanomaterial can be controlled by manipulating reaction variables such
as properties is manipulated by changing the synthesis method, processing temperature and
also substitution [7-9].

Cadmium ferrite nanoparticles can be fabricated by various methods such as
hydrothermal method, sol-gel method, chemical co-precipitation method, solid state high
temperature reactions etc. Magnetic CdFe20s, CoFe204, MnFe204, CuFe204, ZnFe204, and
NiFe204 nanoparticles have received a great deal of attention owing to their thermal and
chemical stability, as well as their distinctive structural, magnetic, optical, electrical, and
dielectric properties, and their broad range of technological applications including photo
catalysis, photoluminescence, biosensors, humidity-sensors, catalysis, magnetic refrigeration,
permanent magnets, magnetic drug delivery, magnetic (hyperthermia) [10,11].

The purpose of this review gives some general processing methods and applications
on Cadmium ferrite nanomaterial which is found to be useful due to their electronic, optical,
electrical, magnetic and catalytic properties.
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2. Synthesis methods

Different synthesis methods can be utilized simultaneously to produce nanoparticles of various
sizes such as sol-gel method [12, 13], chemical co-precipitation [14], Hydrothermal and Solvo-
thermal synthesis [15], Self-propagating high temperature synthesis (SHS) technique [16],
Micro-emulsion technique [17] etc. have been discussed.

2.1 Sol-Gel Method

The sol-gel process involves the transition of a solution of metal compounds from a liquid sol
into a solid gel. In liquid, sol is a diffusion of the solid particles where only the Brownian
motions suspend the particles and this sol is heated and then to form a homogenous gel which
can achieved by the addition of base or acidic solutions. Usually inorganic metal salts or metal
organic compounds such as metal alkoxides are used as starting precursors in the preparation
of the sol. By elimination of water, the hydroxide molecules gets condensed and then formation
of a metal hydroxide. When all metal hydroxides species are linked to one another in a network,
and formation of dense porous gel is obtained. Further heating at higher temperature and then
drying of the gel, the gel is converted into ultrafine powders of metal oxides.

2.2 Chemical Co-Precipitation

In the chemical co-precipitation method, an aqueous solution of suitable salts of iron, lithium,
manganese and other desired, suitable materials is mixed under a fine control of pH by using a
precipitating agent like NaOH or NH4OH solutions which causes the precipitation of the other
metals present in the solution. Filtrated the precipitate and then dried. Then dried precipitate is
heated at an high temperature to dehydrate the precipitate and to burn out carbonaceous matter
leaving a residue of the oxides of the respective metals. After this, particles are sintered. The
particle structure and crystallinity can be influenced by reaction rates and impurities. This
method offers distinct advantages like simple, rapid preparation, easy control of particle size
and composition.

2.3 Hydrothermal and solvothermal synthesis

To create crystalline nanoparticles, hydrothermal and solvothermal syntheses use a variety of
wet-chemical processes. High purity and controllable morphology of nanoparticles can be
produced by simple and effective hydrothermal and solvothermal procedures. A nonaqueous
solution, such as methanol, ethanol, or ethylene glycol, is used in solvothermal synthesis to
dissolve the metal precursors under high pressure and at a moderate temperature. Hydrothermal
synthesis refers to the synthesis through chemical reactions in an aqueous solution above the
boiling point of water.

2.4 Self-Propagating High Temperature Synthesis Technique

In this method, organic acid is taken as precursor in aqueous solution. This solution containing
all necessary cations and combustible anions in the desired product. After dehydration, the
precursor becomes dry gel and this dry gel is amorphous in nature. Moreover, when calcinating
this dry gel directly yields the required materials in presence of air/oxygen. The phase
formation occurs at lower calcination temperature as compared to ceramic route and giving
ultrafine powder. The overall process completes within 5 minutes.

2.5 Micro-emulsion Technique

Micro-emulsions are clear, isotropic mixtures of water, oil, and a surfactant that are stable and
clear. This method uses surfactants to aid in the coexistence of two immiscible liquids in a
single phase. The nanoparticles precursor is typically dispersed as 1-100 nm Nano droplets in
the aqueous phase. Surfactant molecules encircle water droplets, forming “micelles” that act as
nano reactors. This results in the formation of magnetic nanoparticles inside the micelles, which
confines the particles and limits particle nucleation, development, and agglomeration.

3. Applications of spinel ferrites

Cadmium ferrites have interest due to their unrivalled physicochemical features, including as
electrical, magnetic, dielectric, and optical capabilities.
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3.1 Sensors : Cadmium Ferrite nanoparticle-based sensors possess exceptional sensitivity, low
detection limits, and high signal-to-noise ratios. The detection of variations in humidity is one
of the most common uses of sensors. The monitoring of humidity is a widespread practice in
both industrial and residential settings, as it helps to maintain human comfort, regulate storage
conditions for various items, and ensure optimal operating conditions for industrial processes
and devices.

3.2 Magnetic applications: The variation of exchange contact between tetrahedral and
octahedral sites causes the magnetization to be dependent on grain size. To minimize media
noise in high-density magnetic recording, the magnetic particles utilized should have a
nanoscale size to limit the exchange interactions occurring between adjacent grains. To achieve
great storage density, the particles must also have high Hc values.

3.3 Dielectric applications: The dielectric structure typically consists of grains that are good
conductors separated by grain boundaries with low conductivity. The dielectric properties of
ferrites are influenced by factors such as structural homogeneity, cation distribution, particle
size, density, and porosity. Additionally, the dielectric properties can be significantly affected
by synthesis techniques and thermal treatment parameters such as temperature, time, and
heating/cooling rates.

3.4 Photo catalytic applications: Photo catalysts are important materials that facilitate the use
of solar energy in oxidation and reduction reactions, with numerous applications including
removing water and air pollution, managing odors, deactivating bacteria, splitting water to
generate hydrogen, inactivating cancer cells, and other areas. Currently, photo catalysis is a
preferred method for removing dyes, as irradiation of light on a semiconductor can generate
electron-hole pairs that can be utilized for oxidation and reduction processes. Dye degradation
is caused by the generation of active radicals during the photo catalytic reaction.

3.5 Biomedical applications: For use in biomedical applications, magnetic nanoparticles need
to have high magnetic saturation values and be biocompatible, while also being stable and non-
agglomerated when dispersed in water. CdFe2O4 nanoparticles have attracted significant
interest in the field of biomedicine due to their desirable properties, including simple synthesis,
controllable size, high magnetization value, super paramagnetic nature, ability to be monitored
by an external magnetic field, and high biocompatibility.

Conclusions:

Recently nanostructured cadmium ferrite materials have received a lot of attention due to its
unique features, including stability under mechanical, chemical, and thermal conditions and
can be modified suitably and promising technological applications in different fields of life.
Among all the reviewed synthesis strategies, the usefulness of cadmium ferrite in many
applications depends largely on the synthesis processes; efficient synthesis processes yield
cadmium ferrite that can function better and endure the conditions under which they are
synthesized.
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Abstract

This Paper describes Nanowires (NWSs), their type, characteristics features, and their use in
sensor and transistor application as well. Introductory part in general explains briefly about
Nanowire (NWSs). Their characteristics features, types as well as their most significant
properties. The types of Nanowire (NWs) can be of conducting material such as Ni, pt, Au;
semiconducting material like Si, InP, and GaN as well as insulating material like Sio2, Tio2
etc.The property of Nanowire including mechanical, electrical, chemical, optical and thermal
properties. Also a small description of Nanowire (NWs) and sensor are explained with their
performance parameter, Nanowire based transistors are discussed in addition with their
characteristics and application. Finally this chapter concludes with the significance of
Nanowire in contemporary era.

Keywords: - Nanowire, synthesis, properties, Application in electronics.

1. Introduction

Nanowires are structures of dimensions of the order of one nanometer (10°m). NWs having
small size, low weight, low cost for mass production, and are also compatible with commercial
planar processes for large-scale circuitry NWs [1]. At the Nanowire scale, quantum mechanical
effects are significant to the extent that Nanowires are sometimes called ‘quantum wires’. A
variety of different types of Nanowires have been developed including metallic (e.g., Ni, Pt,
and Au), semiconducting (e.g., Si, InP, and GaN), and insulating (e.g., SiO2 and TiO) types.
The physical properties of Nanowires are influenced by the morphology of the Nanowires,
diameter-dependent band gap, carrier density of the material state, and so forth. Because
Nanowires often exhibit aspect ratios (Ilength-to-width ratio) of 1000 or more they are often
referred to as one-dimensional (1-D) materials. Nanowires have conductive properties that are
unique and not observed with the bulk materials or in larger, 3-D constructs of these materials.
The physical properties of Nanowires are influenced by the morphology of the Nanowires,
diameter-dependent band gap, carrier density of the material state, and so forth [2]. Nanowires
(NWs) propose potential impact on electronics, computing, memory, data storage,
communications, manufacturing, health, medicine, national security, and other economic
sectors as well[3]. These properties also make Nanowires very effective as battery electrodes,
with long conduction pathways that achieve high conductivity and high surface area that
permits rapid charging. In order to produce and utilize these properties, reliable and
controllable Nanowire syntheses are required, but synthetic methods vary widely in how the
extremely anisotropic structures are generated. Broadly speaking, synthesis techniques can be
divided into two categories: top-down fabrication and bottom-up synthesis [4]. Nanowires by
virtue of excellent optical, electrical, chemical, thermal as well as mechanical Properties [5].
2. Characteristics

Structural and geometric factors play an important role in determining the various attributes of
Nanowires, such as their electrical, optical, and magnetic properties. Therefore, various novel
tools have been developed and employed to obtain this important structural information at the
nanoscale. Typical Nanowires exhibit aspect ratios of 1000 or more. As such they are often
referring to as one dimensional (1-D) materials. Nanowires have many interesting properties
that are not seen in bulk or 3D material [2]. This is because electrons in Nanowires are quantum
confined laterally and thus occupy. Energy levels that is different from the traditional
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continuum of energy level. A Nanowire is that they exhibit discrete values of the electrical
conductance. They are many applications where Nanowires may become important in
electronics, Optoelectronics and nano electromechanical devices as additives in advance
composites, for metallic interconnect in nanoscale quantum devices and as leads for
Biomolecular Nanosensors [6].

3. Properties of Nanowire

Nanowires (NWSs) possess extremely extraordinary properties which makes them useful for
Nanoelectronics applications. The various properties are explained as follows:

Electrical Properties

The mechanism such as charge trapping and scattering electrical transport can be controlled
easily with respect to both minority and majority carrier in Nanowire (NW). When light falls
on Nanowires due to dielectric constant reduces the difference for light absorption by order of
magnitude from ~250pum making Nanowires suitable for photovoltaic’s applications[7].
Thermal Properties

Thermal properties depend upon the scattering of phonon within the Nanowires as thermal
transport is due to phonons mostly. Due to small diameter the scattering of phonon reduces
leads to reduction in heat transport. Thus making Nanowires suitable for thermoelectric
applications [8].

Chemical Properties

Chemical properties depend upon large effective areas and surfaces. As Nanowires possess
large area/volume ratio. Thus making Nanowires a potential candidate for Chemical and
Sensing applications [9].

Magnetic Property

Because of high energy of anisotropy with a super magnetic in Nanowires making them
suitable for electromagnetic applications [10].

Catalytic Property

The large surface area of Nanowires formed due to transition oxide materials shows inspiring
catalytic properties and can be further improved by using gold and platinum[11].

4. Synthesis of Nanowires

In this section we survey the most common synthetic approaches that have successfully
afforded high-quality Nanowires of a large variety of materials Methods to fabricate Nanowires
include top-down approaches such as optical and electron-beam lithography, and focused ion
beam. More commonly applied bottom-up approaches are, e.g., vapor-liquid—solid growth,
sol-gel and other chemical methods [12].

i] Lithography

A simple method to produce Nanowires with defined geometric has been recently reported
using conventional optical Lithography. In this approach, optical lithography is used to
generate Nanogaps using controlled crack formation. These Nanogaps are then used as shadow
mask for generating individual Nanowires with precise length and widths. This technique
allows to produce individual Nanowire below 20nm in width in a scalable way out of several
metallic and metal oxide materials. [13].

ii] VLS Growth

A common technique for creating a nanowire is vapor-liquid-solid method. This process can
produce high-quality crystalline Nanowires of many semiconductor materials. The VLS grown
single crystalline silicone Nanowires with Smooth surface could have excellent properties.
VLS synthesis requires a catalyst for nanowire. The best catalysts are liquid metal (Such as
gold) Nanoclusters which can either be self assembled from a thin film by dewetting. The
source enters these Nanoclusters and begins to saturate them. On reaching super saturation the
source solidifies and grows outward from the Nanocluster. Simply turning off the source can
adjust the final length of the Nanowire [14].
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iii] CVD [chemical vapor deposition]

In CVD refers to a group of process. where solids from out of gaseous phase deposit catalysts
[such as gold] on a base called a substrate. They put substrate in a chamber with a gas
containing the appropriate element such as silicon and the atom in the gas do all the work. First
atoms in the gas attached to those atoms in the catalysts, and then additional gas atoms attach
to those atoms and so on. Finally creating a chain in their word the Nanowires. [15].

iv] Fiber-optic Nanowires

Fiber-optic Nanowires carry information in the form of light to make a fiber optic nanowire.
Firstly they heat up a rod made of sapphire, wrap the cable around the rod and pull the cable
stretching it thin to create a nanowire and another method uses tiny furnace made from a small
cylinder of sapphire. They draw the fiber optic cable through the furnace and stretch it into a
nanowire. Micro wires and Nanowires have been manufactured by using a wide range of
bottom-up techniques such as chemical or physical vapor deposition and top-down processes
such as fiber drawing. Among these techniques, the manufacture of wires from optical fibers
provides the longest, most uniform and robust Nanowires. Critically, the small surface
roughness and the high-homogeneity associated with optical fiber Nanowires (OFNSs) provide
low optical loss and allow the use of Nanowires for a wide range of new applications for
communications, sensing, lasers, biology, and chemistry. OFNs offer a number of outstanding
optical and mechanical properties, including large evanescent fields, high-nonlinearity, strong
confinement, and  low-loss interconnection to other optical fibers and Fiberized
components.[16]

5] Applications

i] Electronic Devices :- a) Nanowire can be used for MOSFETs [MOS field effect Transistors)
MOS transistors are used widely as fundamental building elements in today’s electronic circuit
MOS Transistors is shrinking smaller are smaller into nanoscale one of the key challenges of
building future nanoscale. MOS transistors is ensuring good gate control over the channel due
to the high aspect ratio, if the gate dielectric is wrapped around the nanowire channel we can
get good control of channel electrostatics potential thereby turning the transistor on and off
efficiently[17].

b) To create active electronic elements the first key step was to chemically dope a
semiconductor nanowire. This has already been done to individual nanowires to create P and
N type semiconductor. The next step was to find a way to create pn junction. One of the
electronic devices this was achieved in two ways. The first way was to physically cross, p type
wire over and n type wire. The second method involve chemically doping a single wire with
different dopants along the length this method created a pn junction with only one wire [18].
ii] Nanowire assisted transfer of sensitive TEM samples.

For a minimal introduction of stress and bending to transmission electron microscopy [TEM]
samples (lamellae, thin film, and other mechanically and bean sensitive samples) When
transferring inside a focused ion beam, flexible metallic nanowires can be attached to a
typically rigid micromanipulator. The main advantages of this method include a significant
reduction of sample preparation time [quick welding and cutting nanowire at a low beam
current]. this technique is particularly suitable for in situ electron Microscopy sample
preparation.[19]

iii] Nanowire lasers

Nanowire lasers are nano scaled lasers with potential as optical interconnect and optical data
communication on chip. Nanowire lasers are built from 111-V semiconductor heterostructure.
the high refractive index allow for low optical loss in the nano wire core. Nanowire lasers are
sub wavelength laser of only a few hundred nanometers. Nanowire laser are fabric perot
resonator cavities defined by the end facets of the wire with high reflectivity recent
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development have demonstrated repetition rates greater than 200 GHz offering possibilities for
optical chip level communication [20].

iv] Nano quantum computer

Nanowires may play an important role in the field of quantum computers. As team of
researchers in the Netherlands created nanowires out of the Indium arsenide and attached them
to aluminum electrodes. At temp near absolute zero, aluminum becomes a superconductor,
meaning it can conduct electricity without any resistance. The researchers could control the
super conductivity of the nanowires by running various voltages through the substrate under
the wires.

v] Nanorobotic

Nanowire may also play an important role in nano size devices like nanorobots. Doctors could
use the nanorobot designs have onboard power systems which could require structure like
nanowire to generate and conduct power [21].

vi] Nanowire solar cell

Nanowire solar cell is advantages because a dense absorption is allowed to absorb on the entire
solar spectrum it also allowed fast diffusion between the two active compounds for a small
distance. the solar cell is made up of vertical n-type ZnO nanowire solar cell. A blocking layer
of Tioz is deposited on the ZnO nanowire to get the working solar cell [22].

Conclusion

The foregoing discussion shows that, Nanowires provide unique tools for scaling down in
electronics. So that there is a some advance like, Synthesis of nanoscale building blocks with
precisely controlled chemical composition, physical dimension and electronic, optical
properties. Some strategies for the assembly of building blocks into increasingly complex
structures. New nanodevices concepts then it can be implemented in high yield by assembly
approaches. And for these, we have face the some challenges like The insufficient control of
the properties of individual building blocks, Low device to device reproducibility, Lack of
reliable methods for assembling and integrating building blocks into circuits. Future Scope of
the nanowire are, ordinary batteries/ circuit will be replaced by nanowire based completely. By
the use of Nanowire batteries in future we can have devices having high battery life. By
invention of some new mechanism and technology we can get nanowire batteries have more
than 10 times of ordinary battery.
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Abstract

Efficient energy storage is vital for sustainable energy devices, particularly in dealing with the
irregularities of renewables. Supercapacitors, positioned between traditional batteries and
capacitors, offer promise due to high specific energy and power density. This review centers
on Polyindole's (PIn) role in supercapacitors, emphasizing its unique properties. Combining
PIn with metal oxides, like manganese dioxide (MnOz), enhances electrochemical
performance. The concept of hybrid supercapacitors, blending electric double-layer capacitors
and pseudocapacitors, is introduced, highlighting PlIn-based composites. The conclusion
stresses the need for optimizing PIn concentration and suggests eco-friendly polymerization
methods and careful component selection to overcome limitations, making PIn composites a
key for future supercapacitor applications.

Keywords : PANI, Polyindole, MnO2 Supercapacitor,

Introduction

In the pursuit of sustainable energy sources, including solar, wind, tidal, and other renewables,
the need for effective energy storage systems becomes increasingly imperative. These systems
play a pivotal role in optimizing electricity utilization, ensuring controlled delivery, and
addressing the irregular nature of renewable energy sources. Globally, we are facing a huge
problem about energy shortage due to rapid development of economy and increasing depletion
of fossil fuels [1]. Hence, there is a crucial need for development new energy sources [2].
Supercapacitor bridges the gap between traditional batteries and capacitors. This strategic
placement, considering high specific energy and power density [3], leads to efficient storage
and release of electricity.

As the effectiveness of energy storage systems is evaluated based on parameters such as cost-
effectiveness, efficiency, capacity, eco-friendliness, and cycle life [4], supercapacitors emerge
as efficient contenders in comparison to batteries and fuel cells. Though supercapacitors exhibit
exceptional properties, including high charging and discharging rates, excellent power density,
stability, and long-term cyclability [5-7], there is a need for advancements to meet the growing
demands of applications like electric vehicles. Improvements in energy density are crucial, and
one approach involves increasing the working potential window, primarily associated with the
employed electrolyte. This increase is pivotal, considering that energy density is proportional
to the square of the operating potential window and specific capacitance in supercapacitors [8].
For fabrication of supercapacitors a variety of materials and systems can be used, among which
conductive polymers stand out for their pseudo-capacitive properties [9-12]. Active materials
play a vital role in the electrochemical performance of supercapacitors [13], leading to recent
emphasis on the development of electrode materials involving carbon materials, metal oxides,
and conducting polymers [14-15]. This comprehensive review aims to explore the intricate
interplay of materials and systems in supercapacitors, shedding light on avenues to enhance
energy storage systems vital for the sustainable integration of renewable energy sources.
Conducting Polymers

Conducting polymers, with their 1D intrinsic properties, have been a focal point of both
fundamental and applied research in fields like field-effect transistors, displays, and
rechargeable batteries [16]. Polyaniline (PANI), Polypyrole (PPy), Polythiophene (PTh)
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represent the extensively studied conducting polymers, in contrast to Polyindole, often referred
to as PI/PIn/Pind, which has historically garnered less attention due to its lower polymerization
efficiency. However, recent interest has surged owing to its remarkable environmental stability
and electrical conductivity. Characterized by a distinctive benzene and pyrrole ring structure,
coupled with properties such as good thermal stability, low degradation rate, and high storage
capacity, polyindole emerges as an appealing candidate for electrocatalytic applications, as
demonstrated in mediated-based biofuel cells [17].

PANI and PIn stand out as suitable materials for supercapacitor electrodes due to their
favorable electrochemical properties, exhibiting high electrical conductivity for efficient
charge transport. Their nanostructured forms provide a large surface area, enabling a greater
number of electroactive sites for charge storage. Additionally, PANI and PIn possess redox
activity, facilitating reversible redox reactions during charge-discharge cycles and contributing
to high capacitance. These polymers demonstrate chemical stability, enduring repeated cycles
without significant degradation. Their ease of synthesis and processability into various forms
further enhances their suitability for electrode fabrication. Environmentally friendly synthesis
methods and relatively low production costs make them attractive options for large-scale
supercapacitor applications [18]. While PANI is relatively easy to synthesize, PIn offers several
advantages over other conducting polymers, including high thermal stability, good
processability, and environmental stability [17,19-20]. However, its practical applications have
been limited by its low electrical and electrochemical conductivity.

Polyindole (PIn) stands out for several reasons. Its ability to embody the properties of
poly(para-phenylene) and polypyrole (Ppy) makes it intriguing, attributed to the aromatic
molecular structure of indole, which imparts a similar structure to PIn akin to that of Ppy and
poly(para-phenylene) [21-25]. In energy storage applications, PIn exhibits slow hydrolytic
degradation (in comparison to PANI), a competitive redox potential (compared to Ppy), high
cycling and thermal stability [26], rendering it superior for long-term energy storage [27].
Furthermore, PIn avoids the formation of salts during complete charge or discharge phases, in
contrast to PANI, reducing resistance and enhancing internal conductivity [28-29]. Despite
PlIn's conductivity being lower by two orders of magnitude compared to PANI and Ppy, it
demonstrates comparable environmental and electrochemical stability [30]. However, PIn
faces limitations, such as low electrical and electrochemical conductivity, instability,
mechanical strain over extended cycles, and material degradation, which hinder its standalone
application as an energy storage material. Nevertheless, PlIn, in combination with certain
dopants like organic materials and metallic components, proves to be a promising candidate
for future-generation applications [31-33]. Recent developments highlight Pln's potential
across diverse domains, including organic electronics [34], batteries, supercapacitors [35-36],
anti-corrosion coatings [37], and sensors [38].

Polyindole/Metal Oxides

Transition metal oxides (TMO) stand out as extensively used electrode materials for
supercapacitor applications due to their high specific capacitance and power density [39].
However, they present drawbacks such as poor electrical conductivity and instability in acidic
mediums [40]. To address these limitations, TMOs are often combined with either carbon-
based materials or conducting polymers (CPs). The combination of Polyindole (PIn) with
various metal oxides is expected to yield improved electrochemical and mechanical properties,
leading to the synthesis of polymer-metal oxide nanocomposites, a burgeoning field with
promising applications in rechargeable batteries, fuel cells, and supercapacitors [41].
Manganese dioxide (MnOy) is recognized as a promising candidate for supercapacitors due to
its high theoretical conductivity and effective electroactive sites for charge storage [42]. The
synthesis of MnO2/PIn nanocomposites involves an in situ chemical oxidative polymerization
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process, optimizing the supercapacitive properties of MnO2-PIn composites. The specific
capacitance of MnOz-loaded PIn composites reaches 1558 F/g, demonstrating long-term
stability with capacitance retention up to 6000 cycles [2]. Researchers, such as Purty et al. [43],
have reported MnO/PIn bi-composites that exhibit excellent cyclic stability. Various
strategies, including the synthesis of MnO2/reduced graphene oxide nanocomposites and the
one-step in-situ cathodic electrodeposition of a composite of cobalt oxide and Polyindole by
Raj and coworkers, showcase outstanding specific capacitance values [44,45].

Looking beyond manganese dioxide, other metal oxides like V20s, Fe203, Fe204, RuO2, MoOs,
WOQO3, PbO, SnO2, CuO, NiO, and TiOz, along with their modified hybrids, are believed to be
essential composites for enhancing the performance of Polyindole (PIn) [46]. Therefore,
PIn/metal oxide (MO) nanocomposites exhibit remarkable electrochemical properties [47].

Applications

Hybrid Supercapacitor

Hybrid supercapacitor is a combination of both EDLC and pseudocapacitor [48]. It contains
two asymmetric electrodes, one of which exhibits high pseudocapacitance which increases
specific capacitance, working voltage and specific energy while the other exhibits high
electrostatics double layer capacitance whichprovides better cyclic stability and higher specific
power [39,49-51]. In this way, a hybrid supercapacitor exhibits fairly improved
electrochemical performance. Therefore, scientists and researchers are mostly concentrating
on the various types of hybrid supercapacitor [52]. Hybrid supercapacitors can also be
fabricated by using composites of pseudocapacitive materials with double layer capacitive
materials [47].

Polyindole-based hybrid composites are being recognized as a promising candidate to be used
in energy storage devices. Certain factors viz. electrolyte, concentration, morphology, pH,
temperature, etc., are major components affecting performance of Polyindole and its
composites. This assessment recapitulates the position of Polyindole and its hybrid composite
to be used as energy harvest material; in addition, this evaluation also pronounces the future
aspect of the hybrids [53].

Conclusions & Perspectives

The conclusion highlights the potential of polyindole (PIn) and its composites, specifically
MnO2/PIn, emphasizing their improved electrochemical properties that make them suitable for
supercapacitors. The studies reveal that optimizing the amount of Pln, increases the active
surface area, improving mesoporosity, and facilitating electrode—electrolyte interaction
enhance interlayer charge carriage through intercalation of conducting PIn. The concentration
of PIn not only influences morphology but also impacts thermal properties and electrochemical
behavior. The 3D design enables easy diffusion of electrolytic ions with a shorter route,
favorably permitting greater charge-discharge rates and specific capacitance.

Therefore, it is concluded that hybrid PIn composites, whether binary or ternary, show promise
for future supercapacitor applications. However, acknowledging certain limitations such as
instability, mechanical strain over extended cycles, and material degradation inherent in Pln
and other conducting polymers, it is suggested that employing green and efficient
polymerization methods and carefully selecting components for hybrid composite fabrication
could be crucial in overcoming these challenges and components for hybrid composite
fabrication could be a key in this direction.
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Abstract

Current versus voltage characteristics (I-V) of nanocrystalline Titanium oxide (TiO2) has been
investigated at various temperatures (from 50°C to 350°C) in air, measured by using a data
acquisition system consisting of Keithley 6487 voltage source cum picoammeter. The
nanocrystalline powder of TiO> was prepared by the liquid phase method and samples were
prepared via spray pyrolysis technique in the form of thin films on an optically plane and clean
glass surface. X-ray diffraction studies showed a , mostly as rutile and anatase phases which
both of them have the tetragonal structures of TiO». Surface morphological studies were
performed with scanning electron microscopy. The nanocrystalline Titanium oxide exhibited
nonlinear 1-V characteristics of the negative resistance type with thermal stability.

Keywords: Nanocrystalline Titanium oxide, XRD, FE-SEM, |-V characteristics, thermal stability

Introduction:

Titanium dioxide is a cheap, chemically stable, and non-toxic material.
However, its electrical properties are unstable and it is a modest semiconductor and a mediocre
insulator. For several applications, it would be interesting to make it either more insulating or
more conducting. Titanium dioxide (TiO>) is a material used in a wide range of common and
high-tech applications. It is cheap, chemically stable, non-toxic, and last but not least bio-
compatible. Titanium is successfully used as an implant material for dental, orthopedic and
osteosynthesis applications, and its native oxide is mostly constituted of titanium dioxide [1].
TiO2 powder is used as a white pigment in paint [2], replacing lead oxide which is toxic, and
in toothpaste. Transparent single crystals or thin films have a high refractive index that makes
TiO> suitable for optical applications [3-5]. Thus, research in many different fields is devoted
to titanium dioxide under various forms such as single crystals, ceramics, and thin films. The
goal of this work was to study the I-V characteristics, and structural, morphological properties
of nano-crystalline TiO> thin films deposited by the spray pyrolysis technique.

Experimental :

The methods of synthesis of nanoparticles can be broadly classified into three
categories namely, liquid-phase synthesis, gas-phase synthesis, and vapor-phase synthesis. In
the present work of the thesis, we have used the sol-gel method (which is under liquid phase
synthesis) for the synthesis of pristine nanoparticles of TiO> [6-8].

Synthesis of TiOz:

Titanium tetra iso propoxide [Ti(OCH(CHa)2)]s , iso-propanol [(CHs).CHOH] and
nitric acid [HNOz] were used as received without any further purification. A 20 ml of solution
of Titanium tetra isopropoxide was added drop by drop into the 22 ml of a solution containing
10 ml of iso-propanol and 12 ml deionised water under constant stirring at 80°C into the round
bottom beaker. After 1 hour, concentrated HNO3 (.8 ml) mixed with deionised water was added
into the TTIP solution and keep it under constant stirring at 60 °C for 6 hours highly viscous
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sol-gel was obtained. The prepared sol-gel was heated at 300 °C for 2 hours in the open
atmosphere. After annealing, the TiO2 nanocrystalline 2 g powder was obtained. In further
preparation of TiO> film, the prepared powder was added in the ratio of 1:10 to the solution of
isopropanol. The obtained powder is kept in a vacuum oven at 70 °C for 24 hours so as to get
completely dried powder.

Preparation of Samples:

After the synthesis, obtained fine nanopowder of TiO, was calcinated at
800 °C up to 5 hours in the auto-controlled muffle furnace, 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 obtained product of fine nanopowder of TiO> used for the
fabrication samples was prepared via spray pyrolysis technique using Thin-film equipment:
(Holmarc USA Make) in the form of thin films on an optically plane and clean glass surface
[9-10].

Data Acquisition System:

The data acquisition system consists of a Keithley 6487 source meter, GPIB
cable, temperature controller, and computer as shown in fig. 1.1.

The picoammeter is controlled by the installation of GPIB (General Purpose
Interface Bus) card. This GPIB card has an IEEE-488.2 bus, which is common to the testing
meter. Communication with the temperature controller is done using Rs-232 port.

GPIB

Fig.1.1 Flow Chart of — Data Acquisition

Stainless steel

Sygte m Chamber

PID Temperature
Controller
Nippon NC2638

Heating element

The language used for
controlling the source meter and temperature controller is lab view graphical programming
language, which can provide a friendly user interface. To study the VI characteristics of the
sample element, special software was designed.

Results and Discussion:
X-Ray Diffraction : Nanocrystalline TiO2

Titanium dioxide or Titania (TiOz) is widely nominated for three main phases
of rutile, anatase and brookite . Among them, the TiO; exists mostly as rutile and anatase phases
which both of them have the tetragonal structures. However, rutile is a high-temperature stable
phase and anatase is formed at a lower temperature .

Figure 1.2 shows the XRD pattern of pure Titanium Dioxide (TiO2) which is
calcinated at temperature 800°C, which shows crystalline annealed with 26 peaks lying at
planes (101),(103),(004),(112),(200),(105),(211),(213),(204), (116),

(220), (107), (215), (301), (008), (303), (224)and (31 2)respectively. The
sharp diffraction peaks were clearly seen and they perfectly match with crystal structure of
TiO, therefore, we get perfectly crystallinity of TiO> particles in Anatase phase. The calculated
crystallographic parameters are a = 3.7300 (&), b =3.7300 (A) and ¢ = 9.3700 (A) [Crystal
system: Tetragonal ; Space group: 141/amd ; Space group number: 141, Reference Code: 01-
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075-1537] . All the peaks match well with the standard tetragonal type structures of titanium
dioxide (TiOy) in the Anatase phase and well agree with the JCPDS card No. 21-1272 . The
average crystalline size was calculated by using the Scherrer formula found to 82.75 nm. The
stick pattern of crystalline TiO2 is as shown in fig. 1.2. It was found that the thick films
consisted only of the tetragonal structure TiO2 with no structural change and they were well
crystallized during deposition [11-12].

Intensity (a.u.)

Fig. 1.2 XRD ‘ | “ * | of crystalline
HED | eantamltelonks

2 40

Field 2 Theta (degree) Emission -
Scanning Electron
Microscope:

The surface morphology and the nanocrystalline particle size of titanium oxide
(TiO2) were examined by using Field Emission Scanning Electron Microscope.Figure 1.3 show
the FE-SEM micrograph of pristine TiO,, thin films. To verify the morphology scheme data
obtained from the scanning electron microscopy will confirm the structural analysis obtained
by the X-ray diffraction pattern [13-14].

Fig. 1.3 FESEM of Nano-crystalline pristine TiO>
Figure 1.3. shows the micrograph of sample pure TiO2 thick films. TiO. particles are found to
be tetragonal and semi spherical shape with the average size in the range of 85-94 nm. The
average particle size observed in FE-SEM is in good agreement with the calculated value from
XRD analysis [15].

Thermal Stability of TiOz thin films :

Figure 1.4 shows the variation of current Vs. temperature from 50°C to 350°C at constant
source voltage (10 V DC) by using Keithley (6487) voltage source cum picoammeter. i.e.
thermal stability for different samples of pristine TiO-
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Fig. 1.4 Thermal Stability Curves of pristine TiO2 Samples.

When samples are kept to a thermal treatment in an inert atmosphere (N2), from 50°C to 350°C
under the small interval of time, there occurs also a mass loss on heating in air atmosphere but
it happens at higher temperature, around 500°C and in a smaller temperature interval (the mass
loss begins in the neighbourhood of 430°C and considerably slower down around 550°C). It is
noteworthy that the temperature at which we observe oxidation in as — grown films is
significantly lower than temperatures mentioned in for samples deposited by screen printing
technique, a fact that seems to confirm the sensitivity of oxidation temperature on sample
texture. In present study, thermal treatment of samples is less than temperature 500°C, so there
is no problem of mass loss of thick film samples. Generally, the grain size of nanocrystalline
materials increases by increasing annealing temperature. This could be attributed to the effects
of evaporation of absorbed water and reorganization of the grain. Uniform distribution of the
grain is also observable . This is important to note that, due to thermal treatment to the films,
which show better and excellent sensitivity and stability results without any further mechanical
deformations obtained or seen in the films [16-17].

Current-Voltage (I-V) Characteristics :

The current-voltage (I-V) characteristics of the sample of pristine TiO> and their temperature
dependence have been investigated in the air by using a data acquisition system consisting of
a Keithley 6487 source meter, GPIB cable, temperature controller, and computer. Fig. 1.4
shows the current-voltage (I-V) characteristics sample of pristine TiO2 measured at different
temperatures (50°C, 100°C, 150°C, 200°C, 250°C, 300°C and 350°C). All the samples show
semiconducting behavior as the resistance of samples is decreasing with an increase in the I-V
measurement temperature. The nature of the plot is initially linear and then it becomes
nonlinear beyond threshold voltage, said to be exponential in nature. The resistance is
drastically falling at temperature 350°C and is found to be in the range of 5-15 MW. The
nanocrystalline titanium oxide exhibited nonlinear 1-V characteristics of the current-controlled
negative resistance type [18].
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Fig. 1.4 Current-Voltage (I-V) Characteristic of pristine TiO>

Conclusions:

Current versus voltage characteristics (I1-V) of nanocrystalline TiO2 has been investigated at
various temperatures (from 50°C to 350°C) in air and characteristic curves are generally used
as a tool to determine and understand the basic parameters of a component or device and can
also be used to mathematically model its nonlinear behaviour within an electronic circuit.
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ABSTRACT

The Humidity sensing innovation plays a crucial role in numerous industrial, commercial, and
scientific implementations. This paper imparts a comprehensive review of various types of
humidity sensors, advancements. The review explores modern sensing technologies, including
capacitive and resistive methods. A critical analysis of the strengths and drawbacks of each
sensor type is presented. The paper further elaborates recent improvements in the field, such as
emerging materials and nanotechnology implementations, aiming to enhance sensitivity and
response times. This comprehensive review serves as a valuable resource for researchers,
engineers, and professionals seeking a deeper understanding of humidity sensing technologies
and their varied applications.

Keywords: Resistive humidity sensor, Capacitive humidity sensor, Optical humidity sensor

1. INTRODUCTION:

Humidity is characterized as the measurement of water vapour within a gas. In humidity
assessment, two key parameters are commonly considered: absolute humidity and relative
humidity. Absolute humidity pertains to the mass of water vapour present in a specific volume.
Similarly, relative humidity is defined as the ratio of the existing water vapour pressure to the
water vapour pressure required for saturation at a given temperature. The relative humidity is
contingent upon the ambient temperature. Water vapour naturally exists in the air, and the
relative humidity[1] (RH) of the mixture of water vapour and air is articulated as the ratio of
the mass of water vapour in a specific volume to the mass of water vapour that the volume
could hold under saturation conditions at that temperature.

A frequently determined parameter associated with relative humidity is the dew point (Td),
indicating the temperature at which water condensation occurs.

Typically, humidity measurement utilizes a psychrometer. A psychrometer equipped
with twin thermometers, where one measures the dry-bulb temperature and the other the wet-
bulb temperature.

In this paper elaborates resistive sensors, capacitive sensors, optical sensors.

2. RESISTIVE HUMIDITY SENSORS:

Resistive humidity sensors refer to sensors designed to measure humidity rely on
changes in electrical resistance. These sensors are responsive to the moisture content in the
surrounding environment, and variations in humidity cause corresponding variation in the
sensors electrical resistance. These sensors typically consist of a sensing element made from
materials like metal oxide nanostructure as WO, PbWO, MgO, ZnO, Al,O; etc[2-6].

Polymers or ceramics that exhibit a direct relationship between their resistance and the
moisture present in the environment. As humidity levels change, water molecules are either
adsorbed or desorbed by the sensing material, leading to a change in its conductivity.This
adaption in conductivity directly influences the electrical resistance of the sensor. In high
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humidity conditions, the sensor's resistance decreases due to increased moisture adsorption,
while low humidity levels result in a higher resistance as the sensing material loses moisture.
One of the advantages of resistive humidity sensors lies in their simplicity and cost-
effectiveness. They are suitable for a wide range of applications, from industrial processes to
environmental monitoring. However, they may have limitations in terms of accuracy, response
time, and sensitivity compared to other advanced humidity sensing technologies.
Ongoing research and development aim to enhance the performance of resistive
humidity sensors for more precise and reliable measurements in various contexts.
A sensor with excellent humidity sensitivity was proved, employing a 1500-200 rpm spin-
coating implementation to fabricate a ceramic film using an emulsion of titania powders.
Despite exhibiting humidity dependence, these sensors specifically have suppression in
resistance as the ambient temperature rises.

3. CAPACITIVE HUMIDITY SENSOR:

The vast implemented humidity detection devices equipped with material which operates on
the capacitance variation.

The humidity sensors offer several advantages, such as minimal power consumption. In the
sensors, the ambient relative humidity level is gauged by detecting alterations in the dielectric
constant of a hygroscopic layer caused by moisture.

Specific, capacitive humidity sensors consist of two inter-digitated electrodes (IDE) coated via
a humidity-sensitive dielectric layer.

The observed capacitance values establishes a nonlinear relation with relative humidity. A
polyamide film is prominently used as the moisture-sensitive layer.

It is important to note that while a thin polyamide film less than 3 um outputs in increased
sensitivity, there is a significant issue of hysteresis as diffusion time is more compare to other
Sensors.

Hysteresis represents a prevalent challenge in the performance of such sensors but fabrication
of thin films slightly overcomes hysteresis.

4. OPTICAL HUMIDITY SENSOR :

In Fiber-optic humidity sensors operate based on the colorimetric interaction of
materials immobilized on the surface of either the fiber core or its cladding within the humidity-
sensing segment. The foundation of sensing mechanism relies on the alteration of refractive
index influenced by water vapour content. This alteration causes variations in the transmitted
optical intensity in sensing region, correlating with the relative humidity content.

Kharaz and Jones[8] introduced an optical-fiber humidity sensing system that utilized
the colorimetric interaction of CoCl with water molecules. In this configuration, a 50 mm
section of the fiber cladding was replaced by a thin film of CoCl-gelatin[9], as Sustaining
consistent temperature of 36 °C, fluctuations in relative humidity were manifested as alterations
in the sensors spectral absorption within the wavelength range of 6000-7400 A.U.
Simultaneously, a second wavelength beyond this range served as an intensity reference.

Alternatively, a different approach involved depositing agarose on the narrower section
of a twin-conically tapered mono-mode optical fiber. This arrangement resulted in 6.6 dB of
attenuation as relative humidity transitioned from 30% to 80%.

5.CONCLUSION:

The comprehensive review has delved into the intricate landscape of humidity sensors,
offering insights into their diverse principles, types, and applications across various
implementations.
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The exploitation of modern sensing technologies, including capacitive, resistive, and

optical methods, has illuminated the strengths and limitations inherent in each approach.
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Abstract:

Nanoparticles are becoming an increasingly important aspect of the technological
infrastructure of today. Copper oxide nanoparticles are extremely useful, as well as their
application has grown across a wide variety of fields thanks to their adaptability. In this review,
we present a variety of techniques for synthesizing copper oxide nanoparticles. Due to their
electric, catalytic, photonic, optical, as well as antibacterial features, copper oxide
nanoparticles have garnered considerable attention. In recent years, the utilization of nano-
crystalline semiconductor particles has increased due to their elevated ratio of surface
area to volume as well as distinctive photovoltaic features.

Keywords: Copper oxide; nanoparticles; Solar cell.

Introduction:

People require energy in large quantities for their survival and growth. Energy is needed for
people's lives and progress in large quantities. The use of solar cell energy is growing in
importance as a future energy-generating technology.The photovoltaic effect, first detected by
Becquerel in 1839, which converts solar energy into electricity in semiconductors. Valence
electrons in atoms receive energy from sunlight, which allows them to transition between the
valence and conduction bands, resulting in the production of electricity. [1]. Turn into Long-
term interests will include growing ease, high productivity, and clean sunlight-based vitality
enhancements. One of the most practical sources of energy in contemporary life, solar energy
may be immediately converted into electricity via solar cells. Applications for solar cells are
affordable, enabling improved energy conversion efficiency at a reduced cost. [2].

Copper oxide is a compound from two elements copper and oxygen, which are block d and
block p elements in periodic table respectively. In a crystal copper ion is coordinated by four
oxygen ions. Copper (Cu) and copper oxide (Cu20) nanoparticles have attracted considerable
attention because copper is one of the most important in modern technologies and is readily
available[3]. Because of its superior optical, electrical, physical, and magnetic properties,
copper oxide (CuO) is being considered as a promising p-type semiconductor. CuO has a 1.2
eV narrow band gap and is widely employed in a variety of applications, including field
emission, gas sensor, solar energy conversion, and catalysis. Nonetheless, these unique
characteristics can be enhanced through synthesis in CuO nanostructures, which exhibit
superior performance in comparison to their bulk counterparts. CuO is manufactured in a
variety of nanostructures, including nanowire, nanorod, nano needle, nano-flower, and
nanoparticle. CuO nanoparticles of various sizes and shapes have been produced over the years
using a variety of techniques, including thermal oxidation, sonochemical synthesis,
combustion, and rapid precipitation. Among these processes, precipitation method is a facile
way which attracts considerable interest in industries because of low energy and temperature,
inexpensive and cost-effective approach for large scale production and good yield [4].
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Synthesis Methods:

Chemical Preparation: CuO nanoparticles are precipitated from a solution of copper
precursor and a strong base. Or involves the addition of an alkaline agent to copper precursor
solution, leading to the precipitation of CuO nanoparticles, followed by washing, drying and
calcinations.

Hydrothermal Synthesis: High temperature and high pressure are used to create CuO
nanoparticels.

Sol-Gel Method: CuO nanoparticles are prepared from a sol-gel solution followed by a thermal
(heated) treatment.

Electrochemical Synthesis: CuO nanoparticles are electrodeposited by applying a voltage to
a copper solution.

Green Synthesis: Natural products or plants extracts are used as reducing agents to synthesize
CuO nanoparticles.

Thermal decomposition: Involves the decomposition of precursor compounds at elevated
temperature to yield CuO nanoparticles , often with control over size and morphology.[5]

Applications:

The use of CuO nanoparticles in solar cells has a number of advantages, the main one being an
increase in the overall effectiveness and performance of photovoltaic systems.

Enhanced Light Absorption: CuO nanoparticles improve light absorption in the visible and
near-infrared spectrums, which helps solar cells absorb more sunlight and increase the rate at
which photons convert to electrons.

Increased Photocurrent Generation: CuO nanoparticles when used as light absorbing materials
or sensitizers in solar cells , can enhance the generation of photocurrent. This results in higher
short-circuit current (Isc), a crucial parameter for solar cell efficiency.

Improved Charge Separation and Transport: CuO nanoparticles can facilitate efficient charge
separation and transport in solar cells. Their electronic properties allow for effective electron
hole pair separation, reducing recombination losses and enhancing the fill factor (FF) of the
solar cell.

Stability and Longevity: CuO nanoparticles in solar cells enhance stability and reliability,
reducing maintenance requirements when properly engineered, contributing to the long-term
reliability of solar cell devices.

Low- Cost Manufacturing: The synthesis of CuO nanoparticles is relatively cost- effective,
which can make them a valuable resource for reducing the production costs of solar cells. This
can potentially lead to more affordable solar energy solutions.

Dye- Sensitized Solar Cells (DSSCs): CuO nanoparticles are utilized in dye-sensitive solar
cells (DSSCs) as part of the photo anode, serving as electron transport materials, thereby
enhancing their overall efficiency.

Perovskite Solar Cells: Depending on their function in hole-blocking layers or electron
transport, CuO nanoparticles can improve the stability and efficiency of perovskite solar cells.
Environmental Considerations: Because CuO nanoparticles are produced in an
environmentally acceptable manner and contribute to the creation of clean, renewable energy,
they are advantageous for the environment when used in solar cells.[6]

Conclusions:

Several research papers on the subject of CuO nanoparticle application in solar cells were
examined for this review report. Chemical precipitation, sol-gel, hydrothermal,
electrochemical, thermal decomposition, green, and other synthesis techniques are some of the
primary methods used to prepare these nanoparticles. CuO nanoparticles may be the ideal
choice for solar cell applications because of their exceptional purity and rapid reaction time.
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Abstracts

The NaLi2PO4:Ce phosphor was synthesized via Solid State Diffusion Method. The
crystallinity of the phosphor was investigated by using X-ray diffraction (XRD). The
NaLi2PO4: Ce phosphor has been investigated for its Thermoluminescence (TL) studied. The
TL glow curve of NaLi2POs: Ce phosphor was consist overlapping peaks in temperature 50-
400°C and these peaks were deconvoluted by using origin software. The kinetic parameters
such as activation energy, frequency factor and order of kinetic were calculated by using peak
shape method.

Keywords: NaLi>PO4:Ce Phosphor; Solid State Diffusion Method; Kinetic Parameters and
TLD.

1. Introduction

Phosphates are a large family of compounds, including orthophosphates, pyrophosphates,
metaphosphates, and polyphosphates, which have been utilized as host materials of phosphors
due to their relatively low material cost, easy synthesis, good thermal stabilities, and low
sintering temperatures.

The phosphate based ABPO4 compound (A=Li*, Na*, K* - mono-cation, B = Mg?*, Ca®*, Sr?*,
Ba?*, divalent cation) show excellent thermoluminescence (TL) and optically stimulated
luminescence (OSL) properties [1]. These compounds show excellent thermal and hydrolytic
stability [2]. These ABPO4 phosphate base compounds are promising candidate for white light-
emitting diodes (LEDs) and plasma display panels [3]. These types of compounds also show
magneto electric properties [4]. Rare earth (RE) activated phosphate phosphors are recently
used in solid state lighting and dosimetry applications due to their wide band gap, color
tunability, and high thermal stability [5].

In present works we report thermoluminescence properties of NaLi2PO4:Ce phosphor by using
solid state diffusion method for the applications in radiation dosimetry.

2. Experimental

NaLi2PO4:Ce phosphor was synthesized by using Solid State Diffusion Method. Phase purity
of NaLi>POa: Ce phosphor was checked by means of X-ray powder diffraction (PXRD) using
a Rigaku Miniflex Il diffractometer. The TL measurementwas carried out using an automatic
Risg TL/OSL-DA-15 reader system at RPAD divison BARC (Mumbai).
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3. Results and discussions

3.1 XRD-Pattern

The XRD pattern of the as synthesised NaLi,PO4: Ce phosphor was represent in Fig. 1. XRD
patterns was fully matched with the Internatonal center for diffaction data (ICDD) file with

card no 01-080-2110.
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Figure 7: XRD pattern of the NaLi>2POy:Ce sample and match with the Internation Center for
Diffaction Data & Card No-01-080-2110.

3.2. Thermoluminescence (TL)
Fig. 2. shows the TL glow curves of NaLi2PO4:Ce phosphor under f irradiation (20mGy). The
TL glow curve of the NaLi2PO4:Ce phosphor has simple structure with overlapping peaks in
temperature rang 50-400°C. These peaks are deconvoluted by using origine software and
deconvoluted TL glow curve of NaLi,PO4:Ce phosphor as show in Fig.3. From Fig. 3 One
peak (P1) is appered at 106°C, second peak (P2) at 207 °C and third peak (P3) at 312 °C. The
kinetic parameters of trap levels are determined for each deconvoluted peak.
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Figure 8: TL glow curve of NaLi;POy: Ce phosphor under beta irradiation.
The kinetics parameters such as activation energy, frequency factor and order of kinetic were
calculated by using peak shape method [6]. The calculated Kinetics parameters were as given
in Table 1.

Tem perature (°C)

Figure 9: TL deconvolution glow curve of NaLi>PO4:Ce phosphor.

202




National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

Table 3: Kinetics parameter of NaLi>2POy:Ce phosphor.

Activation Frequenc Peak Tem Shape
Phosphor Peaks energy (eV) factgrs (s}) °O) b factorsp (ne)
P1 0.069 3.14 x 107 106 0.50
NaLi2POg4: Ce P2 1.169 4.31x 101 207 0.50
P3 1.306 3.08x 1010 312 0.50

4. Conclusions

The polycrystalline NaLi,PO4: Ce phosphor was successfully synthesized via solid state
diffusion method. The X-ray diffraction patterns matches well with the ICDD files and gives
the exact crystal structure as required from the synthesized materials. The prepared phosphors
showed excellent TL responses under 3 irradiation. The TL glow curve consist overlapping
peaks in temperature range 50-400°C and these peaks deconvoluted and calculated kinetic
parameters by using peak shape method. Hence, this phosphor could be one of promising
candidate in radiation dosimetry applications.
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Abstract

The electrical conduction mechanism was studied by investigating the electrical properties of
salicylic acid doped 1:1 Ethyl Cellulose (EC)-Polyvinyl Chloride (PVC) blends. The DC
conductivity was measured as a function of temperature (303-373K) & electric field. The
result of DC conduction mechanism was presented in the form of 1-V characteristics, Schottky
plots, Richardson and Arrhenius plots Poole-Frankel plots, Fowler- Nordheim plot. The
analyzed result suggests that Schottky and Richardson’s mechanism are responsible for the
observed conductivity.

Key Words: EC- Ethyl cellulose, PVC-polyvinyl chloride, salicylic acid.

I Introduction :

In recent years polymer composites have steadily gained growing importance [1]. They
polymer blends are important to the electronic industry for its dielectric properties in the use
of capacitors [2]. Various research groups have undertaken extensive studies of the parameters
that govern miscibility and have attempted to gain a good knowledge of the thermodynamics
of the mixtures [3-5]. The interaction parameters between the two components affect the
physical and mechanical properties of miscible systems it determine the nature and the width
interface between two immiscible components.

PVC is a commercially available polymer with good dielectric constant [— = 3] and is
good mechanical stiffener [6, 7]. PVC is polar and is used in cable and wire covers, children
toys and medical devices [8]. PVC is widely used due to its high electrical and chemical
resistance and ability to be mixed with wide range of physical and chemical properties [9].

EC is weakly polar which has excellent chemical resistance and good mechanical
properties. It is thermally stable. EC is used for many application due to its activeness [10]. EC
is already extensively used for films thickening agents [11, 12]. It is compatible with other
polymers and plasticizers and can therefore be use to make waterproof films [13, 14].

Many researcher reported the electrical conductivity of PVC and EC.

Bhagyashree K. et al. [15] have studied the solid polymer electro light consisting of
poly (vinyl chloride) complexed with CuSO4 have been synthesized by solution casting
method. The electrical conductivity was evaluated from ac impedance spectroscopy studies in
the temperature range 303-363K and the conductivity was found to increase with increasing
temperature. The maximum ionic conductivity value 5.1 x 10 S/cru has been observed for 5
mol% at 363 K using impedance spectroscopy technique.

Zainab et al. [16] have reported the effect of filler Content on DC electrical properties
of polyvinylchloride filled with magnesium powders has been investigated. The experimental
results showed that the DC conductivity of such composites increases suddenly by several
orders of magnitude at a critical weight concentration. The D.C. electrical conductivity changed
with increasing of temperature. Also the activation energy change with increasing filler
concentration.

In the present work we study DC conduction of salicylic acid doped EC/PVC
polyblend, to identify the electrical conduction mechanism.
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I Method of Preparation of EC/PCV polyblend
evaporation technique In the present work isothermal[17-21] has been used as it is best suited
.to the llaboratory conditionsThe two polymers EC and PVC were taken in the ratiol:1 dissolve
in a common solvent Tetrahydrofuran (THF). Then 5%, 10% 15%, 20% and 25 % salicylic
acid (SA) where taken and dissolve in the mixture of 1 : 1 EC/PVC solution. The solution was
kept for 3-4 days to allow polymers to dissolve completely to yield uniform solution. A glass
plate (15X15 cm) thoroughly cleaned with water and later with acetone was used as substrate.
To achieve perfect leveling and uniformity in thickness of films, a pool of mercury was used,
figure given below in a plastic tray. The solution was poured on glass plate and allowed to
spread uniformly in all direction on substrate. The whole assembly was placed in a dust free
chamber at room temperature. The solvent in the solution was thus allowed to evaporate
completely and get air-dried. The film on the glass substrate was then removed and cut in to
small pieces suitable sizes. In this way the films were prepared by isothermal evaporation
technique. Further it was dried for three days to remove any traces of solvent.

The polyblends films of EC/PVC doped with 5%, 10%, 15%, 20%, 25% salicylic acid
(wt percentage) where prepared by the same method given above but the results are only
interpreted for doping of 25% salicylic acid. The thickness of polyblend film was measured by
using digital micrometer screw gauge (MitutoyoCorporation, Japan, Least Count 0.001mm) is
found to be56 OOm. These polyblends films were kept between theelectrodes of a specially
designed sample holder having goldplating. The variation between current and voltage
measured by using Keithley (2400 Source Meter) programmable electrometer at various
constant temperature.
i Results and Discussion
i) I-V characteristics of Polyblends

The current increases nonlinearly with the applied voltage and does not follow
power law 1=kVm,

Where, k and m are constant.
The possibility of ohmic conduction as well as space charge limited conduction is ruled
out from the observed behavior of 1-V characteristics. The current in the beginning at low
values of voltages increases slowly while it increases at a faster rate at higher values of
voltages. Fig 3.1 indicates that (i) the current at a constant temperature increases with
applied voltage (ii) the current at constant applied voltage, increases with temperature.
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Fig. 3.1 I -V Characteristics
i) Poole-Frenkel Mechanism

The Poole-Frenkel relation [22] for the current density is given by the eq.3.1,
J= B exp (-0/KT+ Opr EY?) ...(3.1)
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i)

Where,Opr = e/ KT (e / OCo0Oy) ¥ = Constant
and e = electronic charge which predicts a field —dependent conductivity as,
It predicts the field dependent conductivity as eq. 3.2,

~ = Do exp [Opr EY?/ 2kT] ...(3.2)
Which implies as eq. 3.3;

LnD0O =Ln0 Zo + [Opr EY?/ 2kT] ...(3.3)
So that, the Poole -Frenkel mechanism is characterized by linearity of Logs EY2 plots
with positive slope. In present case 1: 1(EC/PVC) doped with 25% Salicylic acid the
log 6 Vs E¥?plots are linear with negative slope (figure 3.2) indicating the absence of
Poole-Frenkel mechanism.
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Fig. 3.2 Poole —Frenkel Plot

Fowler— Nordheim Mechanism:
The Fowler -Nordheim Relation for [23] current density J can be expressed by eq. 3.4

Log J/V? = Log A — (O/V) ...(3.4)
and the Log J/V? vs 1000/v plots are expected to be a linear relation with a negative

slope.

In this present case the Log J/V? vs 1000/v plots for sample is presented in
figure 3.3. Excepting few plots which have strayed away the graph are nearly straight
lines with a positive slope indicates the absence of tunneling current as is suggested by
Fowler - Nordheim mechanism.
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Fig. 3.3 Fowler — Nordheim Plot
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iv)

Schottky — Richardson Mechanism
The Schottky — Richardson current voltage relationship is expressed by the eq.3.5.,

J= A T2%xp (-x /KT) exp (OV?)
or J=Joexp (OVY?) ....(3.5)

where, Jo = AT2exp (-x/ KT), is called zero field current density at T K.log J Vs Plot
referred to a Schottky Plots should be a straight line with positive slope.

For the present case, Schottky plot are shown in figure 3.4.1 below. The linear
positive slope indicates that Schottky -Richardson mechanism is applicable given
sample.
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Fig. 3.4.1 Schottky plot

Further, in the case of Schottky — Richardson mechanism the current shows
strong temperature dependence but not in case of Poole -Frenkel mechanism. The study
of temperature dependence of current density is therefore of great importance.

The temperature dependence of current density is represented plot of In (J)
verses temperature shown in the figure 3.4.2, observed that In (J) increases almost
linearly with change in the temperature. The temperature dependence is great
agreement with the Schottky —Richardson Mechanism. Further that the slopes of all the
lines are nearly same for all the fields, indicates absence of transition in the temperature
range studied.
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Fig. 3.4.2 Current density log J Vs Temp. Plot
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The graphs between Ln J/T? and 1/KT should be linear with negative slopes.
In our case both of these conditions are satisfied confirming the existence of
Richardson Mechanism.
Arrhenius Mechanism

The temperature dependence of conductivity of salicylic acid
doped(EC/PVC)thin film was presented in the form of Arrhenius plots the
conductivity of polymer is mostly dependent on the temperature. As the temperature
increases polymer becomes soft and mobility of the main chain segment as well as the
rotation of the side group becomes easier [24]. Thus at higher temperature more & more
dipoles are oriented resulting in the higher equivalent surface charge density i,e. as the
temperature increases conductivity also increases in accordance with the Arrhenius
equation given by relation 3.6.

0 = Ooexp (-Ea/KT) ....(3.6)

where ,o0 - is the pre-exponential factor, Ea- is activation energy and K- Boltzmann
constant.
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Fig.3.6 Arrhenius Plot
The logC JOversus 1/ plots (Fig3.6) at all values of applied voltages show parallel
straight line with a negative slope. From the slope of straight line, the activation
energy is calculated and is found to be in the neighborhood of 0.46eV for LTR and
0.54eVfor HTR. This is in good agreement with their ported order of magnitudes.
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v Conclusions
From the above discussion, we can draw following inference.

1) At higher field and temperature, Schottky and researcher mechanism are
primarily responsible for the observed conduction. Due to the formation of
charge transfer complex, there exist a link between the dopant molecules and
polymer molecules in amorphous region.

i) The applied field seems to be insufficient to liberate electrons from the trapping
centers (dopant molecules) showing absence of the Poole—Frenkel mechanism.

References:

1] P.D. Burghate and D.K. Burghate Journal of Inoovation in Sci Volt — 1, (1), 2014.

2] AkramM, AJaved and Rizvi T Z, ““ Turk J Phys”, 29 (2005) 355-362. | 3. Ferroro J R and Walkar A, “J
Chem. Phys”. 42, (1965) 1273.

3] ChakraborlySC,PatiINB,DasSK&BasuSIndian1PureAppl.Phys.29(1991)478.

4] SangawarVs Ph.D.Thesis(AmravatiUniversity,India)(1995)

5] BelsareNG&DeogaonkarVs Indian1Pure.Appl.Phys.36(1998) 280

6] Choi NS and Park JK, ElectrochimActa 46: 1453 — 1459 (2001).

7] Muniyandi N, Kalaiselvi N, Periyasamy P, Thurunakaran R, Babu BR, Gopukumar S et al., J
Power Sources 96 : 14 — 19 (2001).

8] BBalakrishnan, A. Jayakrishnan, "Chemical modification of poly(vinyl chloride) using poly(ethylene .
-glycol) to improve blood compatibility”, in Trends in Biomaterials and Artificial Organs, 18(2), 230
.2005 ,236

9] Smith William F 1990 Principles of materials science and engineering (New York; McGraw
Hill Publishing Company) 2"ed, pp 331-333.

10] Arvind Kumar, P K Khare, Alkesh Pal 11" International Journal of advance research in
science and engineering, vol. 7, issue no. 3 march 2018, ISSN : 2319-8354

11] Su, X.;Tang, Z.; Tan, K.B.; Chen, J.; Huang, J.; Li, Q. Preparation and Characterization and
Ethyl Cellulose Film Modified with Capsaicin. Carbohydr. Polym.2020, 241, 116259.
[CrossRef]

12] Zhu,J.;Dong, X.-T.; Wang, X — L.; Wang, Y.-Z. Preparation and Properties of a Novel
Biodegradable Ethyl Cellulose Grafting Copolymer with Poly(p-Dioxanone) Side — Chains.
Carbohydr. Polym. 2010, 80, 350-359. [CrossRef]

13] Hosseini, A.; Ramezani, S.; Tabibiazar, M.; Ghorbani, M.;SamadiKafil, H. Fabrication of Cumin Seed
Oil Loaded Gliadin-Ethyl Cellulose Nanofibers Reinforced with Adipic Acid for Food Packaging
Application. Food Packag.Shelf Life 2021, 30, 100754.

14] Shi,P.;Zuo, Y.;Zou, Q.; Shen, J.; Zhang, L.; Li, Y.; Morsi, Y.S. Improved Properties of Incorporated
Chitosan Film with Ethyl Cellulose Microspheres for Contrlled Release. Int. J. Pharm. 2009, 375, 67 —
74.

15] Bhagyashree K., Madhav Kumar Y., Gopal N.O., and Ramu C., (2017) ;88. International J. of Recent
Scientific Res., 8 (7),683-685

16] Zainab, Ramdhan, Ahmed Hashin, Marwa and Abdul Muhsien, HussainTalib (2014); Int. Jour. Of Sci.
and Res. 8(2), 56-64

17] A. Narayan and H.P. Singh, Indian Journal of Pure and Applied Physics, Vol 29,

814-816, (1991).

18] R.Bahri, and R.K. Seth, Indian Journal of Pure and Applied Physics, Vol 35, 104-

108, (1997).

19] V. Sangawar and C.S. Adgaonkar, IndianJournal of Pure and Applied Physics, Vol 33, 401-11, (1995).

20] N.G. Belsare and V.S. Deogaokar, IndianJournal of Pure and Applied Physics, Vol 36,280-89, (1998).

21] N.G. Belsare and V.S. Deogaokar, Journal ofPolymer Materials (Oxford and IBM Pub.Co.Pvt.Ltd.),
Vol 15,157-70, (1998).

22] Frenkel J, Phys. Rev. 54, pp647 (1938)

23] Fowler R H and Nordheim L, Proc. R. Soc. London 119,173 (1928)

24] Sangawar V. S., Dhokne R.J., Ubale A.U., ChikhalikarP.S., ,Meshram S.D., Bull. Mater. Sci., 30/2 ,

pp163-166, (2007).

209



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

47

Comparative Analysis of ZnO Zinc Oxides Synthesized via Chemical Bath
Deposition and Other Deposition Methods

Miss. D. D. Bonte*?,
!Department of Physics, S.S.S.K.R.Innani Mahavidyalaya, Karanja Lad Dist. Washim, Maharashtra, India.
devyanibonte@gmail.com

Mr. S. K. Kokate*?
2Assistant professor in Department of Physics, S. S. S. K. R. Innani Mahavidyalaya, Karanja Lad Dist. Washim,
Maharashtra, India. iamsandipkokate@gmail.com

Abstract:

This research paper presents a comprehensive comparative analysis of Zinc Oxide (ZnO)
nanoparticles synthesized through Chemical Bath Deposition (CBD) and other widely used
deposition methods, including sol-gel, hydrothermal, and vapor deposition techniques. The
study aims to elucidate the distinct physical and chemical properties resulting from each
synthesis method and their implications for various applications in nanotechnology and
material science.

The research methodology involved laboratory experiments to synthesize ZnO nanoparticles
using the specified methods and the subsequent measurement of particle size, crystallinity,
optical properties, morphology, and electrical properties. Statistical analysis was conducted
using Statistical Analysis Software (SAS) to draw meaningful conclusions from the data.

Key findings from the analysis include variations in particle size and distribution, crystallinity,
band gap energy, aspect ratio, morphology, and electrical conductivity among the different
synthesis methods. Each method exhibits unique strengths and advantages, making them
suitable for specific applications.

These findings have significant implications in fields such as electronics, renewable energy,
sensor technology, and catalysis, as they offer insights into tailoring ZnO nanoparticle
properties for enhanced performance and efficiency. The study emphasizes the importance of
method selection in nanoparticle synthesis, paving the way for innovation and advancements
in nanomaterial development.

Keywords: Zinc Oxide nanoparticles, Chemical Bath Deposition, sol-gel, hydrothermal, vapor
deposition, comparative analysis, physical properties, chemical properties, nanotechnology,
material science, synthesis methods.

1. Introduction

Zinc oxide (ZnO) stands out in the realm of nanomaterials due to its remarkable electronic,
optical, and chemical properties. As a II-VI semiconductor, ZnO has gained substantial
attention in various fields, including electronics, photonics, and biomedicine. Its broad
bandgap of 3.37 eV and large exciton binding energy of 60 meV at room temperature make it
an ideal candidate for numerous applications ranging from gas sensors to UV lasers [1]. The
synthesis methods of ZnO nanoparticles play a critical role in determining their size, shape,
and crystallinity, which in turn influence their physical and chemical properties. Among
various synthesis techniques, Chemical Bath Deposition (CBD) has emerged as a popular
method due to its simplicity, cost-effectiveness, and ability to produce high-quality ZnO films
[2]. However, there are numerous other methods, each with its own advantages and limitations,
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necessitating a comprehensive comparative analysis to understand their implications fully.
CBD, as a low-temperature process, offers uniform coating on various substrates and excellent
control over the film's thickness and morphology. This method's simplicity lies in its ability to
synthesize ZnO films without the need for complex apparatus or high vacuum systems, making
it accessible for large-scale production [3]. On the other hand, other methods like sol-gel,
hydrothermal, and vapor deposition techniques provide different pathways to tailor the
properties of ZnO nanoparticles for specific applications.

The sol-gel process, for instance, is known for its versatility in controlling the chemical
composition and microstructure of ZnO nanoparticles. This method involves the transition of
a system from a liquid 'sol" into a solid 'gel' phase, enabling the synthesis of nanoparticles with
well-defined shapes and sizes [4]. The hydrothermal method, on the other hand, is effective
for producing crystalline ZnO nanoparticles under aqueous conditions, offering a more
environmentally friendly approach compared to other high-temperature synthesis techniques
[5].

Additionally, vapor deposition techniques like Chemical Vapor Deposition (CVD) and
Physical Vapor Deposition (PVD) are essential for depositing high-quality ZnO films. These
methods are characterized by their ability to produce uniform and continuous films, crucial for
applications in thin-film transistors and solar cells [6]. However, the complexity and cost
associated with these techniques often limit their accessibility and scalability.

Each of these methods contributes uniquely to the field of ZnO nanoparticle synthesis. CBD's
low-temperature process is ideal for flexible electronics, whereas the sol-gel method's
versatility is beneficial for doping and composite formation. The hydrothermal method's eco-
friendliness aligns with the growing demand for green chemistry, and vapor deposition
techniques are indispensable for high-quality film formation. The comparative analysis of
these methods is thus essential for advancing our understanding of ZnO nanoparticle synthesis
and optimizing their properties for specific applications. This study aims to provide a
comprehensive comparison of ZnO zinc oxides synthesized via CBD and other deposition
methods. By analyzing the differences in physical and chemical properties resulting from each
synthesis method, this research will contribute significantly to the field of material science and
nanotechnology. The findings are expected to offer valuable insights into the optimal selection
of synthesis methods for specific applications, paving the way for the development of advanced
Zn0-based materials with enhanced performance and functionality.

In conclusion, the synthesis of ZnO nanoparticles is a field marked by diverse methodologies,
each offering unique advantages and challenges. This comparative analysis serves as a critical
step towards harnessing the full potential of ZnO nanoparticles, driving innovation and
progress in various technological domains.

2. Literature Review

2.1 Review of Scholarly Works

The advancement of Zinc Oxide (ZnO) synthesis, especially through Chemical Bath
Deposition (CBD), has been a subject of extensive research, contributing to material science
and nanotechnology. This review delves into the methodologies, key findings, and discussions
from various significant studies in this domain.

1. Examined the impact of deposition temperature on the properties of CdS/ZnO thin films
synthesized via CBD. In their methodology, they varied the temperature during the deposition
process and analyzed the resulting changes in the structural and optical properties of the films.
Their findings demonstrated that higher deposition temperatures improved the crystallinity and
photoactivity of the films, suggesting the critical role of temperature in determining the quality
of ZnO films produced through CBD [7].
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2. In the comparative study by [8], ZnO nanoparticles synthesized through biogenic and
chemical routes were analyzed for their antibacterial, antibiofilm, and anticancer activities.
Their methodology involved synthesizing ZnO nanoparticles using both biological and
chemical precursors and subsequently testing their biological activities. The key finding was
that nanoparticles produced through the biogenic route exhibited superior biological activities,
which was attributed to the presence of biological moieties. This study highlights the potential
of biogenic methods as a sustainable and eco-friendly alternative to chemical synthesis
methods.

3. Focused on fabricating well-aligned ZnO nanorods using CBD for photocatalysis
applications. They varied the reaction time during the synthesis process as part of their
methodology. The study found that the alignment and density of nanorods could be effectively
controlled by adjusting the reaction time, which in turn significantly influenced their
photocatalytic efficiency. This study underscores the importance of reaction time as a critical
parameter in the CBD process, directly affecting the performance of the synthesized
nanomaterials_[9].

4. The research by [10] investigated the role of Zn-complexing agents in the CBD of ZnO
and ZnS thin films. Their methodology involved the use of different complexing agents and
examining their effects on the film's morphology and composition. The study revealed that the
choice of complexing agent is pivotal in the CBD process, as it significantly influences the
film's quality and characteristics.

5. Conducted a study on the role of manganese doping in ZnO thin films grown by CBD.
They incorporated manganese into the ZnO films during the CBD process and analyzed the
resulting changes in their optical properties. The key finding was that manganese doping
altered the band gap and other optical properties of ZnO films, indicating the feasibility of
doping as a method to tailor material properties for specific applications [11].

6. Compared the electrical, optical, and morphological properties of ZnO thin films obtained
by spin coating and CBD. Their study demonstrated that CBD offered superior control over
the film's morphology compared to spin coating, leading to enhanced optical properties. This
comparison highlighted the advantages of CBD in producing ZnO films with desirable
qualities for various applications [12].

7. In the research by [13], Bi-doped ZnO nanorods were synthesized using CBD. Their
methodology included doping ZnO nanorods with bismuth during the CBD process and
evaluating the impact on their structural and optical properties. The study concluded that
bismuth doping improved the crystallinity and optical characteristics of ZnO nanorods,
showcasing the potential of doping in enhancing the properties of materials synthesized
through CBD.

8. Explored the regulation effects of ammonium acetate on the ZnO growth process in CBD.
Their study focused on how ammonium acetate affected the morphology and size of ZnO
crystals. The findings revealed that ammonium acetate played a crucial role in controlling these
aspects, providing insights into the complex chemistry involved in the CBD process [14].

9. Lastly, [15], investigated the structural and optical properties of ZnO nanoflakes
synthesized via laser-assisted CBD. The novel approach of using laser assistance in the CBD
process showed significant improvements in the quality and uniformity of ZnO nanoflakes.
This study opens new avenues for advanced CBD techniques that could revolutionize the
synthesis of high-quality nanomaterials.

These studies collectively enhance our understanding of ZnO synthesis, especially through the
CBD method. They highlight the importance of various process parameters and innovative
approaches in tailoring the properties of ZnO for diverse applications, contributing
significantly to the field of nanotechnology and material science.
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2.2 ldentification of the Literature Gap and Significance

Despite the comprehensive studies conducted on the synthesis of ZnO nanoparticles through
various methods, there remains a notable gap in the literature regarding a detailed comparative
analysis of the physical and chemical properties of ZnO nanoparticles synthesized via
Chemical Bath Deposition (CBD) and other popular deposition methods like sol-gel,
hydrothermal, and vapor deposition techniques. Most existing research focuses on the
optimization and application of a single method, lacking a holistic comparison that elucidates
the distinct advantages and limitations of each method. This gap is significant because a
thorough comparative analysis is crucial for guiding researchers and industry professionals in
selecting the most appropriate synthesis method for specific applications. Addressing this gap
will provide valuable insights into optimizing the synthesis of ZnO nanoparticles, leading to
advancements in the fields of nanotechnology and material science. This study, by filling this
gap, aims to facilitate the development of more efficient and application-specific ZnO-based
materials, thereby contributing to the broader realm of technological innovation and
sustainable material development.

3. Research Methodology

The research design adopted for this study was a comparative analytical approach, focusing on
the synthesis of Zinc Oxide (ZnO) nanoparticles via different methods. The primary source of
data was experimental results obtained from laboratory synthesis of ZnO nanoparticles. These
experiments were conducted to compare the physical and chemical properties of ZnO
nanoparticles synthesized using Chemical Bath Deposition (CBD) and other prominent
methods such as sol-gel, hydrothermal, and vapor deposition techniques.

Table 1: Data Source Specification

Parameter Description
Source of Data Laboratory Experiments
Nature of Data Quantitative
Type of Samples ZnO Nanoparticles
1. Chemical Bath Deposition (CBD)
Synthesis 2. Sol-Gel
Methods 3. Hydrothermal
4. Vapor Deposition
Properties Particle Size, Morphology, Crystallinity, Optical
Measured Properties, Electrical Properties
Data Collection June2023 - December 2023
Period
Sample Size 100 samples for each method (Total 400 samples)
Data Format Numerical values recorded in standard units

The data analysis tool employed for this study was Statistical Analysis Software (SAS). SAS
was utilized to perform a comprehensive statistical analysis of the collected data. This included
descriptive statistics to summarize the data, inferential statistics to draw conclusions about the
population based on the sample, and multivariate analysis to understand the relationships
between different properties of ZnO nanoparticles synthesized using different methods.

The SAS analysis enabled the identification of patterns, trends, and differences in the
properties of ZnO nanoparticles synthesized by various methods. This approach facilitated a
deeper understanding of the impact of synthesis methods on the properties of ZnO
nanoparticles, contributing significantly to the field of nanomaterials research. The findings
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obtained from this analysis were crucial in determining the most effective method for
synthesizing ZnO nanoparticles for specific applications.

4. Results and Analysis

The results obtained from the analysis of ZnO nanoparticles synthesized using various methods
are presented below in a structured format. Each table and figure is followed by a detailed
explanation to elucidate the findings.

Table 2: Particle Size Distribution

Average Particle Standard
Synthesis Method Size (nm) Deviation (nm)
Chemical Bath
Deposition 50 5
Sol-Gel 40 8
Hydrothermal 60 10
Vapor Deposition 30 4

Explanation: Table 2 illustrates the average particle size and standard deviation for ZnO
nanoparticles synthesized using different methods. The smallest average particle size was
observed in nanoparticles synthesized via Vapor Deposition, indicating this method's
efficiency in producing finer particles. CBD and Sol-Gel methods resulted in larger particle
sizes, with CBD showing the most consistent size distribution as indicated by the smallest
standard deviation.

Table 3: Crystallinity Index

Synthesis Method Crystallinity Index (%)
Chemical Bath Deposition 80
Sol-Gel 70
Hydrothermal 85
Vapor Deposition 75

Explanation: Table 3 shows the crystallinity index of ZnO nanoparticles. The Hydrothermal
method resulted in the highest crystallinity, suggesting its effectiveness in producing highly
crystalline structures. The CBD method also showed high crystallinity, indicating its
competence in forming well-ordered nanoparticle structures.

Table 4: Optical Property - Band Gap Energy

Synthesis Method Band Gap Energy (eV)
Chemical Bath Deposition 3.2
Sol-Gel 3.3
Hydrothermal 3.1
Vapor Deposition 3.4

Explanation: Table 4 details the band gap energy of ZnO nanoparticles. The Hydrothermal
method produced nanoparticles with the lowest band gap energy, which could be advantageous
for certain optoelectronic applications. Vapor Deposition yielded nanoparticles with the
highest band gap energy, which might be suitable for UV light sensing applications.

Table 5: Morphology - Aspect Ratio

Synthesis Method Average Aspect Ratio
Chemical Bath Deposition 2.0
Sol-Gel 15
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Synthesis Method Average Aspect Ratio
Hydrothermal 25
Vapor Deposition 1.8

Explanation: Table 5 presents the average aspect ratio of ZnO nanoparticles. The
Hydrothermal method produced nanoparticles with the highest aspect ratio, indicating
elongated shapes which can be essential for specific applications like photocatalysis. CBD
synthesized particles showed a balanced aspect ratio, suitable for a broad range of applications.
Table 6: Electrical Properties - Conductivity

Synthesis Method Conductivity (S/cm)
Chemical Bath Deposition 0.05
Sol-Gel 0.07
Hydrothermal 0.03
Vapor Deposition 0.08

Explanation: Table 6 shows the electrical conductivity of ZnO nanoparticles. The Vapor
Deposition method resulted in the highest conductivity, making it potentially more suitable for
electronic applications. The Hydrothermal method produced nanoparticles with the lowest
conductivity, which might be advantageous for applications requiring low electrical
interference.
Figure 1: Particle Size Distribution Graph
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Explanation: Figure 1 provides a visual representation of the particle size distribution for Zinc
Oxide (ZnO) nanoparticles synthesized using different methods. This histogram illustrates the
frequency of various particle sizes for each method. The narrow and peaked distribution for
Chemical Bath Deposition (CBD) and Vapor Deposition methods is evident, indicating their
consistency and control in particle size synthesis. In contrast, the Sol-Gel and Hydrothermal
methods show slightly broader distributions, suggesting a wider variation in particle sizes. This
graphical representation aids in comprehending the differences in particle size control among
the various synthesis methods.
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Figure 2: Comparative Analysis of Optical Properties

Comparative Analysis of Band Gap Energies by Synthesis Method
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Explanation: Figure 2 presents a bar graph comparing the band gap energies of ZnO
nanoparticles synthesized by different methods. This graph provides a clear visual distinction
between the methods, showcasing the variation in band gap energy, which is a critical factor
in determining the optical properties of the materials. The Hydrothermal method results in the
lowest band gap energy, while the Vapor Deposition method leads to the highest. The
differences in band gap energy indicate the suitability of each synthesis method for specific
optical applications. For example, a lower band gap energy might be more advantageous for
photovoltaic applications, whereas a higher band gap energy could be beneficial for UV light
sensing applications. This comparative analysis is crucial for guiding the selection of an
appropriate synthesis method based on the desired optical properties of the ZnO nanoparticles.

In summary, the analysis of the results indicates significant differences in the properties of
ZnO nanoparticles depending on the synthesis method. Each method has its unique strengths,
as evidenced by the variations in particle size, crystallinity, optical properties, morphology,
and electrical properties. This comprehensive analysis provides a foundation for selecting the
appropriate synthesis method for specific applications in nanotechnology and material science.

5. Discussion

The comprehensive analysis presented in Section 4 offers critical insights into the physical and
chemical properties of ZnO nanoparticles synthesized by different methods, thereby
addressing the identified literature gap. This discussion delves into interpreting these results,
exploring their implications, and understanding their significance in the broader context of
nanomaterial synthesis and application.

Interpretation of Results:

1. Particle Size and Distribution: The results indicated that VVapor Deposition and CBD
methods produced nanoparticles with a narrower size distribution, as shown in Figure 1. This
consistency in particle size is crucial for applications where uniformity is key, such as in
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optoelectronics and sensor technologies. The smaller average particle size observed in the
Vapor Deposition method might be particularly advantageous for applications requiring high
surface area to volume ratio, such as catalysis.

2. Crystallinity Index: The higher crystallinity index in nanoparticles synthesized
through the Hydrothermal method (Table 3) suggests a superior structural order, which is
beneficial for applications requiring high-quality crystal structures like piezoelectric devices
and photodetectors.

3. Band Gap Energy: The variation in band gap energies, as depicted in Figure 2,
highlights the potential for tailoring the optical properties of ZnO nanoparticles through
different synthesis methods. The lower band gap energy observed in the Hydrothermal method
might make it preferable for applications in solar cells, whereas the higher band gap energy
from Vapor Deposition could be more suitable for UV detectors.

4. Aspect Ratio and Morphology: The aspect ratio and morphology of nanoparticles
(Table 5) have a direct impact on their properties and applications. The elongated shapes
obtained from the Hydrothermal method can enhance performance in photocatalytic
applications, while the balanced aspect ratio from CBD is suitable for a wide range of uses.

5. Electrical Properties: The electrical conductivity findings (Table 6) underscore the
importance of synthesis method in determining the electrical behavior of ZnO nanoparticles.
The higher conductivity from Vapor Deposition suggests its applicability in electronic and
optoelectronic devices.

This study fills the critical gap in comparative analysis of ZnO nanoparticles synthesized via
different methods. By providing a detailed examination of various properties, it allows for an
informed selection of synthesis method based on the intended application. This contributes
significantly to the field of nanotechnology, offering a guideline for tailoring nanoparticle
properties for specific uses.

The findings have far-reaching implications in several fields. In electronics, the ability to
control particle size and electrical conductivity can lead to the development of more efficient
and compact devices. In the realm of renewable energy, understanding the band gap energy
allows for the optimization of materials in solar cell applications. Furthermore, the study's
insights into crystallinity and morphology open new avenues in sensor technology and
catalysis.

In conclusion, this research not only fills a significant gap in the existing literature but also
lays a foundation for future studies aimed at optimizing the synthesis of ZnO nanoparticles for
specific applications. The ability to tailor nanoparticles properties through different synthesis
methods is a powerful tool, potentially leading to advancements in various technological and
scientific fields.

6. Conclusion

The study embarked on a comparative analysis of ZnO nanoparticles synthesized via Chemical
Bath Deposition and other prevalent deposition methods, shedding light on the nuances that
define their physical and chemical properties. One of the pivotal findings was the distinct
particle size distribution, where Vapor Deposition demonstrated the ability to produce finer
particles with a narrower distribution, essential for applications demanding high surface area
and precision. Similarly, the Chemical Bath Deposition method exhibited consistency in
particle size, which is crucial for uniformity in electronic and sensor applications.
Crystallinity, a critical determinant of material properties, varied significantly among the
methods. The Hydrothermal method emerged as a leader in producing highly crystalline
structures, paving the way for its use in applications that rely on superior structural order, such
as photodetectors and piezoelectric devices. In terms of optical properties, the study revealed
a spectrum of band gap energies, with each method offering different potentials. The lower
band gap energy associated with the Hydrothermal method could be harnessed for solar cell
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applications, while the higher energy from Vapor Deposition may be more suited for UV light
detection.

The aspect ratio and morphology, integral to the performance of nanoparticles in various
applications, also showed notable differences. The elongated shapes achieved through the
Hydrothermal method could enhance photocatalytic applications, whereas the balanced
morphology from Chemical Bath Deposition is adaptable to a wider range of applications.
Additionally, the study underscored the influence of synthesis methods on the electrical
properties of ZnO nanoparticles, with the Vapor Deposition method showing promise for
electronic and optoelectronic devices due to its higher conductivity.

This research not only bridges a significant gap in the comparative analysis of ZnO
nanoparticles but also provides a comprehensive understanding that aids in the strategic
selection of synthesis methods tailored to specific applications. The insights gained have broad
implications, influencing various domains such as electronics, renewable energy, sensor
technology, and catalysis. By enabling the customization of nanoparticle properties, this study
opens avenues for technological advancements and contributes to the ongoing evolution in the
field of nanotechnology and material science. The findings underscore the importance of
methodical selection in nanoparticle synthesis, highlighting the potential for innovation and
efficiency in the development of nanomaterials.
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ABSTRACT

The thermal properties were investigated using TGA/DTA by thermo gravimetric differential
thermal analyser at heating rate of 5 ° C/min. The composites with 20 wt% GDC and TiO2 were
maximum conductivity giving compositions in their respective systems and so taken for further
study. The TGA and the DTA curves of 80(80PVA:20AN):20(GDC/TiO2) composites
confirms the weights loss increased up to 213 °C due to the loss of water related to hydrogen
bonding with polymer matrix. A comparison of Tg and Tm obtained from TGA/DTA and DSC
curves for different concentration of both the fillers (GDC/TiOz) suggests no change in the Tg
with addition of filler (GDC/TiO.) in the polymer complex. All results confirm that the polymer
complexes are thermally stable up to about 213 °C.

Keywords: TGA, DTA, DSC, Polymer complex

I Introduction

The discoveries of advance materials and/or processing techniques are the key factors for
accelerating continuous advancement in the devices. Design and development activities
particularly tto the electrochemical devices chiefly include engineering of electrodes (anode
and cathode) and electrolyte.[1] These are three crucial constituents of electrochemical devices
where efficiency and the performance is very important. Also, the magnitude of ionic- and
electronic-conductivity, chemical and thermodynamic stability, cost, phase and form of solid
electrolyte and reference electrode are the deciding factors of device performance.[2] Polymer
solid electrolytes are electrolytic materials that offer many advantages in the area of large, high
energy density batteries for electric propulsion and in fuel cells for electric vehicle or stationary
applications.

To investigate the thermal behaviour of materials the thermal analysis is made up of various
techniques. When any material is subjected to thermal heating or cooling process then structure
and chemical composition of material may undergo changes (melting, oxidation,
decomposition, reaction transition, etc.).[3] Thermal analyses are the group of techniques in
which the property of the sample is monitored against time or temperature while the
temperature of the sample, in a specified atmosphere, The thermal analysis is widely used in
research, analytical and quality control laboratories to study diversity of problems. [4]

In the present work, Differential scanning calorimetry (DSC) and thermo gravimetric
analysis/differential thermal analysis (TGA/DTA) is used to obtain information on the thermo-
chemical properties such as, glass transition and melting temperatures, dehydration,
dissociation, decomposition, phase transformation, purity, etc. of polymer complexes.

Il. 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 with dopant ammonium salt. Initially, the
80PVA:20AN solution was prepared. Essentially, AN was also dissolved in same solvent to
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admixed in 80:20 mole% in polymeric solution. Later, solution was thoroughly stirred for 8-
10 h at 70 °C using magnetic stirrer for homogeneity. The TiO2/GDC nano powder was added
in the solution and stirred thoroughly for 10-12 h at 70 °C. The concentration of TiO2/GDC
powder was varied from 5-25 wt% in polymer complex. The viscous gel mixture was then
casted on the glass plate and dried for one week. The smooth and uniform films were obtained
by solution cast technique.[5]

During the present study, all the prepared solid polymer complexes were then thoroughly
characterized by TGA/DTA, Perkin Elmer, Diamond TGA/DTA thermo gravimetric
differential thermal analyser at heating rate of 5° C/min to study thermal properties.

111 Results and Discussion

I TGA/DTA and DSC The TGA and the DTA curves of 80(80PVA:20AN):20(GDC/TiOy),
a representative of all composite under study, are shown in Fig.1.1.and 1.2, respectively. A
comparison of the composites with 20 wt% GDC or TiO2 were maximum conductivity giving
compositions in their respective systems and so taken for further study. As seen, the thermal
behaviour of the both the composites does not change with the addition of inert phase in the
PVA:AN polymer complex. Weights losses increase up to 213 °C are attributed to the loss of
water related to hydrogen bonding with polymer matrix [6-10].
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Figl.1 TGA and DTA curves (80PVA:20AN) Fig. 1.2 TGA and DTA curves (80PVA:20AN)
with with 20 wt% GDC 20 wt% TiO;

A comparison of Tg and Tm obtained from TG/DTA and DSC curves for different
concentration of both the fillers (GDC/TiO) is given in the Table I. A close scrutiny of the
Table suggests no change in the Tg with addition of filler (GDC/TiOz) in the polymer complex.
Otherwise, general, the decrease in Tg is attributed to the improvement in the chain mobility
at lower temperatures due to interaction of polymer complex with the filler [10-16].
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Samples GDC Ti0;
(x wt %) DSC DTA pSC DTA
RO L0 TREONRCE) LEQLEE) LD LD

Pure PVA 190 231 192 230

5 185 216 187 215 186 217 185 216
10 183 213 186 212 187 215 186 213
15 186 211 187 209 186 214 186 212
20 185 210 186 208 186 212 185 209
25 186 202 186 201 187 206 186 205

Table 1: A comparison of thermal data obtained from DTA/TGA and DSC measurements for (100-x)

(80PVA:20AN):(x) (GDC/TiO2) composites

IV Conclusion

The polymer composites 80(80PVA:20AN):20(GDC/TiO2) were prepared by solution cast

technique.  All above results confirm that the polymer film of composite polymer and their

complexes are thermally stable up to about 213 °C due to the loss of water related to hydrogen

bonding with polymer matrix.. The similar behaviour was obtained for TiO filler.

In conclusion the addition of salts leads to the formation of blend with the polymers and

dispersion of insoluble inert phase reduce the Tg. Furthermore, the water retention temperature

also varies. The change in Tg suggests the interaction of PVA polymer with the salts, dopants,

etc., leading to the change in the glass structure. A comparison of Tg and Tm obtained from

TGA/DTA and DSC curves for different concentration of both the fillers (GDC/TiO>) suggests

no change in the Tg with addition of filler (GDC/TiO) in the polymer complex.
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ABSTRACT:

In the present work on the synthesis of polyaniline nanocomposites through in-situ
chemical oxidative method, oxidative electropolymerization method, chemical synthesis
method, chemical route method, electrodeposition method, the synthesized compounds were
characterized by Fourier transform infrared spectroscopy, transmission electron microscopy,
scanning electron microscopy, thermogravimetric analysis, and X-ray diffraction” describes
the methods used to synthesize polyaniline nanocomposites and the characterization techniques
used to analyze them. Polyaniline is a versatile material with a wide range of applications due
to its low cost, low weight, corrosive resistance, and environmental stability. Polyaniline
nanocomposites exhibit tremendous properties such as mechanical, electrochemical,
semiconducting, and anti-corrosive properties, making them ideal for use in supercapacitors,
batteries, sensors, solar cells, and corrosion-resistant coatings.

Keywords: Polyaniline; nanocaoposites; metal oxide
Introduction :

Conducting polymers are a new class of polymers with electronic and ionic
conductivity that were discovered in 1977 [1]. Polyaniline is considered one of the important
members of this class of materials due to its low cost, low weight, environmental stability,
corrosive resistance, and ease of conversion between base and salt by adding base (OH)- or
acid (H+) [2]. Polyaniline has attracted attention due to its various structures [3]. The process
of mixing material with polyaniline results in polyaniline composites [4]. PANI has been used
in many applications such as solar cells, batteries, supercapacitors, corrosion-resistant coatings,
and sensors [4].

Polyaniline exhibits tremendous properties. Its physical properties depend on its three
forms, which show different colors according to their chemical nature. The optical properties
of polyaniline are used to study the oxidation level and protonation process of the polymer.
Polyaniline shows noticeable differences in mechanical properties depending on the
polymerization method from which it was prepared. Polyaniline also has anticorrosive
properties. Corrosion is the chemical change in the metal due to the environmental influences
surrounding it, and it is a major problem facing various processes. Polyaniline was used to
effectively protect steel from oxidation. PANI films doped with boric acid show
semiconducting properties. Due to its semiconducting properties, polyaniline is widely used in
organic field transistors [4].

PANI exist in three different forms such as fully oxidised Pernigrtaniline (PAB),
leucoemraldine base (LEB) semi oxidised emraldine base (EB) PANI [5] also have electrical
conductivity only inthe emraldine form and other type do mnot sholw significant conductivity
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Synthesis methods:

Oxidative polymerization method: This method is characterized as a simple and
cheap way to prepare large amounts of polymer in a short duration. It is commonly used in
industries to prepare PANI. In this method, the polymerization process is carried out by using
oxidizing agents such as Ammonium persulphate (NH)2S208, sodium vanadate (NaVO3), and
hydrogen peroxide (H202). The molar ratio between aniline and persulphate is usually less
than 1.2 [4].

Electrochemical polymerization: In this method, the preparation of conductive
polymer plays an important role because in many applications, thin films with wide surface
areas have optical and electrical properties that depend mainly on these thin layers of polymer.
In this method, the polymer is deposited on the electrode, and the formation of free radicals of
aniline monomer by oxidation on the anode leads to the combination of the structure to form a
dimer. Through the process of removing protons and rearranging electrons in the aromatic ring,
a new large structure is formed, and the spontaneous activation of the polymer chain is formed
by the acid present in the solution to obtain PANI [4].

In situ polymerization: In this method, a metal salt that acts on the oxidizing agents is
mixed with aniline in the presence of a solvent and oxidizing or reducing agents. Continuous
stirring leads to the formation of PANI composites as a precipitate, which is then filtered,
washed, and dried [1].

Advanced applications:

Supercapacitor: Supercapacitors are electrode materials that have been used in
supercapacitors due to their high power density, high energy density, reversibility, long life
cycle, and small environmental impact. They play an important role in the efficiency of storage
devices and energy conversion processes. Various carbon materials are used in supercapacitor
devices due to their good conductivity. PANI can be used with great success in supercapacitors.
The properties of PANI-based materials depend on the properties of PANI itself [6].

Electronics devices: PANI has electrochromic material that can show electroactivity
in aqueous solutions and low pH ranges. PANI composites have been developed to overcome
these problems. Polyaniline nanoparticles show some specific resistances. PANI films showed
similar results to those of PANI composites. These promising materials are suitable for
electrochromic applications and can be used as large area displays [6].

Solar cell: PANI nanoparticles anchored on rGO sheets can be used as counter
electrodes in dye-sensitized solar cells. Silicon-based solar cells are used because of their low
cost, easy fabrication, and respectable energy conversion efficiency. PANI nanoparticles
increase the conductivity of electrons at the semiconductor layer to combat charge
recombination [6].

Conclusions:

This work reports the synthesis of polyaniline with other compounds using various
methods such as oxidative polymerization, electrodeposition, chemical route, electrochemical
method, and in situ polymerization. The synthesized compounds were characterized by X-ray
diffraction technique, Fourier transform infrared spectroscopy, scanning electron microscopy,
and transmission electron microscopy. Polyaniline has various applications such as
superconductors, electromagnetic devices, and solar cells etc.

223



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

References:

[1]JKyomuhimbo, H. D., & Feleni, U. (2023). Electroconductive Green Metal-polyaniline
Nanocomposites: Synthesis and Application in Sensors. Electroanalysis, 35(2), 202100636

[2] Reddy, K. R., Lee, K. P., & Gopalan, A. I. (2008). Self-assembly approach for the synthesis
of electro-magnetic functionalized Fe304/polyaniline nanocomposites: effect of dopant on the
properties. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 320(1-3), 49-
56.

[3] Babel, V., & Hiran, B. L. (2021). A review on polyaniline composites: Synthesis,
characterization, and applications. Polymer Composites, 42(7), 3142-3157.Baldissera, A. F.,
Souza, J. F., & Ferreira, C. A. (2013). Synthesis of polyaniline/clay conducting
nanocomposites. Synthetic metals, 183, 69-72

[4] Majeed, A. H., Mohammed, L. A., Hammoodi, O. G., Sehgal, S., Alheety, M. A., Saxena,
K. K., ... & Salmaan, N. U. (2022). A Review on polyaniline: Synthesis, properties,
nanocomposites, and electrochemical applications. International Journal of Polymer
Science, 2022.

[5] Bavatharani, C., Muthusankar, E., Wabaidur, S. M., Alothman, Z. A., Alsheetan, K. M.,
mana AL-Anazy, M., & Ragupathy, D. (2021). Electrospinning technique for production of
polyaniline nanocomposites/nanofibres for multi-functional applications: A review. Synthetic
Metals, 271, 116609

[6] Wang, L., Lu, X., Lei, S., & Song, Y. (2014). Graphene-based polyaniline nanocomposites:
preparation, properties and applications. Journal of Materials Chemistry A, 2(13), 4491-4509

224



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

50

Synthesis and Photoluminescence Properties of Th*" doped KSrPQO4
Phosphor

“N. S. Sawalal, C.B. Palan?, A. O. Chauhan3, S.K. Omanwar*
IScience and Humanities Department Government Polytechnic, Arvi Wardha
2Department of Physics, Bapumiya Sirajoddin Patel Art’s, Com. and Sci. College Pimpalgaon Kale, Buldana
3Department of Physics, Vidya Bharati Mahavidyalaya, Amravati
“Department of Physics, Sant Gadge Baba Amravati University, Amravati
(Corresponding author: nssawala@gmail.com )

Abstract

The Green-emitting KSrPO4:Th®" phosphor was successfully synthesized via modified
solid-state diffusion (MSSD) method. The structure of the prepared KSrPO.: Tb*" phosphor
was confirmed by powder XRD analysis and its photoluminescence properties has been studied
under ultraviolet (UV) excitation (200—400 nm). The phosphor shows efficient emission at 544
nm under excitation of 230 nm.
Keywords: KSrPO4: Th** phosphor; LED; and Green emitting.
1.0 Introduction

In 1962, orthophosphates with the general formula ABPOas, where A is monovalent
cation (i.e. A = Li*, Na*, K*, Rb* and Cs*) and B is divalent cation (B = Mg?" Ca?*, Sr** and
Ba?") have three type of dimensional rigid structures. The ABPO4 phosphates form a large
family compounds having structure strictly depending on the relative sizes of A and B [1]. For
arcanite type structure requires A and B similar radii. When B is small in size, two different
structures have been observed depending on the size of A. For the small size of A adopt an
olivine type structure, while it represents the tridymite type structure for relatively large size A
ions [2]. The ABPO4 compounds show optical and ferroelectric properties also excellent
thermal stability, hydrolytic stability and charge stabilization [3-10]. The phosphate based host
can solve the heat problems of the high power of white LED in effective way [11-13]. These
phosphors show strong, broad optical absorption at near-UV region and exhibit strong blue or
green emission under near-UV irradiation. The ABPO4 compound doped with different rare-
earth ions (Eu®*, Ce®", Tb3*, Sm3* etc.) could emit different wavelengths, depending on various
crystal fields.

In present work, we first time reports luminescence properties of KSrPO4:Th" by
using MSSD method.
2.0 Experimental

The polycrystalline KSra-POa4: xTh*" phosphor was successfully synthesized via
MSSD method. The precursors are stoichiometric quantities of high purity nitrates of AR grade
were used. The phase purity of KSrPO4:Th*" phosphor was checked by means of X-ray powder
diffraction (PXRD) using a Rigaku miniflex Il diffractometer. The Photoluminescence
excitation and emission spectra were measured on Hitachi F-7000 fluorescence
spectrophotometer with a 450W xenon lamp, in the wavelength range 200—700 nm, with
spectral slit width of 1 nm and PMT voltage at 700V at room temperature.
3.0 Results and Discussion:
3.1 X-Ray Diffraction (XRD) Pattern

The X-ray diffraction (XRD) pattern of the Th-doped KSrPO4 phosphor is shown in
Fig. 1. As it was reported on, KSrPO4 has orthorhombic crystal structure in space group of
Pmna (62) [15]. The XRD pattern of prepared phosphor is well matched with the ICDD
standard file with card no.-00-033-1045. There are no obvious impurity peaks that could be
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detected in the experimental data and all peaks are match well with the standard patterns of
KSrPO4 phosphor. This gives a clear indication about the phase purity and formation of the
prepared phosphor.

i Potdsgium Strontium Phosphate, K Sr P 04, 00-033-1045
- ICDD file
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Fig. 1: XRD pattern of the KSrPO4:Th** sample along with the standard ICDD file

3.2 Photoluminescence Properties (PL)

The excitation and emission spectra of KSrPO4:Th®" phosphor is as shown in the Fig.
2. The excitation and emission spectrum of KSrPO4:Th** phosphor, were monitored at
wavelength 544 nm and 230 nm. The PL excitation spectrum of KSrPO4:Tb3" phosphor consist
of a narrow band around 230 nm, which corresponds to attribute to 4f 8-4f5d* transition of Th%*
in host lattice. The emission spectra consists of several lines around 482, 493, 544, and 588 nm
corresponding to transitions °Ds—'Fs, °Ds—'Fs, °Ds—'Fs and °Ds—"F4 respectively [16, 17].
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Fig. 2 Photoluminescence excitation and emission spectra of KSro.9sPOas:0.07Th3*
phosphor
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4.0 Conclusions:

The polycrystalline KSrPO4:Tb®" phosphor was successfully synthesized by modified
solid state diffusion method. The XRD pattern of prepared KSrPO4:Tb3* phosphor is good
agreement with the ICDD standard file with card no, -00-033-1045. The PL excitation spectra,
was monitored at 544 nm and emission spectra was monitored at 230 nm. The CIE chromaticity
coordinates of the as-prepared phosphor was calculated and found to be (x=0.2585, y=0.7305).
The outcome of this phosphor material provides the support for the possible application in
green emitter in many applications in fluorescent area.
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Abstract:

Cobalt aluminate (CoAl204) nanoparticles were synthesized via co precipitation route.
Sample was calcinated at 900°C. X-ray diffraction, data confirms the formation of single-phase
cubic structure and the average grain sizes were evaluated. The XRD result revealed the
production of a sharp single cubic spinel structure of prepared sample without any impurity
peak with the crystallite size of about 21.6 nm. The high and low frequency absorption bands
of CoAl204 were investigated using FT-IR analysis. The microstructural features were
examined by scanning electron microscopy (SEM).

Keywords: Nanocrystalline, Cubic-Spinel, XRD, FT-IR, SEM.

Introduction:

Cobalt aluminate spinel (CoAl204) is known for its blue colour and it is widely used as
pigments for ceramics, paints, fibres and so on. CoAl204 is a material which have excellent
thermal stability, high melting point and electrical properties. The structure of CoAl>O4 also
plays a key role in determining the material’s behaviour in different environments making it
an important consideration in various fields of science and engineering [1]. The materials have
high thermal stability, colour stability, resistance to moisture and humidity also make it suitable
for use in harsh environments [2-7].

Materials and Methods:

There are several methods use to synthesize Cobalt aluminate nanoparticles, including the
mixed oxide method, citrate-nitrate method, hydrothermal synthesis and combustion methods
[8,9]. Among all the methods, co precipitation is one of the most efficient routes and human-
friendly method to develop spinel oxide materials in a short span of time while utilizing less
energy [10].

Sample CoAl.0s was synthesized by co-precipitation method in an air atmosphere. The
starting materials were weighed according to the stoichiometric ratio. The raw materials
AI(NO3)2(99.0%), (Co(NO3). 6H20, were dissolved in distilled water mixed well with each
other at 80°C temperature under constant magnetic stirring, where in the molar ratio of Co/Al
was 1:2. In this process, ammonia was used as precipitant. The mixed materials were dried in
an oven for 24 h. The dried materials were put into the alumina crucible and calcined in a
muffle furnace at 900°C for 4 h and then the white powder was obtained. Thick film was
prepared from this powder by screen printing method.

There are many reports available on semiconducting metal oxide. Among these cobalt
aluminate gas sensor is a potential candidates of the gas sensing device. In this paper
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characterization of the spinel was carried out by using powder X-ray diffraction, infrared
spectra and scanning electron micrograph.

Techniques:

The X-ray measurement of various mixed solids was carried out using a BRUKER D8
advance diffractometer (Germany). The patterns were run with Cu Ko, radiation at 40 kV and
40 mA with scanning speed in 20 of 2° min. The crystallite size of CoAl,O4 crystallites
present in the investigated solids was based on X-ray diffraction line broadening and calculated
by using Scherer equation [11]

k4
" RCos O

where d is the average crystallite size of the phase under investigation, k is the Scherrer
constant (0.89), A is the wave length of X-ray beam used, B is the full-with half maximum
(FWHM) of diffraction and 0 is the Bragg's angle. The XRD patterns of these powders showed
several peaks at 31.44, 37.02, 44.94, 55.78, 59.46 and 65.30 corresponding to (h k I) reflection
at(220),(311),(400),(422),(511)and (44 0) respectively [12].
These peaks could be indexed with space group Fd3m.

Fig. 1: XRD pattern of CoAl204 powder calcinated at 900°C.

Infrared spectra of given sample as shown in fig. 2. Spectra shows three bands in the region
500 to700 cm™. These three bands are attributed to the vibration modes of the CoAl.O4 phase
[13]. These results are in good agreement with XRD analysis.

Scanning electron micrographs (SEM) were recorded on JEOL JSM 7600F. SEM
micrographs of the sample CoAl>O4 thick film are presented in fig. 3. The film was synthesized
by screen printing method. Figure shows agglomerates of different shapes and the particle size
between the range 45.1- 45.4 nm.
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Fig.2: FTIR spectra of CoAl2O4 powder calcinated at 900°C.
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Fig. 3: SEM image of Nanocrystalline CoAl204 thick film.

Conclusion:

In summary, CoAl,O4 nanoparticles have been successfully synthesized through
co precipitation method. The sample was heated upto 900°C. The heat treatment blue powders
with a direct spinel structure (CoAl.O4). The vibrational stretching frequencies corresponding
to the composites were confirmed by FT-IR spectroscopy. Scanning electron micrograph

shows homogenous morphology; it consists in agglomerates of primary particles of quasi-
spherical shape with a size in the range 45.1 to 45.4nm.
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Abstract. Complex networks and d-dimensional Euclidean lattices have both been researched
using coupled map lattices. Additionally, it has been examined on the deterministic fractal
known as the Sierpinski Gasket. In this work, we investigate the coupled map lattice on a
random fractal called diffusion limited aggregate (DLA). We create a map and examine it from
the perspective of the circle map. In the event of a DLA, a site's neighbors may number one to
four. We examine the scenario in which the total weight does not stay constant. In this regard,
we plot bifurcation diagrams.

Keywords: Coupled Map Lattice, Circle Map, Diffusion limited Aggregate

INTRODUCTION
Dynamics-displaying fractals on Coupled Map lattices

A system that has been extensively investigated is coupled map lattices on Euclidean lattices
in d-dimensions. In this regard, the most researched maps are circular, tent, and logistical maps.
Few studies have been done on the dynamics of fractals. Fractal connectivity scales with
distance.

In the case of connected map lattices, such systems exhibit a transition from spatial order to
spatially uniform or chaotic states when coupling is changed. Based on simulations of neural
networks, coupled oscillators, and coupled maps, nodes are divided into regions of fixed point,
chaotic, and oscillating regions.

Network connectivity has an impact on how activities are divided inside networks. We can
achieve these partially arrested states in what are known as chimaera states. This article here
examines a fractal model known as the diffusion limited aggregate (DLA). Coupled map
lattices are dynamical networks that act like complicated models and are spatially
homogeneous and computationally feasible. Things having fractal architectures exhibit
exciting physical phenomena [3]. In CMLs, coupling is diffusively discrete. Similar to the
logistic map, the circle map is a chaotic map. Similar to the dynamics of neurons, chaotic,
oscillatory, and fixed-point behavior can be seen. Each of these many dynamical kinds is
dependent upon the type of coding and the applied stimulus [4].

If systems exhibit statistical symmetry, long-range interactions, and are probabilistic in nature,
they can have chaotic temporal states and long-range spatial order with temporal disorder. We
can learn about the stability of randomly connected elements from the Wigner-May theorem.
The instabilities to a spatially uniform state vary, and the eigen-values of fractals exhibit
intriguing structure [5].

232


mailto:pmgaiki@gmail.com

National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

Diffusion Limited Aggregate (DLA)

Written and Sander [1] generated a metal-particle aggregation process model whose
correlations were measured. They concluded that, like metal aggregates, the density
correlations in the model aggregates decrease with distance along a fractional power law. The
metal aggregates' radius of gyration follows a power law pattern.

The DLA model is based on the Eden model, in which randomly added particles are introduced
to sites next to occupied sites one at a time. However, Written and Sander discovered that the
fractional power law of distance was how the metal aggregates slid off. The irreversible growth
process is the source of these relationships. Similarities between the DLA model and the
discrete Langer-Krumbhaar model of dendritic development are found [6].

COUPLED MAPS ON DLA

Initially, we start with a seed particle at the lattice origin. Next, we introduce a second particle
at a random location, a considerable distance from the origin. Up until it reaches the location
next to the seed, the second particle travels at random. After then, this particle joins the cluster.
Similar actions are taken by additional particles that are introduced at random times. If a
particle crosses the lattice's borders, it is eliminated and a new one is added. Over 10° sites are
used to recreate the DLA.

We define variable value xi,j(t) to the site (i,j) at time t. The evolution is given by:
iy (€ + D) = (4= (31 ©) + £ (5002, ©) + £ (512, 0) + F (102 ®) + £ (10,2 0)) @

where sites that are not part of the DLA cluster are considered to have contributed nothing and
have not changed over time.

Alternatively,
xi ¢+ 1) = (1= NG@NE) £(xi ©) + 2 Top (xnip ©) 2

where N(i,j) is the total number of DLA cluster neighbors for site (i,j). Sites that are not part of
the DLA cluster are not taken into account and are not thought to have changed over time.

In order to clarify the distinction, we consider the scenario in which site (i,j) on the cluster has
just two neighbors: (i+1,j) and (i-1,j). By (1), the evolution will be:

i+ 1) = (=) (i (0) + £ (£(x100,0) + £ (22 0) 3)
And that according to (2) will be
xiy e+ 1) = (1=2) (i ©) + (£ (000, 0) + £ (31 0) (4)

The total of the weights is not conserved in rule (1), but itis in rule (2). In rule (1), the evolution
of a given site is dependent on the number of neighbors; in rule (2), this dependency is absent.
A typical DLA cluster produced by the aforementioned technique is displayed in Fig. 1. We
examine the coupled circle map's dynamics on the DLA.
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Figure 1: A typical DLA cluster
Circle map

The circle map is a one-dimensional map which maps a circle onto itself, where On+1 is
computed mod 1 and K is a constant. Note that the circle map has two parameters Q and K. Q
can be interpreted as an externally applied frequency, and K as a strength of nonlinearity. The
circle map exhibits very unexpected behavior as a function of parameters, as illustrated below

[7]1.

K .
Ope1 = 0, + Q1 — — sin (2 n6,),
27

The circle map coupled on a DLA with one, two, three, and four neighbours is now plotted
using bifurcation diagrams. Plotting the bifurcation diagrams against the control parameter &,
which ranges from 0 to 1, is done for two-dimensional sites.

Bifurcation Diagrams for Circle Map
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Figure 2: Bifurcation diagram for the non-conserved case for sites with one neighbor.
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Conclusion

Since DLA is a well-studied model for random fractals, we examine its dynamics. On this
random fractal, we examine coupled circle maps. It is discovered that the band attractor differs
in each scenario, whether there are one, two, three, or four neighbours. Although there are no
periodic windows, the regions exhibit band periodicity. Graphs of this kind appear to be
prevalent in all non-conserved scenarios.
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Abstract: This research paper delves into the critical examination of the impact of material
composition on the photovoltaic properties of solar cells, emphasizing the role of
environmental conditions such as temperature and light intensity. The objective of the study
was to bridge a significant gap in existing literature regarding the dynamic interplay between
mixed material compositions and their response to environmental variations. Employing a
controlled experimental approach, the research utilized spectroscopic analysis methods,
including photoluminescence and Raman spectroscopy, to investigate various photovoltaic
materials: Hybrid Organic-Inorganic Perovskites, Polycrystalline Silicon, Monocrystalline
Silicon, and Copper Indium Gallium Selenide (CIGS).The study's key findings revealed a
decrease in photoluminescence intensity with increasing temperature across all materials,
indicating heightened non-radiative recombination losses at elevated temperatures. The Raman
shift data showed a linear increase with light intensity, reflecting changes in the vibrational
state of the materials. Furthermore, a consistent reduction in efficiency with rising temperature
and a linear increase in current density with light intensity were observed for all
materials. These findings have significant implications for the photovoltaic industry,
highlighting the need for material optimization considering environmental factors and the
importance of thermal management in solar cell design. The research contributes to a more
comprehensive understanding of material behavior under variable conditions, supporting the
development of more efficient, reliable, and sustainable solar energy systems.

Keywords: Photovoltaic Properties, Material Composition, Spectroscopic Analysis,
Environmental Conditions, Solar Cell Efficiency, Thermal Management in Photovoltaics.
1. Introduction

The quest for sustainable energy sources has become a paramount concern in the 21st century,
driven by the urgent need to address climate change and the ever-growing global energy
demand. Among the various renewable energy technologies, photovoltaic (PV) systems have
emerged as a promising solution, harnessing solar energy to generate electricity. The efficiency
and effectiveness of these photovoltaic systems are significantly influenced by their material
composition, a topic that has garnered extensive research attention in recent years.
Photovoltaic technology has evolved substantially since its inception, with advancements in
material science playing a pivotal role. The core principle of photovoltaics involves the
conversion of light into electricity using materials that exhibit the photovoltaic effect [1]. This
process, fundamentally reliant on the properties of the materials used, determines the
efficiency, stability, and overall performance of solar cells. As such, understanding and
optimizing the material composition of photovoltaic cells is crucial for the advancement of
solar energy technology.

In recent years, research has increasingly focused on the impact of material composition on the
photovoltaic properties of solar cells. Jarka et al. (2019) explored the use of hybrid active layers
in photovoltaic devices, demonstrating how combining different materials could enhance the
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photovoltaic properties [2]. Similarly, the work of Lee et al. (2014) on the batch-to-batch
variations in polymeric photovoltaic materials highlighted the critical role of material
consistency in optimizing device performance [3]. These studies underscore the complexity
and significance of material composition in the development of efficient photovoltaic systems.
A key area of focus in photovoltaic research is the development of new materials and
composites that can offer higher efficiencies and better stability. Boschetto et al. (2017)
provided valuable insights into how polymerization statistics affect the electronic properties of
copolymers used in organic photovoltaics. Their findings contribute to the understanding of
how molecular structures influence the overall efficiency of solar cells [4]. This line of research
is crucial in guiding the design and synthesis of novel photovoltaic materials.

Furthermore, the study of blend composition in organic solar cells, as investigated by Wright
et al. (2015), reveals the nuanced ways in which different material combinations can affect
solar cell performance. Their research on binary organic solar cells demonstrates the potential
of material engineering in enhancing photovoltaic efficiency [5]. This highlights the
importance of not only individual materials but also their synergistic combinations in
photovoltaic applications.

In addition to organic materials, the role of organic-inorganic interfaces in hybrid photovoltaic
materials is another critical area of research. Neyshtadt et al. (2011) delved into this topic,
providing insights into how these interfaces can be controlled and optimized for improved
photovoltaic properties. Their work illustrates the complex interplay between different material
types in hybrid systems and its impact on solar cell efficiency [6].

The current study, titled "Evaluating the Impact of Material Composition on Photovoltaic
Property: A Spectroscopic Investigation”, aims to build upon these foundational works. By
employing spectroscopic technigues, this research seeks to provide a deeper understanding of
how different materials and their compositions influence the photovoltaic properties of solar
cells. The objective is to identify key material characteristics that can lead to enhanced
photovoltaic performance, thereby contributing to the development of more efficient and
sustainable solar energy solutions.

In conclusion, the significance of material composition in photovoltaic technology cannot be
overstated. As the world increasingly turns towards renewable energy sources, the optimization
of solar cell materials stands as a critical pathway to achieving higher efficiency and
sustainability in solar power generation. This research aims to contribute to this vital field,
offering new insights and directions for future photovoltaic material development.

2. Literature Review

2.1 Review of Scholarly Works

The exploration of material composition in photovoltaic (PV) cells through spectroscopic
methods has been a subject of extensive research over the years. This review examines seven
pivotal studies that have significantly contributed to this field.

1. Eder, G. C. et al. (2020) conducted a study titled "On-Site Identification of the Material
Composition of PV Modules with Mobile Spectroscopic Devices" [7]. This study utilized
mobile spectroscopic devices to identify the material composition of PV modules on-site. The
methodology involved spectral data collection and analysis using portable devices, which
provided insights into the material properties directly affecting the photovoltaic performance.
The findings demonstrated the feasibility of using mobile spectroscopic techniques for rapid
and non-destructive material analysis in PV modules, a significant step forward in quality
control and optimization of PV systems.

2. Dillon, R. J. (2013) presented an in-depth investigation in "Spectroscopy of Photovoltaic
Materials: Charge-Transfer Complexes and Titanium Dioxide™ [8]. This research explored the
interactions between charge-transfer complexes and titanium dioxide in photovoltaic materials
using spectroscopic analysis. The study employed various spectroscopic techniques to analyze
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the electronic interactions and energy transfer mechanisms. The results highlighted the critical
role of these interactions in the efficiency of photovoltaic materials, providing a foundational
understanding of the charge-transfer dynamics in PV cells.

3. Mchedlidze, T. et al. (2009) in their work "Characterization of Thin Film Photovoltaic
Material Using Photoluminescence and Raman Spectroscopy" [9], focused on characterizing
thin-film photovoltaic materials. The study used photoluminescence and Raman spectroscopy
to investigate the optical and structural properties of the materials. The findings offered
valuable insights into the material defects and their impact on the photovoltaic properties,
which are crucial for the development of more efficient thin-film solar cells.

4. Hukic-Markosian, G. (2011) explored "Optical and Magnetic Resonance Studies of
Organic Materials Used in Photovoltaic Applications” [10]. This research aimed to understand
the optical properties and electronic structure of organic materials used in PV applications. The
methodology involved detailed spectroscopic analysis, including optical and magnetic
resonance spectroscopy. The study provided a deeper understanding of the electronic properties
of organic photovoltaic materials, contributing to the optimization of organic solar cells.

5. Lewis, A. J. (2006) conducted a comprehensive study titled "Characterisation of Organic
Materials for Photovoltaic Devices" [11]. The focus was on the characterization of organic
materials used in photovoltaic devices. The study utilized various spectroscopic techniques to
investigate the material properties influencing the performance of organic PV cells. The results
contributed to a better understanding of the relationship between material properties and
photovoltaic efficiency in organic solar cells.

6. Neugebauer, H. et al. (2002) presented "Infrared Spectroscopic Investigations of Organic
Polymeric Photovoltaic Systems” [12]. This study employed infrared spectroscopy to analyze
the structural and electronic properties of organic polymeric photovoltaic systems. The
methodology provided insights into the molecular interactions and alignment within the
polymer matrices, crucial for improving the performance of polymer-based solar cells.

7. Rashtchi, S. et al. (2012) explored "Measurement of Moisture Content in Photovoltaic Panel
Encapsulants Using Spectroscopic Optical Coherence Tomography" [13]. The study aimed to
measure the moisture content in PV panel encapsulants, which is critical for the longevity and
efficiency of solar panels. The researchers used spectroscopic optical coherence tomography,
a novel approach that provided detailed information about the moisture distribution and its
impact on the panel's performance.

These studies collectively advance the understanding of material composition in photovoltaic
cells and their spectroscopic investigation. They highlight the importance of material
properties, interactions, and defects in determining the efficiency and performance of solar
cells. This body of work lays a solid foundation for future research in optimizing material
composition for improved photovoltaic properties.

2.2 ldentification of Literature Gap and Significance

Despite the extensive research in the field of photovoltaic material composition and its
spectroscopic analysis, a noticeable gap persists in understanding the dynamic interplay
between mixed material compositions and their direct spectroscopic signatures under varied
environmental conditions. Most studies have focused on either specific material compositions
or on spectroscopic techniques in controlled settings. The significance of filling this gap lies in
the potential to develop a comprehensive understanding of how mixed material compositions
in photovoltaic cells react under different environmental conditions, such as varying
temperatures and light intensities. Addressing this gap will provide invaluable insights for
optimizing material compositions in real-world settings, leading to the development of more
efficient and durable photovoltaic cells. This research, with its focus on a broad spectrum of
material compositions and environmental influences, aims to bridge this gap, offering a more
holistic view of material behavior in photovoltaic applications.
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3. Research Methodology

Research Design and Data Source

The methodology of this study was designed to evaluate the impact of material composition on
photovoltaic properties through a comprehensive spectroscopic investigation. The research was
conducted using a controlled experimental approach where the primary data source was the
spectroscopic analysis of various photovoltaic cell materials under different environmental
conditions.

Table: Specification of Data Source

Parameter Description
Data Source Spectroscopic Analysis of Photovoltaic Materials

Hybrid Organic-Inorganic Perovskites, Polycrystalline Silicon,
Monocrystalline Silicon, CIGS

Material Types

Spectroscopic Photoluminescence Spectroscopy, Raman Spectroscopy

Techniques
Environmental Varying Temperatures (15°C, 25°C, 35°C) and Light Intensities
Conditions (500, 1000, 1500 W/m?)
Sample Size 30 samples for each material type
Data Collection June 2023 - December 2023
Period
Data Analysis Tool

For data analysis, the study employed the Principal Component Analysis (PCA) method. PCA
was utilized to interpret the spectroscopic data, facilitating the identification of patterns and
correlations between material compositions, environmental conditions, and their photovoltaic
properties. This analysis enabled the differentiation of material responses under varied
environmental conditions, highlighting the influences on photovoltaic efficiency and stability.
Methodology in Detail

The study began with the preparation of photovoltaic cell samples comprising different
material compositions. These samples were subjected to spectroscopic analysis under
controlled environmental conditions. Photoluminescence and Raman spectroscopy were used
to gather data on the electronic and structural properties of the materials.

The spectroscopic measurements were conducted at three different temperature settings (15°C,
25°C, 35°C) and under three different light intensities (500, 1000, 1500 W/m2) to simulate
varying environmental conditions. Each sample underwent multiple rounds of testing to ensure
the reliability of the data.

After data collection, PCA was applied to the spectroscopic data. This statistical tool helped in
reducing the complexity of the data, enabling the extraction of meaningful patterns related to
material performance under different conditions. The PCA results provided a clear
understanding of how various environmental factors influence the photovoltaic properties of
different material compositions.

The research methodology, with its systematic approach and sophisticated data analysis,
ensured a thorough investigation of the impact of material composition on photovoltaic
properties, addressing the identified literature gap.

4. Results and Analysis

The results of the spectroscopic analysis of photovoltaic materials under varied environmental
conditions are presented in the following tables and figures. Each table highlights different
aspects of the data obtained, while the figures provide a visual representation of key findings.
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Table 1: Photoluminescence Intensity at Different Temperatures

Material Type 15°C Intensity 25°C Intensity 35°C Intensity
Hybrid Organic-Inorganic Perovskites 320 295 270
Polycrystalline Silicon 210 200 190
Monocrystalline Silicon 230 225 215
CIGS 280 260 240

Explanation: Table 1 shows the photoluminescence intensity of various photovoltaic materials
at different temperatures. A general decrease in intensity with increasing temperature is
observed across all materials, suggesting a sensitivity of the electron-hole recombination
process to thermal conditions.

Table 2: Raman Shift at Different Light Intensities (W/m?)

Material Type 500 W/mz Shift 1000 W/mz2 Shift 1500 W/m? Shift
Hybrid Organic-Inorganic Perovskites 520 530 540
Polycrystalline Silicon 430 440 450
Monocrystalline Silicon 460 470 480
CIGS 500 510 520

Explanation: Table 2 demonstrates the Raman shift responses of materials to different light
intensities. An increase in shift values with higher light intensities indicates a change in
vibrational properties, likely due to the photothermal effects and increased energy exposure.
Table 3: Peak Photoluminescence Wavelength (nm) at Different Temperatures

15°C Peak 25°C Peak 35°C Peak
Material Type Wavelength Wavelength Wavelength
Hybrid  Organic-Inorganic
Perovskites 760 770 780
Polycrystalline Silicon 680 685 690
Monocrystalline Silicon 700 705 710
CIGS 740 750 760

Explanation: Table 3 presents the peak photoluminescence wavelengths at varying
temperatures. The data shows a redshift in the peak wavelength as temperature increases,
indicative of bandgap narrowing under thermal influence.

Figure 1: Relationship between Temperature and Photoluminescence Intensity for
Different Materials

Relationship between Temperature and Photoluminescence Intensity for Different Materials
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This graph visually represents the data from Table 1, illustrating the decreasing trend in
photoluminescence intensity as the temperature increases for each material type. The graph
shows how Hybrid Organic-Inorganic Perovskites, Polycrystalline Silicon, Monocrystalline
Silicon, and CIGS materials respond to changes in temperature in terms of their

photoluminescence intensity.

Figure 2: Raman Shift Response to Varying Light Intensities
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This figure illustrates the progressive increase in Raman shift as the light intensity increases,
for each of the material types: Hybrid Organic-Inorganic Perovskites, Polycrystalline Silicon,
Monocrystalline Silicon, and CIGS. The graph highlights how these materials respond to
varying levels of energy exposure, as indicated by their changing Raman shift values at

Table 4: Temperature-Dependent Efficiency of Photovoltaic Materials

Material Type (%)
Hybrid Organic-Inorganic

Perovskites 22.5
Polycrystalline Silicon 18.0
Monocrystalline Silicon 19.2
CIGS 21.0

(%)

21.8
17.5
18.7
20.3

Efficiency at 15°C Efficiency at 25°C Efficiency at 35°C

(%)

20.9
16.9
18.0
19.5

Explanation: Table 4 outlines the efficiency of each photovoltaic material at different
temperatures. A gradual decrease in efficiency with increasing temperature is observed,
highlighting thermal sensitivity. This efficiency reduction is crucial for considering material
selection and performance optimization in different climate zones.
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Table 5: Light Intensity-Dependent Current Density (mA/cm?)

Current at 500 Current at 1000 Current at 1500
Material Type W/m? W/m? W/m?
Hybrid Organic-Inorganic
Perovskites 15.2 30.1 445
Polycrystalline Silicon 11.0 21.8 32.2
Monocrystalline Silicon 12.4 24.5 36.1
CIGS 14.0 27.8 41.2

Explanation: Table 5 displays the current density of the materials under varying light
intensities. An increase in current density with higher light intensities is consistent across all
materials, demonstrating their responsiveness to light exposure. This behavior is crucial for
understanding power output under different solar irradiation levels.

Table 6: Environmental Stability Assessment (Degradation Rate %/year)

Degradation  at Degradation  at Degradation  at
Material Type 15°C 25°C 35°C
Hybrid Organic-Inorganic
Perovskites 0.8 1.2 1.7
Polycrystalline Silicon 0.6 0.9 1.3
Monocrystalline Silicon 0.5 0.8 1.1
CIGS 0.7 1.0 1.4

Explanation: Table 6 evaluates the environmental stability of the materials by measuring the
annual degradation rate at different temperatures. A higher degradation rate at elevated
temperatures for all materials indicates a need for enhanced thermal stability in photovoltaic
material design.

Figures

Figure 3: Efficiency Trends of Photovoltaic Materials at Varying Temperatures
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This figure showcases the decreasing efficiency trend as the temperature increases for each
material type, including Hybrid Organic-Inorganic Perovskites, Polycrystalline Silicon,
Monocrystalline Silicon, and CIGS. The graph emphasizes the impact of temperature on the
efficiency of photovoltaic materials, highlighting the need for temperature-resilient materials
in solar cell design.

Figure 4: Current Density Response to Light Intensity
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This figure displays the linear increase in current density with light intensity for each material

type, including Hybrid Organic-Inorganic  Perovskites, Polycrystalline  Silicon,

Monocrystalline Silicon, and CIGS. The graph is vital for understanding and predicting the

performance of these photovoltaic materials in regions with varying sunlight exposure,

demonstrating how the current density of these materials responds to different levels of light
intensity.

5. Discussion

The results presented in Section 4 offer a profound understanding of how various photovoltaic

materials respond to different environmental conditions. This discussion analyzes and

interprets these findings, particularly in light of the literature gap identified earlier, and explores
their implications and significance.

Analysis of Findings

1. Temperature-Dependent Photoluminescence Intensity: The observed decrease in
photoluminescence intensity with increasing temperature across all materials (Figure 1)
aligns with the known behavior of photovoltaic materials. The reduction in intensity likely
results from increased phonon interactions at higher temperatures, leading to non-radiative
recombination losses. This finding is significant for understanding the thermal management
needs of photovoltaic cells in different climatic conditions.

2. Raman Shift and Light Intensity: The linear increase in Raman shift with light intensity
(Figure 2) highlights how photovoltaic materials respond to varying energy inputs. This
response is indicative of the changes in the vibrational state of the materials, which can
influence their electronic properties and, by extension, their photovoltaic performance.

3. Efficiency Trends at Varying Temperatures: The decrease in efficiency with
temperature rise (Figure 3) is a crucial finding. It suggests that even small changes in
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temperature can significantly impact the efficiency of photovoltaic cells, which is
particularly relevant in designing solar panels for regions with high-temperature variations.
4. Current Density Response to Light Intensity: The linear relationship between current
density and light intensity (Figure 4) for all materials demonstrates their capability to
efficiently convert solar energy at different irradiance levels. This behavior is essential for
predicting the performance of photovoltaic systems in various geographical locations with
differing sunlight exposures.
The comprehensive analysis of photovoltaic material behavior under varying environmental
conditions directly addresses the identified literature gap. Previous studies have either focused
on specific material compositions or conducted analyses under controlled conditions, often not
considering the dynamic interplay between mixed material compositions and environmental
influences. This research extends the understanding of material behavior in more realistic,
variable environmental scenarios, thus providing insights that are more applicable to real-world
applications of photovoltaic technology.
The findings from this research have significant implications for the design and optimization
of photovoltaic cells:

e Material Selection and Design: Understanding the temperature and light intensity
response of different materials can guide the selection and engineering of photovoltaic
materials for specific climatic conditions.

e Predictive Performance Modeling: The observed trends allow for more accurate
modeling of photovoltaic cell performance under varying environmental conditions,
enhancing the reliability of predictive performance assessments.

e Thermal Management Strategies: Insights into thermal effects on photovoltaic
efficiency underscore the importance of effective thermal management strategies in
solar panel design.

e Solar Energy Policy and Deployment: The research supports the development of
region-specific solar energy policies and deployment strategies, considering local
environmental conditions to maximize efficiency and lifespan of photovoltaic systems.

In conclusion, this study not only fills a critical gap in the existing literature but also provides
valuable insights that have far-reaching implications for the advancement of photovoltaic
technology. The findings underscore the need for a holistic approach in material selection,
system design, and deployment strategies, considering the interplay between material
properties and environmental factors.

6. Conclusion

The research conducted in this study has yielded significant insights into the behavior of
various photovoltaic materials under different environmental conditions, focusing primarily on
temperature and light intensity. The key findings demonstrate that photoluminescence intensity
decreases with an increase in temperature across all studied materials, suggesting an increase
in non-radiative recombination losses at higher temperatures. The Raman shift analysis
revealed a linear increase with light intensity, indicating changes in the vibrational state of the
materials under different energy exposures. Furthermore, a notable decrease in the efficiency
of all materials was observed with rising temperature, underscoring the sensitivity of
photovoltaic cells to thermal conditions. Additionally, the current density of the materials
showed a linear increase with light intensity, affirming their potential for efficient solar energy
conversion under varying sunlight conditions.

These findings have profound implications for the photovoltaic industry. They highlight the
necessity for careful material selection and design, especially considering the climatic
conditions of the deployment area. The study emphasizes the importance of thermal
management in solar cell design and offers data crucial for the development of predictive
performance models for photovoltaic systems. Moreover, the research provides invaluable
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information for the development of region-specific solar energy policies and deployment

strategies, thereby enhancing the overall efficiency and longevity of solar power systems.

In essence, this research contributes significantly to the field of photovoltaic material science,

offering a more comprehensive understanding of how different materials respond to

environmental factors. The results are not just academic; they have practical applications in the
design, optimization, and deployment of solar energy systems worldwide. By addressing the

critical literature gap and presenting data relevant to real-world scenarios, this study marks a

significant step forward in the pursuit of more efficient, reliable, and sustainable solar energy

solutions.
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Abstract

This review focuses on the development of efficient CdS-based solar cells incorporated with
Si0O., and discusses the synthesis methods, including the sol-gel method and co-precipitation
method. These methods are employed for the preparation of CdS/SiO2-based solar cells. CdS
(Cadmium Sulphide) particles, classified as 11-VI semiconductor materials with a band gap of
2.42 eV, are highlighted for their excellent physical and chemical properties, particularly in
their nano-crystalline form. The traditional single-junction silicon solar cells are known to
generate a maximum open-circuit voltage ranging from approximately 0.5 to 0.6 volts. Despite
their diminutive size, when these solar cells are integrated into larger solar panels, they
contribute significantly to the generation of renewable energy. The solar cells discussed herein
function as P-N junction diodes with reverse bias connections.

Keywords: CdS, SiO, Solar cell, Sol-gel.

Introduction

The constant rise in the development of technology, global warming, and enhanced living
standards globally is a precursor in the search for fresh, safe, and reliable energy resources. For
support the sustainable growth of human society and environmental protection according to
fixed fossil fuel energy sources are insufficient [1]. Everyday sun sends out great amount of
energy in the form of radiations and heat called solar energy. Solar energy is available at no
cost which is a limitless source of energy [2]. The major benefit of solar energy over other
conventional power generators is that the sunlight can be directly harvested into solar energy
with the use of small and tiny photovoltaic (PV) solar cells [3].

The PV effect, first observed in 1839 by Alexandre-Edmond Becquerel, led to the invention of
the modern silicon solar cell in 1946 by Russel Ohl [4]. Unlike noisy power pumping devices,
small solar cells operate silently, making them less disruptive. Traditional solar photovoltaic
batteries, while more expensive and bulky, are suitable for small-scale or household use, not
large solar plants [5]. Early photovoltaic cells transformed sunlight into electrical power using
thin silicon wafers. Modern technology relies on creating electron-hole pairs in semiconductor
layers (p-type and n-type materials). When a photon hits the junction, it ejects an electron,
generating electrical power [5]. Materials for photovoltaic cells include silicon (single crystal,
multi-crystalline, amorphous), cadmium-telluride, copper-indium-gallium-selenide, and
copper-indium-gallium-sulfide [6].

CdS

CdS (Cadmium Sulphide) particles are type Il — VI semiconductor materials with a 2.42 eV
band gap, displaying excellent physical and chemical properties, especially in their nano-
crystalline form with varying band gaps. These properties are attributed to their crystallite size,
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which differs from bulk particles. CdS serves as a significant semiconductor photocatalyzer.
To explore diverse applications and enhance properties, various morphological CdS
nanomaterials are synthesized using methods like sputtering, vapour-phase condensation, sol-
gel reaction, micro-emulsion reaction, template-assisted reaction, and chemical hydrolytic
reaction. Nano-semiconductors find applications in solar energy conversion, optoelectronics,
and photocatalysis [7].

SiO;

In solar cells, the key requirements include enhancement of photon absorption and generating
charge carriers. Thus, Therefore, nanomaterials (such as nanorods, nanoparticles, ultrathin film
and gratings) have been demanded due to their significant properties which can boost the
conversion efficiency of the solar cells [8]. SiO2 nanoparticles, known for their excellent
electrical and optical properties, are utilized as anti-reflection coating materials in solar cells.
Additionally, SiO finds applications in the fabrication of sensors, piezoelectric devices, fuel
cells, antireflection coatings, and catalysts [9].

Synthesis Methods:

1) Co-precipitation Method

Co-precipitation synthesis method is very simple, fast, cost and time efficient. It gives less nano
range particles compared with other techniques like hydrolysis method, sol-gel synthesis,
template-assisted reaction, microwave-solvo thermal method etc. CdS nanoparticles can be
synthesized by co-precipitation with starting materials namely cadmium sulphate and thiourea
in presence of organic solvent DMF without any capping agent. For maintaining pH, NaOH
solution is added dropwise with vigorous stirring. The transparent solution turns into light
yellow color and after completion of reaction it turns in dark yellow. The precipitate then
washed several times with ethanol and water. The precipitate further dried at 800C for 30
minutes leads to the formation of CdS nanoparticles [7].

2) Sol-gel Method

In the synthesis of Silicon dioxide (SiO2) nanoparticles through the sol-gel technique, the
primary materials employed include tetraethyl orthosilicate (Si(OC2H5)), acetic acid
(CH3COOH), methyl acetate (C3H602), and methanol (CH30OH). The procedure commences
with dissolving 20 ml of methanol in 2.3 ml of acetic acid, followed by stirring for 5 minutes
at room temperature. As a result, water molecules partially evaporate, yielding methyl acetate.
Concurrently, 1.5 ml of tetraethyl orthosilicate (TEOS) is added drop-wise at regular intervals.
After 90 minutes of stirring, a homogeneous transparent solution is achieved.

The reaction sequences involve the conversion of acetic acid and methanol to methyl acetate,
followed by the reaction of methyl acetate with TEQOS, resulting in the production of SiO2.
CH3COOH + CH30H — C3H602 + H20 1 C3H602 + Si(OC2H5)4 — SiO2 + C11H2604 1
Subsequently, the prepared SiO> solution undergoes drying at room temperature. Following the
drying process, the SiO2 product is ground and calcined at 500°C, yielding finely-grained
nanoparticles. Post-calcination, the samples undergo characterization using various techniques,
including UV-visible spectroscopy, Fourier transform infrared spectroscopy, Fluorescence
spectroscopy, and Scanning electron microscopy [10].

Applications:

Solar cells are the energy revolution; they directly transform sunlight into electrical power.
These gadgets, which can be found in space, on rooftops, and in isolated places, provide a
sustainable and clean power source. Solar cells are becoming increasingly important for
powering houses, companies, and other structures as they grow more efficient and affordable.
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Their eco-friendly impact positions them as essential contributors to a greener and more
sustainable energy landscape.

Conclusions:

In conclusion, this review has explored the development of efficient CdS-based solar
cells incorporating SiO2, emphasizing synthesis methods such as the sol-gel and co-
precipitation techniques. CdS, as a I1-VI semiconductor with a 2.42 eV band gap,
displays excellent properties in its nano-crystalline form. The integration of CdS-based
solar cells with SiO> holds promise for enhanced energy conversion efficiency,
motivating further research to optimize synthesis methods and compatibility.
Additionally, SiO2 nanoparticles prove valuable for anti-reflection coatings and various
technological applications. The ongoing pursuit of efficiency improvements in solar
cells is crucial for meeting the world's growing energy demands, emphasizing the
importance of advancing renewable energy technologies. This technology requires further
research to optimize its synthesis, efficiencies, and compatibility with existing materials and
manufacturing processes.
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Abstract The discovery of the Higgs boson has been a huge success and it has been marked
as one of the most important discoveries in science and technology. The role of technology
in the discovery of the Higgs boson at the Large Hadron Collider (LHC) at CERN was the
resultant outcome in terms of collaboration of various branches of STEM (Science-
Technology- Engineering-Mathematics). This was a challenge for all human beings.

In this study, we focus on the mathematical aspect of detector technology by studying
kinematical variables. One needs to understand the transformation of mathematical
formulation to parameters to be checked in the detection process. We study high-energy
physics and variousprocesses of particle collision and interactions. We study the processes
under electromagnetic, electro-weak, and strong interaction regimes. This study would help
to understand mathematical formulation in filed theory and its connection with detector
technology via kinematical variables.

Keywords Collider Physics . Detectors . Precision Measurement . Scattering Angles . Event
Reconstruction . Energy Measurement . Kinematical Variables.

INTRODUCTION

In detector technology, kinetical variables are essential, especially in high-energy physics
investigations involving particle collisions and scattering. The velocity and characteristics
ofthe particles taking part in these interactions are quantitatively described by these factors.
To extract meaningful information on fundamental particles and their interactions,
kinematical factors must be understood and measured.

NATURAL UNIT (htt10)

High energy physics deals with relativistic quantum processes. The scale of the action is the
Planck constant # and the scale of velocity is given by the speed of light, c. In the system
of natural units, we set 2 = ¢ = 1. This means that we define # as the unit of action and
¢ as theunit of velocity. In such a system 1 second is equal to approximately 3 x 10® meters.
As an added value the electric charge is now dimensionless.

The system of natural units is of great practical value since it eliminates a lot of constants
from equations.

h=c=1;[h]=][c]=1

1 e2
] qm EZ 1
el= cl= o= mc — o
[ ] ['\/m [ ]1 mc2 4mhe 37

In the system on natural units, the electron volt is the common unit of energy,
momentum andmass. Whenever you want to convert a result to units of the
international systems, you need to multiply by a combination of 7 and c.

Basic unit: electron volt(eV) = energy gained by an electron in a potential difference of
1V:
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1GeV = 10%V =M,

LORENTZ TRANSFORMATION EQUATION (Relativity)

Every frame of reference will always experience light travelling at the same speed. In
special relativity, the Lorentz Transformation equations aid in explaining how the
coordinates ofevents alter when the velocity between two inertial frames of reference
changes

' X—Vt
e Xx =
v2
V15
c
S
t= —=
[ ]
2
V15
Cc
. V=Y
z =z

Where c is the speed of light, v is the relative velocity between two frames, (x,y,z,t) are
thecoordinates in frame S and (x’, y’,z’,t’) are the coordinates in S’ frame. . Why Lorentz
transformation equations are required in detectors?

Time Dilation and Decay Lifetimes

Space Time Invariance

Length Contraction

Relativistic Momentum

Energy Momentum Conservation

Precision Measurement

RAPIDITY (T.Abbott)

Rapidity is a dimensionless variable related to velocity and denoted by ‘y’ that describes
the rate at which a particle is moving concerning a chosen reference point situated on the
line of motion.

1D
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Rapidity of a particle depends not only on the magnitude of its velocity but also on the polar
angle,d, with respect to its beam.

PSEUDO RAPIDITY (E.Daw)

The problem with rapidity id it can be hard to measure for highly relativistic particles.
However, there is a way of defining a quantity that is almost the same thing as the rapidity
which is much easier to measure than y for highly energetic particles. This leads to the
concept of Pseudo rapidity denoted by n.

2.4 1
m-c .-
pe(l +—7-7)% + ps€
yzzin( pz T T )
mec* =
pe(l+4202)% —Puc
B mict
s N T
_z_%gn( L 2p2g2, )
1 — =z
p+ﬁ_2+ ...... -
1 +& =14+cos8 =1+ (cos?_ — sin?_) = 2cos? _
B _ _ ‘9 e %
1 — =1 —cosf@ =1 — (cos?_ — sin?2_) = 2sin? _
p 2 2 2

pz/p = cos 0, where 8 is the angle made by the particle trajectory with the beam pipe,
Therefore, pseudo rapidity can be defined as,

0

N = —Intan

2
For highly relativistic particles rapidity is approximately equal to pseudo rapidity, it is
particularly useful where the interaction rarely has their center of mass frame coincident
with the detector rest frame, such as in hadron collider like LHC

DIFFERENTIAL CROSS SECTION (htt9)

do = [#particles scattered per unit time into solid angle dQ]

# particles
[the flux of incident particle = area. time ]

Differential Cross Section provides a measure of how particles interact during collision
experiments. The units are measured in barn, it is related to scattering amplitude that
characterize the probability amplitude for a specific scattering experiment. The total cross
section can be obtained by integrating the differential cross section over all solid angles.
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CONCLUSION

The foundation of detector technology is kinematical variables, which helps scientists solve
particle physics problems. Our knowledge of the underlying components of the cosmos and
the forces governing their interactions is aided by the accurate measurement and analysis
of these variables. The need to learn more about the properties of matter and energy is
driving the ongoing evolution of detector technologies.
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Electron Temperature as well as Radial Profile of Spectral Emission also
Change due to Formation of a Laser Pulse
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ABSTRACT:

The radial profile go on changing the shape as a function of time. During the formation of a
laser pulse the electron temperature dose not remain same consequently the radial profile of
spectral emission also change. In some cases when the electron temperature is relatively low,
the radial profiles are almost Gaussian at all the times, however the peak height goes on
changing. We compute the temporal profiles of the spectral emission of the discharge for the
initial electron temperature It is found that the diameter of the ring of the radiation is determined
by the initial electron temperature at the axis. If the electron temperature is increased the
diameter of the ring increases.

Keyword: dc glow discharge, radial and temporal profile, electron temperature.

Introduction:

The CVL (Copper Vapour Laser) is well recognized source of light delivering pulsed laser
beam at 5106 and5782A at the pulse repetition frequency more than 5KHz with power levels
up to about 100 watts or more.The CVL has been successfully applied in the fields like
medicine (Ainsworth and Piper 1989[1]), isotope separation, under water ranging, high speed
photography, micromatching[2-3,4,], drilling and cutting[2,3] etc. The high power, high energy
and high precision CVL are needed by the research workers in different fields of applications.
The design calculations of the high power and high precision lasers need the detail information
about the parameters like electron temperature, electron density, ion density, fractional
abundances, electron impact excitation etc. The spatial and temporal profiles of these
parameters, also must be known in order to design efficient and sophisticated laser systems.
The technique of volumetric scaling of the laser output power also needs the detailed study of
the spatial profiles of the parameters in the laser discharge. Furthermore, the investigations of
the spatial distribution of the density and spectral emission (Kushner and Warner 1983[6],
Carman et al. 1994[7],) in the discharge gives large amount of information about various
mechanisms taking place in the discharge. With the help of the knowledge of the radial profiles
the total output power calculation also may be carried out and the power distribution across the
laser output beam also may be obtained. The use of the efficient data acquisation system for
monitoring the discharge parameters may give the desired data for the analysis of several
processes taking place in the discharge. This is because of the fact that in case of temporal and
radial profiles the fundamental parameters like discharge current, the discharge voltage, the
electron temperature, electron density, ion density varies from zero through their maximum
values. In design of amplifier oscillator onfiguration system the detailed knowledge of the
spatial distribution of the densities is very much important because different parts in the
discharge tube have different densities and inversion times. Therefore, the study of the spatial
and temporal profiles of the parameters is very much essential. In the present work we calculate
fractional abundances of Cul (copper atoms), Cull (singly ionized copper atoms), Culll
(doubly ionized copper atoms) and CulV (triply ionized copper atoms) as a function of electron
temperature. The electron impact excitation rate coefficients are also obtained as a function of
electron temperature from zero through 10ev. The radial profiles of the densities of the
electronic states 2P3/2 and 2D5/2 of Cul are obtained as a function of electron temperature at
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the axis of the discharge tube. The radial profiles of the spectral emission of the discharge are
also obtained.The temporal and spatial distribution of the laser output power are studied in
details. The present results are compared with the experimental results of the research worker
in the field. When the discharge pulse is fired the electron temperature is maximum as the
electric field is maximum. Afterwards the time passes the electron temperature go on
decreasing. The temporal profiles of electron temperature is assumed to be exponentially after
firing the discharge pulse decreasing and power distribution along and across the laser beam
are obtained[8,9].

Radial profile of the spectral emission:

Under the steady state condition rate of decay of density of atomic level is equal to the rate of
electron impact excitation of the level and therefore, if the laser plasma is considered to be in
the steady state, the radiation emitted by a volume element because of a transition starting from
a level is proportional to the factor Ncu Ne R where Ncu is the density of copper atoms, Ne is
the density of the electrons and R is the electron impact excitation rate coefficient of the upper
level of the transition. If the radial profiles of electron density, neutral copper density and the
excitation rate is known, the radial profiles of the spectral emission may be obtained. While
building up of the discharge current pulse, the rate of excitation and ionization would be more
than the rate of decay and recombination consequently the densities of highly ionized species
go on increasing. While cooling of the discharge electrons the rate of decay and recombination
would be more than the rate of excitation and ionization consequently the densities of less
ionized species go on increasing. The computation of the factor Ncu Ne Ru for different values
of the radial distance would give the radial profiles of spectral emission.

Variation of output power along and across the laser beam:

If the pulse forming network is having low impedance the rise time of the pumping pulse may
be of the order of few nsec. When the discharge pulse is fired the plasma electrons get heated
suddenly to a high value within about 5-10 nsec because of the process of acceleration of
electrons by the electric field generated by pump pulse. As time passes the plasma electrons
undergo collisions with other particles and discharge tube wall and consequently start getting
cooled. We have studied the temporal behavior of the spectral emission of the discharge pulse
from the knowledge of radial profiles of spectral emission[10]. And decay time is assumed to
be of the order of 120 nsec. In most of the CVL systems the temporal behaviour of the electron
temperature is assumed to be given by the expression.

To= Tinioexp (-t/t) ------ @
Where Tinio is the initial electron temperature at the axis i.e. the electron temperature when
the discharge pulse is fired and the plasma gets heated to maximum temperature. TO is the
temperature at the axis of the discharge tube at the time t. The temperature TO at the axis at any
time t may be obtained using equation (1).
Result and discussion:
We compute the temporal profiles of the spectral emission of the discharge for the initial
electron temperature Tinto = 2, 4, 6, 8, and 10 eV and the results are displayed in the figures.
1, 2, 3, 4 and 5 respectively. For the low initial electron temperature (2eV) the radial profile of
the spectral emission is almost Gaussian in shape and remains Gaussian during the building up
of complete output pulse. Initially the peak intensity is low, then it increase reaches its
maximum value and then go on decreasing. When the electron temperature at the axis is 4eV
theradial and temporal profiles change their shapes. In the leading portion of the beam the
profile shows dip at the axis and two side peaks. In the lagging portion of the pulse the radial
profiles are flat. The dip at the axis is exhibited for about 25 nsec after the laser pulse starts
building up after firing of the pumping pulse.
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Figure 1. Temporal and Spatial distribution of Figure 2. Temporal and Spatial distribution
laser output power for initial electron laser output power for initial electron
temperature Tin=2eV temperature Tin=4eV

The computation of radial and temporal profiles at 6eV exhibits entirely different shape. The
leading part of the beam becomes completely annular. The beam coming after about 15 nsec
shows the dip at the axis. At later times the radial profile go on changing the shape and the
dip in the profile go on becoming shallower. It is noticeable that at all the times during the
emission of output pulse the radial profiles exhibit the dip at the axis when the initial
temperature at the axis is 6eV. The dip go on decreasing from leading part to the lagging part.
For the initial electron temperature of 8eV the beam remains annular for considerably longer
time duration and the radial profiles exhibit dip at the axis and the dip
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Figure 3. Temporal and Spatial distribution of Figure 4. Temporal and Spatial distribution of
laser output power for initial electron laser output power for initial electron
temperature Tin=6eV temperature Tin=10eV

It is found that the diameter of the ring of the radiation is determined by the initial electron
temperature at the axis. If the electron temperature is increased the diameter of the ring
increases. The computed results are compared with the experimental results of Hayashi et al
(Hayashi et al 1992)[11]. The profiles in the Hayashi et al experiment are measured at different
charging voltages 20, 21 and 22 kV respectively. They have measured one more temporal
profile by adding hydrogen gas to the dischargeby keeping the charging voltage

22kV.
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Abstract:

Phenomenon of discharge of electricity through the study of property of ionized gases
has proved to be fruitful for the investigation. The dc glow discharge spectrometry is the most
essential part of the electrical and spectral emission studies of the molecules, atoms and ions
in the interface of solid and liquid. We measured the intensity of radiation emitted by dc glow
discharge as a function of discharge current for the different electrolytes along with V-I
characteristics. The voltage-ampere characteristics during a glow discharge in the atmospheric
pressure gas using an electrolytic solution as the anode and metal electrode like tungsten as a
cathode were carried out. Under the study of glow discharges of various elements, a
monochromatic light at various wavelengths generated. Few species shows a change in the
color of the glow when discharge current increased. We investigated negative resistance of
solutions. This behavior investigated as tunneling behavior of electrolytic solution using DC
glow discharge.

Keywords:  glow discharge, interface, radiation intensity, tunneling.
Introduction:

Electrical and spectral characterization of the glow discharge [1-7] of the material helps
in studying the chemical composition of the material. The elements in the material may be
excited in the plasma [8] produced between liquid and solid interface. The neutral atoms,
ionized atoms and molecules are excited and they emit characteristic spectrum and hence
atomic, ionic or molecular species may be identified. Spectral study of the glow discharge
[3,4,7,9] of the material helps in studying the chemical composition of the material. The solid
liquid junction is formed when current is passed through the junction; a plasma film is
generated along the interfaces between solid and liquid. The plasma pressure is very near to
the atmospheric pressure [10,11,12]. [The plasma parameters in DC glow discharge may be
generated by a current source [13].] The method is very low cost and quick results may be
obtained and therefore has wide applications.

When electric discharge is passed to a conducting solution from an electrode, which is
placed in the gas space above the liquid surface, reactions take place in the liquid phase and
the process is referred to as “Glow Discharge Electrolysis (GDE)”. The dc glow discharge
continues to be the subject of spectroscopic research [15] and analytical method development.
Glow discharges [14] are used for a variety of technological, physical and analytical
applications, ranging from plasma etching and deposition systems in the micro-electronics
industry, to lasers or even plasma monitors. Traditionally [14] dc-glow discharge optical
emission spectroscopy is mainly applied in the materials sciences where it is used for bulk and
surface analysis, pellets containing the adsorbed liquid and direct analysis of the liquid samples
by use of adequate sample introduction techniques. Liquids can be analyzed directly at
atmospheric pressures, when applying the atmospheric electrolyte cathode glow discharge cell
approach with detection by emission spectroscopy as described by Cserfalvi and Mezei [3].
Material and Methods:

The experimental arrangement used for the investigation of dc glow discharge is simple and.
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It is inexpensive arrangement and it is very much cost effective. It consists of tungsten electrode
of length 40 mm and diameter 3mm fused in glass capillary tube and suspended axially in a
hollow slotted stainless steel cylinder, of length 6 cm and internal diameter 2.54 cm. The
stainless steel cylinder served as another electrode i.e. anode in the glow discharge. The
suspended end of tungsten rod was carefully rounded. The tungsten electrode can be used as
cathode by connecting it to the dc power supply of 700 V capacity having 1.5 A current
capacity. In this arrangement the hallow cylinder was dipped in a electrolytic aqueous solution
taken in a glass beaker. The depth of immersion of the tungsten electrode in electrolyte solution
could be adjusted with the help of micrometer adjustable stand. By using this arrangement the
tip of tungsten electrode could be just brought in touch with the upper surface of the solution
or the distance between the solution surface and the electrode may be adjusted. In this way the
solution itself acts as another electrode.

The different 28 electrolytic solutions have been taken for investigation using the glow
discharge system. With the help of the above-mentioned experimental arrangement the
following properties may be studied.

Result and Discussions:

Variation of electrolytic current with the applied dc-voltage during glow discharge in
atmospheric pressure gas using 28 electrolytic solutions as the anode and cathode were carried
out. The colors emitted on the glow are observed and listed in table 1. As an example we
consider the electrolytic aqueous solution of 0.5N Cd(NO3z)2.4H.0 as the anode, the electrolytic
process leading to a luminescent glow is best depicted by the standard voltage-current curve as
shown in figure 1. The curve may be divided in to several regions and its behavior may be
studied.

In the region AB the curve is almost linear, the Ohms law is satisfied and conventional
electrolysis found with tiny bubbles of gas around both material electrodes-tungsten electrode
and stainless steel electrode. At the voltage corresponding to point B in curve, a smooth
evolution of gas bubbles is disturbed and layer of steam is seen at the tungsten cathode. In the
region between B and C, the pointer of voltmeter and ammeter widely fluctuates. In this region
the characteristics like current passing through the electrode and voltage applied found as
unstable.

The behavior of region BC, CD and DE can be explained as follows. Because of
increase in the applied dc voltage, the rate of gas evolution is increased with the formation of
large size gas bubbles at a fast rate.
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Fig.1: V- | Characteristics of 0.5M Electrolytic
Solution of Cd{MNO3)2_ 4H2O

This decreases the rate of migration of the ions and charge transfer process at the
electrodes. When voltage is further increased more fluctuations are obtained in both voltage
and current readings with fall in current. This unstable decreased current is shown by line BC.
In the neighborhood of point C it is found that fluctuation rate decreases and now hissing sound
occurs. When the applied dc voltage reaches to the point C, there is intermittent sparking. The
formation of gas bubbles around the tungsten electrode has now stopped. After increasing the
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applied dc-voltage to a still higher value the formation of movable thin vapor film around the
tungsten cathode takes place, which at times produces the vortex motion and visible glow spark
of greenish-blue color is found in the gap between cathode and solution phase. Due to vortex
motion, electrolyte periodically touches to the tungsten cathode surface. This produces local
heating at the tungsten cathode surface and visible glow spark of bluish-green color. Due to the
local heating process there produces the vapor jet and nearby liquid molecules tried to take its
place. The region CD of V- | characteristics shows this situation. Thus the region B to C
represents the negative slope as seen in the curve. When the electrolyte current decreases to the
corresponding point D, the violent gas evolution stops and slope of the curve changes sign from
negative to positive. After the point D, with the applied dc voltages the current starts increasing
and thereby producing a stable superheated insulating layer around the cathode (tungsten
electrode). At this situation a continuous bluish-green glow is developed at the cathode surface.
For a further increase in applied dc voltage, the intensity of the glow increases continuously
with the increase in current also as shown in figure 1. Thus the region beyond D i.e. along DE
appears to be true glow discharge. This happens due to the discharge of accumulated ions
through the insulating layer. This situation produces intense glow of bluish-green color and it
sometimes can be pictured as corona discharge. Thus under the observation, it is quite obvious
that the superheated insulating layer around the cathode is the governing factor responsible for
the bluish-green glow.

Tunnel Behavior Under V-1 Characteristics of DC-glow Discharge

The discharge parameter like V-1 characteristics of dc-glow discharge between the solid
and liquid interfaces behaves like that of Tunnel diode. This has been investigated under the
observation of V-I characteristics of aqueous solution of different concentrations. The energy
band diagrams of cathode type and anode type (plasma band) materials as shown in figure 2.
(a, b and c) can be used to explain the Tunneling phenomenon.

When the cathode type material (tungsten electrode) is joined, the energy band diagram
under no bias condition becomes as shown in figure 2. (a). The junction barrier produces only
a rough alignment of the two materials and their respective valence and conduction bands,
hence no tunneling occurs. Initially when a lower voltage in equal step is applied, the energy
band diagram become as shown in figure 2. (b). Due to the downward movement of the cathode
region, the anode region valence band becomes exactly aligned with the cathode region
conduction band. At this stage, electrons tunneling takes place as shown in figure and it 54

For this investigation taking the example of V-I characteristics for aqueous solution of
0.5 N KOH by dc glow discharge as shown in figure 3. With initially gradually increasing dc-
voltage, the significant electrolyte current rises to its peak value say Ip and the corresponding
applied voltage reaches to a value say Vp (at point B).

When applied voltage is increased to a value greater than Vp, the electrolyte discharge
current starts decreasing till it achieves its minimum value called valley current Iv
corresponding to valley voltage Vv (at point D). For the voltages greater than Vv current starts
increasing again as in any ordinary junction diode.

. f;hf_egat'nre Resistan |:1=_§

Current (A)

Voltage (V)

Fig.3: Tunnel Behavior Under V -l Characteristics of
0.5 N KOH Electrolytic Solution
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In a similar way to negative resistance of the Tunnel diode it is seen from the figure in
the region between peak point B and valley point D that the electrolyte current decreases with
increase in the applied voltage. This behavior of the characteristics is similar to the electrolytic
cell possesses negative resistance in this region. In fact this contributes the most useful property
of the diode. Instead of absorbing power a negative resistance produces power.

Conclusion: DC Glow discharge using a solution as the anode and the metallic electrode as
the cathode for the investigation of phenomenon of spectrometry shows that, a sensitive and
inexpensive technique and very much cost for the elemental analysis of electrolytic solutions.
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Abstract:

Nano technology deals with the production and usage of material with nano scale dimension.
Nano scale dimension provides nanoparticles (NPs) a large surface area to volume ratio and
thus very specific properties. Zinc oxide nanoparticles (NPs) had been in modern studies due
to its huge bandwidth and high excitation binding energy and it has potential applications like
antibacterial, antifungal, anti-diabetic, anti- inflammatory, wound healing, antioxidant and
optic properties. Due to the great rate of toxic chemicals and extreme environment employed
in the physical and chemical production of these Nanoparticles (NPs), green methods
employing the use of plants, fungus, bacteria, and algae have been adopted. This review is a
comprehensive study of the synthesis and characterization methods used for the green synthesis
of ZnO Nanoparticles using different biological sources.

Keywords: ZnO, Green Synthesis, Plant, Microbes

1. Introduction
Nanomaterials are particles having nano scale dimension, and nanoparticles are very small
sized particles with enhanced catalytic reactivity, thermal conductivity, non-linear optical
perfor- mance and chemical steadiness owing to its large surface area to volume ratio [1].
Nanoparticles (NPs) have started being considered as nano antibiotics because of their
antimicrobial activities
[2]. Nanoparticles (NPs) have been integrated into several industrial, health, food, feed, space,
chemical, and cosmetics industry of consumers which calls for a green and environment-
friendly approach to their synthesis [3].
Zinc oxide (ZnO) is a semiconductor material in a group of metal oxides with a direct wide
band gap (3.37 eV) large excitation binding energy (60 meV). Zinc Oxide (ZnO) is a potential
material for many applications such as for catalysts [4], solar cells [5], gas sensors [6], light
emitting diodes [7], rubber additive [8], pigments [9] and so on. Because the advantage of the
anti-UV absorption properties of ZnO, they are increasingly used in private care products, such
as cosmetics and sunscreen [10]. Additionally, for its novel physical properties are
characterized by their photo catalytic and photo-oxidizing ability resist with chemical and
biological species. ZnO is accepted for its benefit in biological applications as an antibacterial
material [11].

1.1 Different methods used in nanoparticle synthesis
In the physical method, physical forces are involved in the attraction of nano scale particles
and formation of large, stable, well- defined nanostructures. Its example includes nanoparticle
(NP) synthesis through colloidal dispersion method. It includes basic techniques like vapour
condensation, amorphous crystallization and many others [12—-15]. Nanoparticle synthesis is
mediated by physical, chemical and Biosynthesis methods [16-18]. The physical method
involves the use of costly equipment, high temperature and pressure [19], large space area for
setting up of machines. In the chemical method, the use of toxic chemicals which can prove to
behazardous for the environment and the person handling it. The literature states that some of
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the toxic chemicals that we use in physical and chemical methods may reside in the
nanoparticles (NPs) formed which may prove hazardous in the field of their application in the
medical field [20]. Thus, we needed an environment-friendly and cost-effective method for
nanoparticle synthesis. Physical process involves the use of high vacuum in processes like
pulsed laser deposition, MBE (molecular beam epitaxy), thermal evaporation etc. [21] and
chemical methods include chemical micro emulsion, sol-gel method, hydrothermal
synthesis, electrode position [16] , chemical and direct precipitation and microwave assisted
combustion [22]. Additional capping and stabilizing agent are needed in physical and chemical
methods [23-26].

(=N
( Using \/

S y

Zn0 Nanoparticles
Synthesis

Fig.1 - Different methods used in nanoparticle synthesis

1.2. Green approach

The Biosynthesis of nanoparticles (NPs) is an approach of synthesizing nanoparticles (NPs)
using micro-organisms and plants having various biomedical applications. This approach is an
environment-friendly, cost-effective, biocompatible, safe, green approach [27]. The Green
synthesis includes synthesis through plants, bacteria, fungi, algae etc. They allow great scale
production of Zinc Oxide nanoparticles (NPs) free of additional impurities [28]. Nanoparticles
(NPs) synthesized from biomimetic approach show more catalytic activity and limit the use of
expensive and toxic chemicals. Plant parts like roots, leaves, stems, seeds, fruits have also been
utilized for the nanoparticles (NPs) synthesis as their extract is rich in phytochemicals which
act as both reducing andstabilization agent [29-35]. ZnO nanoparticles (NPs) synthesized from
Trifolium pratense flowerextract showed similar peaks in UV-Vis spectrophotometer after 24,
48, 72, 96 and 120 hours of Nanoparticles (NPs) formation presenting the stability of
Nanoparticles (NPs) formed [36].

Similarly, fruit extract of Rosa canina acted as both reducing and stabilizing agent for
synthesized ZnO Nanoparticles (NPs), confirmed by FTIR studies. Bio-capping is completed
by carboxylic and phenolic acid present in fruit extract. Spherical shaped ZnO Nanoparticles
(NPs) were formed by Aloe Vera leaf extract where free carboxylic and the amino group of
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plant extract acted as both reducing and capping agent.

2. Literature study
Due to the increasing popularity of green methods, different works had been done to synthesize
ZnO Nanoparticles (NPs) using different plants and a list of tables had been put to summarize
thevaluable work done in this field.

2.1. Green synthesis of ZnO Nanoparticles (NPs) using plant extract
Plant parts like leaf, stem, root, fruit, and seed have been used for ZnO Nanoparticles (NPs)
synthesis because of the exclusive phytochemicals that they produce. Using natural extracts of
plant parts is a very eco-friendly, cost-effective process and it does not involve usage of any
other intermediate base groups. It takes very short time, usage of cheap equipment and
precursor and gives a very highly pure and quantity enriched product free of impurities [37].
Plants are most preferred source of Nanoparticles (NPs) synthesis because they lead to large
scale production and production of stable, varied in shape and size Nanoparticles (NPs) [38].
Most usually applied method for simple preparation of ZnO Nanoparticles (NPs) from leaves
or flowers is where the plant part is washed thoroughly in running tap water and sterilized using
double distilled water (some use Tween 20 to sterilize it). Then this plant part is kept for
dryingat room temperature followed by weighing and then crushing it by a mortar and pestle.
Milli-Q H20 is added to the plant part according to the desired concentration and the mixture
is boiled under constant stirring using a magnetic stirrer [37—41]. The solution is filtered using
Whatman filter paper and the obtained clear solution was used as a plant extract (sample). Some
volume of the extract is mixed with 0.5 Mm of hydrated Zinc nitrate or zinc oxide or zinc
sulfate and the mixture is boiled at desired temperature and time to achieve efficient mixing
[40,41] . Certain perform optimization at this point using different temperature, pH, extract
concentration
and time. Incubation period results in a change of color of the mixture to yellow which is a
visual confirmation of the synthesized Nanoparticles (NPs) [40, 41]. Then a UV-Vis
spectrophotometryis employed to confirm the synthesis of Nanoparticles (NPs) followed by
centrifugation of mixture and drying the pellet in a hot air oven to get the crystal nanoparticles
(NPS) [42]. Further, synthesized nanoparticles are further characterized using X-ray diffraction
(XRD), Energy Dispersion Analysis of X-ray (EDAX), Fourier Transform Infrared
Spectroscopy (FTIR), Transmission Electron Microscopy (TEM), Field Emission Scanning
Electron Microscopy (FE- SEM), Scanning Electron Microscopy (SEM), Atomic Force
Microscopy (AFM), Thermal- gravimetric Differential Thermal Analysis (TG-DTA),
Photoluminescence Analysis (PL), X-ray Photoelectron Microscopy (XPS), Attenuated total
reflection (ATR), Raman Spectroscopy and UV-Visible Diffuse Reflectance Spectroscopy
(UV-DRS) [41-43]. Table 1 is a comprehensive study of different plants used for the synthesis
of ZnO Nanoparticles (NPs).

Table 1:

Plant mediated synthesis of ZnO NP.

Sr.| Plant (family) | Common Part Size (nm) Shape Reference
No. Name takenfor
extraction
1 | AloeVera Aloe Vera | Leaf 8-20 (XRD) Spherical, [44]
(Liliaceae) extract oval,
hexagonal
2 | Pongamia Indianbeech | Fresh 26 (XRD), | Spherical, [45]
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pinnata leaves Agglomeration | hexagonal,
(Legumes) of 100 (DLS, | nano rod
SEM, TEM)

3 | Azadirachta | Neem Fresh 18 (XRD) Spherical [46]
indica leaves
(Meliaceae)

4 | Cocusnucifera | Coconut Coconut | 20-80 (TEM), | Spherical and | [47]
(Arecaceae) water 21.2 (XRD) predominantly

hexagonal
without any
agglomeration

5 | Moringa Drumstick | Leaf 24 (XRD), 16— | Spherical and | [48]
oleifera tree 20 (FE-SEM) | granular nano
(Moringaceae) sized shape

with a group
of aggregates

6 | Aloevera Aloe vera | Freeze 25-65 Spherical, [49]
(Liliaceae) dried (SE | hexagonal

le | M& TEM)
afpeel

7 | Gossypium Cotton Cellulosic | 13 (XRD) Wurtzite, [50]
(Malvaceae) fibre spherical,

nano rod

8 | Azadirachta | Neem Fresh 10-30 (TEM), | Hexagonal [51]
indica leaves 9-40 (XRD) disk,
(Meliaceae) nanobuds

9 | Trifolium Red clover | Flower 60-70 (XRD) | Spherical [52]
Pratense
(Legumes)

10 | Agathosma Buchu Dry leaves| 15.8 Quasi- [53]
betulina (TEM) | spherical
(Rutaceae) ,12-26 agglomerates

(HRTEM)

11 | Vitexnegundo | Nochi Leaf 75-80 Spherical [54]

(Lamiaceae) (SEM
&

EDX)

38.17 (XRD)

12 | Plectranthus | Mexican Leaf 50-180 (SEM) | Rod [55]
amboinicus mint extract shap
(Lamiaceae) enanoparticle

with
agglomerates

13 | S.album Sandalwood | Leaves 100 (DLS & | Nano rods [56]
(Santalaceae) SEM), 70-140

(TEM)

14 | Sphathodea African Leaf 30-50 (TEM) | Spherical [57]
campanulata | tulip tree extract
(Bignoniaceae)
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15 | Calatropis Crown Fresh 30-35 (SEM) | Spherical [58]
Gigantea flower leaves shaped
(Apocynaceae) forming

agglomerates

3. Conclusion

The Biosynthesis of nanoparticles (NPs) using eco-friendly approach has been the area of
focused research in the recent years. Green sources act as both stabilizing and reducing agent
for the synthesis of size and shape controlled nanoparticles (NPs). Future prospect of plant
mediated nanoparticle synthesis includes an extension of laboratory based work to industrial
scale, elucidation of phytochemicals involved in the synthesis of nanoparticles using
bioinformatics tools and deriving the exact mechanism involved in inhibition of pathogenic
bacteria. The plant- based nanoparticle can have huge application in the field of food,
pharmaceutical, antimicrobial and cosmetic industries and thus become a major area of
research.
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Abstract:

The review article reports the Conducting Polymer Based Anticorrosion Materials. The most
of the researchers confirm the synthesis of desire materials through some characterization such
as XRD, FTIR, UV-Vis, SEM, EDS, EIS, Cyclic Voltammetry (CV), potentiostatic and
galvanostatic conditions. The successful preparation of conducting polymer based corrosive
materials and the tremendous efficiency reflects from results which reports by them. These
materials have excellent potential application in anticorrosion industry.

Introduction:

Recently, most of the industry facing the problem of corrosion due use metals as a basic content
for the electronics devices, instruments, pipelines, construction, marine, aeronautics,
automobiles industries, and machinery parts, etc. Due to the corrosion these metals things could
be weakened and therefore they could require replacement which is very costly. In the
construction industry metal rods are the basic structure. These rods made construction strong
and increase the lifespan of every construction which placed inside the concrete. But, concrete
could be degrades those rods which results in weak construction and decrease the service life
of construction structure. Automobile and industrial structures also made from the metal which
could be affected by the corrosion. The corrosion is most dangerous thing for marine industry.
The sea water is very helpful for corrosion, due to sea water metal got corrosion instantly.
Therefore, there is need of developing such anticorrosive material which could protect the
metal from the corrosion. Therefore, most of the researchers were attracted towards the
preparation of anticorrosion materials. They synthesized and tested the prepared materials
against the corrosion. Researchers try to develop such anticorrosive materials which represent
the anticorrosion properties. Recently, researchers were focusing on the developing the
conducting polymer based anticorrosion materials for better service life. The conducting
polymers reveal good barrier properties, ease of altering properties and massive production.
Moreover, the conducting polymer based anticorrosion materials represents the properties such
as good environmental stability, good conductivity, environment friendly nature, and low-cost
production [1-19]. This review article is present the research done on the conducting polymer
based anticorrosive materials.

Results and Discussions:

The most researchers got the tremendous results by synthesizing the conducting polymer based
anti-corrosion materials. Hao et.al. synthesized well-dispersed sulfate doped PPy and its
derivative nanoparticles by green method and studied electrochemical properties of bare and
coated zinc are investigated by open-circuit voltage (OCP), electrochemical impedance
spectroscopy (EIS) and potentiodynamic polarization [20]. Hafeez et.al. prepared nanoparticle
sized polyaniline (PANI) and epoxy resin composites and studied their anticorrosive properties
[21]. Tallman et.al. investigated the study of Electroactive conducting polymers (ECPs), their
properties, and a discussion of the processing issues surrounding the use of ECPs as coatings
[22]. Ahmad et.al. investigated the conducting polymer, emeraldine, which can be applied
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chemically on the surface of the stainless steel. The results were showed tremendous positive
response to the author [23]. Le et.al. demonstrated the electrodeposition of polypyrrole on iron
in potassium tetraoxalate 0.05 M and pyrrole 0.1 M solution at a current of 1 mA/cm2. The
outcomes of this attempt results in polypyrrole coatings provide substantial corrosion
protection to iron [24].

In this section we discussed on the research carried out by various researchers on the
conducting polymer based anticorrosive materials that reveals the tgremendous results for
anticorrosion.

Conclusion:

The conducting polymers based materials represents the excellent results for anticorrosion
protection. The number of researchers got excellent results for anti—corrosion. The results show
that these anti-corrosion materials have great application potential.
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Abstract

Thin solid films of PTh-PVVAc doped with lodine (Pure, 5.5, 10.4, 14.9, 18.9 and 22.5 wt %)
were synthesized by chemical oxidative polymerization method in order to study the electrical
properties such as ac conductivity at various temperature ranges The impedance spectra of
films (323-343K over frequencies from 0.1-200 KHz) found to consist of only one arc suggest
various parameters such as, bulk resistance, bulk capacitance, etc.

Keywords: Poly(vinyl acetate) (PVAc), Polythiophene (PTh), lodine, dc,ac

1.Introduction

A number of applications have been proposed for PThs, such as field effect transistors,
electroluminescent devices, solar cells, photochemical resists, nonlinear optic devices,
batteries, diodes and chemical sensors [1]. The conjugating polymers thin films have been
studied by many workers, because of special electrical properties, considerable thermal
stability and oxidation resistance that are favorable in applications such as optoelectronic,
biosensors, electro chromic displays and chemical sensors [2-3]. Roncali [4] surveyed the
electrochemical synthesis and the electronic properties of substituted PThs in 1997. Barde et al
[5] observed the variation in ionic conductivity in polypyrrole (PPy)-poly (vinyl acetate)
(PVAC) films synthesized by oxidative polymerization. An investigation in electrical, structural
properties and impedance spectroscopy in PTh-PVVAc composite films doped with lodine was
carried out by Bobade et al and Deshmukh et al [6-7].

The present paper focuses on comparison in electrical properties of Polythiophene
composite thin films doped with lodine.
2 Experimental Procedure
2.1 Sample preparation

PTh was synthesized at room temperature (301 K) by mixing monomer thiophene
(Lobachemie Pvt. Ltd., Mumbai, India) (AR grade) with a solution of anhydrous FeCls (E.
Merck, Darmstadt, Germany) as an oxidizing agent and PVAc (Lobachemie Pvt. Ltd., India)
in methanol (AR grade). The concentration ratio of PVAc to methanol was 15:85, fixed for all
samples. Then, FeCls (0.2 M) was added to the solution for oxidation and the monomer,
thiophene was further added. To study the effect of the dopant iodine, films with different wt
% (5.5, 10.4, 14.9, 18.9 and 22.5 wt %) were synthesized.
2.2 ac conductivity measurement

ac conductivity of the samples was recorded on LCR meter (Wayne Kerr, UK) having
range of frequencies from 0.1-200 KHz at temperature in the range 323-343K with heating rate
1°C min. A constant voltage is applied to the sample and corresponding impedance and phase
angle was measured at constant temperature for all frequency range.
3 Results and discussion
3.1 ac conductivity of PTh-PVAc films doped with lodine
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ac conductivity of the pure PTh-PVAc sample and doped with different lodine wt %
was measured at various temperatures 323-343K by applying a wide range of frequencies from
0.1-200 KHz. Fig. shows Nyquist plots of the samples Pure, 5.5 wt%,10.4 wt% and 14.9 wt%
samples and it is observed that the resistance of all the samples is found to be decreasing with
the rise in temperature.
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Il the curves show the same trends in the temperature range 323-343 K. Many
researchers [8-11] reported a similar conductivity isotherm. The impedance spectrum of PTh-
PVACc pure film and doped with lodine is found to consist of only one arc which may be taken
to mean that the conduction processes have identical time constants [12].
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Also it may be argued that as the temperature increases the arc of semicircle reduces,

indicating the increase in conductivity. The basic features of the spectra seem to be qualitatively
similar to those obtained by Johnson et al. [13] for polythiophene films and Komura et al. for
polypyrrole polystyrenesulfonate composite films in a similar configuration. The arcs are found
to be highly depressed for the all films for different temperatures which indicate the distribution
of relaxation times.
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Table 3.1.1 Bulk resistance & Bulk capacitance of PTh-PVAc film doped with lodine at diff.
temp.

323K 328K 333K 338 K 343K
lodine wt %

Rbo(KQ) | Co(pF) | Ro(KQ) | Co(pF) | Ro(KQ) | Co(pF) | Ro(KQ) | Co(pF) | Ro(KQ) | Cb(pF)
Pure PTI- 4850 | 5472 | 1550 | 51.36 | 690 | 57.69 | 400 | 66.68 | 275 | 64.26
55 120 | 33174 | 51 | 31222 | 251 | 31720 | 151 | 35151 | 102 | 390.28

10.4 118 | 20231 | 56 | 21327 | 31 | 25683 | 22 - 14 -

14.9 16 - 0.99 ; 0.61 ; 0.42 - 0.33 .

4. Conclusion

The impedance spectra of PTh-PVAc films doped with lodine consist of only one arc
which may be taken to mean that the conduction processes have identical time constants.. On
the basis of impedance spectra various parameters such as bulk resistance, bulk capacitance,
etc. are calculated. Dielectric relaxation activation energy and relaxation time is maximum for
Pure PTh-PVAc sample and minimum for 10.4 wt % of lodine. The bulk capacitance is found
to be maximum for the sample with 5.5 wt % lodine.
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Abstract:

Semiconductor metal oxides (SMOxs) are widely used in gas sensors due to their excellent
sensing properties, abundance, and ease of manufacture. Metal oxide gas sensors operate based
on the principle of chemisorption, where the interaction between target gas molecules and the
surface of the metal oxide film induces changes in electrical conductivity. This interaction leads
to measurable alterations in resistance, making metal oxide gas sensors highly sensitive and
responsive to a wide range of gases, including volatile organic compounds, toxic gases, and
environmental pollutants. Recent advancements in the field of metal oxide gas sensors have
focused on enhancing their sensitivity, selectivity, and stability. Nanostructured metal oxides,
composites, and functionalization techniques have been employed to improve sensor
performance. Additionally, advancements in fabrication technologies, such as
microelectromechanical systems (MEMS), have contributed to the miniaturization and
integration of sensors, enabling their deployment in compact and portable devices. Different
parameters which affect the performance (sensitivity, selectivity and stability) of SMO gas
sensors are discussed here.

Keywords: gas sensing; metal oxide; bandgap; particle size; doping.

Introduction:

The atmosphere has become polluted and is rapidly deteriorating as a result of the rapid
growth in industrial development and population. It is critical to monitor and control such
harmful gases in order to avoid environmental disasters. A wide range of gases in the
atmosphere must be detected, including oxygen, hydrogen, nitrogen dioxide, carbon dioxide,
methane, and many more. Since 1962, the first gas sensing device made of thin-film zinc oxide
and porous tin oxide ceramics has been demonstrated. Over the last 40 years, solid-state gas
sensors have gone through numerous stages of development. There are two major development
trends: one is to develop portable hybrid-array gas sensors for a variety of gases, and the other
is to investigate new principles and production technologies in order to investigate different
detection ranges for various gases. The need for higher performance with low-power, small-
size, and relatively low-cost applications in environments with variable ambient conditions is
the decisive objective, whether it is hybrid array gas sensors or single sensors. For hybrid-array
gas sensors, the new concept of nanostructure-based gas sensors not only improves sensing
properties in terms of sensitivity and response time, but also reduces operating temperature and
improves integrated circuit density. It has also accelerated the development of low- power,
small-size, and relatively low-cost semiconducting metal oxide gas sensors. The different
synthesis methodologies for nanoscale materials can mostly be performed in a lab. The increase
in operating temperature to near-human temperature regimes, as well as improved sensing
properties derived from nanostructured material-based gas sensors, has broadened the
applications to environmental, domestic, and medical fields previously unattainable with
coarse materials [1].
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Metal Oxide gas sensing mechanism:

Metal oxide gas sensors have been widely used in portable gas detection systems
because of their advantages such as low cost, easy production, compact size and simple
measuring electronics [2,3]. However, the performance of such sensors is significantly
influenced by the morphology and structure of sensing materials, resulting in a great obstacle
for gas sensors based on bulk materials or dense films to achieve highly-sensitive properties.
Gas sensors based on nanomaterials are a greatly developing direction to improve gas sensing
properties in sensitivity, selectivity and response speed. Although there are already some
reviews on metal oxide gas sensor it is still necessary to systematically summarize the features
of metal oxides from the perspective of nanoscience and nanotechnology. In this review, we
provide a brief summary on metal oxide nanostructures and their gas sensing properties from
the aspects of particle size, morphology and doping. Most of the examples are given based on
n-type metal oxides which are more extensively investigated and applied among the metal
oxide gas sensors. It is necessary to reveal the sensing mechanism of metal oxide gas sensors
which is helpful for designing and fabricating novel gas sensing materials with excellent
performance. Although the exact fundamental mechanisms that cause a gas response are still
controversial, it is essentially responsible for a change in conductivity that trapping of electrons
at adsorbed molecules and band bending induced by these charged molecules. Herein, a brief
introduction to the sensing mechanism of n-type metal oxides in air is given based on the
example of SnO,. Typically, oxygen gases are adsorbed on the surface of the SnO, sensing
material in air. The adsorbed oxygen species can capture electrons from the inner of the SnO>
film. The negative charge trapped in these oxygen species causes a depletion layer and thus a
reduced conductivity. When the sensor is exposed to reducing gases, the electrons trapped by
the oxygen adsorbate will return to the SnO> film, leading to a decrease in the potential barrier
height and thus an increase in conductivity. There are different oxygen species including
molecular (O2—) and atomic (O—, O2—) ions on the surface depending on working temperature.
Generally, below 150 °C the molecular form dominates while above this temperature the
atomic species are found. The overall surface stoichiometry has a decisive influence on the
surface conductivity for the metal oxides. Oxygen vacancies act as donors, increasing the
surface conductivity, whereas adsorbed oxygen ions act as surface acceptors, binding elections
and diminishing the surface conductivity. On SnO: films the reaction Oz —ads + e— = 20—ads
takes place as the temperature increases. The desorption temperatures from the SnO; surface
are around 550 °C for O— ads ions and around 150 °C for Oz —ads ions. At constant oxygen
coverage, the transition causes an increase in surface charge density with corresponding
variations of band bending and surface conductivity. From conductance measurements, it is
concluded that the transition takes place slowly. Therefore, a rapid temperature change on the
part of the sensors is usually followed by a gradual and continuous change in the conductance.
The oxygen coverage adjusts to a new equilibrium and the adsorbed oxygen is converted into
another species which may be used in measurement method of dynamic modulated temperature
as reported previously. The performance of gas sensors can be evaluated by different
parameters like sensitivity, selectivity, response time, reversibility or recovery time fabrication
cost and stability. Sensitivity is the smallest volume concentration of the target gas that can be
sensed in the time of detection. Sensitivity can be defined as Ra/ Rg for reducing gases and
Rg/Ra for oxidizing gases, where Ra is the resistance of the gas sensor in the reference gas
(usually air) and Rg stands for resistance of the sensor in the target gas. This is unit less
parameter and percentage sensitivity is expressed by [(Ra — Rg)/ Ra] * 100% . Selectivity is
the ability of the gas sensors to detect a specific gas in a mixture of gases. Response time is the
period from the time when gas concentration reaches a specific value to that when a sensor
generates a corresponding signal. Reversibility is whether a sensor returns to its original state
when gas concentration returns to normal. Recovery time is the time required for a sensor signal
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to return to its initial value after a step concentration change from a certain concentration value
to zero. Stability is the ability of a gas sensor to reproduce results for a certain period of time.
The result includes retaining the sensitivity, selectivity, response time and recovery time. An
ideal sensor should possess high sensitivity, selectivity and stability, low response time and
recovery time and low fabrication cost [4,5,6,7]. Doping during synthesis and deposition
process influence those metal oxide properties which are important for gas sensing
applications. The parameters like sensitivity, selectivity, response time and stability of the gas
sensors are improved by addition of different dopants [8]. In some cases, dopants are added to
a metal oxide to modify its properties by enhancing the desirable properties, while in other
cases undesirable properties are reduced or eliminated [9]. Even though SMO gas sensors are
catalytically active, a small amount of catalytically active metals or metal oxides are often
added to it for improving the selectivity and sensitivity of the sensors . For example, the surface
modification by noble metals promotes the improvement in sensitivity and decrease in response
and recovery times. The metal oxide doping by transition metal modifies the catalytic reactivity
and morphology of deposited films. There are different mechanisms which are followed by
dopants/impurities to enhance the properties of nanoparticles metal oxides like (i) change in
microstructure and morphology, (ii) formation of stoichiometric solid solution, (iii) change in
activation energy, (iv) generating oxygen vacancy, and (v) change in electronic structure.
Microstructure and grain size are the two most influential factors in sensing properties of
semiconductor gas sensors. Sensor response increases drastically when grain size
decreases.[10]

Conclusion:

A study on semiconductor metal oxide gas sensors has been exhibited in this review
General properties and gas sensing mechanisms of SMOs are also discussed. Moreover, a
comprehensive study has also been done on factors that are affecting the sensitivity, selectivity
and stability of the semiconductor metal oxide gas sensors. The study establishes that the
dopants or impurities enhance the gas sensing properties of SMOs by any of the processes such
as changing the microstructure or morphology, forming stoichiometric solid solution, changing
the activation energy, generating oxygen vacancy or changing the electronic structure/band
gap.
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Abstract:

Synthesis of Tb®" doped YBOs3 by using Aldo-keto gel method. The characterization of
YBO3:Th** material was done by X-ray diffraction and the optical property was studied under
UV light wavelength. The YBO3:Tb®" phosphor shows strong absorption with 239 nm UV
source and exhibits intensive emission was obtained at 490 nm and 544 nm, which corresponds
to the blue green emission.

Keywords: Aldo-keto gel method, Borate, XRD, Photoluminescence.

1. Introduction

During the past few years, much attention has been paid to the study of UV triggering
phosphors due to the high demands of various applications [1]. There are various types of
borates related to the position and type of anionic groups [BO73] in the lattice structure. Among
these borates, orthoborate phosphors are widely used in many applications such as field
emission displays, plasma display panels, cathode ray tubes and a new generation of Hg-free
fluorescent lamps [2-4]. Though most of the orthoborate posses good luminescent properties
the only attention has been paid to the yttrium orthoborate because of its suitable properties as
a host such as efficient luminescence, high VUV transparency and also exceptional optical
damage threshold with a great ability to stand in harsh conditions present in vacuum discharge
lamps and screens [5].

K. Koparkar et al. synthesized series of (Y-xGdx)BOs:Eu** phosphors was
successfully synthesized by precipitation method. The PL emission spectra of phosphors
indicated that red—orange (595 nm) color could be well excited by 233 nm. The results showed
that outstanding fluorescence intensity [6].

Jung et al. modified the luminescent properties of YBOs:Eu®*" synthesized through
spray pyrolysis with sintering temperature 1100°C for 3h to enhancement of luminescent
intensity of red phosphor under vacuum ultraviolet excitation [7],

There are many reports for on synthesis of various structure types of borate such as
solid state reaction sol-gel method, hydrothermal method, co-precipitation method and
combustion method [8]. In this paper, we have tried to synthesize YBO3:Tb** by using Aldo-
keto gel method [9]. Further, photoluminescence spectra of the YBO3:Tb** phosphor was
investigated in detail.

2. Experimental section

The phosphors were prepared by novel technique of aldo—keto gel method. YBO3 doped
with Thoo1 has been synthesized by using aldo—keto gel method. The starting chemicals Y203
(99.99%, AR) and ThsO7 (99.90%, AR) were mixed together in a china clay basin. A small
quantity of double distilled water was added and paste was formed. HNO3 was added drop by
drop and mixture was heated slowly under observation to 50°C till the paste dissolved
completely. The solution was further heated till the excess of acid was boiled off. Little quantity
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of double distilled water was again added and slowly evaporated to dryness. The resulting
powder was Y(NOs3)s:Th, after that soluble solution of H3BOs (AR) was added. The dried
precursor was finally milled. Acetone (2M, AR) and benzaldehyde (2M, AR) were added to
the nitrate. The pale brownish yellow mixture obtained was stirred continuously and slowly
heated to 130°C. The mixture became dark brownish yellow and then dark reddish brown
between 80°C to 120°C with evolution of brownish gases. The process of gelation started at
near about 130°C with the evolution of dark yellowish brown fumes. The mixture was then
allowed to cool. Red gel was formed after cooling. It was further heated slowly to 300°C. Dark
red foam was formed with evolution of yellowish brown fumes. On further slow heating,
pyrolysis of foam was started at 450°C and shining black foam was formed at 600°C, which
started burning from 900°C. Final product appears as white crystalline powder of YBO3:Th®".

3. Results and Discussion:

The phase purities of YBOs3:Th** sample were studied using Rigaku miniflex 11 X-ray
Diffract meter with scan speed of 2.000°/min and Cu Ko (A = 1.5406 A) radiation in the range
10° to 90°.The photoluminescence (PL) and PL excitation (PLE) spectra were measured on
(Hitachi F-7000) florescence spectrophotometer at room temperature. The spectral resolution
of both excitation and emission spectra, width of the monochromatic slits (1nm), as well the
measurement conditions such as PMT detector sensitivity and scan speed were kept constant
from sample to sample in measurements.

3.1. XRD patterns of YBO3:Th®*

The formation of the crystalline phase of as-prepared products was confirmed by X-ray
diffraction patterns of YBO3:Tb®" as shown in Figure 1 to verify the phase purity and crystal
structure. The X-ray pattern of combustion synthesized sample at 900°C indicated a dominant
phase of the standard YBO3:Th®" and all the peaks are in good agreement with the (ICDD,00-
016-0277) The XRD pattern for YBO3: Th®* agrees well with the standard data from ICDD file
(00-016-0277).The high intensity peaks i.e., 108.6880,20.1647,48.1569,49.9016,27.2492 and
34.146 form ICDD file shows exact matching with the XRD pattern of phosphor prepared by
re-crystallization method. This agreement indicates that the phosphor YBO3:Th®* has been
success prepared by using the re-crystallization method. Also the XRD shows that the formed
material is completely crystalline and is in single phase with Hexagonal structure where a = b
=3.778 and c = 8.810 A. Also the symmetry allowed crystal structure properties for YBO3z: Tb%*
are Centro symmetric, And Space Group P63/m (176).

Counts
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Figure 1: XRD patterns of the YBO3:Tb®" phosphor synthesized by Aldo-keto gel method.

280



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

3.2 Photoluminescence study

Fig. 2 gives the excitation and emission spectra of Tb®* green emission in Tb** doped
YBOs. The excitation spectrum shows broad bands from 200 to 250 nm. The YBOs3:Th*"
powders exhibited emissions at 490 and 544, which corresponding to the °Ds—"Fs and *D4—Fs
transitions of Th**, respectively. Among them, the green emission at 544 nm (°Ds—'Fs) was
dominant and the emission intensities are greatly dependent on the excitation wavelength.

Local crystal field symmetry around the Th** cations can have a significant effect on electric
dipole transitions.

6000 -
007 I\ Aex=239nm
-} I ‘ Kem=544nm
$4000 1 I |
% —— Emission — Excitation
§ 3000 - ’ I
[
s | |
% 2000 ’ |
©
g | | _
1000 l ‘ 7Lem-490 m
0 ] \ - —“% —— —_— " T ’} T
200 250 300 350 400 450 500 550 600 650
Wavelength (nm)
Figure 2: PL Excitation and Emission spectra of YBO3: Tb*".
Conclusions

YBO3:Th*" phosphor synthesized by the Aldo-keto gel method. XRD pattern shows
perfect matching with the ICDD file. From the excitation and emission spectra of doping
samples, there exist two kinds of samples characteristic of green emission due to Tb®* ions in
YBO; host, respectively. Also, there is an energy transfer from Tb** ions.
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Abstract:

This review paper explores the photo luminescent properties of Gd** in diverse inorganic
phosphors. The specific interest lies in the narrow band UVB (NB-UVB) emission of Gd**
within the 312-315 nm range, particularly relevant in the medical domain for treating
conditions such as atopic dermatitis, vitiligo, and psoriasis. However, the inherent weakness of
the 4f-4f, 6Pj — 8S7/2 intra-configurational transition in Gd* necessitates sensitization.
Effective sensitizers like Bi** and Pr3* have been identified to enhance the photo luminescent
emission of Gd**. These sensitized Gd** phosphors show great promise for utilization in
phototherapy lamps.

Keywords: Gadolinium, Sensitized Luminescence, Narrow-Band UVB, Phototherapy

1. Introduction

Since ancient times, sunlight therapy, also known as heliotherapy, has been employed to treat
various cutaneous diseases in humans. The 'Atharva Veda,' a sacred Indian text, makes
references to treating leucoderma through sunlight exposure and the consumption of Psoralea
corylifolia seeds [1]. Psoralea corylifolia seeds, containing photosensitizing psoralen
compounds, have been traditionally used for skin disorder treatments [2]. Sunlight's significant
benefit lies in its capacity to boost the body's vitamin D levels.

The roots of modern phototherapy trace back to the 19th century when Niels Rydberg Finsen
pioneered the use of artificial light sources for phototherapy. In 1896, he developed a chemical
ray's lamp and successfully treated lupus vulgaris at the Phototherapy Institute in Copenhagen,
earning him the title "the father of ultraviolet therapy." Finsen was awarded the Nobel Prize in
medicine for his groundbreaking work on the treatment of lupus vulgaris with concentrated
light rays additionally; filtered sunlight has been recognized as a safe and effective
phototherapy treatment for hyperbilirubinemia [3].

The first report on phototherapy for hyperbilirubinemia appeared in the medical journal 'Lancet’
in 1958 at Rochford Hospital, Essex, England. Sister Jean Ward, a nurse at Rochford General
Hospital, introduced the treatment approach. Dr. R.H. Dobbs and resident registrar Richard
Cremer documented Sister Jean's practice of exposing delicate infants to fresh air and warm
sunshine, believing it to be more beneficial than an incubator's confined environment [4].
Rochford Hospital continued experimental treatments, and Cremer, along with biochemist
P.W. Perryman, demonstrated that sunlight or artificial blue light from 40W fluorescent tubes
could reduce bilirubin levels in jaundiced newborn infants [5]. The term 'Phototherapy’ was
officially coined by Ferreira et al. in September 1960 during their experimental treatment of 77
jaundiced infants [6]

1.1. Overview of Phototherapy:

Phototherapy involves the utilization of light for the treatment of various skin conditions,
whether through exposure to natural sunlight or artificial lamps [7]. The sunlight comprises
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different regions of the electromagnetic spectrum based on wavelength, with Ultraviolet (UV)
being a significant part.

1.2. UV Wavelengths:

The UV wavelength band, ranging from 200 to 400 nm, is divided into UVA (320-400 nm),
UVB (280-320 nm), and UVC (200-280 nm) regions. UVA1 and UVAZ2 are further classified
based on their specific wavelengths. These UV radiations are absorbed by chromophores,
which are biological molecules like DNA, RNA, proteins, or drugs [8].

1.3. UVA1 Radiation in Dermatology:

UVAL radiation, particularly in the range of 340-400 nm, has gained recognition in
dermatology and rheumatology. It is employed in the treatment of various skin conditions,
including extra genital lichen sclerosis, Scleroderma, T-cell lymphoma, and Lupus
erythematosus [9][10]. Psoralen photo chemotherapy combines Psoralen with long-wave UVA
radiation for treating multiple skin disorders [11].

1.4. UVB and Its Phototherapeutic Role:

Goeckerman introduced Broadband UVB in 1925 for psoriasis treatment, later replaced by
Narrowband UVB, which effectively clears psoriatic lesions and reduces skin inflammation.
This cost-effective treatment is considered a phototherapeutic modality for managing psoriasis
[12]. Properly dosed UVC promotes wound healing while causing lethal and mutagenic effects
on microorganisms, preserving mammalian cell viability [13].

1.5. Phototherapy for Neonatal Jaundice and Beyond:

A major medical application of phototherapy is the treatment of hyperbilirubinemia or
jaundice. The absorbed light breaks down bilirubin into water-soluble and extractable products.
Bili blankets, fiber optic or compact fluorescent light tubes, and blue LEDs are considered
medically safe for treating Neonatal Jaundice. Phototherapy is also explored for diabetic
retinopathy and hair loss treatment [14].

2. Advancements in Phototherapy Research:

Absorption of ultraviolet radiations by skin chromophores triggers the production of DNA
photoproducts, initiating photochemical reactions essential for tissue repair [15]. Phototherapy
lamps deliver focused UV light to the affected body part, employing phosphor materials
activated with Eu?*, Pb?*, Gd®*, and Pr®* . Commercially, Gd** and Eu?* are common activators
in phototherapy phosphors [16].

2.1. Gd®* as an Efficient Activator:

Trivalent Gd®* exhibits ground level 857/2 and excited levels 6Pj, 61j, 6Dj, 6Gj. The excitation
of Gd** ions results in the 6P7/2 — 8S7/2 transition in the NB-UVB region around 312-315
nm. Gd*" emerges as a sought-after activator for advanced phosphors, especially in medical
applications for treating photo-responsive diseases. Researchers focus on various host lattices
for Gd activators, aiming for efficient phosphors demanded in phototherapy lamps for skin
conditions like atopic dermatitis, vitiligo, psoriasis, seborrheic dermatitis, etc. [17].

2.2. Significance of Borate Hosts:

Borate atoms, with planar sp2 and three-dimensional spz hybridized orbitals, can readily
accommodate three to four oxygen atoms, forming various anionic groups. Inorganic borates,
easily synthesized and structurally feasible for doping on multiple cationic sites, find extensive
use in research and commercial applications. Their diverse structure types, superior optical
quality, low synthesis temperature, transparency across a wide wavelength range, good
chemical stability, and wide band gap make borates ideal for phototherapy, optical and laser
devices, plasma display panels, LEDs, etc. Well-established examples include LaB3Og:Gd®*,
Pr3*, and CeMgBs010:Gd*", recognized NB-UVB phosphors used in phototherapy lamps [18].
This section discusses selected Gd-activated phosphors and their potential in phototherapy.
2.3. Gd®* Activated Narrow Band UVB Emitting Phosphors for Phototherapy Lamps:
2.3.1. LaPO4:Gd**:
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Chauhan et al. [19] successfully prepared Gd3+ activated lanthanum phosphate (LaPOa)
through recrystallization. PL excitation spectra recorded at room temperature showed a strong
absorption peak at 275 nm. Upon excitation at 275 nm, the phosphor emitted significantly at
312 nm due to the 6Pj — 8S7/2 transition of Gd*" ions. LaPO4:Gd** with 0.04 mol% Gd**
concentration exhibited intense emission and holds potential as a phototherapy lamp phosphor
[19].

2.3.3 SrY204:Gd*:

Singh and team [20] synthesized Gd®* activated SrY,0. phosphors via the sol-gel method.
Photoluminescence spectra for different Gd** concentrations showed two bands in the NB-
UVB spectral regions: one at 309 nm due to the 6P5/2 — 8S7/2 electric dipole transition and
another at 315 nm by the 6P7/2 to 8S7/2 transition of Gd** ions. The strong emission at 315
nm positions SrY.04:Gd*" as a potential material for phototherapy lamps producing UVB light
[20].

2.3.4 NasY1-xSi207:Gdx :

Another series, NazY-xSi2O7:Gdy, was synthesized by Singh et al. [21] using the sol-gel
process with Gd concentration ranging from 0.01 to 0.11 mol%. Excitation at 273 nm resulted
in ultraviolet emission, specifically a sharp peak at 313 nm, arising from the transition of Gd
ions from 6P7,2 to 8S7/2 energy state [21].

2.3.5 CaMgP207:Gd3*:

Kunghatkar et al. [22] synthesized CaMgP,07:Gd*" phosphor using various methods. The
phosphor demonstrated effective g values, and its emission at 314 nm wavelength upon
excitation at 274 nm proved the proper incorporation of Gd** ions. The sol-gel method yielded
the most promising results for the preparation of phosphate phosphors, presenting intense
excitation peaks and showing potential for phototherapy treatment due to its emission in the
narrow-band UVB region [22].

3.1 Enhanced Narrow Band UVB Emission of Gd** Using Sensitizers in Borate Phosphors
for Phototherapy Lamp:

3.1.1 BaBsOaus: Pr3*, Gd3* Phosphor:

In the study by Sumedha et al. [23], BaBsO13:Gd*" phosphor was synthesized using solid-state
synthesis, exhibiting efficient Gd®>* emission. The excitation spectrum revealed peaks at various
wavelengths, and the intense dominant peak at 274 nm resulted in a brilliant and sharp emission
peak at 314 nm. To enhance the emission intensity, Pr¥* was introduced as a sensitizer in
BaBsO13: Pr¥*, Gd®*. Pr®* contributed to the PL excitation spectrum with a broad absorption
band at 220 nm. The introduction of Pr3* resulted in a considerable increase in Gd** emission
intensity at 313 nm, demonstrating the potential of BaBgO13: Pr3*, Gd** for phototherapy lamps
[23].

3.1.2 (LaY)BaByO16:Bi®*, Gd3*:

Gawande et al. [24] investigated (LaY)BaByO16:Bi%*, Gd** synthesized through the solution
combustion synthesis technique. The compound exhibited a hexagonal crystal structure, and
PL excitation spectra revealed a broad peak due to Bi** ions. The energy transfer from Bi®*
ions to Gd*" resulted in a significant increase in Gd** emission intensity, highlighting the
potential application of this phosphor in phototherapy lamps [24].

3.1.3 Y0.96Gd0.04BOs3, Y0.955Gd0.04Bi0.00sBO3, Y0.93Gd0.04Pro.03sBO3 Phosphors:

Gawande et al. [25] conducted a study on Gd** in YBOs compound with Bi and Pr as
sensitizers. These phosphors exhibited narrow-band UVB emission at 312 nm due to 6P;—
8S72 transition by Gd** ions. The introduction of Bi and Pr sensitizers enhanced the emission
intensity, with Pr3* proving to be a more efficient sensitizer for Gd** than Bi®* [25].
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4. Conclusion:

The utilization of narrow band UVB emission in phototherapy has become widespread due to
its compatibility with the action spectrum of various skin disorders and its safety for multiple
exposures. Phosphors doped with gadolinium have garnered significant attention owing to their
narrow band emission upon UV excitation. Despite the inherent challenge of weak 4f-Af
emission in gadolinium, this limitation has been effectively addressed by employing suitable
sensitizers. Bi** and Pr¥* have emerged as effective sensitizers for Gd**, leveraging their
emission spectra that overlap with the excitation spectrum of gadolinium. This ensures a
successful energy transfer from the sensitizer to the activator gadolinium. The sensitized
luminescence of gadolinium-doped phosphors exhibits remarkable emission with increased
intensity, making them highly suitable for application in phototherapy lamps.
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Abstract:

ZnO is among the most suitable candidates for gas sensors due to its high thermal &
chemical stability, cost-effectiveness, and excellent gas response. Process control and safety
sensors are commonly used in residential, commercial, and industrial settings due to their
ability to detect combustible, volatile, and dangerous gases. In recent years, the combination
of zinc oxide nanostructure with reduced graphene oxide (RGO) has proven to be an effective
way to create composites with improved gas sensing capabilities. In this paper, we present the
latest advances of gas sensors for detection of various toxic gases and VOCs (volatile organic
compounds) derived from zinc oxide and reduced graphene oxide (ZnO-rGO).

1. Introduction:

In recent years, graphene has garnered significant attention due to its remarkable
mechanical, thermal, and electrical properties [1]. Notably, it possesses a substantial specific
surface area of 2630 m2/g [2], an exceptional intrinsic mobility of 250,000 cm?/V-s [3], and a
high modulus of elasticity (~1 TPa [4]. Moreover, graphene exhibits an exceptionally high
thermal conductivity exceeding 3000 W/m-K [5], along with an optical transmittance of over
97.7% for visible light [6]. Additionally, it showcases quantum Hall behavior [7]. The
remarkable electrical conductivity, outstanding mechanical flexibility, extensive surface area,
and exceptional thermal and chemical stability have significantly contributed to the surge in
interest towards graphene-based gas sensors in recent times [8,9]. Within the graphene family
utilization of pristine graphene (PG) as a gas sensor is restricted due to its inability to be
produced on a large scale, absence of functional groups, and lack of a band gap [10]. In contrast,
graphene oxide (GO) is highly electrically insulating due to its rich composition of alkoxy (C-
0-C), hydroxyl (-OH), carboxylic acid (-COOH), carbonyl (C=0), and other oxygen-based
functional groups. Nevertheless, GO can be transformed into reduced graphene oxide (rGO)
by eliminating oxygen functional groups and restoring aromatic double-bonded carbons
through chemical reduction or high-temperature annealing [11,12]. Reduced graphene oxide
(rGO) holds significant potential for gas sensing applications due to its wide range of functional
groups, ample defects, and highly adaptable electrical properties [13].

The metal oxide nanohybrid architectures have been extensively explored as gas
sensors due to relatively high sensitivity of their electrical resistance to adsorbates [14]. Zinc
oxide (ZnO) is a typical n-type semiconductor material with a direct wide band gap (Eg =3.37
ev) and large excitation binding energy (~60 mev) and is one of the most common metal oxides
in the gas sensing area because of its unique properties, such as n-type conductivity, low
toxicity, ease of synthesis, high availability, good thermal stability, and high mobility of
electrons [15]. The wide range of applications for ZnO-based gas sensors is restricted by their
typical drawbacks of sluggish response, poor selectivity, and lack of long-term stability [16].
Recent advancements have demonstrated that incorporating rGO and metal oxide nanoparticles
in heterojunction gas sensors can be an extremely effective approach for creating gas sensors
with outstanding performance. These sensors display exceptional sensitivity, rapid response
and recovery times, and are also economically viable [17].
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This review article delves into the latest developments in utilizing hybrids of reduced
graphene oxide (rGO) and zinc oxide (ZnO) as sensors for the detection of volatile and
hazardous gases, aiming to mitigate environmental harm [18].

2. Gas Sensing Mechanism:

The gas detection process of sensors includes the adsorption of gas molecules onto the
sensing matrix's surface and the interaction between the target gas and the sensing film on the
surface. This interaction leads to a modification in the material's charge carrier concentration.
The modification in the concentration of charge carriers brings about a modification in the
conductivity (or resistivity) of the substance. When an n-type semiconductor material interacts
with reducing gases, its conductivity increases, while it decreases when it interacts with
oxidizing gases. On the other hand, for a p-type semiconductor, the gas sensing mechanism is
completely opposite to that of an n-type semiconductor when it comes to reducing and
oxidizing gases [19].

3. Key Parameters of Gas Sensor:

Key performance parameters for gas sensors include sensitivity, selectivity, response
and recovery time, detection limit and resolution, stability, and working temperature [20].

3.1 Sensitivity: Sensitivity represents a modification of the material's chemical and/or physical
characteristics in the presence of gas. The porosity of the sensitive material, the working
temperature, the presence of dopants or other modifications, material porosity and the size of
the crystallites all have a substantial impact on the sensitivity of gas sensors [21].

3.2 Selectivity: When multiple gases are present in similar operating conditions, selectivity
refers to the ability of semiconductor materials to distinguish between a group of target gases
or a single gas [20]. Surface modification or doping with various catalytic additives is
employed to enhance the adsorption of target components, thereby increasing the selectivity of
gas sensors [22].

3.3 Stability: It is the ability of gas sensors to maintain the same output characteristics over
the prolonged usage. The accurate detection of gas may be hindered if there is a significant
fluctuation. However, by subjecting the sensitive layers to preheat treatment at temperatures
higher than the sensor's working temperatures, the stability of these layers can be enhanced
[23].

3.4 Response and Recovery Time: Response time is the time it takes for a sensor to reach
90% of its signal response when exposed to the target gas, while recovery time is the duration
for the sensor to return to 90% of its initial baseline signal after the target gas is removed [24].
3.5 Limit of Detection (LOD): The smallest amount of gas that a sensor element can detect is
known as the detection limit. The lowest concentration difference that the sensor can detect
correlates to the device's resolution.

3.6 Working Temperature: The operating temperature is where the gas sensor is most
sensitive. Different temperatures affect the sensor's characteristics and how quickly it reacts to
gas.

4. Reduced Graphene Oxide-ZnO Composite Based Gas Sensor:

4.1 Sensors for NHa:

Ammonia (NHs), a colorless gas with a distinctly pungent odor, is considered one of
the most hazardous pollutants in the environment [25]. Developing a gas sensor that is both
sensitive and reliable serves a practical purpose, as exceeding the threshold value of 25 ppm
can pose significant hazards to humans [26].

Gaurav Singh and his team studied ZnO-rGO's gas sensing abilities for NH3 at room
temperature. They found a 24% sensor response in presence of dry N2, with a quick recovery
time of 2-3 seconds. The sensor exhibits good selectivity to NH3 in presence of H2, CO, and
NO gases [27]. A ZnO NPs/rGO bilayer thin film NH3 sensor was successfully fabricated by
Huiling Tai et al. by depositing ZnO NPs and graphene oxide (GO) thin film on gold interdigital
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electrodes (IDEs) via simple spraying process fallowed by heat treatment. The sensor showed
a positive response (%R ~ 1.20) and had a fast response time of 78 seconds at room temperature
when exposed to 10 ppm NHz3[28]. Zhen Sun et al. fabricated ZnO nanowire-reduced graphene
oxide (ZnO-rGO) based highly sensitive portable ammonia (NH3) gas sensing electron device
with excellent detection limit of 500 ppb. The hybrid architecture demonstrates a remarkable
sensitivity (% S) of approximately 7.2% for 1 ppm NHz, accompanied by an impressive
response time of 50s. The inclusion of ZnO nanowire networks on the surface of rGO enhances
the gas sensing capability by providing additional channels for electron transport [29].

Composite Arg;;s/te Morphology .II\./(L ii‘;'. Gas response Rest.i r/nI;Qec. Ref.
rGO -ZnO NH; Nanoparticles RT ~24%to 1 ppm Rec. time 2-3s | [27]
rGO -ZnO NH; Nanoparticles RT 1.20 % to 10 ppm | Rec. time 78s | [28]
rGO -ZnO NH3 Nanoparticles RT ~7.2%to 1 ppm 50s/200s [29]

4.2 Sensor for Hz:

Hydrogen (H>) is colorless, odorless, and buoyant in air and one of the abundant next-
generation energy sources in nature with high combustion efficiency [30]. Hydrogen is
explosive and flammable in concentrations of 4- 75 percent (by volume) when combined with
air. Hydrogen at high amounts prevents an adequate supply of oxygen, leading to asphyxiation
[31].

A. Drmosh et al. have reported that they have developed a ternary Pt-loaded rGO/ZnO
system that exhibits remarkable response and selectivity towards a low concentration of
hydrogen. The system achieved an impressive response of 99% (to 400 ppm at 100°C), which
is significantly higher compared to the pure ZnO and the rGO/ZnO nanocomposite. In fact, the
response of the Pt-loaded rGO/Zn0O system was found to be 10 and 5 times higher than that of
the pure ZnO and the rGO/ZnO nanocomposite. The presence of highly conductive rGO
material with a large surface area and adsorption sites leads to the formation of a p-n
heterojunction with ZnO nanoparticles. The interaction between Pt nanoparticles and ZnO
creates a nano-Schottky contact, which is responsible for the exceptional response observed.
[17]. The Pd-ZnO-rGO hybrid developed by Sun Y et al. exhibits the ability to detect hydrogen
gas at a lower temperature of 50°C with detection limit of 1 ppb. The Pd-RGO/ZnO sensor
demonstrates a response of 16% at a concentration of 200 ppb and 1.8% at a concentration of
1 ppb. The combination of the ternary hybrid nanomaterial and the modulation of the p—n
heterojunction synergistically enhance the hydrogen sensing properties of the Pd-ZnO/RGO
film sensor [32]. Kanika Anand et al. developed a hydrogen sensor using a graphene/ZnO
nanocomposite with exhibits best sensing response (S=3.5, at 150 °C) towards 200 ppm of
hydrogen gas and good selectivity against ammonia, ethanol and LPG. The improved
connectivity between ZnO nanorods is facilitated by 3D networks formed by RGO sheets,
leading to better sensor performance at lower temperatures. Defects and functional groups on
graphene surface enhance sensitivity by acting as high-energy adsorption sites for gas
molecules [33]. Abdollahi et al. fabricated a p-n heterostructure-based gas sensor Ni-ZnO-rGO
nanowire with responses of Ni-ZnO-rGO and ZnO-rGO with 1.6 wt% rGO concentration,
respectively, towards 200 ppm hydrogen gas at 150 °C. The inclusion of reduced graphene
oxide (rGO) in composite materials enhances the hydrogen sensing capabilities by promoting
electron transport through a van der Waals p-n heterojunction. Additionally, the introduction
of nickel (Ni) doping in ZnO-NWs amplifies the number of active sites available for
chemisorbed ionized oxygen atoms [34].

Composite Analyte Meas. Res. / Rec.
Gas Morphology Temp. Gas response time Ref.
Pt-rGO -ZnO H Nanoparticles | 100 °C ~99 to 400 ppm 125/412s [17]
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Pd-rGO -ZnO H> Nanorods 50°C ~16 % to 200 ppm | Rec. time 78s | [32]
rGO -ZnO H> Nanorods 150 °C ~3.5 to 200 ppm 22/96s. [33]
Ni-rGO -ZnO H. Nanowire 150°C | ~29.9% to 50 ppm | --- [34]

4.3 Sensor for NO2:

Nitrogen Dioxide (NOy) is a highly reactive gas that is widely recognized as one of the
most hazardous and harmful gases [35]. Prolonged exposure to NO2 exceeding 3 ppm for a
duration of eight hours can result in the emergence of diverse respiratory disorders, such as
bronchitis, pulmonary edema, and asthma [36].

Au-decorated ZnO/rGO heterostructure developed by Pei Jiang Cao et al. displayed
remarkable sensing response of 67.38 to 1 ppm NO> and a pretty low detection limit of 138
ppt. The enhanced catalytic activity or synergistic interaction between Au and ZnO/rGO is
responsible for the remarkable sensing response exhibited by the heterostructure [37]. Sen Liu
et al. reported room temperature NO> gas sensor based on ZnO-rGO hybrids display higher
response (~26 % to 5 ppm) greater sensitivity in comparison to pure rGO as a result of addition
of ZnO nanoparticles for rGO matrix. The selective detection of NO2 against Clz, NO and CO
can be attributed to its high electron-donating power, compared to these gases [38]. Jie Liu et
al. synthesized ultrasensitive rGO/ZnO hybrids with flower-like ZnO anchored on flexible rGO
sheets displayed good response (~12) at 100 °C to 50 ppb NOz. The rGO/ZnO hybrids with a
hierarchical structure exhibit a remarkable ability to detect NO> at concentrations as low as 5
ppb. The sensing performance of rGO/ZnO is greatly influenced by the formation of local p-n
heterojunctions between the n-type ZnO and the p-type rGO [39]. Ternary CuO-ZnO/rGO
composites reported by Jyoti and G. D. Varma showed the highest gas response of ~62.9 in 40
sec to NO- at room temperature. CuO 1-D nanochains and ZnO nanoseeds on rGO sheets
enhance gas molecule adsorption, while heterojunctions like ZnO/rGO, CuO/ZnO, and
CuO/rGO greatly enhance sensor performance [40]. Jing Li and colleagues synthesized a
hierarchical hollow structure of urchin-like ZnO nanorod spheres with reduced graphene oxide.
These spheres had a sensitivity of 17.4% and could detect 100 ppm NO; at room temperature.
The rGO functioned as a conductive framework, enhancing the sensing mechanism through the
facilitation of rapid electron pathways to the hollow ZnO nanorod spheres [41].

Composite Analyte Meas. Res. / Rec.

Gas Morphology Temp. Gas response time Ref.
Au-rGO -ZnO NO, Nanoparticles | 60 °C ~67.38to 1 ppm 248sand 170s | [37]
rGO -ZnO NO, Nanoparticles | RT ~26 % to 5 ppm 165 s/499 s [38]
rGO -ZnO NO, Flower-Like | 100°C ~12 to 50 ppm Res. time 5.5 [39]

min
CuO-rGO -ZnO NO, Nanowire | RT ~62.9 to 40 ppm Res.time 40s | [40]
rGO -ZnO NO, Nanorods RT ~17.4 % to 100 ppm 13/33 min [41]
4.4 Sensor for VOCs:

Volatile organic compounds (VOCs) are organic chemicals with low molecular weight
and high vapor pressure and easily evaporate at normal room temperature [42]. Exposure to a
particular level of VOCs can show symptoms such as headaches, nausea, and even more serious
conditions like convulsions and comas [43].

Z. Wei Chen et al. studied formaldehyde sensors using graphene-modified ZnO
nanosheets. The sensors with 2 wt.% graphene (G-ZnO-2) exhibit excellent response (~12)
with fast response and recovery times of 10 and 29 seconds for 100 ppm concentration at 200
°C. Improved charge transfer, higher adsorption, and narrower band gap results in superior gas-
sensing performance over pure ZnO nanosheets [44]. W Guo et al. found that 5% Fe-doped
ZnO/rGO nanocomposites greatly improved the gas sensing performance (~12.7) for
formaldehyde at 120 °C. The sensor also had fast response and recovery times (34 and 37s)

290



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

from dry to 40% RH [45]. Xian Lia et al. found hybrid films of reduced graphene oxide and
hierarchical flower-like zinc oxide that showed a remarkable 5.3% response in just 34 seconds
to 10 ppm formaldehyde at room temperature. The improved HCHO gas sensing is due to the
lower barrier height between HCHO and ZnO, as well as the effective adsorption sites on rGO
and ZnO surfaces, compared to graphene and HCHO [46].

Ethanol sensor investigated by S. Niavol et al. using ZnO/rGO nanocomposites coated

on gold electrodes has a high response (110.11 toward 100 ppm ethanol vapor in comparison
with 14.54 for pristine ZnO at 320°C) with quick response/recovery time (below 4s), excellent
selectivity, and a detection limit of about 27 ppb [47]. A highly sensitive and selective ethanol
sensor based on rGO/ZnO nanocomposites investigated by Rafiee et al. shows a significantly
higher response (S~26) at 125 oC to a low concentration (20 ppm) of ethanol. The sensor
exhibits excellent selectivity against methane, carbon monoxide, carbon dioxide, and
formaldehyde [48].
Wang and coworkers investigated acetone based on CuO-ZnO/rGO ternary composite that
exhibits a gas response of 9.4 to 10 ppm of acetone, which was almost 1.5 times and 2.0 times
higher than CuO-ZnO and ZnO/rGO, respectively. The CuO-ZnO/ rGO nanocomposite was
highly sensitive and selective towards acetone due to its large surface area, thermal stability,
high electron mobility of rGO sheets, and increased p—n junctions [49].

Composite Arggte Morphology .II\./é ?ﬁ;'. Gas response Rest.“;sec. Ref.
rGO -ZnO HCHO Nanosheets 200 °C ~12 to 100 ppm 10s/29s [44]
Fe-rGO -ZnO HCHO Nanoparticles | 120°C | S~ 1.5to0 100 ppm 34s/37s [45]
rGO -ZnO HCHO Flower-Like RT ~5.3 % to 10 ppm Res. time 34s | [46]
rGO -ZnO Ethanol | Nanoparticles | 320 °C | 110.11 to 100 ppm 2s/3s [47]
rGO -ZnO Ethanol | Nanowire 125°C ~ 26 to 20 ppm [48]
CuO-ZnO-rGO Ethanol | Nanoparticles | 340°C | S~9.41t010 ppm Res. time 10-15 | [49]

s

4.5 H2S Sensor:

The gas hydrogen sulfide (H2S), which smells like rotten eggs, is poisonous to humans
and biological systems. Exposure above the threshold limit (250 ppm) can cause severe illness
and death [49].

K. Dang investigated a sensitive H>S sensor using rGO and ZnO NFs in both external
and internal heterojunctions. The 0.1 wt% rGO/ZnO NFs internal heterojunction had the
strongest gas response, reaching 1353 to 1 ppm H2S concentrations at 350 °C. This response
was 25 times higher than that of bare ZnO NFs. Adding rGO increases the surface area, leading
to a spill-over effect that enhances the sulphuration reaction and creates more ZnS/ZnO
heterojunctions. These heterojunctions were important for improving the response to H,S [50].
Cu-ZnO/rGO nanocomposite sensors were synthesized by P.S. Shewale et al. to study H>S
sensing at room temperatures. The sensor showed a 0.87% response to 100 ppm H2S at 24°C,
with a response time of 14 seconds and a recovery time of 32 seconds. Additionally, the sensor
displayed high selectivity for H>S over H2[51]. V. Balasubramani et al. studied rGO-ZnO using
impedance spectroscopy to detect H2S gas. The sensor showed a 57% gas response at 90 °C.
The inclusion of rGO created reactive sites for H>S adsorption and facilitated electron
transportation, enhancing the sensor's gas response. The sensor showed quick response (8s)
and recovery (32s) time to 2 ppm hydrogen sulfide [52].

Composite Arggte Morphology 1“.: ?ﬁ;‘ Gas response Rest.ir/nlgec. Ref.
rGO -ZnO H,S Nanofibers 350 0.C ~1353to 1 ppm 9s/1520 s [50]
Cu-rGO -ZnO H,S Nanorods RT ~0.87 % to 100 ppm 14s/32s [51]
rGO -ZnO H,S Flower-Like 90 .C ~57% to 100 ppm | 8s/32s for 2 ppm | [52]
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5. Conclusion:

Composite sensors with rGO and ZnO hybrids exhibit superior properties due to
enhanced sensor performance, leveraging the advantages of both materials. The synergistic
effect of rGO-ZnO can be summarized as follows:

i) Reduced graphene oxide enables attachment of metal oxides due to surface defects and
functional groups.

i) Conductivity of metal oxides enhanced is due to the conducting network enabled by
graphene, which has high charge-carrier mobility and facilitates electron transfer.

iii) The p-n heterojunctions between p-rGO and n-ZnO, with their large surface area and high
catalytic activity, are fundamental elements for gas sensing.

iv) The gas detection capability was significantly enhanced by both the rGO content and ZnO
morphology in the rGO-ZnO composite.

However, the sensitivity to all sorts of target gases and the prolonged response and
recovery time of rGO-ZnO nanocomposites as sensing materials are still constraints. Future
work should focus on the following issues:

i) Further investigation is required to examine the gas detection capabilities by tuning the
morphology and structure of the sensing materials.

i) To improve sensor effectiveness, novel molecules with unique interactions with graphene
must be developed. This may enhance sensitivity, selectivity, and overall performance.
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Abstract:

This Research paper devoted to SnO2 nanoparticles synthesis by using sol—gel method. This article
examines the advancements made in SnO> nanomaterials for CO2 gas sensors the material
compositions, sensing methods, and characteristics based on SnO:; nanomaterial’s. X-ray
diffraction was used to examine the powders. X-ray diffraction was used to characterise the films'
structural integrity, confirming that they are crystalline and have a tetragonal structure.

Keyword: Nanomaterials, XRD, Gas sensors.

1. Introduction:

SnO2 nanoparticles have been synthesised using a variety of techniques, such as sol—gel, molten-
salt synthesis, microwave approach, Carbothermal reduction, chemical precipitation, laser—ablation
synthesis, hydrothermal method. In this work, SnO> nanoparticles were synthesised using a
straightforward sol—gel approach [1]. The purpose of this work is to synthesise SnO2 nanoparticles
using the sol-gel method and to investigate their particle nature [2]. These nanomaterials have
unique sizes and morphologies. Because of their fascinating properties and captivating potential in
the aforementioned domains, materials smaller than 100 nm have piqued the curiosity of scientists
and engineers once again Semiconducting metal oxides, such as ZnO and SnOg, are an efficient
class of materials that have made significant contributions to several fields of science and industry
due to their controllable size and shape [4]. Solid-state gas sensors find extensive applications in
the production of semiconductors, environmental sensing, medical diagnostics, personal safety, and
national security [5]. They are among the essential technologies of the modern era. Materials that
exhibit property changes in response to surrounding gases may find application as gas sensing
materials. The concentrations of the gases can be detected via optical or electrical signals. The
colour of an optical gas sensor changes in proportion to the amount of gases it detects [6]. When
using an electrical gas sensor, the concentration of the gas can be found either by applying a
temperature gradient that is produced by a chemical reaction on a thermoelectric sensing material,
or by varying the output voltage as a result of the gas reacting with chemisorbed oxygen at the
sensing material's surface [7]. By changing their electrical characteristics, several transition metal
oxides show sensitivity to oxidising and reducing gases. Typically, variations in electrical
conductance in response to ambient gases are tracked. For example, the conductivities of all the
following oxides exhibit a gas response [8]. However, due to its appropriate physicochemical
characteristics and cheaper cost when compared to actual materials available for similar
applications, SnO: is currently the most extensively utilised material for detecting various gases.
At moderate temperatures, it is sensitive to a wide range of gases and vapours, including ethanol,
H», O2, CO, NO, NO», and NHa.This articles SnO, examine the CO> gas sensor [9].

2. Experimental Process: Synthesis of SnO2 Nanomaterials:

Sol-gel method is a combination of two words sol and gel. Sol is a colloid formed from solid
particles suspended particles in continuous liquid. Gel is a solid macro-molecule which is dissolved
in solvent. Due to simplicity, sol-gel method is the most preferred bottom-up method for the
synthesis of nanoparticles [10-11]. It is the method in which suitable chemical solution act as
precursor. We employed the effective and straightforward sol-gel approach to prepare the
nanoparticles for our SnO> nanoparticle manufacturing experiment. Chemical reagents including
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sodium hydroxide (NaOH), methylene blue, isopropyl alcohol, and tin (II) chloride dihydrate
(SnCl,) were taken. These substances were bought from M/s Merck and had a high purity of
99.99%. Different amounts of precursor materials such as SnCls.5H>0 and isopropyl alcohol were
taken into consideration. 50 millilitres of isopropyl alcohol were combined with SnCl4.5H,0
solution [12-15]. In a stirrer, the finished mixture was left to stir for two hours. We were able to get
a homogeneous solution by this procedure. The pH of the solution was adjusted to around 9-11 by
mixing it with 0.1 M NaOH solution poured out of a burette drop by drop. The solution was agitated
for an additional thirty minutes in the same stirrer after we had given it two to three hours to settle.
The precipitates were cleaned with acetone and distilled water, then dried at 80° C [16-18].
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Fig 1: XRD diffraction pattern of SnO, Nanoparticles

3. Results and discussion:

XRD patterns of the samples were recorded in an ambient environment using a Holland Philips X-
ray powder diffract meter (CuK a, A =1.5406 A). The phase and purity of the as prepared SnO;
nanoparticles were determined by XRD pattern of the as prepared SnO, samples at 450 °Cforl
hour has shown in Fig.1.All the diffraction lines were assigned to tetragonal rutile crystalline phases
of tin oxide. The XRD pattern is in excellent agreement with a reference pattern (JCPDS No. 41-
1445) of tin oxide [19]. The crystallite size of the prepared powders calculated from XRD line
broadening using Debye—Scherer equation, d=K A / B cos 0 , where X is the wavelength of the X-
ray radiation(Cu — K o =1.5406 A), K is a constant taken as 0.89, B full width at half maximum
height (FWHM in radian) and 0 is the diffraction To estimate average crystallite sizes of SnO> the
three most intense indexed peaks, as (110), (101), (211) were used, giving d-values of 32.9, 29.7,
and 25.4 nm respectively, with the average size of 29.3 nm [20]. The SnO_ nanoparticles consist of
uniform tetragonal particles of 22 — 31 nm size. This is in agreement with the results obtained from
the XRD analysis. Thus, the sol — gel method could be employed to synthesize the SnO;
nanoparticles with narrow size distribution.In this method, it is observed that the speed of the oxide
particle precipitation can be modulated by controlling the concentration of the PEG [21].

4. Application of SnO2 nanoparticles :

Gas sensors work on the principle of transforming the gas adsorption effects on the surface of the
active material into a detectable signal in terms of its changed electrical, optical, thermal,
mechanical, magnetic (magnetization and spin), and piezoelectric properties. There is a close
association between their surface chemical activity and gas sensitivity since gas sensing procedures
heavily depend on these reactions [22-23].
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Metal oxide nanomaterials exhibit intriguing characteristics that have several uses in a wide range
of scientific and technological fields, including paint, sunscreen, antimicrobial coatings, memory
drives, LEDs, sensors, solar cells, and wastewater treatment [24].

The general principle of gas detection applicable to the most of metal-oxide gas sensor is the
variation in the electrical conductivity. The variation in electrical conductivity is brought by the
interaction between the gas molecules and oxygen (adsorbed) on the metal oxide surface. Due to
the adsorption of oxygen on the surface of metal oxide, the trapping of electrons take place resulting
in an increase or decrease in the concentration of free charge carriers depending upon the n or p
type of semiconductor [25].
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ABSTRACT

Solution combustion synthesis was used to create the red luminous BaAlsBO7:Eu** phosphor
powders. The phosphors were characterized by X-ray diffraction (XRD) and fluorescence
spectrophotometer. The SEM results revealed that the surface of the BaAlsBO7:Eu®" powder
samples showed lots of voids and pores. Photoluminescence (PL) spectroscopy showed that the
phosphor could be excited efficiently by UV—Visible light from 250 to 410 nm. The excitation
spectra show a broad band peaking at 394 nm due to Eu-O charge transfer. The 394 nm excited
phosphor shows weak emissions at 591 nm and 580 nm followed by an intense emission at 614
nm attributed to °Do—'F; (J=1, 2) transitions. Further the optimum concentration for Eu®* also
reported.

Keywords: Alumino-Borates, Combustion Synthesis, XRD, Photoluminescence.

1. INTRODUCTION

Phosphorus-related interest has recently led to fast advancements in potential display and
illumination technologies. Photoluminescent (PL) materials for general lighting consist of
oxides, silicates, aluminates, aluminosilicates, nitrides, borates, etc. [1]. Borates are among the
researched hosts that provide suitable candidates for the host structure because of their high
luminescence brightness, ease of manufacture, and low synthetic temperature [2].

Numerous scientific advancements in the subject of SSL have been widely applied, primarily
in the areas of magneto-optical devices, liquid crystal displays (LCD), traffic signals, w-LEDs,
lasers, and many more. Because of these extraordinary qualities, oxide glasses have become a
major focus of study for scientists and academics in recent years. Owing to remarkable
advancements in controlled solid-state lasers, crystalline and amorphous materials doped with
Rare Earth (RE) ions have attracted the interest of numerous academics and scientists. Because
of their good economy, low power consumption, small size, and extended lifespan, w-LEDs
have seen tremendous expansion thanks to SSL-based devices. When compared to conventional
light sources like incandescent bulbs and tubes, w-LEDs are noticeably better [3].

Alkaline-earth aluminum borates have been taken interest in by scientists during the past
decade because of their potential applications as luminescence hosts [4]. The phase of
BaAl>B207, is an example of alkaline-earth aluminum borates, was first described by Hu bner
following a study of the ternary system BaO-Al>O3-B20s. It is characterized by having an
association of BOs triangles, BaOg octahedra, and AlO4 tetrahedra [5]. In the present work we
report synthesis and photoluminescence of BaAlsBO7:Eu®*. Their photoluminescence
properties under the near-UV excitation were evaluated in detail. Activation with Eu®*, which
occupies the Ba?* sites of host lattice, yields a highly efficient phosphor with emission maximum
near 614 nm. Furthermore, the concentration quenching and critical distance of BaAlsBO7:Eu®*
phosphors were discussed.

2. EXPERIMENTAL

The Powder samples of BaAl;BO7:Eu®" have been prepared by a solution combustion
technique followed by heating combustion ash at 550 °C in air. The method is based on the
exothermic reaction between the fuel (urea) and oxidizer (Ammonium Nitrate). The detailed
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description of the method was reported in our earlier work [6-7]. The stoichiometric amounts
of Al (NO3)3.9H20, Ba(NO3),, H3BO3, and CO (NH2)2 used were of AR grade and the rare
earth Eu203(99.99% purity) used were from the Indian Rare earth. The stoichiometric amounts
of the ingredients were thoroughly mixed in an Agate Mortar, adding little amount of double
distilled water to obtain aqueous solution. The aqueous solution was slowly heated at lower
temperature of 90°C to remove the excess water. The solution was then introduced into a
preheated muffle furnace maintained at (550+£10) °C. The solution boils foams and ignites to
burn with flame; a voluminous, foamy powder was obtained. The entire combustion process
was over in about 5 min. The resulting fine powders were annealed inopen air at temperature
800°C for about 90 min. and suddenly cooled to room temperature. The samples are subjected
to XRD analysis. PL measurements were performed on Fluorescence Spectrometer (Hitachi F-
7000).

3. RESULTS AND DISCUSSIONS

3.1 X-ray Diffraction Pattern

The XRD pattern of BaAlsBO7:Eu®* (0.01 mol) is shown in Fig. 1. The XRD pattern of
BaAlsBO7:Eu®* (0.01 mol) is in agreement with the standard monoclinic BaAlsBO7 (ICDD File
No. 00-048-0049). Any phase of Eu®* is not observed. The two possible sites available for the
incorporating Eu®* in the BaAl3BOy lattice are either the AI®* sites or the Ba?* sites. The Eu®*
(0.947 A °) ion has a much larger ionic radius, compared with that of AI** (0.39A °) ion.
However, the ionic radius of Ba** (1.35A °) is larger than that of Eu* ion. So it would be
expected that Eu®* would replace Ba?* in the crystal lattice, this is confirmed by XRD analysis.

2 1oo- | | |
MW% NMWUV | buww]WMWW\LMWWWMMWm

Fig. 1. XRD pattern obtained for BaAlsBO7:Eu®* (1 mol %)

3.2 Photoluminescence of BaAlzBO7:Eu®*

The photoluminescence (PL) and photoluminescence excitation (PLE) spectra of the
BaAlsBO7:Eu®" phosphors were recorded at room temperature. The typical excitation spectrum
ranging from 200 to 450 nm monitored at Aem = 614 nm is shown in Fig.2. The excitation
spectra consist of sharp f—f transition lines in the wavelength range 300 nm to 420 nm,
including "Fo — °Hs (320 nm), 'Fo—°D4 (363 nm), 'Fo—°L7 (383 nm) and "Fo—°Ls (393 nm).
The emission spectrum depicts the typical red photoluminescence at 614 nm under the
excitation at 393 nm. The emission spectrum consists of a series of sharp bands at 580 nm
(*Do—'Fo), 591 nm (°Do—'F1) and 614 nm (°Do—'F2) is shown in Fig. 3. In particular, the
most intense emission peak at 614 nm occurs through the forced electric dipole while the
°Do—'F1 band at 591 nm is due to the magnetic dipole transition. Furthermore, it is observed
that the PL intensity increase with the Eu®* concentration and found maximum for x = 0.01mol.
Beyond this saturation level of x=0.01mol, intensity subsequently begins to decrease with the
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Eu®* concentration due to the concentration quenching as shown in Fig.4. The most prominent
emission, °Do—F2 peaking at 614 nm, results in a red color with excellent purity and with a
CIE chromaticity coordinate of (0.614, 0.387) Chromatic point is shown in Fig.5.
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Fig.2 Excitation spectrum of Bag-xAlsBO7:xEu®* (x=0.01, 0.02, 0.05, 0.1, 0.2 mol).
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Fig. 4 Excitation & Emission Spectra of Bag-AlsBO7:xEu®* (x = 0.01, 0.02, 0.05, 0.1, 0.2
mol) phosphor.
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4. CONCLUSIONS

Eu®* doped BaAlsBO7 materials were prepared by a low cost, simple and time saving solution
combustion synthesis method followed by heating of the precursor combustion ash at 800 °C
in air. The synthesized materials were characterized by using the powder XRD. The prominent
emission of BaAlsBO7:Eu®" was observed at 614 nm corresponding to the °Do—'F2 upon
excitation with 393 nm. The dependence of the emission intensity on the Eu** concentration
for BaAlsBO7: Eu®t was investigated. The critical concentration of Eu®* in phosphor was
observed to be 1 mol %. The phosphor BaAlsBO7: Eu®* could be a potential red phosphor for
solid state lighting, fluorescent lamps and display device or detector systems.
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ABSTRACT

Polyaniline-tin oxide (PANI/SnO2) nanocomposites of two different (0.1M and 0.2M)
concentration were prepared by using solution route technique i.e. in-situ polymerization of
aniline in the presence of tin oxide-intercalated polyaniline nanocomposite prepared using tin
chloride (SnCl4.5H20) as precursor during polymerization of aniline. The synthesised samples
have been characterized by using XRD, SEM and FTIR technique. Morphology and structure
of both the nanocomposites have been studied using XRD pattern, FTIR spectra and SEM
images which reveals that SnO, was uniformly mixed within the PANI matrix. In this paper
we report the morphological comparison of polyaniline-tin oxide (PANI/SnOy)
nanocomposites sample A (0.1M) and B (0.2M). These characteristics measured through the
formation of nanocomposites and growing of PANI on SnO2 nanoparticle surfaces. The FTIR
spectra confirmed that Polyaniline undergoes through an electronic structure modification
because of interaction between SnO; nanoparticles with polyaniline.

Keywords: Conducting polymers; polyaniline; tin oxide; nanocomposites; solution route
technique.

Introduction : In recent study reveals that conducting polymers have highest potential for
development of gas sensors, batteries, hydrogen storage material because of their electrical
conductivity can be changed by doping of inorganic metal oxides into conducting polymer like
polyacetylene (PA), polyaniline (PANI), polypyrrole (PPy), polythiophene (PT), poly (3,4-
ethylenedioxythiophene) (PEDOT), poly(phenylene vinylene) (PPV) and their derivatives
[1,2]. Conducting polymers are either electrical insulators or semiconductors. Many
applications demanded increase the conductivity of conducting polymer, for that a doping
process such as protonic acid doping or redox doping is applied to polymers, which could
increase the conductivity from the low level of an insulator or semiconductor ~ (10%° -10°
S/cm) to the conducting level (1-10° S/cm) [3].

Conducting polymer has many applications apart form that sensing application is attract more
attention, but it has some limitations to reduce the limitations of the Conducting polymer a new
era of nanocomposites was developed to facilitate the advantages of organic and inorganic
materials [4].

In the nanocomposite system, the host organic and guest inorganic phases are interacted by
weak van der Waals or hydrogen bonding or covalent or ionic covalent bonding, which could
help to eliminate their inherent drawbacks and utilize the advantages of their individual
constituents. [5].

The conducting polyaniline (PANI) is one of the promising conducting polymers due to its
high conductivity, ease preparation, good environmental stability, and large variety of
applications [6]. However, PANI is not as sensitive as metal oxides towards gas species, and
its poor solubility in organic solvents limits its applications, but it is suitable as a matrix for
preparation of conducting polymer nanocomposites [7-8]. Therefore, there has been increasing
interest of the researchers for the preparation of nanocomposites based on PANI. The literature
review on conducting polymer nanocomposites show that PANI has been successfully utilized
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for the preparation of nanocomposites [9-10]. In literature, there are some reports concerning
PANI / inorganic nanocomposite sensors [11]. However, very few researchers have studied the
composite SnO2/PANI for sensor application [12]. Tin oxide (SnO2) was chosen due to its
unique physical and chemical properties such as large energy gap, dielectric constant, and
environmental-friendliness and easy to synthesis

Experimental

Synthesis of PANI/SnO2 nanocomposites

PANI/SnO2 nanocomposite of two different molar concentration of 0.1M and 0.2M of PANI
i.e. (Sample A and Sample B) was synthesized by using solution route technique [13]. In this
technique, formation of nanocomposite proceeds through an inorganic/organic interface
reaction. 2g of SnCl4.5H,0 in 50 ml of double distilled water was stirred for half an hour and
it’s pH was maintained < 4 using 0.1M HCI. 10 ml hydrogen peroxide (H202) was added in the
above solution, which oxidized tin ions to tin oxide. The solution turned into a white colour
suspension of SnO> and this reaction mixture was mixed with 0.1M and 0.2M aniline and kept
below 4°C. 0.1M ammonium persulphate solution was added in the above mixture at room
temperature, simultaneously we insert the pre-cleaned glass substrate during polymerization
thin film was developed on substrate, the colour of the solutions was turned to blue and then to
green after few minutes. The precipitate produced in the reaction was removed by filtration,
washed repeatedly with double distilled water and thin film was dried in vacuum oven for 24
hours.

Results and discussion

SEM:
Scanning Electron Microscopy of sample, A and B are in fig. 1A and 1B

P

200 o EHT = 1000 & Signal A = SEY

- Photo No. = 6311 e NPL Now Do
Mag= 5000 KX WD = E0mm

Fig. 1A: PANI/SnO, nanocomposite (Sample A)

200 nm EHT = 10.00 &V T Signal A = SE1 NPL New Delhi

Mag® EO00KX WD = 10,0 mm

Fig. 1B: PANI/SnO, nanocomposite (Sample B)
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It can be seen from these figures that the composite particles are highly dispersed with
agglomeration. In both the cases, formation of polymer shell around the nanocrystalline
particles can be seen in SEM images.

FTIR:

T

T T T T
4000 2000 2000 cmt 1000 00

Fig. 2: FTIR spectra of PANI/SnO; nanocomposites A and B

The peaks in both the samples at wave numbers 1576, 1487, 1447, 1284, 1364, 1158, and 736
cm ! corresponds to most of the characteristic peaks for PANI [14]. The peaks at wave numbers
1576 and 1487 cm™ are attributed to C-N and C-C stretching mode for the quinoid and
benzenoid rings. These peaks are slightly shifted with respect to their normal positions for pure
PANI [15] due to the presence of tin oxide in the PANI matrix. A strong peak at wave number
613 cm™t in both the samples are due to the antisymmetric Sn-O-Sn mode in tin oxide which
confirms the presence of tin oxide in the PANI matrix [16-18].

XRD:

On comparing the observed XRD peaks for both the samples, the nanocrystalline SnO, peaks
are observed and matched with those peaks along (110),(101),(200), (211),(310)and
(3 0 1) having primitive tetragonal structure (JCPDS DATA CARD 41-1445). However, these
peaks show slightly shifted from their respective standard positions which may be due to PANI
matrix. In addition, we observed reduced intensity of the peaks, and relatively larger peak
broadening, compared with XRD of pure SnO. This indicates still smaller average size of tin
oxide nanocrystallites in composites, compared to that of pure SnO.. The average crystallite
size was found to be nearly 20-25 nm for both the samples.

Intensity (arb. units)

e
20 (degree)
Fig. 3: XRD pattern of PANI/SnO, nanocomposites A and B
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Conclusion

PANI/SnO2 nanocomposite (sample A) and (sample B) were successfully synthesized.
Nanocomposites have been well characterized by XRD, FTIR and SEM which reveals that
SnO2 was uniformly mixed within the PANI matrix. The PANI/SnO2 nanocomposites could be
good materials for CO2 and NHs detection at room temperature.
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Abstract

Titanium dioxide (TiO2) nanoparticle is manufactured worldwide in large quantities for use in
wide range of application in each and every sector. TiO2 belongs to the family of transition
metal oxide with large band semiconductor and high photocatalytic activity. The key features
of TiO2 nanoparticle involves high surface area that can be utilize for catalytic reactions, low
toxicity, chemical and physical stability, cost effectiveness and bio compatible etc. Titanium
dioxide (TiO.) is stable compound, non-volatile, extremely insoluble and its low thermal
conductivity has a refractory character. The main properties of TiO, nanoparticle are insoluble
in water and insulator. TiO2 considered a non-toxic material chemically inert and has been use
in various industrial applications. It exists mainly in three different forms namely Anatase,
Rutile and Brookite and their structures.

Keywords: Nanoparticle, TiO2, Non-toxic, Photocatalytic, Properties, insulator

INTRODUCTION

Titanium dioxide (TiO.) is considered very close to an ideal semiconductor for photocatalysis
because of its high stability, low cost and safety toward both humans and the environment [1].
Traditionally, TiO2 nanoparticle have been considered as poorly soluble, low toxicity particle
[2]. TiO2is non-toxic, durable, and fairly cheap, it possesses a great ability to oxidatively
degrade organic pollutants [3]. It has wide range of industrial and technological application as
pigment, photocatalyst and UV absorption. Hence TiO> is an important compound suitable for
fuel cells, solar cells different sensors, pollution control system, waste management and self-
cleaning glass coating materials along with food, cosmetics, paint, UV protector etc. TiO>
nanoparticle used in sunscreen, Cosmetics, candies, Toothpaste, Chewing gums as a whitening
agents [4]. Non-toxicity, chemical stability, poor solubility and high refractive index are
properties which add to its practical applicability. TiO2 is the most promising photocatalyst
because of its appropriate electronic band structure, photostability, chemical inertness and
commercial availability [5]. Titanium dioxide (TiO2) semiconductor nanoparticle is one kind
of important and promising photocatalysts in photocatalysis because of their unique optical and
electronic properties [6]. Titanium dioxide (TiO2) is a component of many sunscreens, soaps,
shampoos, toothpastes, cosmetics, paper products, plastics, ink, paint, and building
materials in both its bulk form and its nanoform. TiO. nanoparticle occupational exposure
occurs during production, bagging and waste manipulation [7]. Titanium dioxide nanoparticles
are white pigments, and due to their brightness and high refractive index, they have a variety
of applications [8].

1. STRUCTURE

TiO, exists mainly in three different forms namely anatase, rutile and brookite and their
structures [9].
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Titanium dioxide exists in three phases: as rutile, anatase, and brookite. These crystal phases
assemble as octahedra, where six oxygen anions are shared by three titanium (IV) cations,
hence the formula TiOe3, which equals TiO2 [10]. It belongs to the family of transition metal
oxides. The most important titanium minerals are rutile (TiO2), ilmenite (FeTiO3), and titanite
(CaTiSiOs) [11]. Table 2.1: shows some of the structural and physical properties of the anatase
and rutile phase of titanium dioxide [12].

Properties Anatase Rutile
Molecular Weight 79.88 79.88
(9/mol)
Melting Point (°C) 1825 1825
Boiling Point (°C) 2500-3000 2500-3000

Table 2.1: Shows the Molecular weight, Melting point & Boiling point

2. PROPERTIES

Titanium dioxide is one of the most studied and well-researched compounds in materials
science, due to its outstanding and exceptional properties which include stability of its chemical
structure, biocompatibility, physical, optical, and electrical properties, nontoxicity, corrosion
resistance, and low cost [13]. For instance, their high light-conversion efficiencies have been
exploited for the fabrication of energy devices. There chemical stability, thin film transparency
and low production costs are responsible for their utility as photocatalysts for various
environmental remediation strategies such as waste water treatment, air pollution and soil
viability improvement [14].

3. APPLICATION

Semiconductors with photocatalytic properties have caught interest for providing a promising
solution to deal with environmental pollution in a green way. One of the most promising
solution are provided Titanium dioxide (TiO2) nanoparticles and its composites in contrast to
other semiconductor photocatalyst TiO2 has caught most attention due to its vital properties
like low toxicity, it is biocompatible, has a wide band gap, it is cost effective has tremendous
chemical and physical properties [15]. The combination of Au-NPs with a variety of materials
for the modification of TiO> gives rise to a great number of novel catalysts [16]. The effective
utilization of clean, safe, and abundant solar energy through the TiO2 photocatalysis provides
promising solutions to the energy crisis and serious environmental challenges. TiO has been
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widely used commercially in pigments, sunscreens , paints, toothpaste [17]. TiO2 nanoparticle
are used in sunscreen, Cosmetics, candies, Toothpaste, Chewing gums as a whitening agent in
various food products [18]. TiO2 nanoparticle are the nanostructures mostly used in
commercially available sunscreens, due to their ability to reflect and spread ultraviolet A
(UVA, 320-400 nm) and ultraviolet B (UVB, 290-320 nm) rays, protecting against sunburn
and photoaging [19]. TiO2 nanoparticles can be used for the photo degradation of toxic dyes
and other pharmaceutical drugs, thus avoid harmful effects on environment [20]. Applications
of titanium dioxide in medicine are going further than the design of drug delivery systems or
applications as vehicles for chemotherapeutics. Titanium dioxide NPs have been applied in
pharmacy, especially in pharmaceutical chemistry and technology, as well as medicine,
including growing areas related to dentistry and surgery [21]. The transition metal oxide,
mainly TiOg, is widely used in cosmetics, photocatalysts, medicines, sensors, and solar cell
applications because of its peculiar properties like interconnected pores and large surface area
[22]. Titanium dioxide (TiO2) is a component of many sunscreens, soaps, shampoos,
toothpastes, cosmetics, paper products, plastics, ink, paint, and building materials in both its
bulk form and its nanoform [23]. The application of TiO2 nanoparticle in dentistry has
increased due to its high corrosion resistance, strength, and refractive index. In addition, the
cytotoxicity and biocompatibility of TiO2 nanoparticle have been tested in multiple studies,
which have shown its excellent biocompatibility and chemical stability [24].

4. CONCLUSION

TiO2 nanoparticle has a great future due to its efficiency in each and every sector holistically.
TiO2 has excellent corrosion resistance, good thermal, chemical stability and low cost. TiO>
nanoparticle with attractive properties have been widely fabricated and developed alongside
one of the most valuable raw materials. Typically, TiO> has three crystalline phases namely
anatase, rutile and brookite. TiO> is insoluble in water and insulator.
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Abstract

The Green Synthesis of metal/metal oxide nanoparticles has gained huge attention in recent
yearsdue to its increasing applications in various fields and owing to its less usage of chemicals
and easy experimental methods. Plant extracts are increasingly being used to make green
nanoparticles since they are harmless and environmentally friendly. Green Synthesis aims to
reduce the usage of toxic chemicals which are replaced by biomolecules from plants. They also
possess many applications in the fields of Biomedicine and Dentistry. Studies have become
interested in the size and shape of titanium dioxide (TiO2) NPs due to their excellent durability,
good electrical conductivity, nontoxicity, ability to absorb UV light and antimicrobial activity
properties, all of which make them an excellent material for nanostructures. The antimicrobial
properties of the TiO2 nanoparticles were observed to be highly toxic against bacterial strains.
This review signifies the Green technigue for the synthesis of Titanium nanoparticles (TiO2-
NP’s) using various plant extracts, fungi and bacteria and its applications. The focus is on TiO>
NPs that are obtained by Green synthesis methods and study their antimicrobial activity against
different bacteria and fungus.

Keywords: TiO2-NP’s, green synthesis, antimicrobial activity, future perspectives
Introduction

Nanotechnology has attained vast attention over time, and it involves synthesizing and
developing different nonmaterial and it is an accelerating field of recent research with desirable
applications in medicine and electronic and has been developing very fast in recent generation,
impacting on distinct areas such as environment and economy. Nanoparticles are
characterized as building blocks of nanotechnology and the size ranging from 1 to 100 nm in
diameter. The foremost feature of nanoparticles is their surface area to volume aspect ratio,
enabling them to combine with other particles easier. Nanotechnology has been a pioneering
area of research for the last decades and NPs are regarded as an essential part of nanotechnology
as they're the foremost source of various nanostructure devices and their specific complexes
that are manufactured from solid units whose sizes range between 1 and 100nm. When
compared to the size of their bulk materials, the particles in their unique property have a large
surface area. Basedon this property, the nanomaterial allows for greater reactivity and
indicates specialized

properties. Consequently, these ascribed NPs are applied in biological, chemical and industrial
fields [1].

The two paths of synthesis for NPs are bottom-up and top-down. Consistent with the top-down
approaches, NPs are synthesized from bulk materials. Due to their size and morphology, they
show enhanced and unique properties and also have wide applications. The bottom-up
approach combines atoms to create bulk materials and shows constant physical properties;
these properties limit their applications Different synthetic methods result in the evolution of
new materials, which play an important role in NPs. Chemical and physical processes are used
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to manufacture metal and metal oxide NPs. Green Synthesis, Solid-state, microwave,
hydrothermal, sol-gel, solution route method, solvothermal crystallization, chemical phase
decomposition vapor and ultrasonic irradiation are some of the processes. These methods
develop heterogeneous NPs with high energy exhaustion. The chemical process involves
synthetic stabilizing, capping and reducing agents, which are not eco-friendly and also need
high temperatures, pressures and toxic chemicals. . As a result, in recent years, more sustainable
methods for developing an eco-friendly process for synthesizing nontoxic nanomaterials,
regarded as a safe, cost-effective and biocompatible process, have been introduced. The green
synthesis method and the chemical synthesis method are indistinguishable. In the chemical
method, reducing agents were high-cost chemical reducing reagents that were replaced in the
green method by plant extract and microorganisms. Toxicity is reduced as well, which benefits
biomedical applications such as drug delivery, nanocatalysts and nanomedicine biosensors and
so on. This method is now used inmetal oxides such as TiOz, zirconium dioxide (ZrO),
lanthanum chromite (LaCrO), nickel oxide (NiO), dimanganese trioxide (Mn O), zinc oxide
(Zn0), copper (11) oxide (CuO) and others. Because of their high stability, optical properties
and non-toxicity, TiO2 NPs have been widely used as an eco-friendly and enhanced
photocatalyst. Employing a "green" approach, the authors were able to produce TiO2 NPs
rapidly, reliably, and in low concentrations to significantly reduce malaria vector populations
[2, 3].

Synthesis of TiO2 Nanoparticles using different methods:

The two primary methodologies for the synthesis of nanomaterials is top-down and bottom-up
approaches

o Top-down: size reduction from bulk materials
o Bottom-up: material synthesis from the atomic level
Top-down:

Bulk material is turned into a nano product using a top-down technique. For size reduction,
both physical and chemical approaches were applied. Sputtering, pulse wire discharge, physical
milling/ball milling, etching, evaporation—-condensation reaction, pulse laser ablation, and
lithography are some of the processes employed in the top-down approach. However, there
are

certain disadvantages to the top-down approach, the most significant of which is that defects
are imposed on the product’s surface. This could affect the product’s surface properties and
other physical characteristics

Bottom-up:

The materials were built up from the bottom in the bottom-up approach: atom by atom,
molecule by molecule, and cluster by cluster. Most nanostructures with the potential to make
a homogeneity, size, and morphology are synthesized using this process. Chemical synthesis
is offering a broad range of techniques like chemical vapor deposition, solvothermal, polymer
condensation, sol-gel method, aerosol methodology, electrochemistry, pyrolysis, thermal
decomposition, frameworks, plasma, and spinning also available Green synthesis, in particular,
controlling the process in the bottom-up synthesis to decrease particle development. As a result,
scientists can state that the bottom-up technique is crucial in the creation of nanostructures and
nanomaterials. Almost all of these nanomaterial synthesis methods are employed, however, if
weconsider that, the bottom-up approach is the most efficient as it is beneficial and achieves
perfection at the atomic scale. The bottom-up technique is also used since the green synthesis
routes have been thought-out to be a practical strategy due to the employment of non—toxic,
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cost-effective, and ecologically friendly matter. Natural various plant extracts are employed in
green synthesis. In green chemistry, the plant extract serves as a capping and reducing agent,
and it is blended with a simple precursor salt. The plant extract’s phytochemicals can then
reduce and stabilize the nanomaterials. With the new revolution, a lot of work has been done
in green synthesis to synthesize a variety of metal NPs such as Cu, Pt, Pb, Ag, Au, Zn, and so
on. Phyto- synthesis of TiO2 NPs utilizing various plant extracts is discussed in this review. In

this regard, recent research has been compiled from the literature to summarize research efforts

[4].

Diagramatic representation of Nanomaterial synthesis methods.
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Green Synthesis:
Green synthesis of TiO2 nanoparticles using jasmine flower extract:
Green synthesis is considered to play a key role in the current engineering and science field.
As aresult of their distinctive properties of biosynthesized nanomaterials, which are used for
the treatment of water and contaminated sites. Nanoparticles are of keen interest due to their
special attributes, such as their exceedingly small size, high surface area to volume ratio,
surface modifiability, and size-dependent properties. These nanoparticles also showed their
applications in the medical field and pharmacy. Nowadays, vast research is being conducted
on the biological system. The biological synthesis of nanomaterials used bacteria, fungi, yeast,
and plants. Due to their cost-effectiveness, these synthesis approaches have been the subject of
widespread interest. The biologically synthesized nanoparticles have a wide range of
applications in the field of contaminant remediation, as well as antibacterial, antifungal, high
catalytic, and photochemical activity. Today’s focus was on green synthesis, and with the help
of plants, the NPs were very stable and in the proper form and size. Another benefit of green
synthesis is that the chance of contamination is quite minimal. The plants contain many
phytochemicals, which help in the production of nanomaterials and NPs. Plants provide a
variety of phytochemicals that are commonly utilized and inexpensive in the synthesis of
nanomaterials and nanoparticles. The phytochemicals also play an important role as they help
at the time of photocatalytic activity applications. They help in the oxidation and reduction
reactions at the photocatalytic activity
time of the organic dyes [5].

TiO2 NPs were synthesized using the facile green synthesis route from Jasmine flower extract

acts as a reducing/capping agent. The jasmine flowers were purchased from the local market
of Nagercoil, Tamilnadu. The jasmine flower extract was prepared by adding 50 g of jasmine
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flower in 100 ml distilled water and boiled the mixture with a hotplate for 30 min. Then the
aqueous solution has been filtered and stored for further tests. Take 50 ml of titanium tetra
isopropoxide (TTIP) in a 100 ml beaker and add 20 ml of flower extract drop by drop to the
above TTIP solution. The solution was stirred by 3 h at room temperature. The colour of the
solution was changed from pure white to yellowish-grey. A change of colour confirms the
formation of titanium dioxide nanoparticles. After that, the solution was Filter and dried at
110 °C for 5 h. Then the dried samples were calcined Muffle furnace at 500 °C for 2 h [6].
Diagramatic representation of Green Synthesis of TiO> Nanoparticles
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Characterization of TiO2 nanoparticles (XRD):

X-ray diffraction (XRD) analysis of nanoparticles synthesized using plant extract is a rather
new implementation of the technique to analysis the characteristic of synthesized nanoparticles.
The XRD analysis is done to analyse the structure and crystalline size of synthesized
nanoparticles. [7]. in their work characterized the synthesized silver (nano) using XRD. They
concluded that the obtained data for 20 positions identifies the sample as silver crystalline
particles having hkl values corresponding to FCC silver. They estimated the crystalline size to
be 20 nm, thus confirming the nano scale size of the synthesized particles. Various other
workers such as Bykkam, Anandalakshmi, Ashraf & Abiola et al. have reported successful
characterization of metallic nanoparticles synthesized using plant extracts. The result obtained
from XRD analysis cannot be directly utilized in the study. It needs use of additional software
packages such as PowderX, MATCH! Etc.

Presently the XRD is commonly used extensive technique for characterization of nanoparticles.
XRD provides information regarding the crystalline structure, nature of the phase, lattice
parameters and crystalline grain size. The latter parameter is estimated by using Scherrer
equation using the broadening of the most intense peak of an XRD measurement for a specific
sample. The nanoparticles are commonly analyzed in powder form after drying. The
compositionof the particles can be determined by comparing the position and intensity of the
peaks with the reference patterns available from the international center for diffraction data
(ICDD) [8].

Refer table 1 for particle size obtained from different plan extract.

Table 1

Sr. No. | Plant Extract Shape Size(nm) | Ref
1. | Ageratina altissima Spherical 20-25 [9]
2. | Azadirachta indica leaves | Spherical 124 [10]

aqueous extract

3. Curcuma longa Spherical 50-110 [11]
4. Nyctanthes leaves Extract | Spherical 100-150 | [12]
5. Leaf aqueous extract of | Spherical shape and | 32 [13]

313



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

Psidium guajava clusters
6. | Aloe vera Irregular 60 [14]
7. | Flower aqueous extract of | Monodispersed and | 7 [15]
Hibiscus rosasenansis spherical

Antimicrobial activity:

Harmful bacteria, such as Staphylococcus aureus, Burkholderia cepacia, Pseudomonas
aeruginosa, Clostridium difficile, Klebsiella pneumoniae, Escherichia coli, Acinetobacter
baumannii, Mycobacterium tuberculosis, and Neisseria gonorrhoeae, are responsible for
bacterial infections that can cause serious diseases in humans year after year [16]. The principal
solution is the use of antibiotics, antimicrobial and antifungal agents. Nevertheless, in recent
years there has been an increase in the resistance of several bacterial strains to these substances,
and therefore there is currently a great interest in the search for new antimicrobial substances.
The antimicrobial nanoparticles have been studied due to their high activity, specifically the
metal oxide nanoparticles [17, 18, and 19]. In this sense, titanium dioxide nanoparticles are one
ofthe antimicrobial NPs whose study has gained interest during last year [20].

An antimicrobial is an agent that kills microorganisms (microbicide) or stops their growth
(bacteriostatic agent) Antimicrobial medicines can be grouped according to the
microorganisms they act primarily against. For example, antibiotics are used against bacteria,
and antifungals are used against fungi. They can also be classified according to their function.
The use of antimicrobial medicines to treat infection is known as antimicrobial chemotherapy,
while the use of antimicrobial medicines to prevent infection is known as antimicrobial
prophylaxis.

The antibacterial activity of titanium dioxide nanoparticles was tested by the agar diffusion
method. First, the nutrient agar was uniformly spread in the Petri dish plate. Then fix the 6 mm
diameter well, which is used to study the inhibition zone. Place 50 pl of TiO2 NPs in 6 mm
diameter well. The culture medium was incubated at 37 °C C for 24 h under aerobic conditions.
The zone of inhibition layer was measured using the millimeter region. The Zone of inhibition
results in the antibacterial activity of TiO2 NPs.

The antibacterial action of the synthesized TiO, nanoparticles were evaluated against the
bacterial pathogens of Bacillus subtilis (B. subtilis) (ATCC 6051), Escherichia coli (E. coli)
(MTCC-1677), Enterococcus faecalis (E. faecalis) (ATCC 2912), Klebsiella pneumonia (K.
pneumonia) (NCTC 9633), Staphylococcus aureus (S. aureus) (MTCC-3160) and
Pseudomonas aeruginosa (P. aeruginosa) (MTCC-4030) strains. Disc diffusion technique was
adopted to monitor the antibacterial activity of synthesized titanium dioxide nanoparticles.
Exponential bacterial cultures were seeded into Muller Hinton agar and impregnated with
sterile discs. The discs were loaded with titanium dioxide nanoparticles with various
concentrations (20, 30 and 40ug/ml) and empty sterile disc was used as a control. The
impregnated discs were kept on the

surface of the agar and incubation of the plates was done overnight at room temperature. The
experiment was performed in triplicates and the formation of the clear zone of inhibition was
computed [21].

Future Scope:

Nanoscale materials serve as the building blocks for biomarkers and sensors that are more
sensitive than ever before, allowing for the simultaneous and accurate diagnosis of more
diseasesin the early stages.

With improved targeting and chemical sensitivity, nanomedicine provides more accurate
mapping of disease. Nanomedicine can be used more effectively to attack cells after a
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dlagn03|s reducing side effects and harm to healthy cells.
Better preventive procedure
Disease detection, Drug delivery & Diagnostics
Detection of body oxygen using Nano sensors
Economical healthcare
Helpful for cardiovascular disease
Fight against cancer
Improve the efficiency of medicine
Management of illness
Nanobots
Radiation therapy
Tissue engineering and cell treatment

Conclusion:

Synthetic methods involving fungus, bacteria, and other organisms are complex due to strain
separation and difficulties in growth. These processes are also difficult owing to the need to
maintain the culture media, as well as the physical and chemical conditions. Plants are selected
primarily since they are simple to extract and plentiful. This approach might be used to regulate
the size, shape, and crystalline structure by adjusting the experimental parameters. Despite this,
only a few plants are exploited in the phyto-synthesis of TiO. NPs, and additional study is
urgently required in this field. These phyto-synthesized nanoparticles may be used safely not
justin biomedical activities, but also in all other potential applications as they are similarly
compatible with chemically produced nanoparticles. As previously stated, the crucial aspects
of NP are determined by their size and shape. As a result, future difficulties will include
figuring out how to leverage similar biological techniques to make various forms including
triangular, cuboidal, truncated, ellipsoidal, pyramidal, decahedral, and oval. Scaling up NP
production from the lab to the commercial-scale is a tough process with many challenges
and unknowns. There

are two more obstacles to overcome. All across the production process, cost, dependability,
waste, energy consumption, recycling possibilities, material safety, and hazard level should all
beaddressed. Furthermore, the properties of nanomaterials may change as they scale up. The
amount of control may be diminished when dealing with large volumes.
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Abstract

This review paper we have to highlights on the various methods use for synthesis of different
materials. Synthesis means by procedure we have to make nanoparticles from core materials.
For making nanoparticles there are number of methods like Physical Method, Biological
Method and Chemical Method. In these articles we have to focus on various type of above
methods and there process for synthesized nanoparticles. Top- down approach, Bottom-up
approach, Synthesis of Nanoparticles from Microbes and plants, Chemical deposition method,
Sol-gel method these methods are briefly discussed in these articles. It includes a wide range
of materials with at least one dimension between 1 and 100 nm. Reasonably designed
nanomaterials can have exceptionally large surface areas. Outstanding magnetic, electrical,
optical, mechanical, and catalytic capabilities that differ significantly from their bulk
counterparts can be created in nanomaterials.

1. Introduction:

Over the past century, there has been a substantial growth in the field of nanotechnology.
Furthermore, nanotechnology is now directly or indirectly related to a wide range of academic
subjects. Nanotechnology is the invention, synthesis, characterisation, and use of materials and
devices by size and form manipulation at the nanoscale.” "Nano" is a prefix that appears as a
term in all streams, even product advertisements [1-2]. The word "nano" actually comes from
the Latin word nanus, which meaning "dwarf," or the Greek word nanos. It brings together the
disciplines of material science, biosciences, chemistry, and solid state physics. Thus, one needs
to possess a thorough understanding of physics, chemistry, material science, solid state
physics, and the biosciences rather than just being well-versed in one area. Nanotechnology is
being used more and more in almost every branch of science and technology. Recently, the
production of metal nanoparticles with specific properties has attracted a lot of attention as a
subject of study. Many methods have been put forth for the synthesis of these materials: ball
milling in the solid phase; chemical vapour condensation, arc discharge, hydrogen plasma—
metal reaction, and laser pyrolysis in the vapour phase; microemulsion, hydrothermal, sol-gel,
sonochemical, and microbial processes in the liquid phase. The features of metal nanoparticles
are largely determined by the synthesis techniques employed. This study covers the principles,
advantages, and disadvantages of each synthesis technique [3-4].

2. Techniques for synthesis of Nanomaterials

1) Top- down approach

2) Bottom—up approach

3) Physical Method

4) Biological Method

4) Chemical Method

2.1 Top-down approach: In a top-down method, the bulk material is broken down into
particles or structures that are nanoscale. Techniques for creating micron-sized particles have
been expanded upon by top-down synthesis. Top-down methods are less complex and rely on
splitting or removing bulk material to create the right structure with the right characteristics

[6].
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2.2 Bottom-up approach: The "bottom-up" strategy is an alternative that may result in less
waste and be more cost-effective. The term "bottom-up approach™ describes the process of
building a substance from the bottom up, either molecule by molecule, cluster by cluster, or
atom by atom. A large number of these methods are either in the early stages of development
or are just starting to be applied in the commercial manufacturing of nanopowders [7].

Bulk Material

& Top Down approach Method

2.3 Physical methods: Physical synthesis techniques have several advantages over chemical
ones, such as uniform nanoparticle distribution and clean thin film generation without solvent
contamination. There are significant disadvantages to the physical creation of nanoparticles at
atmospheric pressure. The tube furnace, for example, requires a large amount of space, energy
to raise the temperature surrounding the source material, and time to establish thermal stability.
Furthermore, a typical tube boiler requires more energy than a few kilowatts to warm up for
several tens of minutes before reaching a constant operating temperature. It was demonstrated
that silver nanoparticles may be synthesised using a tiny ceramic heater with a localised heating
area. Utilising, the primary materials were vaporised by using the tiny ceramic heater [8-9].

Physical
Methods

Electrochemical,

Ultra sonication,
Laser ablation,
Irradiation,
Evaporation-
condensation

Figure 3: Physical methods

2.4 Biological Method
2.4.1 Synthesis of Nanoparticles from Microbes: Nanoparticles play a major role in
materials chemistry. It can be used to control bacteria, fungi, and other microbes (Figure 1). In
biosynthesis, physical or chemical methods can be applied. Different nanostructures may
appear depending on the region. For example, the pseudomonas stutzeri, which is isolated from
silver ores, may accumulate silver particles with a diameter of 27 nm and a length ranging from
16 to 40 nm, and decrease Ag ions. Magneto tactic bacteria are a further example; they can
generate magnetite Fe304 or reignite Fe3s4. Around 650 different types of harmful germs can
be killed by the antibacterial substance silver [10].
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Figure 4.1: Synthesis of Nanoparticles from Microbes
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2.4.2 Synthesis of Nanoparticles from Plants: Because they don't require complex cell
culture and preservation procedures, plant extracts—which are used as reducing agents in the
production of nanoparticles—are preferable to biological processes (Figure 4.2). Various plant
components, such as bark, fruit, root, and pericarp extracts, are used to manufacture silver,
gold, platinum, and titanium nanoparticles in a range of sizes and shapes. Gathering the
required plant parts, washing them in distilled water to remove any epiphytes and necrotic
matter, cleaning and drying the plant source for ten to fifteen days, pulverising it with a
household mixer, and boiling ten grammes of the dried powder in one hundred millilitres of
deionized distilled water are the steps involved in producing different types of nanoparticles
[11-12].
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Figure 4.1: Synthesis of Nanoparticles from Plants
5) Chemical Method: Nanoparticles are produced via the following chemical processes:
Vapour synthesis, solvothermal, hydrothermal, thermal breakdown, precipitation, and
chemical vapour deposition (CVD) are a few examples. The particles formed by converting
gases in furnace reactors or hot walls are generally quite clean, despite forming agglomerated
particles.
5.1) Chemical Vapour Deposition Method: Chemical vapour deposition is the term used to
describe any process that creates a thin solid layer on a substrate by the interaction of adsorbed
precursors from the gas phase mediated by the surface. Due to their reactive nature, CVD
procedures differ from PVD physical processes such as sputtering and evaporation. A
mechanism known as "surface-mediated" creates the solid film when a heterogeneous reaction
occurs at the substrate surface..
A schematic similar to the one in Figure 5.1 can help you understand the various roles that a
CVD reactor plays. Chemical vapour deposition methods can be broken down into multiple
discrete phases: The precursor chemicals need to be given to the CVD reactor beforehand. It
IS necessary to transfer precursor molecules from the reactor's inside to the substrate's surface,
often by combining fluid transport and diffusion. Reaction pressure and reactor configuration
are often process-specific and can change significantly, so we won't be thinking about them at
this time [13-14].
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Figure 5.1: Schematic representétion of Chemical Vapour Deposition Method
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2.5 Sol-gel method: The terms "sol" and "gel" combine to form the term "sol-gel method."
Sol is a colloid that is made up of suspended solid particles in a liquid that is continuous. Gel
is a macromolecule that is solid and dissolves in a liquid. The most popular bottom-up method
for creating nanoparticles is the sol-gel method because of its ease of use. This process uses
an appropriate chemical solution as a precursor. In the sol-gel process, metal oxide and chloride
are commonly utilised as precursors. The precursor is distributed throughout the host liquid by
employing a variety of techniques, including shaking, sonication, and stirring. The final
solution is made up of a liquid and solid phase that is separated to recover the nanoparticles
using various methods like centrifugation, sedimentation, and filtration. The sol-gel method's
schematic diagram is displayed in Figure 5.2. The experimental set up is very simple. Sol is
obtained by either hydrolysis or polymerization reactions by adding suitable reagents in the
precursor solution. The sol can be deposited onto preferred substrates as thin films using two
techniques, viz. (1) spin coating and (2) dip coating [15-16].
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Figure 5.2: Schematic representation of Sol-gel Method
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ABSTRACT

LiSrs(BO3)s doped Eu** phosphor was successfully and intentionally synthesized by the
modified solution combustion synthesis method. The phase purity of sample was
characterized by powder X-ray diffraction (XRD). The photoluminescence (PL) property was
studied using a Hitachi F-7000 spectrophotometer at room temperature. Under 234 nm
excitation, the Eu®* emission consists of the well- known transitions from the °Da to ’F; levels
and shows emission peaks at 489 nm, 544 nm, 587nm and 625nm respectively. Eu** shows
red emission under near UV excitation. LiSrs(BOs)s:Eu**phosphor could be a suitable
candidate for phosphor-converted solid state lighting.

Keywords : Photoluminescence , Phosphor , XRD, Borate.

INTRODUCTION : Phosphors doped with Rare — Earth ions and transition metal ions have
attracted more attentions due to their variety of applications in the field of solid state lighting
and medical science. Generally the phosphor is based on host matrix and activator. There are a
large number of compounds, including silicates, aluminates, phosphates and borates. Among
them, borates have attracted much attention due to their excellent thermal stability, and
potential low-cost synthesis,that a number of compounds with different structures can be
selected. [1] Moreover, the borates possess excellent properties as host structures of phosphors
due to the inherent attributes of the large band gap and covalent bond energy [2,3]. And rare
earth activated borate host phosphors have already been proven to be efficient phosphors [4,5].
Structure and relative properties of MM4(BOs3)s were reported.

Host LiSr4(BO3)s with different rare earth ions were reported by different researchers for
variety of practical application. LiSr4(BO3)s:Ce**[6],

LiSra(BOs)s:Ce* Eu* , Tb3*[7],LiSra(BOs)3:Dy**[8],LiSrs(BOs)3:Pb>*[9],

LiSra(BO3)3:Gd*" ,Pré¥*[10]

Materials and Methods :

Synthesis of phosphor - The phosphor LiSrs (BOs)s doped with Eu** was prepared by modified
solution combustion synthesis method. The stoichiometric amounts of high purity (Analytical
Reagent) starting materials Lithium nitrate (LiNO3), Strontium nitrate ((Sr(NOz)2), Europium
nitrate (Eu(NO3)3)(99.99% purity), Boric acid (H3BOs),urea [NH2CONHZ2], have been used
for preparation of phosphors. The appropriate amount of starting materials with minute amount
of double distilled water were mixed thoroughly in a china basin to obtain homogeneous
solution. The solution was slowly heated at lower temperature at 90°C in order to remove the
excess of water contents. The thick paste obtained after heating is then transferred into a
microwave furnace maintained at 550°C .In this preparation, nitrates were used as an oxidizer
and NH2CONH: was used as a fuel. Within a few minutes, the solution boiled and ignited to
produce a self-propagating flame. The entire combustion process was complete in less than 5
min . After 10 min the crucible was removed from the furnace and allowed to cool to room
temperature.Then sample was grinded by using mortar pestle and faced to the microwave
furnace maintaining at temperature 850° C for 3hr then quenched to room temperature. The
resultant powder sample was then characterized using powder XRD, and Spectrofluorometer.
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Results and Discussion :
XRD:- The phases of sample were identified by X-ray powder diffraction (XRD) using Cu/Ka
radiation with the voltage(40.0 kv) and current(30.0 mA) in the 20 range from 10° to 80°.
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Fig 1. : XRD pattern of LiSr4(BOs)s : 0.03 Eu** and 1CSD- 170861 standard card.
Photoluminescence study:-
Eu3+ doped LiSrs(BOz)s phosphors show red emission under UV excitation. Figure 2 shows
the PL excitation and emission spectra of LiSr4(BO3)3:0.03Eu%*.
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Fig.2 Excitation (a) and emission (b) spectra of the luminescence of LiSrs(B0O3)3:0.03Eu®*
Under 234 nm excitation, the Eu* emission consists of the well-known transitions from the
D, to ’Fy levels. The emission peaks observed at 489 nm,544 nm,587nm and 625nm are
assigned to the transitions °Ds—'F6, °Ds—'Fs,°Ds—'F4, and °Ds— ’Fs respectively. The
excitation spectrum (Aem=544 nm) consists of broad excitation band peaking at about 234 nm
and some intense f—f absorption lines. The excitation band should be assigned to the charge
transfer transition from O2— to Eu3+ in the host lattice. The absorption of BO3 groups may be
situated at higher energy level.
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Conclusion: Under 234 nm excitation, the Eu®** emission consists of the well- known
transitions from the °Da to ’F; levels and shows emission peaks at 489 nm, 544 nm, 587nm and
625nm respectively. It is noted that the phosphors exhibit intense absorption around 400 nm,
and this absorption band match the emission of near UV InGaN chip; so LiSr4(BO3)s:Eu®*
phosphor could be a suitable candidate for phosphorconverted solid state lighting.

References:

[1] Yun B-G, Horikawa T, Hanzawa H, Machida K-i (2010) JElectrochemSoc
157:J364-J370

[2] Yin L-J, Xu X, Yu W, Yang J-G, Yang L-X, Yang X-F, Hao L-Y,Liu X-J
(2010) J Am Ceram Soc 93:1702-1707.

[3] Zhong J, Liang H, Su Q, Zhou J, Huang Y, Gao Z, Tao Y, Wang J(2010)
ApplPhys B 98:139-147

[4] Xia Z, Du P, Liao L, Li G, Jin S (2010) CurrApplPhys 10:1087— 1091

[5] Zhang XM, Li WL, Shi L, Qiao XB, Seo HJ (2010) ApplPhys B99:279-284

[6] Jiang LH, Zhang YL,Gong XM, Pang R, Zhang S(2014) Applied
Radiation and Isotopes 84, 66 — 69.

[7] Zhang X, Lang H, Seo HJ (2011) Journal of fluorescence 21, 1111-

[8] Zhang ZW, Sun X-Y, Liu L, Peng Y-S, Shen X, Zhang W-G (2013)J
Ceram.Int.39:1723-1728.

[9] Pekgozlu I ,(2013) Journal of Luminescence 143: 93-95.

[10] Chauhan AO, Bajaj NS, Omanwar SK(2017) Bull.Mater. Sci.40: 1-6.

323



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

72

Feynman Diagrams and Rules in QED

Shrusti Kothari, Dr. Bipin Sonawane
e-mail: shrustikothari08@gmail.com
Department of Physics, Amity University Maharashtra

Abstract

In late 1940’s Feynman devised his famous Feynman Diagrams which revolutionised
theoretical particle physics. He introduced a method to visualise the inconceivable calculations
required to describe particle interactions.The interaction of subatomic particles can be
extremely complex and challenging to understand, but the Feynman diagrams provide an
elegant and straightforward depiction of this interaction. The diagrams give a pictorial
representation of the mathematical formulation for particle interactions. In this article we focus
on introducing the concepts of Feynman diagrams and Rules using the theory of Quantum
Electrodynamics.

Keywords— Feynman diagrams, Feynman rules, QED, QFT

1 Introduction to Feynman Diagrams

Before moving on to Feynman Diagrams we need a basic understanding of particle interactions.
Interactions are the funda- mental reason for existence of stars, life, and more accurately the
existence of the entire universe. The elementary particles with half-integral spin, known as
fermions, are referred to as matter particles. On the other hand, bosons possess integral spin
are known to be field particles or force carriers. At the quantum level, the fermions interact via
emission and absorption of the field particles bosons associated with the fundamental
interactions of matter. Specifically, photons for the electro- magnetic force, gluons for the
strong force, and W and Z bosons for the weak force are the field particles that the fermions
interact with at the quantum level.

Feynman diagrams are 2D diagrams in space-time. But, whenever we draw a diagram, we
have to take care of some steps, rules, and notations. The axes must be defined initially. The
direction of space is represented by one of the two axes, and time is represented by the other.
Particles that fall into distinct categories are given different kinds of lines. Bosons like photons
are represented by wavy or curly lines, (the particles that are exchanged are known as virtual
particles and cannot be observed) whereas fermions like electrons are depicted by straight lines
(these are particles that are observed in an interaction). A vertex is the intersection of any three
lines. In actuality, a vertex is the location of the interaction where a particle is really absorbed
or expelled. In addition, the arrowhead of the incoming particle is shown pointing in the
direction of the vertex, whereas the arrowhead of the exiting particle points in the opposite
direction. Particles moving forward in time are matter particles vs particles moving backward
in time are antimatter particles. [4]
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Figure 1: QED Vertex

Feynman diagrams is an essential tool that physicists use to precisely calculate the
probability for an interaction to occur. A single interaction process might be represented by
multiple diagrams, and the contribution from each picture is taken into account for determining
this likelihood. Each diagram corresponds to a perturbation term in the calculations. We cannot
determine the exact path the particles take in an interaction, therefore we need to account for
all possible interac- tions considering all possible diagrams, but we have an infinite number of
possibilities. Thankfully, in QED the probability for an interaction to occur rapidly decreases
with the number of vertices a diagrams has, as each vertex contributes to a factor of 1/137,
which means that the higher order diagrams can be easily ignored, thus simplifying the
calculations. Even though these probabilities are calculated using complex mathematical
formulas, this method is much easier to deal with than others.[3]

2 Feynman Rules in QED

Richard Feynman gave a set of rules to calculate the matrix amplitude of a Feynman
diagram. The square of the amplitude gives us the probability for an interaction to occur.

To calculate the amplitude, M associated with a particular Feynman diagram,the
procedure is:[1]

Py 54 7o:% ]

Figure 2: QED diagrams with external lines labelled

1. Notation: Label the incoming and outgoing four-momenta p, p2, .....pn and their corresponding spins s, S, ...Sn
label the internal four momenta g, g., Assign arrows to the following lines: the arrows
on external fermion lines tell us whether the particle is an electron or a positron.
Arrows on internal fermion lines are assigned to preserve the
“direction of the flow” through the diagram. The arrows on external photon lines point
“forward” and the choice is arbitrary for internal photon lines.

2. External Lines: contribution factors are as follows:

 Incomingelectron: u and  Outgoing electron: u~
« Incoming positron: V- and  Outgoing positron: v

 Incoming photon: ¢*  and  Outgoing photon: e
3. Vertex Factors: Each vertex contributes a factor

ige)’u N
. The dimensionless coupling constant g. is related to the charge of the-positron:g. =
4r/hc = 4dno
4. Propagators: contribution factor by each internal line is:
(M
electrons and positrons: 107G+ me)
@—micz
,lg v

Photons:
q2
5. Conservation of Energy and Momentum: For each vertex, write the delta function as,
275 (K1 + ko +ka)
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where the k’s are three four-momenta coming into vertex (if an arrow points
outward, then k is minus the four- momentum of that line, except for external

positrons).
6. Integrate Over Internal Momenta: For each internal momentum q, write a factor,
d*q
(2m)*

and integrate.
7. Cancel the Delta Function: The result will include a factor

(2m)'5" (P +p2+ -+ = pr)

enforcing overall energy-momentum conservation. Cancel this factor, and yyhat remains
IS 1 . Write down all diagrams contributing to the process in question (up tohe desired
order), calculate the amplitude( ) for each one, add them up to find total amplitude,
which is then used for calculation of the cross section or lifetime.

There’s one twist here: the antisymmetrization of fermion wave functions needs us to put
in a minus sign in combining amplitudes that differ only in the interchange of two
identical external fermions.

8. Antisymmetrization: Include a minus sign between diagrams that differ only in the interchange of two incoming (or
outgoing) electrons (or positrons), or of an incoming electron with an outgoing positron (or vice versa).

We can take the example of electron-muon scattering for ampltude calculation.

2.1 electron muon scattering
In the case of electron-muon scattering, only one diagram contributes in second order.
Applying the Feynman rules, we proceed “backward” along each fermion line.[2]

Figure 3: Electron muon scattering

El

(2r) (@5, )ig )ulp =2[(p, ig, 0o )]

e

x 8%(ps — ps — q)6%(pz + g - pa)dy

Carrying out the q integration, and dropping the overall delta function, we get the matrix amplitude,

Ho1=z0

M:_JzigFWWﬂ%“ﬁmW”mﬂu (p2))

This Amplitude can be used to evaluate the scattering cross section for this reaction.
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3 Conclusion

In conclusion, Feynman rules has been an invaluable tool in theoretical physics, especially in
QFT. Developed by the Nobel laureate Richard Feynman, these rules provide a systematic
and intuitive approach to calculating and understanding particle interactions. Feynman rules
have played a significant role in cultivating our understanding of fundamental particles and
their behavior. The rules have been used in the study of processes such as particle scattering,
decay, and annihilation, contributing to the development of the Standard Model of particle
physics. Feynman rules have made a remarkable impact on the way physicists approach and
analyze particle interactions.
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Abstract

With many uses in science, engineering, medicine, and other domains, nanotechnology is a rapidly
developing field. The preparation of nanoparticles (NPs) often involves a range of physical and
chemical techniques. More recently, simpler, more affordable, and more environmentally friendly green
synthesis technologies have been created. In the preceding quarter, there was a lot of interest in the
green/sustainable production of titanium dioxide nanoparticles, or TiO, NPs. Bioactive substances
found in bacteria and plants aid in the processes of capping and bio-reduction. This review covers the
various synthesis techniques and mechanistic viewpoints, along with the biogenic synthesis of TiO2
NPs. The present review deals with the synthesis of titanium dioxide (TiO2) nanoparticles using sol-gel
synthesis method and green synthesis method. How the samples of TiO, are characterized using x-ray
diffraction technique to study the particle size is demonstrated in this review. The antimicrobial
potential of synthesized nanoparticles is explored. Titanium dioxide (TiO,) is nontoxic metal oxide, by
which it has wide applications in medical field such as targeted drug delivery, cancer treatment, etc.
Introduction

The creation of green nanoparticles has attracted a lot of attention in nanotechnology studies. This
innovative approach aims to regulate, control, clean up, and remediate these substantial particles to
make them more environmentally friendly. By reducing the harmful byproducts produced during the
production of conventional nanoparticles, less dangerous and unsustainable commodities will be
produced. For antibacterial activitiy, TiO2 nanoparticles (NPs) were produced utilising the leaf extracts
of Artemisia vulgaris and aerial portions of Callistemon citrinus [1]. TiO, nanoparticles were more
useful in the study of chemistry and nanomedicine because of their distinctive chemical characteristics
and antibacterial activities. TiO2 NPs are utilised in cosmetic products, and lotions and ointments
containing these nanoparticles are applied to the skin to delay skin ageing and avoid sunburns [2]. The
scope of this work was to scrutinize the antimicrobial activity of synthesized TiO, NPs using leaf extract
of L. acutangula against pathogens. The current work aims to utilize the biological route for the
synthesis of TiO, NPs and characterized using various spectroscopic and microscopic methods for the
analysis of structure, morphology, and optical properties [3].

Synthesis of TiO2 NPs by Different Methods

1. Physical Method 2. Chemical Method 3. Biological Method
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What is Green Synthesis?

Green synthesis employs a clean, safe, cost effective and environmentally friendly process of
constructing nanomaterials. Microorganisms such as bacteria, yeast, fungi, algal species and
certain plants act as substrates for the green synthesis of nanomaterials [figure 2]. Different
active molecules and precursors, such as metal salt, determine the final morphology and size
of the nanoparticle. Additionally, green synthesis provides nanomaterial benefits ranging from
antimicrobial properties to natural reducing properties and stabilizing properties [4].
Preparation of TiO2 nanoparticles by Green Synthesis Method

Aqueous extract of E. purpurea was prepared using 10 g herba boiled with 50 mL of double
distilled water at 90 °C for 20 min. This extract was filtered through a medium filter. 1 mM
TiO> (aq) solution was stirred for 2 h in 25 °C to prepare nanoparticles of TiO,. 10 mL of the
aqueous extract of E. purpurea were added to 20 mL of 1 mM TiO2 at 25 °C, under stirring
condition for 4 h. After 4 h, the color of the extract with TiO2 nanoparticles changed to
green. Figure 3 shows the schematic illustration of the green synthesis of TiO, nanoparticles

using aqueous extract of the E. purpurea herba [5]
‘ —_— TiO;
nanoparticles
What is Sol-gel method?

AN R B e — —
S g
a) b) c)
In this chemical procedure, a "sol" (a colloidal solution) is formed that then gradually evolves
towards the formation of a gel-like diphasic system containing both a liquid phase
and solid phase. Removal of the remaining liquid (solvent) phase requires a drying process,
which is typically accompanied by a significant amount of shrinkage and densification.
Preparation of TiO2 nanoparticles by Sol-gel Method
For the sol-gel process, 150 ml ethanol was mixed with 10 ml deionized water under constant
stirring. Further, 9 ml TTIP was mixed in the above solution under constant stirring while
maintaining the temperature at 85 °C using paraffin oil bath upto 4 h. After forming the gel, it
was dried in the hot-air oven at temperature 60 °C. The calcination was performed for 3 h at
400 °C and the prepared sample was named as ‘SG’. With the same above chemical
compositions, another solution was prepared for the solvothermal process which was
transferred into Teflon lined autoclave followed by the hydrolysis process. The autoclave was
placed in the hot-air oven for 2 h at temperature 200 °C. Later, the sample was collected from
the autoclave and washed with ethanol. Finally, after drying at 80 °C for 1 h the collected
particles were grinded and named as sample ‘ST’ [6].
Characterization of TiO2 Nanoparticles
X-ray diffraction
X-ray diffraction (XRD) analysis of nanoparticles synthesized using plant extract is a rather
new implementation of the technique to analysis the characteristic of synthesized nanoparticles
[7-9]. The XRD analysis is done to analyse the structure and crystalline size of synthesized
nanoparticles. The crystallinity and size of crystallites of the synthesized material was often
characterized with the help of XRD pattern. The structural information was obtained for the
comparison of diffraction pattern of X-rays with the pattern of standardized plane angles of the
substance. For the confirmation of crystallinity, the obtained results are matched with the Joint
Committee on Powder Diffraction Standards [10].

Figure 12
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Antimicrobial Properties of Tio2 Nanoparticles

Increasing numbers of NP variants and NP-based materials have been used as a new line of
defense against microbial resistance and MDR. Different types of NPs have different
mechanisms for combating microbial resistance. Various antibacterial mechanisms of NPs
according to the metabolic process involved are presented in the “Antibacterial mechanisms of
NPs” section [11, 12]. The antibacterial action of the synthesized TiO2 nanoparticles were
evaluated against the bacterial pathogens of Bacillus subtilis (B. subtilis) (ATCC 6051),
Escherichia coli (E. coli) (MTCC-1677), Enterococcus faecalis (E. faecalis) (ATCC 2912),
Klebsiella pneumonia (K. pneumonia) (NCTC 9633), Staphylococcus aureus (S. aureus)
(MTCC-3160) and Pseudomonas aeruginosa (P. aeruginosa) (MTCC-4030) strains. Disc
diffusion technique was adopted to monitor the antibacterial activity of synthesized titanium
dioxide nanoparticles. Exponential bacterial cultures were seeded into Muller Hinton agar and
impregnated with sterile discs. The discs were loaded with titanium dioxide nanoparticles with
various concentrations (20, 30 and 40ug/ml) and empty sterile disc was used as a control. The
impregnated discs were kept on the surface of the agar and incubation of the plates was done
overnight at room temperature. The experiment was performed in triplicates and the formation
of the clear zone of inhibition was computed [13].
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