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ABSTRACT :

The paper presents the preliminary results on synthesis of biomaterial MgO using a low temperature
steric acid sol-gel method. The as prepared sample is characterized through was characterized through x-ray
diffraction (XRD), scanning electron microscope (SEM) and UV-VIS spectra for conformation of structure
and nature of formed crystalline powder. The well agreement in the results obtained conform formation nano-
crystalline powder of MgO. The observation also supportsthat low temperature synthesized MgOnano-
crystalline material can be a promising material for antimicrobial application.

KEYWORDS : MgO, sol-gel synthesis, Inorganic Biomaterials, Metal Oxides .

INTRODUCTION:-

Nanoscience and technology have developed over the past decade as the leading area of science and
technologies [1]. Nanotechnology plays a significant role in the industrial revolution. It is concerned with
materials, having structures that exhibit significantly novel and improved physical, chemical and biological
properties. The focus always made on inorganic materials such as metal and metal oxides due to their ability
to withstand harsh process conditions [2]. oxide nanostructures of metal such as iron (Fe), Tin (Sn), Titanium
(Ti), Zinc (Zn), Yttrium (Y), Europium (Eu), Zirconium (Zr), Copper (Cu), Manganese (Mn), Vanadium (V),
Silicon (Si), Tantalum (Tc), Niobium (Nb), Tungsten (W), Molybdenum (Mo), indium (In), Aluminum (Al),
chromium (Cr), Bismuth (Bi), Nickel (Ni), Magnesium (Mg), Antimony (Sb), Gallium (Ga), Cerium (Ce),
Gadolinium (Gd), Rhenium (Re), have versatile applications such as Sensors like gas-, bio-, chemical, optical
and pressure sensors[3-5]. Some of them have been used in preparation of lithium ion batteries,
electrochemical performance for energy storage devices. Due to large electronic band gap and small size
crystalline nature metal oxides have been used in dye-sensitized solar cells. [6] Moreover, these nano
crystalline oxides have properties as catalytic and photo catalytic agents [7]. Additionally, environmental
remediation, field emission non-volatile memory, tunneling devices [8-9], bio-ceramic coating and nano
generators are few more application of metal oxides those attracted many scientist throughout the world [10].

Magnesium oxide MgO is an exciting basic oxide that has several applications in catalysis, adsorption
and in the synthesis of refractory ceramics [11-14]. It has been evidenced that MgO is a unique solid having
high ionic character, simple stoichiometry and crystal structure. Till date many reports were published on
variation in method of preparation. Also it is noticed that variation in method affects the particle sizes and
shapes that alters the properties of material. Moreover, it has been reported that the shape and size of nano
crystalline MgO possesses high specific surface and reactivity, due to enhanced structural defects on their
surface [15].

In this paper may be for the first, we have tried to prepare MgOnano crystalline powder by
implementing modified low temperature sol-gel synthesis method. During the study the prepared powder
sample was subjected to structural and morphological using XRD, SEM and UV-Vis.
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EXPERIMENTAL

For current study, stearic acid sol-gel method is explored to synthesize MgO [16]. During the
reaction high purity nitrate precursor were taken as a source of Magnesium. The precursor were taken in a
china clay and dried in desiccators. The process is done to remove presence of unnecessary water molecules.
In same instance the stearic acid was taken in china clay basin and heated slowly on hot plate, till the melt
was formed. After formation of gel melt the dried precursor of magnesium nitrate were added to it. After
few minutes the few drops of acetic acid added and were stirred continuously. This mixture was heated at
around 70°C with continuous stirring till the formation of completely colorless solution. On further heating
the color of solution changed from colorless to yellowish and from yellowish to brown. However at around
100°C, it becomes hot red. At this stage of reaction brown fumes were progressed from the solution. After
then the solution was allowed to cool to get a pale yellow gel.

The dry gel is was then heated at around 200°C, at this stage the solution was burnt slowly with dull
red flame and evolution of thin sized and light weighted carbon flakes. However, the residue was pyrolysed at
~ 400°C into black charcoal / resin which burnt at ~ 700°C yielding a white and spherical fine structured net
of MgO. Because of combustion during the reaction the net were formed. The formed net was then gently
pressed to get fine white powder.

As synthesized powder sample was then used for XRD (Rigakuminiflex X-ray diffracto meter), SEM
(Philips XL 30 SEM system) Photoluminescence Hitachi F-7000 spectrophotometer and Defused UV spectra.

RESULT AND DISCUSSION
X-ray diffraction pattern

XRD exhibits the formation of fine and crystalline MgO powder. The structural conformation was
made by matching XRD pattern represented in figure 1 with standard data from ICDD file (00-004-0829). The
peak to peak agreement in XRD pattern of MgO and ICDD date supports the formation of mono crystalline,
single phase cubic structuredMgO. Also the symmetry allowed crystal structure properties for MgO are centro
symmetric, and mineral classification halite (Group), oxide (Subgroup)

i; J

ICDD File No. 00-004-0829
1 ) 0 0 50 ) 7
29

Figure 1 XRD pattern for low temperature annealed Cubic MgO

The Peak broadening supports the formation of Nanocrystalline form Cubic MgO. The average
crystallite size was found to be 3.65 nm calculated from diffraction peaks using the Debye—Scherrer equation.

Surface analysis

The surface morphology and size of particles of MgOwas examined through High Resolution SEM.
Figure 2 represents the HR-SEM image of MgO. The SEM image reveals the consistent shape of crystal of as
prepared material. However there are some agglomerations in the region of imaging. The average size of
particles in SEM aggress with the size reveled by XRD pattern.
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UV analysis

Figure 3 denotes UV visible absorption spectrum of MgO. It evidently confirms an intense band-to-
band absorption in the ultra violet region. The UV visible spectra produced by the prepared MgO show
complete agreement with the literature materials. Band gap value was determined by extrapolation of the
linear portion of (ahv)™ curve versus the photon energy (hv) as 2.9 ¢V as shown in inset of figure 3.
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Figure 3 UV-VIS spectra for as synthesised MgO
(Inset: linear portion of (ahv)“ 2 curve versus the photon energy (hv))

The band gap at 2.9 eV clearly supports the blue shift in band gap which confirms the formation of
smaller sized MgO Nano crystals and the presence of strong quantum confinement effect [16]. Additionally,
the shift supports the reduction in the particle size. The radius of particles was estimated using the hyperbolic
band model (HBM). The calculated value of radius was found in concurrence with the particle size calculated
from XRD and HR-SEM.

CONCLUSION

The MgOnano-crystalline powder was successfully prepared by using a stearic acid sol-gel synthesis.
The XRD pattern of as prepared powder sample agrees with ICDD file and supports the complete crystalline
nature of prepared material. The HR-SEM shows some agglomeration in the sample; however the formed
particles have confined size. The agreement in particle size estimated by XRD, SEM and UV-VIS confirms
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the formation of nano crystalline material that can be used in variety of application due to confined band gap
and modified surface morphology.
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ABSTRACT :

Hexagonal wurtizenano crystalline powder of pure and Al doped ZnO nanostructure have been
prepared from reagent grade zinc acetate and sodium hydroxide using Sol Gel chemical precipitation process.
XRD pattern of pure and Al doped ZnO represent the wurtize hexagonal crystal structurs. DopedZnO(Al)
sample show decrease in grain size as compared to grain size of pure ZnO. Significant tuning ofoptical band
gap and of particle size was observed on calcinations of ZnO(Al) samples.SEM images shows Varying
Morphology of Al doped ZnO. The Varying morphology of hexagonal ZnO(Al) nanoclusters may be
applicable as an antibacterial and antifungal agent.The antibacterial activity of pure and Al doped ZnO
nanoparticles have been tested against Bacillus thuringiensisNCIM2130 and Pseudomonas cf. monteilii 9
cultures by using slightly modified Agar Well Diffusion method. The both the samples shows antibacterial
activity against Bacillus thuringiensisbut Al doped ZnO shows more effect as compared to pure ZnO.

KEYWORDS : ZnO NP’s, Al doped ZnO nanostructure, Pl spectra, Antibacterial activity.

1. INTRODUCTION

Zinc Oxide is an important 11-VI group wide energy band gap semiconductor with optical properties
that permits stable emission at room temperature having immense application in sensors, field emission and
photonic devices. It exhibits a wide variety of morphologies in the nano regime that can be grown by tuning
the growth habit of the ZnO crystal[1].Zinc oxide (ZnO) is an extensively studied nowadays, since it is a
multifunctional direct wide band gap 11-VI semiconductor (3.37 eV), which exhibits attractive properties such
as large exciton binding energy (60 meV), The wide-band gap energy of ZnOsemiconductor enables huge
potential for electronic and optical applications. It has unique piezoelectric properties that are very essential to
enhance the performance of electromechanical devices. It is a biodegradable material suitable for medical and
biological applications. [2]. The multiple morphologies of Zinc Oxide such as belts, ribbons, cables, rods,
tubes, rings, springs, helices, bows, tetra pods, spirals, needles and films was forms the basis of its versatile
applications[3].

Zn0 exhibits significant antimicrobial activities when particle size is reduced to the nanometer range,
then nano-sized ZnO can interact with bacterial surface and/or with the bacterial core where it enters inside
the cell, and subsequently exhibits distinct bactericidal mechanisms. The reduced particle size was leading to
enhance surface reactivity. ZnO is a bio-safe material that possesses photo-oxidizing and photocatalysis
impacts on chemical and biological species. ZnO Nanoparticle of size 20-25 nm were used against pathogenic
bacteria Staphylococcus aureus (Gram positive) and Salmonella typhimurium (Gram negative) and also first
time against two plant fungi Aspergillus strain of flavus and fumigatus. The growth analysis data indicated
that the ZnO NPs have significant bactericidal effect on both the bacteria. [4-5].

Zinc Oxide (ZnO) in nanostructure has unique physical and optical properties which can be used in
variety of application such as a oxide coating for solar cell, gas sensors, catalysts photo-electronic device,
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optoelectronics, UV photo diode, photo chemical, electronics, photo detectors, schottky diode, LED device,
because ZnO exhibit near-band-edge PL emission that originates from exciton transitions [6].

ZnOexhibit PL spectra under 325nm continuous excitation give significant UV emission band with a
peak at 3.25 eV and a band width of 160 meV. PL spectra under 355-nm, 35-ps pulse excitation exhibited a
spectrally narrowed emission band with a peak at 3.20 eV and a spectral width of 35 meV. The lasing
phenomena is ascribed to the amplified spontaneous emission (ASE)by coupling of the micro cavity effect of
ZnOnanorods and high intensity excitation, leads to be used in construction of laser [7].

Many of the workers across the world were doing research on this important ZnO nanostructure and
their use in antibacterial activity

In this paper we report the synthesis of hexagonal symmetry pure ZnO Nano clusters and Aluminum
doped ZnO nanostructures using Sol Gel chemical Precipitation method,the influence of their structural and
morphological changes on Uv-Visible absorption, Photoluminescence emission propertieson sintering has
been reported.

The particle size of the ZnO grains is calculated by using well known Scherer’s equation (1) [8]

0942
~ pcose

Where D is the crystalline size nanoparticles (nm), A is the wavelength of incident x-ray (nm), B is the
full width at half maxima and 6 is the diffraction angle. The lattice constants a, b and ¢ have been estimated by
using relation (2) [9].

1_4 (h2+hk+k2)
L e

(2)

Estimation of energy band gap(Eg) from statistical analysis of optical spectra equation (3) have been
used.

Eg= = (3)

Where h is planks constant 6.63 x 10™*Jule-sec., C is velocity of light and A is wavelength at near
band edge.

2. MATERIALS AND METHODS

Economically cheap and simple Chemical precipitation called as Sol-gel preparation is used for
synthesis of Al doped zinc oxide nanoparticles ZnO(Al). High purity zinc acetate and sodium hydroxide were
used as starting materials.. Initially appropriate molarity (0.75M) solutions of Zinc acetate and sodium
hydroxide were prepared. These solutions were individually stirred for two hours. In zinc acetate solution 5%
of Al salt solution was added slowly. To this solution sodium hydroxide solution was added slowly drop wise
in a molar ratio of 1:2 with stirring continuously at appropriate temperature (50 °C). The stirring was
continuous for two hours maintaining temperature constant until formation of gel. The obtained gel is kept
overnight at room temperature andcentrifuged at 5000 rpm. The precipitate was washed thoroughly with distil
water thrice. The white colored residue of Al doped ZnOwas dried in oven at 100°C for two hours. The dried
product was ground to fine powder using agate mortar and pestle. The samples were calcined at different
temperatures (200, 4000, 600°C). The as-prepared and sintered samples were characterized and results were
discussed.

3. RESULTS AND DISCUSSION:
3.1 Structural Investigations:

The XRD spectra for pure ZnO was recorded in the range 2 6=20-80° and presented in fig. 1.Pure
Zn0O sample show evidence of wurtize hexagonal crystal structure. XRD pattern is well matched with standard
JCPDS card number (36-1451).Sharp peaks at different diffracting angles (20) correspond to different
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reflections from the planes (100), (002), (101), (102), (110), (103) and (200). Similar structure of
hexagonalZnOnano particles was investigated in the literature [10]. The high intensity and narrow line width
indicate the good crystallites [11] of ZnO-NPs. The particle size nm estimated from XRD data by using
relation (1) was 48 nm.

Pure ZnO,

(101)

250

{100)
(002),

2oy

{1109

150 =

Intemsity (a.8.)

10y =

&0 -

b} 25 My A5 S 45 S 55 & 65 T TS Hio

2 Theta (degrees)
Figure 1 XED of ZatdAlD Nassstreciure

XRD pattern of Al doped ZnOnanoparticles was shown in fig. 2. As-prepared and calcinedZnO(Al)
exhibit wurtzite crystal symmetry similar to pure ZnO. The crystallity was observed improved on increasing
temperature of calcinations. XRD pattern assigned to wurtzite phase and no other common secondary
crystalline phases such as Al,O3; aluminum oxide or graphite were noticeable.

20 40 =y o

::" i g g g 600 “C ]
100 |- }- g g = ‘:—1.-. -
so |- = = =]
b\L, o | k A J :\__A_,J\'k_.___l\c_

| ¢

Intensity (a.u.)

2 - " o

20 (degrees)

Figure 2. XRD Of ZnO(AD Nanoparticles

On increasing the calcination temperature some peaks assigned to Al were noticed in the XRD
spectra. This concluded that Al was substituted at theZn site on replacing Zn. The average grain size of the
samples was estimated with the help of equation (1) using the full width at half maxima of (100), (002), (101),
(102), (110), (103), (200), (112), and (201) of the x-ray diffraction peaks and displayed in table 1. The average
crystalline size was increased with increase in temperature of calcinations. The particle size estimated was
founddecreased as compared to particle size of pure ZnO samples. The lattice constants of pure and as-
prepared and calciniedZnO(Al) was calculated by using equation (2) shown in table 1. The values of lattice
constants a and b was found to decreased as calcination temperature increased.

Recent Advances in Nanotechnology



Review of Research Volume - 1| Issue - 3 | March - 2019

Table 1. Grain size estimated using XRD data and SEM scans and Lattice
Parameters with reference to sintering temperature of ZnO(Al)
Sr. No. | Samples a (A% c(A° | Grain Size | Average Grain
D (nm) Size SEM (nm)
ZnO(Al)0°%c 3.2785 52639 |36 60.48
ZnO(Al)200°c | 3.278 51429 |38 76.71
3 ZnO(Al)400°%c | 3.282 5.2568 | 44 76.78
4 ZnO(Al)600°c | 3.1806 5.2504 | 47 76.80

a. Surface Morphology Study:

The SEM images of Al doped ZnO-NPs were shown in fig.3 exhibitsdistinct, nonhomogeneous
porous network with an average grain size 68 nm that wascomputerizedand visualize in micrographs. The
small crystalline agglomerated to form nano fused clusters that was seen in the surface morphology of
ZnO(Al). The microstructure was observed changes to hexagonal nanorods at high temperature. The size of
nanorods and nanograinswere varying from 37 to86 nm. The average grain size ranges from 68.48 to 76.80
nm was displayed in table 1 above. ZnO(Al) nanostructures exhibit significant varying morphology and may
be used as antibacterial agent.

—————

Figure3 SEM Micrographs of ZnO(Al) Nanoparticles

b. UV-Visible Absorption Study:

The absorption spectrum of pure ZnO, and as prepared and calcinedZnO(Al)nanopowder is shown in
fig.4. Pure ZnO sample exhibit a strong absorption peak at about 378 nm.The significant blue shiftof 378 nm
peak to 358 nm was observed for Al doped ZnO samples. This confirms the decrease in particle size on
doping. The band gap was calculated using equation (3). The estimated band gap and near band edge
wavelength is tabulated in table 4. On calcination at different temperatures effectively tuned the band gap.
This is attributed to change in microstructure of ZnO(Al) and grain size.
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1.5 4 ZnO Pure
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Figure 4 Uv-Visible Spectra of pure Zn0, as-prepared Zno(Al)
and sintered ZnO{Al) Nanoparticles

As prepared ZnO(Al) exhibit 3.47 eV significant band gap as compared to pure ZnO nanostructure
(3.28 eV). The band gap was observed decreased on increasing temperatures of calcinations (200 to 600 °C).
The decrease of band gap is attributed to increase in grain size on increasing temperature. The pure and Al-
doped ZnO nanostructure exhibit higher band gap and lower particle size may be used in optoelcectronics,
photoelectrochemical cells, and for biological applications[2].

Table 4. Variation between band gap(Eg)and

sintering temperature.

Sample A at near band | Energy band
edge (nm) gap (eV)

ZnO (Al) °C 358 3.47

ZnO (Al) 200°C | 365 3.40

ZnO (Al) 400°C | 370 3.36

ZnO (Al) 600 °C | 375 3.31

ZnO Pure 378 3.28

3.4 Antibactrial Activity of pure ZnO and doped ZnO

In order to study the antibacterial activity of doped ZnO nanoparticles againstBacillus
thuringiensisNCIM2130 and Pseudomonas cf. monteilii 9 cultures slightly modified Agar Well Diffusion
method was used.The pure ZnO andAl doped ZnOnanopowder were calcined at 600 °C and used for
antibacterial study. The inhibition zone size was measured. Pure ZnO shows inhibition zon size of 16 mm
while Al doped ZnO shows increase in zone size up to 26mm. The pure ZnO and Al doped ZnO never
showantimicrobial activity against Pseudomonas cf.monteilii 9 and not presented in form of
photoplate.While comparing inhibition zone of pure ZnO with respect to ZnO(Al)) against Bacillus
thuringiensis NCIM2130 and Pseudomonas cf.monteilii 9, Al doped compound is more active than pure
ZnO. The photo plate of Al doped ZnO nanostructures calcined at 600 °C have been shown in figure 5.
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Figure & Photo Plate Inhibition of Baallus duwingiensis NCIN2130 by ZnO Al in comparison with ZnOpure

4. CONCLUSION:

Pure and Al doped zinc oxide nanostructureexhibithexagonalwurtize crystal symmetry with different
surface  morphology (porous nano clusters to nanorods) were successfully prepared by Sol-Gel
PrecipitationMethod. SEM images concluded that surface morphology effectively tuned on calcinations
ofZnO(AL) powder from nanocluster to nanorods. XRD spectra exhibit single phase wurtizenano crystalline
structure of ZnO(Al ). The band gap was increased by small doping % of Al from 3.28 to 3.47 eV. The
calcination  temperature significantly tuned the band gap of ZnO(Al). The pure and Al- doped ZnO
nanostructure exhibiting higher band gap and lower particle size with modified surface morphology may be
used in optoelcectronics, devices and for biological applications. The antiracial study concluded that Al doped
ZnOcalcined at 600 °C can be used as antibacterial agent against Bacillus thuringiensisNCIM2130.
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ABSTRACT :

This paper reports different synthesis methods of ferrite nanoparticles .Synthesis method plays a
crucial role in cation distribution and particle size .Method of synthesis affect ferrite nanoparticles critically
on both the magnetic moments of cation distribution .This paper depict different synthesis technique of ferrite
nanoparticles such as ,standard ceramic technique, flash combustion method, co-precipitation method, sol-gel
method, citrate precursor method .The structural and magnetic properties of ferrite nanoparticles can be
studied by different methods of synthesis .

Methods of synthesis of ferrite nanoparticles
1] Standard ceramic method

2] flash combustion method

3] Co-precipitation method

4] Sol-gel method

5] Citrate precursor method

v v v b v

STANDARD CERAMIC FLASH COMBUSTION CO-PRECIPITATION SOL-GEL METHOD CITRATE PRE-CURSOR
METHOD METHOD METHOD METHOD

KEYWORDS : Ferrite nanoparticles, synthesis method, structural and magnetic properties.

INTRODUCTION:-

Ferrites have many important applications in industry, modern telecommunication and electronic
devices [1-2]. Our modern telecommunication system would not be possible without ferrites. The large scale
production of television in 1950’s was main reason for expansion of ferrite industry[2-3]. Ferrite nanoparticles
are very much sensitive to the chemical composition and method of preparation and also for industrial
applications.

STANDARD CERAMIC TECHNIQUE
Consists of heating 2 non- volatile solids which react to form required products. The number of

crystallites in contact may be increased by pelletising the powders by using hydraulic press. In this method
sample purity is typically examined by powder X-ray diffraction.

Raw material Mixing pressed r-'resmte.rmg dt final sintering at powder/pellet
|:::>|to pellet 900 celsius for :> 1100 celsius ==>|form
8 hrs
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Flash Combustion Method:-[3-4]

In this method reactants are mixed together to form a pellet.

mixing at 500
celsius

s

presintering at
900 celsius

Sol-Gel Method:-

This method is well known for low temperature synthesis of glass material. A concentrated solution or
colloidal solution of reactants, the sol is formed and then gel is formed5-6]

| citric acid

v

crushed grounded

final sintering at

:> 1200 celsius

=>

powder form

=

distilled water

O

starting solution

<

primary solution

Co-Precipitation Methods:-
This method is very simple, cheap and easily available.[7-8]

O

stirred at 50 celsius

sol

>

gel drying
82
3

!

mixing with distilled
water
10 min stirring

clear solution

.

caustic soda
filtration

drying in ow

¢I¢I«

powder form

2 hrs

with hot plate for

pellet form
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The mixture is filtered, dried and then heated to give the final product in powder form. This method is
economical, simple and eco-friendly.

Citrate Pre-Cursor:-[7]

MIXING

v

DISTILLED WATER

bl

O

presintering for 1hr

3

final sintering at 500 celsius

Y

REFERENCE:

[1] J. Smitand H. P. J. Wijn Ferrites (Philips Technical Library, Eindhoven, 1959).

[2] A.B. Gadkari, T.J. Shinde, P.N. Vasambekar, Mater. Chem. Phys. 114 (2009) 505

[3] L. Gama, A.P. Diniz, A.C.F.M. Costa, S.M. Bezende, A. Azevedo, D.R. Cornejo, Physica B: Conden.
Matter. 384(2006) 97.

[4] S.E. Jcoba, S. Dukalde, H.R. bertorella, J. Magn. Magn. Mater. 2253(2004) 272

[5] A.Verma, T. C. Goal. R. G. Mendiratta and M.l. Alam, Mater Sci. Eng. B. 60 (1999) 156.

[6] A. M. Abdeen, J. Magn. Magn. Mater. 192 (1999) 121.

[7] WORLDWIDESCIENCE.ORG

[8] N. Guigue-Millot, S. Begin-Colin, Y. Champion,M. J. Hytch, G. Le Caer, P. Perriat, J. Solid StateChem.
170, 30 (2003).

[9] B. Parvatheeswara Rao, K. H. Rao, K. Trinadh,

[10] A. Goldman, Modern Ferrite Technology (vanNostrand Reinhold, New York, 1990) 157.

Recent Advances in Nanotechnology
14



REVIEW OF RESEARCH

IMPACT FACTOR : 5.7631(UIF) ISSN: 2249-894X

VOLUME - 1 | ISSUE - 3 | MARCH - 2019

DIELECTRIC RESPONSE OF IRON EXCHANGED FLY ASH ZEOLITE A

A. N. Kalyankar
Bahirji Smarak Mahavidyalaya Basmath, Maharashtra, India-431512.
Corresponding Author:kalyankaranil@gmail.com

ABSTRACT :

Coal is the main source fuel for generation of electricity in India. Large amount of coal burning
produces huge amount of coal fly ash. In this paper, the Zeolite type A synthesized using fly ash is modified to
iron form Fe-A zeolite. The zeolite Fe-A is used for studying the dielectric properties at different temperatures
and fixed frequency. In the present study the variation of dielectric parameter such as dielectric constant (&’)
depends upon the concentration of metal ions loaded in the sample during ion exchange and the temperature.
Dielectric response of zeolite is the tool to know utilization of this activated hazardous solid waste material fly
ash to study necessary conditions for catalytic, sensor, electronic applications of zeolite.

KEYWORDS : Zeolite A, Fly ash, Dielectric.

1. INTRODUCTION:

Fly ash is obtained from coal burning in thermal power stations. In India three fourth of total
generated power is achieved from coal burning in various thermal power stations [1]. Zeolites are
aluminosilicates and their types are known by their three dimensionsl structural arrangement of SiO, and AlO,
tetrahedra. The chemical composition is given by the formula M,;,(AlO,)x(SIO,)y .z H,O where M is the
cation compensating the negatively charged framework. Zeolite applications in many disciplines are well
known. Synthesis of zeolites using coal fly ash is a best alternative to utilize this hazardous solid waste. Since
coal fly ash includes a large amount of silica and alumina, they are easily converted into zeolite by
hydrothermal treatment in an alkaline solution [1, 2]. Many researchers have been synthesized zeolite A from
fly ash [3]. The effect of temperature in dielectric study of zeolite is known well [4]. This paper reports the
dielectric effects on zeolite Fe-A synthesized from coal fly ash.

2. MATERIALS & METHODS:

The starting material was fly ash obtained from thermal power station, Parali Vaijnath, Maharashtra
(India). The fly ash zeolite A synthesized using fly ash based on previous study [5] is used. The zeolite A thus
formed is ion exchanged with 1 M solution of NH4NO; at 80°C for 12 h. This process was repeated thrice so
as to get proper ion exchange. The product was filtered, air dried at 60°C for 24 hr and then calcined at 450°C
so that the zeolite NH,-A is decomposed into zeolite H- A i.e. protonic form then the zeolite which when ion
exchanged with 0.1M, 0.2M and 0.3M solution of iron nitrate [Fe (NOs)3.9H,0O], so as to obtain the Na (.
Fe, A zeolite where x = 0.1, 0.2, 0.3M.

2.1.Characterisation:

The physical properties of coal fly ash and synthesized products were measured as follows. The
chemical composition fly ash was determined by using a X-ray Fluorescence Spectroscopy. The chemical
composition was analyzed using X-ray fluorescence analysis equipment (Phillips PW -2404).The sample
phases were characterized by X-ray diffraction (XRD) using a (Philips PW 3710) diffractometer with Cu- Ko
radiation (1.5496A).
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2.2. Dielectric Measurement:

The samples of Na-A and Fe- A zeolite were compressed to form pellet of 10 mm diameter and 1 mm
thickness. The pellets were heated to 300°C to obtain a hard solid sintered material. The pellets were polished
with silver paste for good electrical contact. The dielectric constant (¢’) was measured at the frequency range
1 KHz and 10 KHz at different temperature using LCR-meter (HP-4284A).

3. RESULTS AND DISCUSSION:

3.1. XRF
Tablel. Chemical composition of fly ash
Oxides % wt Mol/100 g of fly ash
SiO; 70.23% 1.169
Al,04 23.27% 0.228

The elemental composition analysis by XRF in Table 1 indicated that coal fly ash contained large
guantities of silica and alumina which are the two main components in zeolite. The chemical analysis of the
fly ash used as the starting material in this work showed it to be a high-silica ash with the mole ratio of SiO,:
Al,0;=5.127: 1.

3.2.XRD

The X-ray diffraction pattern of fly ash based zeolite H-A and its exchanged form Fe-A is shown in
fig.1. The d values are compared with the standard [6] .The peaks located in the region of 7° < 26 < 34.1° are
representative peaks of a typical H-A zeolite. As can be seen in Figure 1, the intensity of peaks corresponding
to H-A zeolite decreased, whereas, the intensity of peaks corresponding to iron increased on increasing the

iron loading on H-A zeolite.
"JLJ-L-JL\‘JLAA—A—‘CH
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Figurel. XRD of (a) Na-A (b) Na(l_ 0.1) Fe()_l -A (C) Na(l_ 0.2) Feo_2 -A (d) Na(l_ 0.3) Feo_3 -A

The XRD for Fe-A were found to be similar to that of original H-A sample, indicating that there is no
structural changes occur after ion exchange with iron nitrate [7].

3.3.Dielectric Measurement:

The variation of dielectric constant (¢”) with temperature for H -A and Feq;-A zeolites at fixed
frequency 1KHz and 10KHz are shown in figure 2 and 3.In Figure 2, the permittivity (&) of zeolite HA was
found to decrease at low temperature with further increase in temperature the dielectric constant increases
constantly. The lattice scattering of the charge carriers increases due to increase in thermal energy after the
phase transition . This produces a decrease in the mobility, polarizability and permeability. It can be seen that
(g”) decrease with increasing frequency, which is the general trend of dielectric materials.
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4. CONCLUSION:

Zeolite Fe-A is successfully synthesized from solid waste material fly ash and it shows no structural

change after modification with iorn. The zeolite H- A and Fe-A shows good response for dielectric
applications.
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ABSTRACT :

In this research work, polythiophene (PTh)-co-polyaniline (PANi)- silicon dioxide (SiO2) copolymer
composite was synthesized for complex optical study. The spotlight of the work was to calculate complex
optical properties PTh-co-PANI-SiO, copolymer containing different types of monomer. The optical band gap
was found to be 3.85 of as synthesize polythiophene (PTh)-co-polyaniline (PANi)-silicon (Si) copolymer
composite polythiophene (PTh)-co-polyaniline (PANi)- silicon dioxide (SiO2) copolymer composite. Analysis
of as prepare photovoltaic material was done through FESEM and UV-vis characterization.

KEYWORDS : composite: Phtovoltaic property: UV-vis.

INTRODUCTION

In last decade recognized significant development in the propose, synthesis, and characterization
copolymer base optical system but linger challenge to achieve well-organized [1,2]. Conjugated polymers and
its composites have high optoelectronic properties, potential used in low-cost electronic and optical devices
[3,4,5]. attention as promising solar cell absorber. For the p-n junction operation of solar cell, there is need of
the buffer layer as n type material, the absorber layer as p type material Most of the PV cell has been base on
the conjugated polymers such as PANi and PTh due to their exceptional electrical characteristic, thermal and
environmental stability, solubility [6,7,8]. Cadmium sulfide QDS are easy to synthesize having direct band
gap of 2.4 ev at room temperature making it efficient in the visible region The structure of conjugated
polymers on side chains has played the important role of enhancement in absorption, photoconductivity and
charge carrier motilities [9]. In this work, we planned to investigate the optical properties of PTh-co-PANi-
SiO2 composites.

EXPERIMENTAL

Thiophene, aniline and titanium chloride (TiCl,) purchased and from SD fine, India. AR grade were
used as opening chemicals, without further purification. The random copolymer of PTh-co-PANI was
synthesized by taking ratio of 1:1 molar ratio of aniline, thiophene. Monomer solution and Silicon dioxide of
was added in beaker under rigorous magnetic stirring. As soon as TiCl, in that solution, the polymerization
reaction starts with the change in the colour of PTh and PANi solution instantly and therefore the solution
became brawn black and Drying for 24 hour.

RESULT AND DISCUSSION
FESEM Analysis

The topographical picture of samples were obtained by using FE-SEM. Figure 1 represents FE-SEM
images of of PTh-co-PANI-SiO2 composite. FE-SEM analysis reveals that the composite acquire pital and

Recent Advances in Nanotechnology
18


mailto:sandeepwaghuley@sgbau.ac.in

Review of Research Volume - 1| Issue - 3 | March - 2019

spongy morphology with specific smooth boundaries. Overall, composites have smooth surface morphology.
It can be observed from that Ti and graphene cluster is spreade over the surface in morphological nature.

Figure FESEM image of PTh-co-PANI-SiO, copolymer

UV-Vis analysis

Figure 2 shows the UV-vis spectra of the as-prepared PTh-co-PANI-SiO2 composite of in the range
190 nm to 2000 nm. PTh-co-PANI-SiO2 composite was found intensive and broad absorption bands in the
UV region, that indicating m—n* polymer backbone and SiO2 matrix [10]. The absorption spectrums show a
broad absorption over the wavelength ranging from 200-230 nm. Beyond 250 nm, constantly transmission
smoothly up to 350 nm [11]. However, the absorption at 350 nm increases gradually with an increase in Ti
and SiO2 content present in polymer matrix [12].

1.18
1.16
1.14
1.12

1.1
1.08
1.06
1.04
1.02

Absorption

0.98 1
0.96

200 220 240 260 280 300 320 340

Wavelength (nm)
Figure 2. UV visible spectra of PTh-co-PANi-SiO, copolymer

Figure 3 shows the plot between ahv verus energy huv for PTh-co-PANI-SiO2 composite By
extrapoliting the starightline to linear portion, the optical band gap value was found to be 3.85 eV (450 nm)
calculated from The relation between absorption coefficient (o) and incident photon energy (hv) can be
expressed as Eq. (1).. The optical band gap of sample lies in visible region, which is preferred for electronic
application [9].

hv-E
—9)

a = A( o
v 1)
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Where A is constant and E, is the band gap of the material. The exponent ‘n” depends on the type of
the transition [10].

6.5

55 1

ahv

4.5
35 4 4.5 5 5.5 6 6.5

eV
Figure 3 Band gap of PTh-co-PANi-SiO, copolymer composite

CONCLUSIONS

In the paper, we successfully synthesized copolymer composite of PTh, PANi and graphene.
The optical bad gap was found to be 3.85 eV of as synthesize PTh-co-PANi-SiO..

The surface morphology of PTh-co-PANI-SiO2 shows smooth and pital like structure.

REFERENCES

[1] S.R. Takpire, S.A. Waghuley, J. Electron. Mater., 44, 1-6 (2015).

[2] Y. Wang, X. Sua, S. Lua, J. Mater. Chem., 22, 1969-1976 (2012).

[3] P. Xu, Q. Tang, H. Chen, B. He, Electrochim. Acta, 125, 163-169 (2014).

[4] S.R. Takpire a, S.A. Waghuley, 90 (2017) 44-50.

[5] S.R. Takpire, K.R. Nemade, S.A.Waghuley, Materials and Design 101 (2016) 294-300

[6] A. Haldar, S. Maity, N.B. Manik, lonics, 14, 427-435 (2008).

[7] X. Lia, G. Wanga, X. Lib, D. Lu, Appl. Surf. Sci., 229, 395-401 (2004).

[8] L. Zhang, M. Wan, J. Phys. Chem. B, 107, 6748-6753 (2003).

[9] M. Alama, A.A. Ansarib, M.R. Shaik, N.M. Alandis, Arabian J. Chem., 6, 341-345 (2013).

[10] G. Wang, W. Xing, S. Zhuo, Electrochim. Acta., 66, 151 157 (2012).

[11] Z. Han, J. Zhang, X. Yang, H. Zhua, W. Cao, Sol. Energy Mater. Sol. Cells , 94, 755-60 (2010).
[12] Sanjay R. Takpire , Sandeep A. Waghuley, Optical and thermal properties of PTh -co- PANI-Ti St.
Petersburg Polytechnical University Journal: Physics and Mathematics 1 (2015) 417-423.

Recent Advances in Nanotechnology
20



REVIEW OF RESEARCH

IMPACT FACTOR : 5.7631(UIF) ISSN: 2249-894X

VOLUME - 1 | ISSUE - 3 | MARCH - 2019

SURFACE ELECTRICAL STUDY OF GRAPHENE SYNTHESIZED BY
ELECTROLYSIS METHOD

S.S. Gore!” and S. K. Devade?
lDepartment of Physics, R.A.College, Washim, Maharashtra 444505, India.
“Department of Physics, ShankarlalKhandelwal Arts, Science and Commerce College, AKola,
Mabharashtra, India
*Corresponding author email: sandipgorel@gmail.com.

ABSTRACT :

Presently, Graphene is a potential candidate in materials science, which found wide range of
applications as flexible electric/photonics circuits, photovoltaic cell, supercapacitor, sensor etc. Therefore,
through this paper we made an attempt to study surface electrical properties of materials. In the present work,
Graphene was synthesized by simple electrolysis method. The as prepared Graphene was characterized X-Ray
Diffraction (XRD) study. Similarly, the surface electrical study of Graphene executed using fore probe
method.

KEYWORDS : Surface Electrical Study, Graphene, Electrolysis.

1. INTRODUCTION

Graphene is made up of pure carbon. It is a material in which the carbon atoms are arranged in a
single layer like honeycomb pattern. Graphene was discovered in 2003 by Andre Geim and KostyaNovoselov
at The University of Manchester, and results were published in 2004 [1, 2]. The structure of graphite was
solved in 1916 by the related method of powder diffraction. It was studied in detail by V. Kohlschiitter and P.
Haenni in 1918, who also described the properties of graphite oxide paper. Its structure was determined from
single-crystal diffraction in 1924 [3] Thegraphite has a hexagonal layered arrangement of carbon atoms in the
crystal structure. A 2D monolayer of sp2 hybridised carbon atoms arranged in a honeycomb lattice structure
has sparked global interest in many disciplines due to its exotic and superior physical properties that were not
previously observed at the nanoscale [4, 5].

Graphene and Graphene oxide (GO) is great interest due to its low cost, easy access, and widespread
ability to convert to graphene. Graphene offers extremely high carrier mobility, high carrier density, and has
low intrinsic noise thereby providing a high signal-to-noise ratio for the better detection. Graphene is made up
from oxidize graphite which is available in large amount. It has huge attention because of activities of GO [6].
The nanomaterials used in modified cement system can be classified according to their shapes in the space
into zero-dimensional (0D) particles, one-dimensional (1D) fibres and two-dimensional (2D) sheets [7]. At
present, a conventionally-modified Hummers method is the primary method for preparing GO. Graphite is
commonly chosen as the starting material due to its availability and low cost. the expanded graphite is
exfoliated into multi-layered or even single-layered sheets. GO structures is a critical factor in opening up
band gaps comparable to those of silicon (1eV) for applications in electronics and photonics [8].

2. EXPERIMENTAL

There are many synthesis methods are available in which we use here electrolysis. Graphene is
synthesized according to electrolysis method by using Graphite rod, Copper rod, dimmerstat for controlling
voltage.First of all by taking 100 ml of distilled water in a beaker and then 5ml of HCL are added in it.Then
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we got a solution.Afterthat one copper rod and one graphite rod dipped well inside it.Now by using
dimmerstat the negative end of the dimmerstat is attached to copper rod and positive end of the dimmerstat is
attached to graphite rod by using diode. After this arrangement by switching on the dimmerstat we adjusted
the voltage is at 10 V so that the the constant voltage of 1 volt is providing to our arrangement. Now this
process of electrolysis start. Now by observing the experiment it was shown to us that the small particles from
graphite rod are remove and deposited at the bottom of beaker. This process is completed after two days. After
two days the solution is completely disappearing and the graphene powder was formed into that beaker. Now
this powder is washed by using filter paper. After that this powder is placed into the oven for 12 hours for
drying.

2.1 Conductivity by Four probe experiment

Many conventional methods for measuring resistivity are unsatisfactory for semiconductors because
metal —semiconductor contacts are usually rectifying in nature. Also, there is generally minority carrier
injection by one of the currents carrying contacts. An excess concentration of minority carrier will affect the
potential of other contacts and modulate the resistance of the material.

The method described here overcomes the difficulties mentioned above and also offers several other
advantages. It permits measurements of resistivity in samples having a wide variety of shapes, including the
resistivity of small volumes within bigger pieces of semiconductor. In this manner the resistivity of both side
of p-n junction can be determined with good accuracy before the materials cut into bars for making devices.

Figure 1 shows the four-probe set-up used in this work for electrical study.In this setup, four sharp
probes placed on a flat surface of the material to be measured, current is pass through the two outer electrodes,
and the floating potential is measured across the inner pair. If the flat surface on which the probes rest is
adequately large and the crystal is big the semiconductor may be considered to be a semi-infinite volume. To
prevent minority carrier injection and make good contacts, the surface on which the probes rest, maybe
mechanically lapped.

Figure 1. Four probe set-up.

3. RESULTS AND DISCUSSION
3.1 XRD analysis

Figure 2 show the XRD patterns of graphene. In XRD pattern of grapheme show one prominent and
broad peaks (002) which is main characteristic peaks of graphene. All the peaks exactly match with JCPDS
Data Card No. 41-1449 [9].
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Figure 2. XRD pattern of Graphene.

3.2 Conductivity by Four Probe Method

The conductivity of material was measure on OMEGA four probe method instruments. By keeping
constant current (I=2mA) and varying temperature, S=0.2cm (Distance between two probes) and W=0.75cm
(Thickness of materials). Figure 3 depict that the conductivity suddenly rises at 90 °C.
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Figure 3. Conductivity plot of graphene as a function of temperature.
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CONCLUSIONS

Present research has resulted in several novel and significant findings by getting knowledge of the
graphene conductivity as well as materials literature. This report was mainly devoted on synthesis of graphene
by electrolysis method. The synthesis of graphene is done by using electrolysis method. The obtained
nanoparticles were used for characterizations and study the conductivity. The conductivity of graphene is
high.
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ABSTRACT :
The present paper gives the study of all aspects of natural resourses.and all types of natural resourses
are systimatically studied.

1) INTRODUCTION.

The environment provides us with a variety of goods and services necessary for our day-to-day life.
These natural resources include air,water,soil and minerals,along with the climate and solar energy,which
form the non-living or abiotic parts of nature.The biotic or living parts consist of plants amd animals,including
microbes.plants and animals can only survive as communities of different organisms,all closely linked to each
other in their own habitat,and requiring spesific abiotic conditions. Thus, forests, grasslands, deserts,
mountains, rivers,lakes and the marin environment all form habitats for specialised communities of plants and
animals to live in.The interaction between the abiotic aspects of nature and specific living organisms together
form ecosystems of various types. Many of these living organismsare used as food resources.

The natural resources refer to the thing that exist freely in nature for human use and don,t necessarily
need the action of mankind for their generation or production.the key aspect of natural resources is thst they
the survival of humans and other life forms on earth.these resources include land,rocks,forest
(vegetation),water (Lakes, Seas and Rivers), fossil fuel,animals.(fish,wild life, and domesticated animals),
minarals, sunlight and air. The natural resources are useful raw materials that we get from the Earth. They
occur naturally, which means that humans cannot make natural resources. Instead, we use and modify natural
resources in ways that are beneficial to us. The materials used in humanmade objects are natural resources.
Some examples of natural resources and the ways we can use them.

2) RESULT AND DISCUSSION :
Types of Natural Resources
Renewable and non-renewable natural resources

Renewable natural resources:

Renewable resources are the ones that are consistently availabel regardless of their use. They can be
fairly recovered or replaced after utilization. Examples include vegetation, water, and air. Animals can also be
categorized as renewable resources because they can substitute the older animals.

Non-renewabel natural resources :

Non-renewable resources are the ones that cannot simply be substituted or recovered once they have
been utilized or destroyed. Examples of such natural resources include fossil fuels and minerals. Minerals are
categorized as non-renewable because, even though they take shape naturally through the rock cycle, their
formation periods take thousands of years.
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Biotic and Abiotic Natural Resources
Biotic natural resources :

The Biotic natural resources are the ones that come from the organic and living materials. These
include resources such as animals, forests (begetation), and other materials obtainable from them. Fossil fuels
such as petroleum, oil, and coal are also included in thei grouping because they are generated from decayed
orgainic matter.

Abiotic natrural resources :
The abiotic natural resources are the ones that come from non-organic and non-living materials.
Examples of abiotic natural resources are water, air and heavy metals like iron, copper, silver, gold etc.

Stock Natural Resources
Stock natural resources are those that are present in the environment but it the necessary expertise or
technology to have them exploited. Hydrogen is an example of a stock natural resource.

Important Natural Resources in the World
Water:

The earth may be mostly water, only about 71% of it is fresh water. Of that 2.5% even less is
considered to be potable. Potable water is water that is considered to be safe to drink and cook with. While
many countries are working to build water treatment plants, the fact is that due to changes in the climate the
amount of rain and ice melts from winter have dropped off and lowered the reserve supplies of freshwater to
be treated. There are initiatives to educate and regulate the use of water in the world, as well as exploration
into the technology of water farming in arid countries too.

Air :

Clean air is necessary for the existence of life on this planet. It is essential for the existence of plants,
animals and wildlife. It is important to reduce air pollution as polluted air degrades the environment and can
enter our body and can cause health related problems. There are number of ways to keep the air clean and
reduce air pollution like riding bus instead of using your own vehicle, carpooling etc. Read here more about
causes and effects of air pollution.

Coal :

Coal is estimated to be able to last less than 200 more years. One of the issues is that as countries such
as China increase their demands on the coal supply it will dwindle faster Coal is also the major source of air
pollutant in the world so there is much discussion about regulating its usage. The problem is it is one of the
cheapest sources of fuel for industrial applications.

Oil :

The general estimate is that with the projected rate of consumption of oil supplies and known
resources that there is enough to last for 30-40 more years. While many in the oil industry are pushing to be
allowed to frack and drill in protected areas to look for undiscovered oil fields, little hav been done to address
the question of what will happen to the Earth’s crust when the fields are empty and there are large empty
cavities beneath the Earth . Even if new fields and methods of oil extraction are discovered, geologists project
that it would be impossible for the Earth to have an unlimited supply of oil. It takes millions of years for oil to
be created; there is no way of speeding up that process.

Natural gas:

Natural gas reserves are doing only slightly better than oil, it is estimated that there is enough to last
for 60 years. Gas is a much cleaner fuel source than oil, which has led to an increased level of consumption of
it as an alternative fuel. But it still stands to run out quickly.
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Phosphorus :

Phosphorus comes from phosphate rock and is used to grow all of our food and crops. Unfortunately,
phosphate rock is only found in three places on Earth —the US, China and Morocco. The projected lifespan of
the current known resources is about a 100 years. There has not been significant reserch in developing new
and safe fertilizers that can be effective replacements for phosphorus.

Minerals :

Mineral like gypsum, bauxite, phosphate, bentonite, mica, titanium, zirconium are found in sea beds
along the coastal plains. Rare earth elements like scandium and terbium are two of the earth powerful minerals
that are used in wind turbines and electronic circuits in smartphones. Coastal plins contains deposits of
potassium carbonate and rare elements like cerium and neodymium.

Iron :

Iron is also in limited supply. It is made from elements such as silica which then have to be heated to
create the pig iron that industrialization depends on. Iron was the most important natural resource on earth
during ancient ages. It allowed people at that time to build stronger weapons, better transportation and taller
buildings. Both iron and steel are still used in modern day industries.

Soil :

Another important natural resource is soil. Soil is composed fo many different particles and nutrients
in the soil helps plants grow. Apart from this, soil can also be used to provide shelter. A pile of garbage along
with some soil when placed in worm compostbin, creates nutrient rich soil that helps in growth of plants and
makes them healthy.

Forests and Timber :

As the world gets more modern and population grows, there is more of a demand for housing and
construction projects. This reduces open green spaces. Forests are necessary to preserve the ecology of the
world that supports allof the natural resources and life. Forests also play a criticla role in providing clean air
and the lumber that builds the homes.

CONCLUSION :

The discussed study of natural resources existing freely in nature, they are analysed and how they are
usefull to the survival of human being. All types of the natural resources how they are recovered and utilized
in the present from. The resources like, coal, oil, natural gas and some ninerals are studies.
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ABSTRACT :

In present investigation, we have successfully prepared polycrystalline Sb,Ses thin films by single step
electrochemical synthesis. Effect of concentrations of precursor solution on structural, morphological, optical
and wettability properties by means of X-ray diffraction (XRD), scanning electron microscopy (SEM), optical
absorption and contact angle measurement have been investigated. It is evident from XRD pattern that
Sh,Se; thin films are polycrystalline and has orthorhombic crystal structure. Also as precursor concentration
increases the diffraction peak intensity also increases. Scanning electron micrographs reveals that the
increase in precursor concentration causes the formation of soap foam like microstructure which is spread in
the form of ellipsoids over whole substrate surface. The optical band gap increases from 1.97 to 2.03 eV and
contact angle decreases from 40° to 13° i.e. the surface of Sb,Se; thin films converts from hydrophilic to
superhydrophilic nature due to increase in precursor concentration. In addition the holographic
interferometric properties have been studied. The thickness, stress to substrate and deposited mass of the
thin films is determined using Double Exposure Holographic Interferometry (DEHI) technique.

KEYWORDS: Single step electrosynthesis, Polycrystalline Sb,Ses, Soap foam, Holograms.

1. INTRODUCTION

In recent years considerable interest has been shown in the synthesis of thin semiconductor films by
electrochemical and chemical deposition of colloidal semiconductor. Thin semiconducting films synthesized
by electrochemical and chemical deposition methods are quite attractive for designing systems for electro-
optics and photoelectrochemical (PEC) solar cells. These cells are simple in construction and have the
advantages that they can be used for both photovoltaic and chemical energy conversions.

Recently considerable attention has been given to the preparation and characterization of thin metal
chalcogenide films by various techniques Pulsed laser deposited [1], antimony Selenide via chemical bath
deposition [2, 3], by electrodeposition method [4,5], by spray pyrolysis technique [6], by silar method [7]
Among various Selenides, antimony triselenide finds some special applications as target material of lithium-
ion batteries [1], photovoltaic cells [5, 6].

The double exposure holographic interferometry technique has been widely accepted as a viable
tool for non-destructive testing of materials. This technique is sufficient to form a permanent record of
relative surface displacement of object occurring after a fixed interval of time. As a result, the DEHI
technique can be applied to many engineering problems, especially, continuous comparison of the surface
displacement relative to an initial position [8]. The technique has been successfully employed to study the
surface deformation of stainless steel with Ti-Ba—Ca—Cu thin film deposition [9].

In present work, we report on single step electrosynthesis of polycrystalline Sb,Se; thin films. Effect
of concentrations of precursor solution on structural, morphological, optical and wettability properties have
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been investigated. In addition the holographic interferometric properties have been studied. The thickness
and stress of the films have been determined by DEHI technique for various concentrations.

2. EXPERIMENTAL
2.1 Preparation of Sh,Se; thin film

The electrodeposition of Sb,Se; thin films was carried out from an electrolyte bath consisting of
potassium antimony tartarate and selenium dioxide aqueous solutions. All solutions were prepared
immediately prior to each experiment by dissolving the requisite amounts of analytical reagent grade salts in
double distilled water. The concentration of the antimony precursor solution was varied from 0.05 to 0.1 M
at an interval of 0.025 M by changing the amount of potassium antimony tertarate dissolved in double
distilled water. The pH of the bath was maintained to ~3. The metal substrates were mirror polished with
zero grade polish paper, cleaned with detergent and finally cleaned ultrasonically. A graphite plate was used
as a counter electrode. All the potentials were measured with respect to SCE. The cathode to anode distance
was 0.5 cm. The bath was kept unstirred. Electrodeposition was carried out potentiostatically using a
constant voltage source. The deposition conditions were optimized to get good quality Sb,Se; films of
maximum thickness. The prepared Sb,Se; films were found to be well adherent uniform and grayish in color.

The Sb,Se; thin films were analyzed by X-ray diffraction within the range 10-1002 on computer
controlled Philips PW-3710 using CrK, radiations (A=2.2897 A) to determine the film structures.
Microstructural study was carried out using scanning electron microscopy (SEM-JEOL 6360). The optical
absorption study was carried out over the wavelength range 350-850 nm using Systronics
spectrophotometer-119, with FTO substrate as a reference. In order to study interaction between water and
Sb,Se; film surface contact angle measurement was carried out by Rame-hart USA equipment with CCD
camera.

2.2. Double exposure holographic interferometry (DEHI) technique

Holograms are recorded using double exposure holographic interferometry technique. The
holograms were recorded by conventional two beam off-axis technique using 10 mW He—Ne laser having
wavelength A= 6328 A. The holograms were recorded on the holographic film (Kodak 8E 75 HD) before and
after the deposition of Bi,Se; thin films. The reconstructed image of substrate was observed with the
reference beam which shows the localized fringes.

2.3. Measurement of thickness of the thin films and stress to the substrate

The simple non-destructive technique, for the quantitative measurement of stress in thin films by the
use of DEHI technique is reported by [10]. While recording the hologram, if the object is illuminated with a
beam of light making an angle 8, with the normal and is viewed at an angle 8, during reconstruction, the
reconstructed image has a superimposed fringe pattern corresponding to a displacement of the surface. The
displacement in the normal direction is given by

nA

d=——7-—
cos g, +cos b,

Where n is the number of fringes and A is the wavelength of light. In general 8, and 6, are sufficiently
small, so that

_m
2

The stress to the stainless substrate is given by the formula [11].

d
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oo t2Y A
31%t,

Where, S is stress in dyne/cmz, t, is substrate thickness, t; is film thickness, A is deflection of the
substrate equal to 4A/2, Y, is Young’s modulus, | is length of the substrate on which the film is deposited. The
mass of the deposited film was calculated using the relation
Mass = density x volume

3. RESULTS AND DISCUSSION
3.1 Film formation and reaction mechanism

Electrodeposition of Sb,Se; was carried out from aqueous acidic bath. The Sb,Se; films were
cathodically deposited from an aqueous solution containing antimony and selenium ions. The
electrodeposition of Sb,Se; had been carried out from an aqueous acidic solution containing antimony and
selenium ions.

SeO2 — Se** +207?
Se?"is converted into Se.qs.

The electron reacts with Se,q.

3Se,, +66  —3Se*

A complex of Sb*>* reacts with Se” to give
25b® +3Se* —» Sh,Se,

3.2 Structural studies

Fig. 1 (a-c) shows the XRD patterns of Sb,Se; thin films deposited for three different concentrations
0.05, 0.075 and 0.1 M respectively. With increasing the concentration of precursor solution, increase in film
thickness was observed. This may be due to sufficient reaction time period available for the formation of
oriented growth of Sh,Se; thin films along specific plane. It is evident from XRD pattern that Sb,Se; thin films
are polycrystalline and has orthorhombic crystal structure. Similar type of results has been reported
elsewhere [5, 12]. The XRD pattern indicates the presence of (130), (520), (440), (212), (351), (061) and (370)
planes of Sb,Se; materials which is in good agreement with JCPDS cards no. 01-075-1462. It should be noted
that the relative peak intensity of the diffraction arising from all the peaks increases with increase in
concentration of precursor solution. The average grain size was estimated using Scherrer’s formula

_ 0.91

= (4)
BcosO
where, 8 is the broadening of diffraction line measured at half maximum intensity (radians) and A =
2.2897 A is the wavelength of the Cr Ka X-ray. The average grain size was found to be 24 nm. The diffraction
peaks marked by * are due to selenium.
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Fig.1 The X-ray diffraction patterns of Sb,Se; thin films for three different precursor concentrations: (a)
0.05 M, (b) 0.075 M and (c) 0.1 M.

3.3 Surface morphological studies

The surface morphologies of the Sb,Se; thin films for different concentrations of precursor solution
were shown in Fig. 2 (a-c) at x10,000 magnification. Appeared surface morphology for 0.05 M concentration
suggest a uniform growth of first few layers of Sb,Se; nanocrystallites and as the growth proceeds
agglomeration of grains took place, giving non-uniformity in grain size on surface of the thin film (Fig. 2 a).
However, the increase in precursor concentration to 0.075 M governs vertical growth of Sb,Se; so as to form
vertically patterned arrays of Sb,Se; nanocrystallites (Fig. 2 b). In this case the surface of Sb,Se; thin films
rougher, porous and nanocrystallites are uniformly spread over the whole surface. Further, increase in
precursor concentration to 0.1 M completely destroys the previously developed surface morphologies. Now
the surface of Sh,Se; thin films looks like soap foam which is spread in the form of ellipsoids over whole
substrate surface as seen from Fig. 2 c. This morphological change is attributed may be due to the presence
of excess antimony in atomic percentage [13].

Fig.3 The variation of (ahu)? with photon energy (hu) of Sh,Se; thin films for three different precursor
concentrations: (a) 0.05 M, (b) 0.075 M and (c) 0.1 M.
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3.4 Optical studies

The variation of optical band gap of Sh,Se; films for three different precursor concentrations is
shown in inset of Fig. 3. This data was further used for analyzing optical direct band gap energy using
following classical relation for near edge optical absorption in semiconductor The theory of optical
absorption gives the relationship between the absorption coefficient a and the photon energy ‘hv’ can be
written as,

_A(Eg-hv)
hv
where, ‘@’ is the absorption coefficient, ‘e, is a constant, ‘E;’ is the band gap, and ‘n”is equal to 1/2

for a direct and 2 for indirect transition. Fig. 3 shows the plots of (ahv)” verses hv plotted for estimating the

values of direct band gap energy of Sb,Se; films by extrapolating curves to zero absorption coefficient. The
band gap energy (E,) values are found to be 1.97, 2.0 and 2.03 eV for 0.05, 0.075 and 0.1 M precursor
concentrations, respectively, which is comparable to reported earlier [5]. The increase in direct band gap

energy (1.98-2.1 eV) with increase in film thickness is confirmed. Similar type of results has been reported
by Kale et al and Pathan et al for CdTe and MnS by using SILAR method respectively [14,15].

o (5)

154 (a)-0.05 M
(b)-0.075 M
(c)-0.1 M

[ERN
o
1

(ahv)’x10° (eV/ecm)®

0 T T L T T T
1.6 1.8 2.0 2.2 24 2.6 2.8

Photon energy, hv (eV)

3.5 Wettability Test

Wettability test is carried out in order to investigate the interaction between liquid and Sb,Se; thin
films. If the wettability is high, contact angle (8), will be small and the surface is hydrophilic. On the contrary,
if the wettability is low, 8 will be large and the surface is hydrophobic. A contact angle of 02 means complete
wetting and a contact angle of 1802 corresponds to complete non-wetting. Both super-hydrophilic and
super-hydrophobic surfaces are important for practical applications [16]. From Fig. 4 we observed that, the
Sb,Se; thin films are hydrophilic as water contact angle is 402 (less than 902) means high wettability. As the
concentration of precursor solution increases the water contact angle decreases. The contact angles for
0.075 and 0.1 M concentration was found to be 25 and 13°. This may be due to the strong cohesive force
between the water droplet and hydroxide present in the Sb,Se; compound. Similar type of behavior has
been reported by More et al [17] for chemically deposited TiO, thin films. Thus as concentrations of
precursor solution increases the surface of Sb,Se; thin films converts from hydrophilic to superhydrophilic
nature. This specific property is attributed to nanocrystalline nature that is expected to possess very high
surface energy. Due to which the water is attracted rather repelled by the Sb,Se; film. This specific property
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is useful for making intimate contact of aqueous electrolyte with electrode surface in photoelectrochemical
cell.

45
CA=40 CA= Contact angle
40- A
A
3
354
330-
D -
%D 254 .
S CA=25
S 2
=
S 15-
- CA=13
005 006 007 008 009 010 0.11

Concentration (M)
Fig.4 Contact angles of Sh,Se; thin films for three different precursor concentrations: (a) 0.05 M, (b) 0.075

M and (c) 0.1 M.

3.6. Double exposure holographic interferometry

The actual experimental of double exposure holographic interferometry technique is shown in fig. 5.
The recorded holograms of Bi,Se; thin films deposited onto stainless steel substrate at different deposition
times are shown in Fig.6 from the hologram study, From the fig 7, it is observed that as the bath
concentration increases, the number of fringes localized on the surface of stainless steel substrate goes on
increasing [18]. From the Fig.8, Fig.9 and Fig. 10 it is observed that thickness increases, deposited mass
increases and stress to the substrate decreases with increasing bath concentration respectively as shown in
Table 1. Janseen et al reported that decrease in CrN thin film stress with thickness [19]. This may be due to
scattering or interference of incident light.

Beam
\Splitlcr

He-Ne Laser source [—Jp- P

Mirror

. Beam
Expander

Beam
Expander

Holographic
film

Fig.5 Actual experimental set up of the double exposure holographic interferometry technique
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(A) (B) ©)

Fig. 6 Recorded holograms of Sh,Se; thin films at different concentration (a) 0.05
M, (b) 0.075 M and (c) 0.1 M.
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Fig.7 No. of fringes with at different concentration (a) 0.05 M, (b) 0.075 M and (c) 0.1 M
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Fig.8 The variation of Sh,Se; film thickness with at different concentration
(a) 0.05 M, (b) 0.075 M and (c) 0.1 M
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Fig. 9 The variation of Sh,Se; film deposited mass at different concentration
(a) 0.05 M, (b) 0.075 M and (c) 0.1 M.
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Fig.10 The variation of Sbh,Se; film stress to substrate with at different concentration
(a) 0.05 M, (b) 0.075 M and (c) 0.1 M.

Table 1 The observed number of fringes, thickness, stress to the substrate and mass deposited for various
bath concentration

Conclusion
Bath conc. | Deposition Fringe Thickness  of | Mass Stressx10°
(M) time(h) numbers film (um) deposited (mg) | (dyne/cm?)
A=0.05M 1 3 0.949 1.865 0.101
B=0.075M 1 4 1.265 2.487 0.075
C= 0.1M 1 6 1.898 3.731 0.050
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XRD pattern revealed that the Sb,Se; films are polycrystalline and has orthorhombic crystal
structure. Scanning electron micrograph of Sb,Se; films clearly shows the formation bunch of cabbages at
high magnification. The Sb,Se; thin film shows direct band gap with energy 2.03 eV. Wettability test of
Sb,Ses thin films reveals hydrophilic nature with water contact angle 252. The determination of thickness and
stress of the Sb,Se; thin film was carried out by Double Exposure Holographic Interferometry (DEHI)
technique
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ABSTRACT :

The conversion of vacuum ultraviolet (UV) radiation to visible (VIS) light is described which makes it
possible to obtain two VIS photons for each vacuum ultraviolet (VUV) photon absorbed Often it is termed as
Quantum Cutting (QC). The phenomenon also called as down conversion (DC), is demonstrated by CaF,:
Gd**, Eu*". We prepared CaF,: Gd**, Eu** phosphor synthesis via reactive atmosphere process. Powder X-
ray diffraction analysis shows structural purity of as-synthesized phosphor. The emission and excitation
spectra of CaF,:Gd*", Eu*" were investigated using the VUV beam line of the Beijing Synchrotron Radiation
Facility (BSRF), China. The energy transfer (ET) in calcium fluoride compound from the Gd*" ions to Eu®*
through cross relaxation occurs. On the basis of the calculations from the emission spectra in the visible
region obtained, we have obtained optimal quantum efficiency as high as 117% for red-emitting CaF,:Gb*",
Eu®* phosphor under excitation of 203 nm in reactive atmosphere process (RAP).

KEYWORDS: Reactive Atmosphere Process (RAP), Quantum cutting, VUV spectroscopy, Energy transfer,
CaF,

1. INTRODUCTION

For the development of mercury free florescent lamps and plasma display panels (PDPs), we require
phosphor having quantum efficiency is greater than unity under VUV excitation. The phosphors having
guantum efficiency is greater than unity are called quantum cutting phosphors. Quantum cutting provides a
means to obtain two or more low energy photons for each high energy absorbed photon. Therefore it serves as
a down converting (DC) mechanism with quantum efficiency greater than unity and it offers the prospect of
providing enhanced energy effectiveness in lighting devices [1]. In order to obtain quantum-cutting phosphors
with quantum efficiencies exceeding unity, the lanthanide ions are obvious candidates for this purpose due to
their energy level structures that afford metastable levels from which quantum-splitting processes are capable.
The inorganic calcium fluoride is one of the most important host with certain weird characteristics like wide
band gap greater than 11 eV. Calcium fluoride with rare earth doped phosphor has conventional attention for
numerous research works [3]. B. Herdenet al. reported photon cascade emission in Pr¥*doped fluorides with
CaF, structure [4]. W. Binder et al. reported CaF,:Sm*>* Phosphor was used for the application of solid state
laser materials [5]. A. Lucas discussed CaF,: Dy and CaF,: Tm phosphors are used for the application of
dosimetry [6]. In our experiments we use gadolinium and europium lanthanides as a dopant in the host of
CaF, for the application of quantum cutting. The process energy transfer and quantum cutting in CaF,: Gd*,
Eu®* can occur by the dopant combination of Gd*" and Eu®*, in which Gd** (acts as a sensitizer) and absorbing
high energy VUV photon is cut into two visible photons emitted by two Eu®" ions (acts as an activator).
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2. EXPERIMENTAL

CaF,: Gd**, Eu® phosphor was synthesis via reactive atmospheric process. In this method we used
metal carbonate like CaCO;  (99.99% A.R.) as a precursor. The inorganic calcium carbonate was taken in
Teflon beaker. A little amount of double distilled water was added in beaker andstired it, then hydrofluoric
acid (HF) added in it to get slurry. The slurry was dried by blowing air or heating on hot plate (80°C). A
freshly prepared CaF, host was obtained. Gd,O; (AR 99.9%) and Eu,03; (AR 99.9%) were boiled in HNO3 and
evaporated to dryness, so as to convert them into relevant nitrates. The aqueous solution of these nitrates
where use as a dopants. The 1 mol% of gadolinium nitrate and 1mol% of europium nitrate where assorted in
the host material and dehydrated completely.

The dried powder was transferred to a glass tube and about 1.0 wt. % RAP agent was added. In this
process we used ammonium fluoride as a RAP agent. The tube was closed with a tight stopper and slowly
heated to 500°C for 2 h. The stopper was removed and the powders were transferred to a graphite crucible
pre-heated to a suitable temperature. After heating in the graphite crucible for 1 h the resulting phosphor was
rapidly quenched to room temperature. Belsareet al. well discussed about RAP in their literature [7]. The
complete process involved in the reaction was represented as a flow chart in Fig. 1.

Melt and quenched to
room temperature

A final product
CaF,: Gd*",Eu?*

Fig.1. Flow chart of CaF,: Gd**, Eu* prepared via RAP.

3. RESULTS AND DISCUSSION
3.1 XRD Analysis

The formation of the CaF,: Gd**, Eu*'sample in the crystalline phase synthesized by RAP was
confirmed by XRD pattern as shown in Fig.2. The XRD pattern for CaF,:Gd*", Eu*" agreed well with the
standard data from ICDD file (00-004-0864). Also the XRD pattern show that CaF, lattice possesses cubic
structure with a space group Fm-3m (225) with lattice parameters a =b=c= 5.2646 A° and interfacial angles a
= f =y = 90°. XRD pattern of CaF,:Gd**, Eu** phosphor as shown in fig.2.
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Fig.2.XRD patterns of CaF,: Gd*, Eu** synthesized by RAP.

3.2 VUV-UV PL Analysis

The emission spectra under excitation 274 and 203 nm are shown in Fig 4. The emission lines of Eu®*
peaked at about 593, 613, 650 and 700nm correspond to *Dy—'F, (J=1, 2, 3, 4) transitions respectively and the
°D, (J=0, 1, 2, 3) —'F; transition peaks of Eu** are much weaker than those of °Dy—'F; transition. There are
broad excitations lines spectra peaking optimum at about 203, 227 and 274 nm responsible for 83,,—°G;, °D;,
8], respectively[8] as shown in Fig 3.
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Fig.3.Excitation spectrum of CaF,: Gd**, Eu®* monitored at 593 nm.
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Fig.4.emission spectra of CaF,: Gd**, Eu®* at excitation wavelength 203 and 274 nm.
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The process transfer of energy and quantum splitting can happen by the combination of Gd** and Eu®*
in which Gd** and absorbing a VUV photon corresponding to ®S;,—°G,. The incident high energy photon is
cut into two visible photons emitted by Eu®* ions. The energy of transitions °G;—°P; on Gd** matches the
'F,—°D, excitation energy on Eu®*. Upon excitation in the °G, levels of Gd** as the first step, energy is
transferred by cross-relaxation between Gd** and Eu®*" which make Gd** fall into the °P, state and Eu®" is
excited into the °D, state. The excited Eu®** is responsible for the first visible photon. The first step is called as
booming energy migration. In the second step the remaining excitation energy of Gd* in the °P, state is
transferred to another nearing Eu®* ion, i.e. Eu® ion exciting into a high state. Then a fast relaxation from a
high excited state to °D, states will occur. After the first step, because the Eu®* ion only excited into °Dj state,
only the emissions of °Dy—'F; transitions are expected. However after the second step, all levels of 5D3,211,0 of
Eu®* are probably engaged, so the emission wavelength consists of all of the °D; (J=0,1,2,3) —F, transitions

[9].
W o
I
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U — —
—_ 4L 9
R VWl W v

E 304

Energy (10*cm™')
e o

o = 3

- _ =]
k——————bl

~ o
. =]
o= o= m +

B b —

Eu Gd** ad™ " aa* Gd* Eu
Fig.5.Energy level diagrams of Eu®" and Gd*" showing the cross-relaxation energy transfer process that
leads to quantum splitting [9, 10]

Consecutively to calculate quantum efficiency, some assumption must be projected. The incident
vacuum ultraviolet photon absorption efficiency cannot be taken into consideration. Some nonradiative losses
at defects and impurities are disregarded. In the CaF,:Gd*", Eu**sample, different excitations are adopted
including the excitation of Gd**—°G; with 203 nm and the excitation of Gd**—°l, with 273 nm. Upon
excitation in °1; level with 273 nm, the guantum cutting never occurs because no cross-relaxation exists, so the
°D,—'F; transitions emission of Eu*" has a normal branching ratio between °D, and °D; , ;Upon 203 nm
excitation in °G; level with, the quantum cutting can occur via two-step energy transfer. In the second step, the
emission of Eu®* has a normal branching ratio. The first step will pilot to the increase of °D, emission. So the
ratio of °Dy and °D;, ,, 5 emissions is expected to increase. To determine the efficiency of the cross relaxation,
the formula proposed by Wegh [11-17] was adopted as follows:

P, - R(5D0 S D1,2,3)“G, DR(SD() /5 DLB)%
PCRDPDT R(SDO & Dl,2,3)f=,, 01

Where Pcr is the probability for cross-relaxation, Ppr is the probability for the direct transfer from
Gd** to Eu**. R (°Dy/°Dy, », 5)is the ratio of the °Dy and °D;. , 5 emission integral intensities. The subscript (°G,
or °l,) represents the excitation level for which the ratio is observed. From the emission spectra, the value of R
(°Do/°Dy. 5, 5)°Gy and (°Dy/°Dy, 5, 5)°lican be calculated 33.21 and 27.15, respectively. Therefore, the value of
Pcr/Pcr + Ppris 0.17. It means that there are 17% Gd** ions in the %G, excited state settle down through a two-
step energy transfer emitting two visible photons in this method. So the quantum cutting efficiency of 117%
can be obtained. Quantum cutting in the Gd to Eu understanding requires energy transfer over the
Gdsublattice to Eu [10].
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4. CONCLUSIONS

The inorganic material CaF,: Gd**, Eu®" was successfully prepared through reactive atmosphere
process. The XRD pattern confirmed its cubic structure. The visible quantum cutting and energy transfer
through down-conversion was observed in CaF,:1% Gd*, 1% Eu*" and the quantum efficiency was found to
be around 117% under the excitation of 203 nm equivalent ®S,@°G; transition of Gd** ions.
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ABSTRACT :

We report a systematic studies on the structural and optical properties of In doped Zinc Oxide thin
films grown by spray pyrolyis route. Samples were systematically characterized using x-ray diffraction (XRD)
and Uv-Vis spectroscopy. X-ray diffraction (XRD) results confirm that all prepared thin films have hexagonal
crystal structure without any extra impurities. From X-ray diffraction data, the lattice parameters and volume
of the unit cell increased with increasing In doping, indicating the successful incorporation of In ions into
ZnO. The average crystalline size in the range of 19-40 nm. The optical absorption spectra of the thin films
obtained using UV-Vis spectrometer. The values of band gap energy have been found to be 3. 21 eV for pure
ZnO and 3.09 eV for 6% In doped ZnO films.

KEYWORDS: In doped ZnO; thin films; x-ray diffraction; optical properties.

1. INTRODUCTION

ZnO is an important material in the 11-VI family with a wide band gap (3.3 €V) and a large excitonic
binding energy (60 meV) owing to its superior and diverse properties such as piezoelectricity, chemical
stability, biocompatibility and high voltage-current nonlinearity etc. It has a variety of applications such as
catalysis, solar cells and other optoelectronic devices. All the properties make doped ZnO promising materials
that many combine the optical transport and gas sensing properties for devices such as gas sensor, transparent
conducting films, piezoelectric transducers and photocatalytic activity [1-4]. There are very limited researches
to develop In doped ZnO thin film for gas sensing applications.

Most transition metals doped ZnO samples are grown employing complex and expensive techniques
like molecular beam epitaxy metal, organic vapour phase epitaxy, pulsed laser deposition that require high
grown temperatures, thermal hydrolysis technique [5], spray pyrolysis [6], chemical vapour deposition [7],
thermal evaporation of Zn [8], hydrothermal syntheses [9, 10], low temperature wet-chemical reaction [11].

In the present work, pure and 6 % In doped ZnO thin films were synthesized by spray pyrolysis
method. The structural and optical properties of pure as well as In doped ZnO thin films were systematically
investigated. Additional, theoretical calculation based was carried out in order to strain and crystalline size of
prepared samples. This study might help to the novel applications in opto-electronics and nano devices.

2. MATERIALS AND METHODS

Pure and In doped Zinc oxide thin films were deposited on glass substrate at the substrate temperature
of 400 using fully atomized spray pyrolysis technique. The precursor solution was prepared by mixing 0.1 M
of Zinc acetate dehydrate, In 20 mL demonized water. For In doping in Zinc Oxide, appropriate amount of
Indium Acetate dehydrate for preparing 0.1M concentration was added into the precursor solution.
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The solution was vigorously stirred using magnetic stirrer for 10 min. Then the prepared solution was
into the spray dispenser. The deposition parameters were 2 mL/min solution flow rate, 2 mm diameter of
spray nossel, 20 cm of spray nossel substrate distance. Atmospheric air was used as carrier gas with one m bar
pressure. The thickness was of all the films was minted constant 215 + 20 nm and confirmed through weight
difference method. X-ray diffractometer was used to study the impact of Indium doping on the structural
properties of nanostructure Zinc oxide thin films. The optical measurement of the deposited thin films were
observed using UV —VIS spectrophotometer in the wavelength range 200 -800 nm.

3. RESULT AND DISCUSSION
The XRD patterns of pure and 6% In doped Zinc oxide thin films is shown in figures 1(a & b). All the

prepared films exhibited the polycrystalline nature with hexagonal crystal structure without any extra
impurities phases. The absence of extra peaks other than (002) and (101) plane of ZnO crystal clearly
indicated that In ions were substituted in the Zinc oxide matrix. No extra peaks related to the crystal phases of
In clusters or In O compounds were found, it confirm that the doping level is within the solubility limit. The
say axis (002) growth of Zinc oxide thin films may be due to the starting inorganic precursor effect. In our
present case, the peak position shifted to the lower or the higher angle shifted it means that the possibility of
In?* ions occupying the interstitial sites.
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Fig.1(a). X-ray diffraction pattern of pure ZnO thin films.

——— 6% In doped ZnO ‘

50
20 (degree)

Fig.1(b). X-ray diffraction pattern of 6% In doped ZnO thin films.

The lattice parameters were calculated using following equation:
The lattice parameters were calculated from XRD diffraction using following equation:
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1 4(h®+hk+k?) | 12

d? 3a? c? @

Here, d — is interspacing distance, (hkl) Mirrer Indices, a and c are lattice parameters. The calculated
lattice parameters are shown in table 1. From table it is clear that the lattice increased with increasing In
content it may due to larger ionic radius In*" ions as compared to the Zn?* ions. The volume of the unit cell
was also found that the value of volume is increased with increasing In doping level .The bond length and u
parameters are also calculated and given in table 1. The u parameter of Zinc Oxide thin films was smaller than
that of In doped Zinc oxide thin films .Based on this structural parameter studies, it is clear that In impact on
structural properties of Zinc Oxide (ZnO) thin films.

The average crystallite size was estimated using well known Scherer’s formula:

_ ka
b= Bcosb (3)

Where D is crystallite size (nm), k is shape factor (0.9), A is X-ray wave length (1.5406 A). B is full
width half maxima (radian), 0 is Bragg angle (radian). The average crystallite sizes of pure ZnO and In doped
ZnO thin films are tabulated in table 1. From table it is clear that the average crystallite size was in the range
of 19 — 40 nm of pure and In doped ZnO films.

Table 1: Lattice parameters, volume, average crystallite size, strain and bond length
of Zn.;4In,O thin films.

Samples Lattice Parameters (A) Volugne D Strain L (A)

In doping 3 S (A (nm)

Pure ZnO 3.2476 5.1948 47.448 30.3134 | 0.001358 1.9755
6% 3.2606 5.2068 47.9386 15.3194 0.00271 1.9823

The optical absorption spectra of pure and In doped ZnO thin films as shown in fig 2. The observed
sharp absorption age in pure ZnO samples confirmed that the films were in highly crystalline nature. As the
doping varied 6%, the absorption was gradually decreased due to the more impurity state below the
conduction band. From fig. 2(a) and (b), it was observed that the absorption age is shifted to higher
wavelength. The optical band gap was calculated using Tauc’s plot by extra plotting the linear region of
(ahv)? versus incident energy (hv) as shown in fig 3. The calculated band gap was found to that decreased
gradually from 3.21-3.07 eV Fig 3(a, & b). As increases In in doping concentrations. The decrease in band
gap energy is attributed to the exchange interaction of s and p electrons in the conduction band of ZnO and
localized electrons of doped In ions.

Recent Advances in Nanotechnology
44



Review of Research Volume - 1| Issue - 3 | March - 2019

—&— Pure ZnO

0.8 4

0.6

Absoprtion (a.u.)

0.4 4

SN

0.0

T T T T T T T T T
200 400 600 800 1000 1200
Wavelength (nm)

Fig.2(a). Absorption spectra of pure ZnO thin films.
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Fig.2(b). Absorption spectra of In doped ZnO thin films.
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Fig.3(a). Tauc’s plot of pure ZnO thin films.
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Fig.3(b). Tauc’s plot of 2% In doped ZnO thin films.

4. CONCLUSIONS

The pure and In doped ZnO thin films were successfully deposited on the glass substrates using spray
pyrolysis technique. Structural studies reveal that pure and ion doped ZnO thin films have hexagonal crystal
structure. The lattice parameters of cobalt doped ZnO thin films were increased. The films shows all films
have polycrystalline nature increase in volume of unit cell were observed as In doping concentration
increased. The average crystalline size was found to be in the range of 19 - 40nm of pure and In doped ZnO
thin films. The optical properties shows that the energy band gap was decreased with increased In in Zinc
Oxide thin films. The observed results suggest that doping concentration provides new direction for
spintronics and solar cell applications in future.
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ABSTRACT :

We have investigated the inhomogeneous plane symmetric models with perfect fluid and cosmological
constant, the perfect fluid is taken to be one obeying us all of state (EOS) P =yp with y € [0, 1]. Some physical
properties of the model are discussed.

KEYWORDS : Inhomogeneous Plane Symmetric model, cosmology, perfect fluid, cosmological constant.

1. INTRODUCTION

In recent years, modifications of general relativity are attracting more attention to explain the late time
cosmicacceleration of universe. This late time cosmic accelerated expansion of universe has been confirmed
by highred-shift supernovae experiments (Riess et al 1998; Perlmutteret al 1999; Bennet et al 2003). Broadly,
themodel building undertaken in the literature to capture the alternative theory of gravitation can be
classifiedinto two categories: dimensional scalar field and non-dimensional scalar field model. In 1961, Brans
and Dickeformulated the scalar-tensor theories of gravitation on the basisof coupling between an adequate
tensor field andscalar fieldp. The scalar field has a dimension ofG — 1whereGis the gravitational constant.
Therefore,p—1play the role ofG(t). This theory successfully describes the Mach’s principle but fails toexplain
the missingmatter problems and absolute properties of space. Later on SaezandBallester (1985) developed a
scalar-tensortheory in which the metric is coupled with a dimensionless scalar field in a simple manner. This
coupling givesa satisfactory description of weak fields.

The recent observations suggest that the matter distribution in the present universe is on the whole
isotropicand homogeneous. But on the theoretical ground, the universe could have not had such smoothed out
picture close to big bang singularity, the assumption of spherically symmetricand isotropy cannot be strictly
valid.Therefore, inhomogeneous cosmological models play an important role to study the essential features of
universesuch as process of homogenization and formation of galaxies at early stage of evolution. So in
literature, manyauthors consider plane symmetry, which is less restrictive than spherical symmetry and
provides an avenue tostudy inhomogeneities in early universe. Da Silva andWang (1998), Anguige (2000),
Nouri-Zonoz and Tavanfar (2001), Pradhan et al. (2003, 2007) and Yadav (2011) have studied the plane
symmetricand inhomogeneous cosmological models in different physical context.

In our paper, we find an inhomogeneous plane symmetric model with perfect fluid. The paper is
organized as follows: In section 2, we haveprovided the metric and field equation inconnection to the
proposed model for inhomogeneous plane symmetric model. In Section 3, we have provided the physical
properties of the model.

2. BASIC EQUATIONS
We consider the plane symmetric metric in the form

ds? = —dt? + A%dx? + B*(dy? + dz?) (20
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Where, the metric potential A & B are the function of x & t alone. The energy momentum tensor for perfect

fluid distribution is given by
Tij =P+ puw — P(Sij

Where u' is the flow vector satisfy
gyu'w =1

.. (2.2)

... (2.3)

Here p is the total energy density of a perfect fluid, while P is the corresponding pressure. P &p are

related by the equation of state.
In a co-moving system of co-ordinates from (2.2), we find

T{ = Tf = T = —P; T =p
The inhomogeneous field equation

. 1. .
~8nT) = R} —5R8] — AS]

For line element (2.1) are

B? 2B

ﬁ-l_?: 8nP + A
A+AB+B—8P+A
ATap BT "
BZ+2AB— 8P + A
B2 ap = %

Substituting (2.6) from (2.7), we have

d(A_BY (A_B\(i_ 2B\ _
dt\A B A B)J\Aa B)
Let V be a function of ‘t” denoted by

V = A%’B

Then from (2.9), we obtain

d(A_BY (A _B\V _
a\a" 8)T\a"B)Vv ~

By integrating above equation, we get
A 1
B L, exp <L1 f th)

Where L, &L, are the constants of integration.
In view of

L4

.. (2.5)

.. (2.6)

. Q2.7

. (2.8)

... (2.9)

.. (2.10)

@211

.. (2.12)
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5 |4
V=A4B2>A=13
We can write A, B in the explicit form
1 1 . (2.1
A = D,V3exp (Xzfvdt) 2.13)
1 1 ..(2.14
B = D{V3exp (Xl fvdt> .19
Where D; (i = 1,2) &X; (i = 1,2) satisfy the relation
D?D,=1 and 2X; + X,=0
From the equations (2.6), (2.7) and (2.8) we yield
232+2B+ 4AB+A_ \2m(P — ) + 3A .. (2.15)
B2 "B aB ‘a4 VTP
In view of V = B2A4, from (2.15) we obtain
14 .. (2.16)
V= 12n(P — p) + 3A
The conservation law for the energy momentum tensor gives
1% . (2.17)
_ p
p v (p+P)
From (2.16) and (2.17), we have
V =4—24nV2p + 3AVZ + 2¢, .- (2.18)
Where C; being integration constant.
Rewriting (2.17) in the form
p_ Vv .. (2.19)
p+P V

And taking into account that the pressure and the energy density obeying an equation of state of
typeP = f(p), we conclude that p& P are the function of V.
Hence the right hand side of (2.16) is a function of V only

V = 12rn(P — p)V + 3AV = F(V) ... (2.20)

From the mechanical point of view equation (2.20) curve interpreted as equation of motion of single
particle with unit mass under the force F(V), then

V=42(€-UW)) .. (2.21)
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Here e can be viewed as energy and U (V) as the potential of the force F.
Comparing (2.18) and (2.21), we find

3
e =C&UWV) =12rV?p — EAVZ ... (2.22)
Finally, we write the solution of (2.18) in the quadrature form
v .. (2.23)

:t+t0

f\/Z(Cl —121V%p + 2 AV2)

Where, the integration constant ¢, can be taken to be zero, since it only gives a shift in time. Hence,
let us takety, = 0.

dv _, .. (2.24)

f\/Z(c1 —121V2p + 2 AV2)

3. UNIVERSE AS A BINARY MIXTURE OF PERFECT FLUID
We consider the evolution of the plane of symmetric universe filled with the perfect fluid

P=vyp ... (3.1

Here the y is constant and lies in the intervalye [0,1]. Depending on its numerical values y describes
the following types of universe

y = 0(Dust universe) \

1 ...(3.2
y = §(Radiati0n universe) (3-2)

1
ye (5, 1) (Hard Universe)
y = 1(Zeldovich Universe or Stiff matter)

In a co-moving frame the conservation law of energy momentum tensor leads to the balance equation
for the energy density

14 .. (3.3)
I p
p 7 [p + P]
From the equation (3.3) we get,
_ _YPo ... (3.4
V1+y
& __Po_ ... (3.9)
p= yity
Here py is the integration constant.
Therefore, equation (2.24) gives
dv ... (3.6)

=t
f\/zc1 — 24mpy V1Y + 3AV?2)
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Case I:

Let us consider y = 1 (Zeldovich universe) for C; = 0, equation (3.6) reduces to

av

oy ()

t

This gives,
\/81py
V= coshv3At
VA

Putting the value of V in eq" (2.13) and (2.14), we get

A=D, (Kl)% cosh%(\/m) (sech(\/ﬂt) + tanh(\/g_/]t))\/%zlq
B =D, (Kl)% cosh%(\/m) (sech(v34t) + tanh(\/ﬂt))éTlxl

WhereK; = 8""O&Di (i =1,2)&X; (i = 1,2) satisfy the relation

A
DiD, =1 &
From equation (3.4) and (3.8), we have

A
p= 8m cosh?(V34t)

A

P = =
P 8 cosh? (v/34¢)

2X1 +X2 =0

. (3.7)

.. (3.8)

.. (3.9)

.. (3.10)

. (3.11)

The physical quantities of observational interest in cosmology are the expansion scalar 8, the mean

anisotropy parameter A, the shear scalar B* and the deceleration parameter .

They are defined as

6 =3H

3 2
Ao 1 (AHi)
B 52 H
i=1

.. (3.12)

.. (3.13)

.. (3.14)

.. (3.15)
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By using above equations, we can express the physical quantities as

0 =+V3AtanhV3At ... (3.16)
2 4 BT .. (3.17)
" 9HZ|A B
, 1[4 B] . (3.13)
“3la B

Where A and B by using equation (3.9)

q = —3 cosech?(V3At) — 1 ...(3.19)

Case II:
Let us consider y = 0 (Dust universe) forC; = 0, equation (3.6) reduces to

f . .. (3.20)
3A J 2
-0
This gives
K K
sz[coshv3At]+E - (3:21)
From (2.13), (2.14) and (3.21), we get
K ki Xo fr—2——)
A=D, (— coshV3At + —)3 e _C"Sh m“_
2 2/ .. (3.22)
K K\3
B =D, (E coshV3At + 5)3 e zeosh ‘/_”_
WhereK = 87;\“’&Di(i = 1,2)&X; (i = 1,2) satisfy the relation
DiD, =1 & 2X;+X, =0
From equation (3.4) and (3.21), we have
_ Po ... (3.23)
gcosh\/BAt +§
ie.,
P=0 ... (3.24)

The physical quantities of observational interest in cosmology are the expansion scalaré, the mean
anisotropy parameter A, the shear scalar B and the deceleration parameter g.
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By using above equations, we can express the physical quantities as

V3A sinhv3At
coshvV3At+1

Where A and B by using equation (3.22)

q=-3 cosech\/SAt(cosech\/SAt + coth\/3At) -1
4. CONCLUSION

In this paper, we have studied the plane symmetric in homogeneous cosmological models with perfect
fluid as source of matter within the framework of scalar-tensor theory of gravitation. The exact solution to the
corresponding filed equation is found. The inclusion of the perfect fluid into the system gives rise to an
accelerated expansion of the model. As a result,Weapproached to infinity quicker than it does when the

universe is filled with perfect fluid alone. The solution for constant deceleration have been studied in detail for

power-law and exponential forms. The particular cases for y = 1 and y = 0 have also been analysed in detail.
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ABSTRACT :

Efficient synthesis of 2, 2-dimethyl-5- [(4-oxo-4H-chromen-3-yl) methylene]-1, 3-dioxane-4, 6-diones
by Knoevenagel condensation of aldehydes with Meldrum’s acid in the presence of catalytic amount of
cadmium chloride in water medium at room temperature. Simple work-up procedure, mild reaction
conditions, short reaction times and good yield of products are the advantages of this method. Moreover, the
catalyst used is easily available, inexpensive, non-toxic and eco-friendly.

KEYWORDS : Knoevenagel reaction,Cadmium chloride,Aldehyde, Meldrum’s acid.

1. INTRODUCTION

Knoevenagel condensation is one of the most important reaction for the preparation of substituted
alkenes by reactions of carbonyl compounds with active methylene compound [1]. The Knoevenagel
condensation reactions are classically catalyzed by base in liquid-phase systems; various catalysts are known
to effect the reaction with different aldehydes and active methylene group.

Meldrum’s acid (2,2-dimethyl-1,3-dioxane-4,6-dione) is an active methylene compound having rigid
cyclic structure with high acidity (pKa = 4.9) and it undergoes hydrolysis very easily [2].

Compounds having chromone moiety are synthetically versatile molecules with a reactive carbonyl
group. They have considerable significance for their biological activities [3] and for their reactivity towards
nucleophiles, which allow the synthesis of a wide variety of heterocycles.

Water is unique solvent due to easy availability, cheap, non-toxic, safer to organic solvents and
environmental benign[4].Cadmium chloride (CdCl,) has exploited in the organic synthesis as a non-toxic,
inexpensive, eco-friendly nature, easy handling and Lewis acid mild catalyst [5].

2. EXPERIMENTAL SECTION
2.1. Reagents and analysis:

All chemicals were purchased from Merck, Aldrich and Rankem chemical companies and used
without further purification. The uncorrected melting points of compounds were taken in an open capillary
in a paraffin bath. The progress of the reactions was monitored by TLC (Thin Layer Chromatography). IR
spectra were recorded on Perkin-Elmer FTIR spectrophotometer in KBr disc. "H NMR spectra were recorded
on an 300 MHz FT-NMR spectrometer in CDCl; as a solvent and chemical shift values are recorded in units &
(ppm) relative to tetramethylsilane (Me,Si) as an internal standard.
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2.2. Spectral data of compounds

(3a)IR (KBr, cm™): 3062, 2996, 1732, 1670 1396, 1251. *H NMR (300 MHz, CDCL;) & (ppm): 1.8 (6H, s, 2xCH),
7.2-8.1 (4H, m, aromatic), 8.7 (1H, s, olefinic), 9.6 (1H, s, C,-H of chromone moiety). EIMS (m/z, %): = 301
[M+1].

(3d)IR (KBr, cm™): 3065, 2989, 1729, 1674, 1392, 1293, 791. 'H NMR (300 MHz, CDCl5) & (ppm): 1.9 (6H, s,
2xCH3), 7.2-8.2 (3H, m, aromatic), 8.6 (1H, s, olefinic), 9.5 (1H, s, C,-H of chromone moiety). EIMS (m/z, %): =
370 [M+1].

(3f)IR (KBr, cm): 3084, 3018, 1714, 1662, 1392, 1280, 798. *H NMR (300 MHz, CDCl5) & (ppm): 1.8 (6H, s,
2xCH;), 7.2-8.3 (2H, s, aromatic), 8.6 (1H, s, olefinic), 9.5 (1H, s, C,-H of chromone moiety). EIMS (m/z, %): =
370 [M+1].

(3g)IR (KBr, cm): 3063, 2993, 1735, 1664, 1395, 1280, 805. *H NMR (300 MHz, CDCl5) & (ppm): 1.8 (6H, s,
2xCH3), 7.2-8.2 (3H, m, aromatic), 8.6 (1H, s, olefinic), 9.6 (1H, s, C,-H of chromone moiety). EIMS (m/z, %): =
380 [M+1].

2.3. Synthesis of 2, 2-dimethyl-5-[(4-oxo-4H-chromen-3-yl) methylene]-1,3-dioxane-4, 6-dione 3(a-h):

A mixture of aromatic aldehyde (1 mmol), Meldrum’s acid (1 mmol), CdCl, (2 mol%) and 10 mL water
were taken in a single neck round bottom flask equipped with mechanical stirrer and stirred at room
temperature for the appropriate time given in Table 2. The completion of the reaction was monitored by
TLC. The solid product was filtered and recrystallized from ethyl acetate to get pure product. All the products
were characterized by IR, "H NMR and mass spectra and by comparison of their physical characteristics with

those of the authentic compounds
O
@)
Ar = ><
O
O

0
0
Ar-CHO  + >< CdCl,
H,0, R.T.
o
0
3(a-h)

1(a-h) 2
(Scheme 1)

Table 1. Standardized the reaction condition for the synthesis of 2,2-dimethyl-5-((4-oxo-4H-chromen-3-
yl)methylene)-1,3-dioxane-4,6-dione 3a°“.

Entry Reagent Solvent | Time [min] Yield [%]b
1 Cddcl, EtOH 30 89
2 Cddcl, MeOH 20 86
3 Cddcl, H,O 10 93

“1a (1 mmol) treated with Meldrum’s acid (1 mmol) and CdCl,(2 mol%) under different solvents at ambient

temperature; “Isolated yields

Table 2. Knoevenagel condensation of 4-oxo-4H-benzopyran-3-carbaldehydes with Meldrum’s acid in
presence of CdCl, in water at room temperature

Entry | Ar Product Time | Yield | M.p.(°C)
(min) | (%)° Found Reported[6]
o)
3a 25 93 181-183 | 182
CHO
0
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3b 15 92 197-199 198
3c 20 87 184-186 186
3d 15 91 178-180 180
3e 10 89 198-200 200
3f 15 92 240-242 242
3g 15 95 202-204 205
3h 10 96 200-202 -

%Isolated yields based upon starting aldehyde.

3. RESULTS AND DISCUSSION

In continuation ourdevelopment of novel synthetic methodologies [7], herein, we would like to
report a simple, efficient and green methodology for the synthesis of 2, 2-dimethyl-5- [(4-oxo0-4H-chromen-
3-yl) methylene]-1, 3-dioxane-4, 6-diones. The synthetic route has been shown in Scheme 1.

In search for the best experimental condition, the reaction of 4-oxo-(4H)-1-benzopyran-3-
carbaldehyde 1a with Meldrum’s acid in the presence of cadmium chloride at room temperature has been
considered as the standard model reaction.

To study the effect of the different solvents on synthesis of 2,2-dimethyl-5-((4-oxo-4H-chromen-3-
yl)methylene)-1,3-dioxane-4,6-dione 3a and results are summarized in Table 1. We used different solvents
like EtOH, MeOH and water at room temperature. Surprisingly, water the unique solvent gave excellent yield
of the product 3a (Table 1, entry 3). These results suggest that water is the best solvent for synthesis of 2,2-
dimethyl-5-((4-oxo-4H-chromen-3-yl)methylene)-1,3-dioxane-4,6-dione. The best result was obtained by
carrying out the reaction with 1:1 mol ratios of 4-oxo-(4H)-1-benzopyran-3-carbaldehyde 1a: Meldrum’s acid
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and 2 mol% of CdCl, in water at room temperature, this condition 2,2-dimethyl-5-((4-oxo-4H-chromen-3-
yl)methylene)-1,3-dioxane-4,6-dione 3a was obtained 93% vyield after 25 min (Table 2, entry 1). The same
reaction was carried out in the absence of catalyst, which resulted in 44% yield after 1h reaction time

The standard model reaction proceeded smoothly and was completed within 25 min of reaction
time and 93 % yield. We were encouraged by the results obtained with model reaction. In a similar fashion,
we have taken different heteroaryl aldehydes containing electron-withdrawing or electron-donating
compounds with Meldrum’s acid. They all gave the expected results with good yields in short reaction times.

We have developed a newer route for the Knoevenagel condensation of heteroaryl aldehydes with
active methylene compound in presence of CdCl, in water medium at room temperature with constant
stirring (Table 2). All the reactions were carried out at room temperature with constant stirring i.e. using
mild reaction conditions. In this methodology, the products are isolated in pure form by simple filtration and
as a result of which yield losses are avoided.

4. CONCLUSION

We have developed a novel and green methodology for the synthesis of 2, 2-dimethyl-5- [(4-ox0-4H-
chromen-3-yl) methylene]-1, 3-dioxane-4, 6-diones from the condensation of substituted 4-oxo-4H-
benzopyran-3-carbaldehyde with Meldrum’s acid in presence of cadmium chloride in water at room
temperature. The major merits offered by this methodology are mild reaction conditions, simple work-up
procedure, cleaner reactions, short reaction times without phase transfer catalyst (PTC) and excellent yield
of products. Moreover, the catalyst used is easily available, inexpensive, non-toxic, eco-friendly and water
was chosen as a unique solvent, which makes the reaction convenient, more economic and environmentally
benign.
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ABSTRACT :

In the present work, we studied the surface plasmon resonance in one pot chemically synthesized
conducting polythiophene (PTh) using oxidant anhydrous FeCls. The surface morphology of prepared
samples were analyzed through FE-SEM, which shows irregular structure and spongy amorphous
morphology.The optical transmission spectra of chemically synthesized PTh samples were recorded by using
UV-Vis spectroscopy. The surface plasmon resonance of PTh samples was studied in 200-1100 nm using UV-
Vis analysis.

KEYWORDS : Chemical polymerization; conducting polythiophene; surface plasmon resonance.

1. INTRODUCTION

Among the conducting polymers, polythiophene (PTh) is one of the most highly researched polymeric
material because of its extraordinarily electronic optical properties, good processability, environmental
stability and ease of synthesis [1-4]. It is in fact also the most frequently used conducting polymer
incorporated with various carbon materials [5, 6]. The conjugated conducting polymers are well-known for
their excellent electrical conductivities in oxidized (doped) state. The recent development in processable
conducting polymers has opened the way for large-scale industrial applications.

In recent years, a lot of advancement has taken place in the development of intrinsically conducting
polymers such as polyaniline (PANI), polythiophene (PTh), polypyrrole (PPy) and their derivatives due to
their interesting electrical, chemical and physical properties [7]. In addition the conductivity of these materials
can be controlled from conducting to insulating range by using different routes of polymerization as well as its
surface charge characteristics can easily be modified by changing the dopant species in the material during
synthesis [8,9]. Usually, polymerization can be carried out by electrochemical or chemical processes, which
provide films with different morphologies and consequently slightly different chemical and physical
properties [10]. Now days, these conducting polymers have been widely used as effective materials for the
detection of toxic, hazardous and flammable gases due to their ease of synthesis and low cost [11]. The most
important advantage of these conducting polymer-based sensors is their room temperature operation and high
sensitivity. Among these intrinsically conducting polymers, PTh and its derivatives have attracted
considerable attention due to their good environmental and thermal stability, easy polymerization process and
high electrical conductivity [12, 13]. PTh can be produced in bulk powder as well as in thin film form [14]
and it found wide applications in various fields such as supercapacitors [15], field effect transistors [16], light
emitting diodes [17], photoconductive and photovoltaic devices and optical modulator devices [18]. PThs
have also found applications in gas sensor field [7]. Soluble PTh derivatives can provide high sensitivity to
certain gases, such as NO, at small concentration [19] as well as it has been reported that, PTh film showed
gas response to ammonia, trimethylamine, acetone, alcohol and toluene at room temperature [7]. Wadatkar et
al [20] successfully studied the complex optical and thermal properties of chemically as-synthesized
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conducting polythiophene. Also Wadatkar et al [21] have been successfully synthesized the conducting
polyindole by chemical oxidative polymerization using oxidant FeCl; in aqueous solution.

In the present study, samples were synthesized by using chemical oxidative polymerization method
with anhydrous ferric chloride as an oxidant in deionised water. During polymerization, different
concentration of FeCl; was taken. Prepared samples were characterized through FE-SEM and UV-Vis
spectroscopy.

2. EXPERIMENTAL

Thiophene monomers, anhydrous iron (I11) chloride (FeCls) from SD Fine Chemicals (AR-grade)
were used in the present study. The thiophene monomer was used as received for synthesis of PTh. The
sample was synthesized at room temperature (303 K) by mixing thiophene with FeCls in deionised water.
H,O, was used to enhance the rate of reaction and also yield. After the rigorous stirring, drop-by- drop
monomers was added into the solution. The preliminary polymerization process was identified by the colour
change (brown) of the reaction mixture. The polymerization process was allowed to constant stirring for 8 hrs
with a magnetic stirrer at 30 °C. The resulting precipitate was collected by vacuum filtration using cellulose
nitrate filter papers. The precipitate was washed with copious amounts of triply distilled water until the
washings were clear and then kept for overnight at room temperature. Subsequent to this samples were
sintered at 60 °C for 30 min. In this way, two samples of PTh were synthesized with different stoichiometric
ratios of thiophene and FeClsas (90:10) and (80:20) wt. % [22].

3. RESULTS AND DISCUSSION
3.1 FE-SEM

The morphology and structural features of the material report from FE-SEM (JEOL JSM-6360). The
surface morphology of PTh powder samples with stoichiometric ratio of thiophene and FeCl; as (90:10) and
(80:20) wt. % were analyzed by FE-SEM and the micrograph is displayed in figure 1(a-b). The FE-SEM
micrograph represents the non-porous and non-uniform structure containing macro-granular structure formed
by the aggregation of small globular structures. The nature of particles has irregular in structure which reflects
definite amorphous morphology. The micrograph depicts the presence of aggregation up to some extent as
well as an agglomeration of particles.

Fig. 1. FE-SEM micrograph of PTh with stoichiometric ratio of thiophene and FeCl; as (90:10) and
(80:20) wt. %.

3.2 UV-Vis Spectra

UV-Vis absorption spectrophotometer is frequently used to investigate the surface plasmon resonance
phenomenon. Figure 2 (a-b) shows the UV-Vis spectra of PTh samples synthesized with different
stoichiometric ratios of thiophene and FeCls as (90:10) and (80:20) wt. %. In this case, the transmission
observed in the range 200-1100 nm. The transmission peaks of PTh samples are listed in table 1. The
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collective oscillation frequency of conduction electron is termed as plasmon’s frequency. The characteristic
frequency of plasmon’s is given by equation (1) [23].

op = (Ne?/mg)"? (1)

where, oy is the plasma frequency, N is the conduction electron density, e is the charge on electron, m,
is the electron effective mass and is the vacuum dielectric permittivity.

In the present work, plasmon frequency found to be increased with decrease in transmission
wavelength. Also, the conduction electron density increases with decrease in transmission wavelength.
According to the Fermi liquid model, plasmon can be satisfactorily described as a negative charged electron
cloud displaced from its equilibrium position around the lattice made of positively charged ions, in analogy to
factual plasma.

Tablel. Values of Transmission wavelength, plasmon frequency and conduction electron density.

Sample  Transmission Plasmon frequency Conduction electron
(wt. %)  Wavelength (op) (MH2z) density (N) (m™)
(nm)
S, 276 0.1089 2.0137x10%
S, 274 0.1094 2.0174x10%
98
_94
90
(3) ®
40 86
200 400 600 800 1000 200 400 600 800 1000
Wavelength (nm) Wavelength (nm)

Fig. 2. UV-Vis spectra of PTh with stoichiometric ratio of thiophene and FeCl; as (a) (90:10) and (b)
(80:20) wt. %.

4. CONCLUSIONS

In the summary of present work, the samples were synthesized by using chemical oxidative
polymerization method with anhydrous FeCl; as an oxidant in aqueous medium at room temperature. The
amorphous nature of as-synthesized material confirmed through FE-SEM analysis. The UV-Vis is a very
simple technique to study the surface plasmon resonance. The characteristic frequencies of plasmon resonance
in PTh were found to be increase with decrease in transmission wavelength. The conduction electron density
is easily computed from this method.
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ABSTRACT :

The doubled pervoskite Sr,FeNiOg nanocomposite were synthesized using simple sol-gel citrate
method. As-synthesized Sr,FeNiOghanocomposites were characterized using ultraviolet visible (UV-vis)
spectroscopy for the absorption study. The surface morphology was studied with field emission scanning
electron microscopy (FE-SEM). Moreover, the compositional feature of Sr,FeNiOg nanocomposites was
investigated through energy dispersive X-ray spectroscopy (EDS) analysis.

KEYWORDS : Sr,FeNiOg.Nanocomposites; Sol-gel; Double-Pervoskite; Nanomaterial.

1.INTRODUCTION

Perovskite and Double-perovskite materials have various alluring chemical and physicalproperties
such as thermal, electrical, optical, magneticand biological[1-8]. These materials can show superconductivity
along with all magnetic properties like antiferromagnetic to ferri- and ferromagnetic, ionic
conductivity,photoactivity and can behave like catalytic agent. These materials have wide applications in the
fields such as electronics, sensors, magnetic memory components, fuel cells, and solar cells[9-12].

Nowadays, many researchers are interested in double-perovskite oxides that consist of transition
metals, due to their diverse applications in material science research as mentioned above.The double-
perovskite oxide compounds are synthesized at high temperatures and have a very high flexibility in crystal
structure and chemical composition[13].

By arranging two cations such as B’ and B” on the B-site in a simple perovskite ABOj; double-
perovskite compounds with chemical formula of A,B'B"O¢_scan bederived.In this formula Astands for alkaline
carth metal ions (like Ba, Ca, Sr), and B’, B” are transition metal ions (like B'’= Co, Fe,Ni, Cr, etc, and B"'=W,
Mo, Sb, etc.).Ideally, the framework ofdouble-perovskite structure form is constructed by corner-shared B'Og
and B"Og octahedra in the lattices[1].

In the present research article, as-synthesized Sr,FeNiOg double perovskite nanocomposites by sol-gel
citrate methodhave been reported. The optical property i.e. absorption and energy band gapof
thesenanocomposites were studied using UV-Vis spectroscopy. The surface morphological study of prepared
sample was studied using field emission scanning electron microscopy (FE-SEM) and elemental
compositional study was done using Energy Dispersive X-ray Spectroscopy (EDS). The results are reported.
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2. EXPERIMENTAL
2.1 Materials and methods

All the chemicals used for the synthesis of Sr,FeNiOg double-perovskite nanocomposites i.e.
Strontium nitrate [Sr(NOs),], Ferric nitrate[Fe(NO3)3.9H,0] and Nickel Nitrate[Ni(NO;),.6H,0] were of AR-
grade and procured from sd Fine chemicals, India.

The Sr,FeNiOg double perovskite nanocomposites were prepared by using sol-gel citrate method. The
stiochiometric mixture of Strontium nitrate [Sr(NOs),], Ferric nitrate[Fe(NO3);.9H,0] and Nickel
nitrate[Ni(NO3),.6H,0] magnetically stirred with citric acid as a chelating agent and ethanol at 80°C for 3 hrs
to get homogeneous mixture. Then it was further heated at about 130° for 12 hrs in pressure vessel to get gel
precursor. Then it was subjected to 3hrs heat treatment at 350°C in muffle furnace. After heating it was fine
milled to get powder. The dried powder sample was calcined in the range of 350-650°C in order to improve
the crystallinity of material.

2.2 Characterization

The optical study of as-synthesized Sr,FeNiOs nanocomposite was studied using StellarNet UV-vis
spectrophotometer, (BLK-CSR, StellarNet, USA). Surface morphology of prepared nanocoposites has been
investigated using Field emission scanning electron microscopy (FE-SEM) (S-4800, Hitachi, Japan). The
composition was determined with Energy Dispersive X-ray Spectroscopy (EDS) attached with FE-SEM
(Brucker, Japan).

3. RESULTS AND DISCUSSION

3.1 UV-vis spectroscopic study
Fig. 1 shows the optical absorption spectrum of Sr,FeNiOg nanocompositesmaterial in UV-vis region.

It shows one broad absorption peakat about ~525 nmin the wavelength ranging, which decides the prepared
sample is in nano-range. The rough energy value for band-gap energy (Eg) of the prepared nanocomposite
sample was determined using the equation; Eg=1240/lg. Therefore, the band energy of as-
synthesizedSr,FeNiOghanocomposite is found to be ~2.4 eV.

Absorbance (a.u.)

200 400 600 80
Wavelength (nm)

Fig. 1. UV-vis spectroscopy of Sr,FeNiOg nanocomposites.

3.2 FE-SEM study
Fig. 2 shows the FE-SEM image of Sr,FeNiOg nanocomposites, which was used to investigatesurface

morphology of prepared sample. Thisimage depicts the uniform agglomeration of the Sr,FeNiOg
nanocomposites.
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Fig. 2.FE-SEM image of Sr,FeNiOg nanocomposites.

3.3 EDS study

Fig. 3 depicts the EDS analysis of as-synthesized Sr,FeNiOg nanocomposite, in order to determine the
chemical composition present in the sample to support the structure of Sr,FeNiOg nanocomposite. It shows
that percentage of various cations in as-synthesized nanocomposites was found to be approximately correct as
compared to the composition ratio.

cps/eV

w

Sr,FeNiOg4

2 4 6 8 10
keV

Fig. 3. EDS pattern of Sr,FeNiOg nanocomposites.

CONCLUSIONS

The doubled-pervoskite Sr,FeNiOg nanocomposite were synthesized using simple sol-gel citrate
method. UV-vis absorption study showed the broad absorption peak at ~525nm, which has the good
agreement with the nanomaterial. The theoretical energy band-gap of the nanocomposite was found to be 2.4
eV. The Sr,FeNiOg nanocomposites were found uniform with some agglomeration. EDS measurement shows
that all the elemental compositions are present in the prepared samples as per the ratio of compositional
formula. The present doubled-pervoskite Sr,FeNiOg nanocomposites may be useful for the various emerging
fields such as solid oxide fuel cells, photocatalysis, sensors, biological activity, etc.
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ABSTRACT :

The Health care Industry of today is focusing on developing minimally invasive techniques for
diagnosis as well as treatment. Science and technology have always been the vitals of humans struggle,
utilized exclusively for development of novel tools and products, ranging from micro to Nano size.
Nanotechnology is subjected to inordinate progress in various forms especially in Healthcare. Development
of various advanced Nano-device and Nano-materials results in establishment of most effective methodfor
delivery of therapeutic for treatment of Ophthalmological, Pulmonary, Cardiovasculardisease and more
importantly in Cancer therapy. Nanotechnology is the future of advanced development. It is everythingtoday
from clothes to foods there are every sector in its range we should promote it more for our future andfor more
developments in our current life.

KEYWORDS : Nanotechnology, Pharmaceutical Nanosystem ,Nanomedicine.

INTRODUCTION:-

Nanotechnology has generated a great deal of excitement and is being consider as thekey technology
of the 21st century. Nanotechnology is a rapidly developing field involving the interdisciplinary study of
materials that covers a broad range of topics and is focused on controlling and exploiting the structure of
matter on alarge scale below 100 nanometers. It offers an unprecedented ability to study and manipulate
moleculf\r interactions at a sub-cellular level leading to the development of new strategies to treat human
disease.

On December 29, 1959, Physicist Richard Feynman gave a radical lecture at an American Physical
Society meeting at Caltech titled “There’s Plenty of Room at the Bottom”. This lecture was the birth of the
idea and study of Nanotechnology.

In 1974, the term nanotechnology was used by Taniguchi for the first time. In 1986 First book on
nanotechnology Engines of Creation published by K. Eric Drexler. First nano medicine book by R. Freitas
“Nano medicine” was published in 1999 and in 2011 Era of molecular nano technology was startedto study
the nanotechnology products and processes that help to solve health problem.

Nanotechnologyis manipulation of matter on an atomic, molecular and supramolecular scale,with at
least one dimension sized from 1 to 100 nmand thus can be used for a broad range ofapplications and the
creation of various types of Nano materials andNano devices.

There are two concepts commonly associated with nanotechnology:
» Positional assembly- helps to get the right molecular parts in the right places
» Massive parallelism-helps to keep the costs down.

PHARMACEUTICAL NANOSYSTEM
Pharmaceutical Nano systemis a device that functions by means of Nano scale components.
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Nanosystem Applications

e Gold Nanoparticles - Targeted delivery of drugs to Tumors

¢ Nanowire - Electrical detection of single viruses and biomolecules.

e Carbon nanotubes -Tumortargeting,Blood glucose monitoring; sensors for DNA detection.

o Nanosphere- Polystyrene nanospheres used as vaccine carriers directing human dendritic cells, have been

investigated for nasal vaccination.

Nanobiosensors- Early diagnosis and detection of cancer.

¢ Nano device Bucky balls have been used to alter the allergy/ immune response. They prevent mast cells
from releasing histamine into the blood and tissues, as these bind to free radicals better than any anti-
oxidant available, such as vitamin E

e Nanotechnology in Drug Delivery

o Recent research has shown unprecedented development in the areas of Nanoscience, Nanophysics and
nanotechnology. Nanomedicine plays an important role in the near future mainly in the fields of Science
and technology and helpful for the betterment of life and a new era in the field of Medicine *

¢ Nano medicine mainly involves nanoparticles to deliver or inject drugs, like heat, light or other substances
to recognise some tumour related cells which causes cancers or carcinoma. Nano Particles are specifically
made specifically inured in order to attract a diseased cell, which involves treatment of tumour related
cells. This technique mainly reduces side effects to health cells and helpful for the easy detection of
cancer °

e For Instance nanoparticles are used to target the cancer cells but not healthy cells. Research is going on
nano materials which are helpful for the easy detection of cancers, carcinomas sometimes they may causes
deaths. Some of the companies or research organisation are taking permission from patient for the easy
delivery ofnanomaterial’s of and once if it is done they can directly use in cancer patients without any side
effects. Many research groups, companies; organisations are conducting many trials in order to release the
drug’s safety into the cancer cells without causing any side effects to the patients.

e Researchers all over the world are developing a medically related nanoparticle that can be taken orally and
which passes through the stomach lining and the intestines are released into the bloodstream. Many
investigatiorgs are going on lab animals for example such as lab mice in which the drugs are delivered to a
target cells .

NANOMEDICINE
Nanomedicineis the process of diagnosing, treating and preventing the diseases to improve human
health, using molecular tools and molecular knowledge of human body.

NANO MEDICINE FOR CORNEAL DISEASES
Nanomedicinefor treatment of ocular diseases are as follows

The nanospheres made by pullulan and polycaprolactone that contain ciprofloxacin coated on to
contact lenses prevent eye infection caused due to Staphylococcus aureus and Pseudomonas aeruginosa.

For the treatment of ocular inflammation Nanoemulsions (NEs) Ex. Durezol (Alcon Laboratories,
Fort Worth, TX, USA) is used.Nano eye-drops Ex.Nano Tears TF,Nano eye-drops utilising brinzolamide, a
commercially available glaucoma treatment.”’

Advantages

Provide more reproducible and controlled release of the drugs

Solubilize both hydrophobic and hydrophilic drugs to improve the stability, half-life and therapeutic
efficacy of the drug delivery

Increase potency and reduced side effects

Nano eye-drops were not toxic to the corneal epithelium after repeated administration for 1 week.
Disadvantage

High costs, discomfort to the patients

YV VYV VYV
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NANOROBOTS AS MEDICINE
In medical fieIdNnorobotsis used as Nanomedicine.

¢

Robert A. FreitasJr designed nanorobotswhich is typeof as artificial blood

i. Respirocytes- An artificial erythrocyte programmed to collect carbon monoxide and other poisonous gases
from the body.

ii. Microbivores - Digest and Absorb the pathogens in the blood stream

iii. Clottocytes- Artificial mechanical platelet that would complete hemostasis in approximately 1 sec.

APPLICATIONS

1. Break blood clots

2. Break kidney stones

3. Destroy and remove Parasite from body

4. Used in treatment of Arteriosclerosis

5. In Dentistry Induces oral analgesia, desensitize tooth, manipulate the tissues to realign and straighten
irregular set of teeth.

Delicate surgeries - Nanorobots could be soon used for performing micro surgery

Advantages of Nanorobots

They help in performing painless and noninvasive surgeries.

The initial cost of development is only high but batch processing reduces cost of manufacturing.
The diagnosis and monitoring is continuous and done from inside of the body.

They disassemble and get excreted after completion of task, if necessary..

Limitations of nanorobots

Design of nanobots is very complicated and it is very costly

Hard to interface and control externally.

VV VYVVVYVY

OTHER NANODEVICES
Nanotech Detector for Heart Attacks
This technology involves tiny blood stream nanosensor chips that might sense the precursor of a heart
attack. A person with nanosensortiny chip might get a warning on their smartphone or another wireless device
that they should immediately see their cardiologist.Nanosensors that detect heart attacks before they happen
could save both lives and money.ltis used for glucose detection
in animal studies. Human trials should follow thereafter.The
combination of a nanosensor and coupled smartphone could be
used be used to track autoimmune disease and cancer.’

Dragony-Inspired Black Silicon Fights Off Bacteria

The scientists verify that the black silicon material
proved to be effective against an array of Gram-negative and
Gram positive bacteria as well as endospores. The researchers
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confirm that the breakthrough is the first "physical bactericidal activity of black silicon or indeed for any
hydrophilic surface.

Nanotech-Enabled Breathalyzer For Diabetics

In Western New England University Researchers have
developed a nanotech-powered breathalyzerprototype that can
detect acetone levels in the breath, which is theorized to correlate
toblood glucose levels. The technology, if commercialized, could
do away with the need for finger-prick-based testing of blood
sugar.The breathalyzer prototype is roughly the size of a book. The
researchers are working onshrinking the technology to yield a
breathalyzer with a similar size to those used by police todetect
blood alcohol content levels.

The Breathalyzer design is initially the size of abook which
is developed by Western New England University researchers.
Then further development isElectronBeam and Plasma Technology
FEP which are actually working a breath-analyzing
spectrometerthat is so tiny it can fit into a mobile phone.®These
breath-analyzing spectrometer is develop by Scientists from the TechnischeUniversitat Dresden (Germany)
and Fraunhofer.

CONCLUSION

Nanodevices and Nanomaterials for tissue repair and drug delivery is a medical application of
nanotechnology in the treatment of human diseases.

Recent progress in nanotechnology to design and engineer nanoparticles is counterpoised to
revolutionize the way we diagnose, monitor and treat corneal diseases. In ocular diseases Nanomedicinesmay
have applications as a next-generation ophthalmic treatment.

in the field of medicine the Nanobots have many applications .When the severe side effects of the
existing therapies are been considered, the nanorobots are found to be more innovative, supportive to the
treatment and diagnosis of vital diseases exhibit strong potential to diagnose and treat various medical
conditions like cancer, heart attack, diabetes, arteriosclerosis, kidney stones etc. allow us a personalized
treatment. Nanotechnology significantly improve the quality of life of patients New possibilities in
Nanomedicine also involve risks and raise sociological and ethical questions which must be analyzed and
debated.

FUTURE SCOPE,

With each day, the advance in nanoscale actuation brings us close to a world of nanotechnology. In
the mere future nanobotsas nanomedicinewould become integral part of medical fieldAn exhaustive
development effort could have a employed representation of the micro robot prepared within a year or two,
and this would definitely progress the development of nanotechnology

The Figure shows the four research and development areas which will probably receive the greatest
impetus from nanomedicine in the coming decades.
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Figure - Future development of nanomedicine

Future applications of nanomedicine will include activity monitors, biochips,, needle less

injectors,insulin pumps , glucose monitoring devices and drug injecting systems,medical flow sensors and
blood pressure. In future at its best it is hoped thatnanomedical machines will cover up the deficiencies by
replacing or improving the DNA molecules of body. What nanomedicine will be able to achieve in the
futureis beyond current imagination.
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ABSTRACT :

Dielectric properties of 2-Propanol-water and glycerol-water mixtures have been studied in this
paper. Time domain reflectometery(TDR) technique has been used in frequency range 10MHz to 20GHz to
determine the dielectric parameters at room temperature. Relaxation time gives orientation relation between
two mixtures. Dielectric constant, Kirkwood correlation factor, excess permittivity have been studied for
molecular interaction variation between two mixtures.

KEYWORDS : 2-Propanol, glycerol, water, TDR, dielectric parameters.

I. INTRODUCTION

Isopropyl alcohol (2-Propanol) have formula (CH3),CHOH with molecular weight 60.10g.mol™.
Glycol (G) have formula [CsHs(OH)z]with molecular weight 92.09g.mol™. Glycerol (G) and 2-Propanol both
have 2 carbon atoms and 8 hydrogen atoms only difference in Oxygen atoms, 2-Propanol have one and
glycerol have three atoms resp. Alcohols-water mixture dielectric studies have been carried out to investigate
hydrogen bond nature and molecular interaction between mixtures.[1-6] Both the liquids have industrial
importance and also soluble in water. Both the liquids have difference in molecular weight which causes
difference in their dielectric properties, in this paper we studied comparative differences of dielectric
parameters of both of aqueous solutions.

I1. EXPIMENTAL TECHNIQUE

The dielectric permittivity of all alcohol-water mixtures were measured by TDR in the frequency
range between 10 MHz to 20GHz. The Hewlett Packard HP54750 sampling oscilloscope with HP 5475A. A
TDR plug in module has been used. A fast rising step voltage pulse of about 40ps rise time was propagated
through a coaxial line system. SMA sample cell with 3.5mm outer diameter and 1.35mm effective Pin length
was used. All measurements were done under open load conditions. The time window chosen for the
measurements was kept at 5ns. First, the reflected pulse Ry(t) and R,(t) without and with sample in the cell,
respectively was recorded.The pulse Reflected through the sample R,(t) was compared with the reflected
pulse without sample Ry(t).

111.RESULT AND DISCUSSION
The complex permittivity spectra, [8*(0))= 8'(0))— jS"(oo)] where, 8'((0) is real component known
as dielectric dispersion and 8"(03) is imaginary component known as dielectric loss of given liquids.The

dielectric relaxation parameters like static dielectric constant (€,), relaxation time (7) and distribution
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parameters (c.andf) are obtained by the non-linear least squares method to the Havriliak-
Negamiexpression[7]

(80 - 8oo)
[1+(jcor)1_°‘]3 W

With ao,sw,r,aandﬁ are the fitting parameters. The equation includes the Cole-Cole (B=1),

Davison-Cole (o=0) and Debye (o =0, =1) relaxation model. The values of the errors are estimated by
assuming 2% errors in the values of £'and €" from the goodness of fit of the data with eq.(1).

100
80 - a L 3
= ¢
60 | n " ¢
m " A
80 m .
40 B .
L 2
*
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H Glycerol
0

0 10 20 30 40 50 60 70 80 90 100

Vol. % of water

Fig.1. Static dielectric constant Vs VVol. % of water of 2-Propanol and Glycerol.

Variation of the static permittivity (€, ) as a volume fraction of water concentration is shown in Fig.1.

The static permittivity increases as the concentration of water in both the liquids 2-Propanol and Glycerol
increases.The value of static dielectric constant of Glycerol is twice than that of 2-Propanol, this difference is
only due to difference in their molecular weights.
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Fig.2. Relaxation time Vs Vol. % of water of 2-Propanol and Glycerol.
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Variation of relaxation time (1), as a volume fraction of water in 2-Propanol and Glycerol is shown
in Fig.2. The relaxation time (t) decreases as the concentration of water increases in both the mixtures. The
relaxation time of 2-Propanol is smaller than the Glycerol. This difference is relaxation time is also due to
difference in their molecular weights difference between them.

The Kirkwood correlation as determined from the dielectric constant gives information about
collective orientation correlation between molecules.[8] The calculation of Kirkwood correlation factor ‘g’
provides information regarding the hindrance of molecular orientation by neighboring molecules. The
deviation of ‘g’ from unity is a measure of degree of hindered relative molecular motion arising from short
range intermolecular forces. When the molecules tend to direct themselves with parallel dipole moments, ‘g’
will be greater than unity. If the molecules prefer an ordering with anti parallel dipoles, ‘g’ will be smaller
than unity.

For a mixture, the Kirkwood correlation factor ‘g’ can be expressed as follows:

2
[(SOi &y )(250i +&, )/980i ] = 4m/9KT Z gipi“'iz (2)

i=1

where i=1,2 represent water and 2-propanol or glycerol, respectively; L, is their dipole moment in
gas phase, p; is the density, k is the Boltzmann constant, T is the temperature, €, and €_; are the static

dielectric constant and dielectric constant at high frequency. ‘g’ is the Kirkwood correlation factor for the
i liquid system.

The interpretation of the dielectric phenomena in terms of the Kirkwood correlation factor is very
difficult for mixtures of associating compound.

(i) In the first model, we have assumed that the mixture can be represented by one correlation factor g as
follows:

[(SOm ~€m )(280m +e.m )/980m] = [47t/9kT]g e [pmlflrzn] (3)

To calculate g? values, we have taken dipole moment of 2-Propanol, Glycerol and water as 1.70D,
2.67D and 1.84D respectively. The value (€, )is taken as the square of the refractive index data. We believe

that g”defined by eq.(3) is a reasonable measure of the molecular correlation. The observed value is greater
than unity in water-2-Propanol and water-Glycerol mixtures,but Fig.5 shows that the values of water-2-
Propanol and water-Glycerol mixtures aresimilar. The high values of g indicate average parallel orientation
of electric dipoles in a molecule. It can be seen that as water is added in 2-Propanol and Glycerol at regular

steps in the mixture, the values of g@increases. The correlation factor is essentially connected to the total

orientation polarization and the dominating contribution to it is embodied in(sOm —Swm). To calculate the
Kirkwood correlation factor (g%) from eq. (3) is not fully legitimate since in the investigating binary system,
the water-water, water-2-Propanol, water-G and 2-Propanol-2-propanol, G-G correlation exit.

(i) It is impossible to determine ‘g,’and ‘g, ’ from a single value of the static dielectric constant

without some assumption. In the second model, the Kirkwood correlation factors for individual species i=1,2
are modified by assumed for 2-Propanol-water, Glycerol-water mixtures that two kinds of intermolecular
hydrogen bonds exist. One is the hydrogen bond between the water molecules, another is the hydrogen

bond between the 2-Propanol, G and water molecules. These new correlations ( g, and g, ) are described by
the relation as follows

g, =1+2,,cos ¢, +Z,,C08 (P12(H2 /Hl) (4)
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9 :1+221005(P21(“1/H2) (5)
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Fig.3. Variations of g values for 2-Propanol and Glycerol with water mixtures.
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Fig.4. g, values for different 2-Propanol and Glycerol with water mixtures.
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Fig.5. g,values for different 2-Propanol and Glycerol with water mixtures.
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The excess dielectric constant parameters approach is useful which may provide some trend
regarding the interactions. The contribution of hydrogen bonds to the dielectric properties of mixtures is

studied in terms of the excess static dielectric constant. The excess permittivity (85) may also provide

structural information. This is determined for the 2-Propanol-water and G-water aqueous solutions as
follows.[8]

85 :(SO)M —[(SO)WX1+(SO)A(1—X1)] (6)

where (80)M, (So)wand (SO)A represent values static dielectric constant corresponding to mixture,

water and alcohol, respectively and ‘ X, ’is the mole fraction of water.

The excess permittivity (sg )may provide qualitative information in the mixture as follows:
(i) 85 = 0 indicates that water and 2-Propanol or Glycerol do not interact at all.

(ii) sg <0 indicates that water and 2-Propnol or Glycerol interaction is such that the total effective dipolar
polarization get reduced.

The resulting excess dielectric constants of water-2-Propanol and water-G mixture are shown in
Fig.8.The negative values of excess permittivity were observed. The negative values of excess parameter
suggest that the addition of 2-Propanol and Glycerol to water may create multimeric structure leading to
decrease in the total permittivity. The hydrogen bonded model gives quantitative agreement with the
experimental data of excess dielectric constant of the mixture. Excess dielectric constant of 2-Propanol-
water mixture have greater negative value than the G-water mixture..

—&— 2-Propanol

—@— Glycerol

0 01 02 03 04 05 06 07 08 09 1

Vol. % of water

Fig.6. Excess permittivity of 2-Propanol and Glycerol Vs volume fraction of water.

IV.CONCLUSIONS

In this paper dielectric properties have been compared between 2-Propanol-water and Glycerol-water
mixture. Static dielectric constant of both the mixture have same pattern and have large difference in their
values. There is large difference found in relaxation time of 2-Propanol-water mixture and Glycerol-water
mixture because of greatermolecular weight of Glycerol. The Kirkwood correlation factor for both mixtures
shows nearly similar association effect. Excess permittivity shows in 2-Propanol-water mixture interaction in
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molecules is grater may be due to extra —OH group. Both aqueous solutions have similar no. of carbon atoms
and H atoms but molecular weightsare different which makes a difference in dielectric properties.
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ABSTRACT :

Polycrystalline samples of PbZr,Ti,.O; [referred as PZT] where x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 have
been synthesized by a high-temperatures solid-state reaction technique. One of the objectives of this work
was to optimize carefully the process variables which influence the structural and microstructural properties
of the samples prepared. Structural phase evolution studies of PbZr,Ti,..O3 (PZT) system have been carried out
as function of Zr/Ti ratio using room temperature X-ray powder diffractometric studies. The analysis of the X-
ray diffraction patterns (XRD) for the sample with 0.0 < x < 0.4 confirmed the tetragonal phase formation and
no impurity peaks were observed. With increase in Zr content i.e. for x = 0.6 and 0.8 the observed diffraction
peaks indicate the presence of rhombohedral phase in this composition range. With further increase in Zr
content i.e. x = 1.0 the observed diffraction pattern confirmed the presence of single phase orthorhombic
structure. The average linear particle sizes for all the compositions estimated using Scherrer’s formula lie in
the rang 400-500 nm. Microstructural studies for all the samples have been carried out using scanning
electron microscopy (SEM). The SEM analysis of the samples also showed nearly uniform grain distribution
i.e. uniform microstructure with no abnormal grain growth. The values of average grain size were obtained
using mean intercept method and the value of grain size lie between 1-2 um. Vibrational spectroscopy data
obtained in the wavenumber region 350 to 800 cm’for the samples showed characteristic peaks
corresponding to the vibrational modes of perovskite structure and a shift in the frequency of the peaks
towards the lowered side with the increase of Zr content have been observed.

KEYWORDS : A. Powders: solid state reaction; sintering; B. Electron microscopy; Grain size; Porosity; X-ray
methods; D. PZT; Perovskites; E. Capacitors .

1. INTRODUCTION

A solid solution of perovskite ferroelectric PbTiO; and antiferroelectric PbZrOs; in different Zr/Ti ratio
has been considered as an important material for a wide range of piezoelectric, pyroelectric and ferroelectric
device applications such as transducers, computer memory and display and pyroelectric sensors [1,2]. The
physical properties or device parameters of lead zirconate titanate (PZT) can be tailored by synthesizing the
material with improved processing techniques and making suitable substitutions at A and/ or B- sites. The
properties of these substituted ferroelectric are greatly influenced by the manner in which B-site cations are
distributed and ordered on the B-site of lattice. It is important to understand the influence of the Zr/Ti ratio
on the properties, such as structural phase evolution, electric and dielectric properties, the piezoelectric
constant, the coupling factor etc.
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Although PZT ceramics have been established in technological applications for years [3], the
microstructure of this class of materials is still under investigation and the atomistic phenomena that cause
the strong extrinsic piezoelectric and ferroelectric effect have not yet been completely understood, neither
the mechanisms of its degradation. So far, the microstructure of PZT’s close to the morphotropic phase
boundary (MPB) of the quasibinary phase diagram of lead titanate has not been completely elucidated. The
structural phase evaluation in the PbZrO;-PbTiO; is strongly composition dependent.

Lead titanate zirconate PbZr,Ti,.,O; solid solutions noted PZT, which crystallize in various distorted
perovskite-type structures, are well-known for their dielectric and ferroelectric properties. The PZT binary
phase diagram can be roughly described in three areas at room temperature [3]: the rhombohedral Zr-rich
region is separated from the tetragonal Ti-rich one by a morphotropic phase boundary (MPB) in which the
two phases coexist. Above the Curie temperature, which increases with Ti content, all the compounds
crystallize in a paraelectric cubic phase (space group Pm3m). The compositions near the morphotropic phase
boundary are interesting due to their important piezoelectric response [4-6]. Moreover, the substitution of
modifier ions in PZT produces ceramics with highly improved piezoelectric properties as compared with the
parent composition [7-9]

The morphotropic phase boundary (MPB) has been believed to be a sharp transition, but in practice
the MPB has a finite range of compositions over which the tetragonal and rhombohedral phases coexist in
the materials. The width of the MPB has been investigated by several workers in different Pb based
perovskite ferroelectric systems and the width has been found to be related to the distribution of cations on
the B-site of the perovskite lattice [10-12].

Many factors have been found to influence the non— uniformity of composition of PZT near the
MPB, such as particle size of starting powders, surface area and purity. More important however, are
process variables such as calcination temperature, sintering time and temperature and the method
employed to minimize PbO loss. The volatility of the PbO component of PZT at high temperatures makes the
stoichiometry difficult to control. Either an excess or a deficiency of PbO can degrade the properties of the
material. Excess PbO is usually added to compensate for loss of PbO during the synthesis by solid-state
reaction. In the present work the loss of PbO is compensated by adding excess PbO (5%).

Polycrystalline samples of PbZr,Ti,O; [referred as PZT] where x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 have
been synthesized by a high-temperatures solid-state reaction technique. The objective of this work was to
optimize carefully the process variables which influence the structural and microstructural properties of the
samples prepared. Structural phase evolution studies of PbZr,Ti,.,O; (PZT) system have been carried out as
function of Zr/Ti ratio using room temperature X-ray powder diffractometric studies. Microstructural studies
for all the samples have been carried out using SEM. IR studies have been performed to understand the
effect of the substation of Ti/Zr on the vibrational modes. The IR measurements were performed on powder
samples at room temperature in KBr matrix.

2. EXPERIMENTAL

Polycrystalline samples of PbZr,Ti,,O; [for x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) were synthesized from
high purity ingredients via PbCO; (99.9% purity; Aldrich chemicals), ZrO, (99.9% purity; Aldrich chemicals)
and TiO; (99.9% purity; Loba chemie.) using a high-temperature solid-state reaction technique in an air
atmosphere. To prevent PbO loss or vaporization during the high-temperature sintering, 5% by weight
excess of PbO was added. The excess PbO helps to compensate for the lead evaporation during sintering
process. The constituent compounds in a suitable stoichiometry were thoroughly mixed and wet ground
using an agate mortar and pestle for 2 hr. The sieved fine powders were then calcined in an alumina crucible
at temperature ranging from 450-550°C for 8 hr. in air atmosphere and brought to room temperature under
slow cooling. The process of grinding was repeated and the ground material was sieved through 75um (200
mesh). The sieved fine powder was cold pressed into cylindrical pellets of size 10mm and 1-2 mm of
thickness using hydraulic press at a pressure of 50 MPa. The pellets were sintered in an air atmosphere at
900°C for 12 hr. The formation and purity of the compounds were checked by an X-ray diffraction (XRD)
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technique. Densities of the sintered pellets were measured by Archimedes principle. Porosity was evaluated
from the observed and theoretical densities (X-ray). The grain morphology and average grain size were
determined using SEM. The average grain size was determined by using a linear intercept method. The
average particle size was also determined from the full width at half maximum using Scherrer’s equation [13]

The X-ray diffraction pattern of the compounds were recorded at room temperature using X-ray
powder diffractometer (Xpert Pro-PAN Philips) with CuK, radiation (A = 1.5418 A) in a wide range of Bragg
angles 26 (10° < 26 < 80°) with a scanning rate of 0.02°. The surface morphology of the pellets was studied by
scanning electron microscopy (SEM) (JEOL JSM- 6360 A). The FTIR data of PbZr,Ti,,O; was recorded using
computer controlled FTIR-8400 Shimadzu spectrophotometer in the wave number range 4000 to 400 cm™ in
KBr medium at room temperature (25°C). The experiment was carried out in an inert atmosphere. The
optical resolution for data collection was 4 cm™.

3. RESULTS AND DISCUSSION

Fig.1 shows the room temperature x-ray diffraction patterns of PbZr,Ti,,O; for different x values.
The XRD pattern show sharp diffraction peaks, which indicate a better homogeneity and crystallization of the
samples.
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Fig. 1 Room temperature X-ray diffraction patterns of PbZr,Ti,.,0; (0.0 £ x < 1.0).

The X-ray diffraction patterns for the samples with x = 0.0, 0.2 and 0.4 were indexed in the
tetragonal system and a good agreement between calculated and observed (d) values for all observed
diffraction peaks of PZT with x = 0.2 and 0.4 confirm the tetragonal phase formation. No impurity peaks were
observed. With increase in Zr content i.e. for x = 0.6 and 0.8, the position of observed diffraction peaks
indicate the presence of rhombohedral phase in this composition range. With further increase in Zr content,
i.e. x = 1.0 the observed peaks confirm the presence of single phase orthorhombic structure. All the
reflection peaks were indexed using observed interplanar spacing (d) and lattice parameters of PZT were
determined using a least squares refinement method. All the calculations were done using a computer
program package “Powder X”. The observed peaks positions were compared with the information from the
“JCPDS” data base to identify the phases present and to index the peaks. Table 1 lists the value of unit cell
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parameters (a, b, c), unit cell volume, density and porosity of PbZr,Ti,O; for different x values. The average
linear particle sizes for all the composition estimated by using Scherrer’s formula are presented in Table 1.

Table 1 Value of unit cell parameters (a, c), Unit cell volume, density and porosity of
PbZr,Ti; 03, (0.2 < x £ 1.0).

Composition Lattice Parameter Unit Fraction of Porosity
x) S ; 5 Cell theoretical
Zr/ Ti a(d) b (&) c(&) o Vol.c| Density (%) (%)
(deg) V(&)°

02/0.8 39476 39476  4.1185 90 64.18 91.6 8.3
0.4/0.6 39985 39985  4.1237 90 65.93 91.9 8.0
0.6/04 4089  4.0896  4.0896 8991 68.39 89.9 10.0
0.8/02 4.0976 4.0976  4.0976 89.95 68.80 91.6 8.3
1.0 5.8893  5.8840  4.0995 90 142.06 94.3 5.7

Figs.2 (a)-(e) show SEM images of the surfaces of PZT ceramics. It is clear from the nature of
micrographs that the grains are nearly spherical in shape and do not show the presence of any microcracks.
The image analysis also showed nearly uniform grain distribution i.e. uniform microstructure with no
abnormal grain growth. The average grain size was determined by using mean linear intercept method [14].
The values of average grain size obtain from SEM micrograph are also listed in Table 2.

Fig. 2 SEM micrographs of PbZr,Ti,.,O; at (A) x = 0.2, (B) x= 0.4, (C) x = 0.6, (D) 0.8, (E) x = 1.0.
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Fig. 3 shows the IR spectra from 350-800 cm™ of Pbzr,Ti,0; (PZT) for x = 0.2, 0.6 and 1.0
composition. The characteristic bands of Pb-O and Ti-O at 500-700 cm™ are observed. The spectra show a
characteristic peak appearing at a wave number ~575 cm™ in case of all the samples. It is found that a shift in
the frequency in the lower side of the spectrum in accordance with the relation:

1 |k
V=—7m |—
2 \u

Higher the mass of substituents the shift in frequency as a result would be towards the lower side of
the spectrum. Zirconium is heavier than titanium, results in shift of peak towards lower side on being
substituted at the site of Ti. This result also supports that the substitution of Zr take place in Ti site and not in
oxygen octahedral site.
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Fig. 3 FT-IR spectra of PbZr,Ti,.,O; ceramics for x = 0.2, 0.6 and 1.0.
Table 2 Particle size (XRD), Grain size (SEM) and phase and space group of PZT.

Composition Particle Size  Average grain Phase &
(x) Space
Zr/Ti (nm) size (um) Group
02/0.8 515 1.38 T (P4mm)
0.4/0.6 498 2.28 T (P4mm)
0.6/0.4 476 2.35 R (R3m)
0.8/0.2 454 1.67 R (R3m)
1.0 491 1.35 O (Pbma)

4. CONCLUSIONS

Lead Zirconate Titanate [referred as PZT] powder samples have been synthesized by solid-state
reaction in accordance with the formula PbZr,Ti,.,O; with compositions 0.0 < x £ 1.0. The structural analysis
performed from X-ray powder diffraction data (XRD) reveals that the tetragonal phase exists in the
composition range 0.2 < x £ 0.4 and rhombohedral phase exist in the composition range 0.6 < x < 0.8. For x =
1.0 the sample exhibited orthorhombic phase. The morphological studies using SEM showed nearly uniform
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grain distribution i.e. uniform microstructure with no abnormal grain growth. Analysis of IR data showed the
characteristic peaks corresponding to the vibrational modes of perovskite structure and a shift in the
frequency of the peaks towards the lowered side with the increase of Zr content has been observed.
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ABSTRACT :

Chemical bath deposition of CdznS is achieved by the slow release of sulphide ions and the
controlled release of cadmium and zinc ions in solution. However the difference in the solubility products of
CdS and ZnS by several orders usually narrows the chalcogenide operating window, this coupled with the
difference in their stability constant makes CdZnS CBD process very difficult. We report the deposition and
optimization of the growth parameters that maximizes the thickness of the deposited film in alkaline solution.
The Optical and electrical properties characterized by UV-Vis spectroscopy and I-V characteristics method.
The absorption of CdS is shifted higher wavelength and band gap was decreased. The composited CdZnS
band gap increases with decreases in absorption. The band gap of CdS and CdznS thin film are 2.02eV and
2.20eV respectively. The electrical properties shows the current increases of CdznS thin film. The opto-
eletrical properties of CdZnS thin film has superior compared CdS thin film confirmed by studies.

KEYWORDS : CdznS, thin film, Optical absorption, Band Gap etc.

INTRODUCTION

Ternary derivatives of CdS have generated a lot of research interest for applications in the field of
optoelectronic devices. One such ternary compound is Cadmium Zinc Sulphidehave generated a lot of
research interest for applications in the field of optoelectronic devices [1-5]. One such ternary compound is
Cadmium Zinc Sulphide. (CdZnS) which is gaining prominence as good candidate for wide band gap material
for photovoltaic and photo-conducting devices [4-9]. Its band gap can be tailored from 2.42eV (CdS) to 3.7eV
(ZnS). The addition of Zn to CdS enhances the open-circuit voltage and shortcircuits current in hetero-
junction devices as a result of the decrease in the window absorption losses [4-12]. CdZnS films have been
deposited in various ways: Sol Gel, Physical Vacuum evaporation (PVD), Spin coating, Successive lonic
Layer Adsorption and Reaction method (SILAR) and chemical bath deposition (CBD) [2-5]. Among these
techniques CBD is favoured because it is relatively simple, inexpensive and scalable technique for the
deposition of high quality and large area films. The CBD process is performed by slow release of S* and
controlled free Zn®* and Cd** ions in an alkaline solutionThiourea (CS(NH.),) and thioacethamide
(CH3CSNHy) are two sulphiding agents commonly used [6-10]. A chelating agent is used to limit the
hydrolysis of the metal ion and impart some stability to the bath, which would otherwise undergo rapid
hydrolysis and precipitation. The proper chalcogenide operating window is further narrowed and the process
made more difficult due to the different stability constants of the Cd and Zn precursors. As a result of these
difficulties, some researchers have resorted to the use of multilayer processing. Acidic bath deposition has
also been investigated. This has been based on the successive acidic bath deposition of ZnS, with the use of
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urea hydrolysis in the control of the pH. It is thus argued that if CdS could be successfully deposited from
similar bath, the possibility of depositing the true ternary compound could be improved as the problem of the
gross insolubility of Zinc hydroxyl specie would be reduced at low pH [10-12]. Adherent orangeyellow films
were obtained at a ph of 9.2. We report the alkaline deposition of CdZnS and the investigation of the various
deposition parameters to obtain optimum film thickness.

EXPERIMENTAL WORK

Cdzns thin films were deposited on Menzel-glazer glass slides. The chemicals used were 0.015M
cadmium acetate (Cd(CHsC0QO),), 0.015M zinc acetate (Zn(CHsCOO),) and 0.05M thiourea (SC(NH,),). The
concentration of ammonium acetate (NH,CH3;COO) used as buffer was varied from 0.1-0.6M in steps of 0.1,
while ammonia solution (NH;OH) concentration was varied from 0.4-1.2M in steps of 0.2. The temperature
was also varied from 55- 85°C while keeping the ammonium acetate and ammonium hydroxide constant. A
25ml beaker was used as container for the reacting chemicals; this was immersed in a water bath and heated to
desired temperature with a hot plate. Cadmium acetate, Zinc acetate, ammonium acetate and thiourea were
first mixed in the 25ml beaker and heated to desired temperature, ammonia solution was then added and
substrates immersed vertically. The substrate had earlier been washed with detergent, rinsed in deionised
water, soaked in nitric acid, degreased in ethyl alcohol and then rinsed in deionised water [1-6]. The reacting
bath was agitated throughout the period of deposition. The film thickness was measured using weight-
difference-density consideration. The normal incidence absorbance spectrum of the film obtained at optimum
deposition parameter was measured UV- Vis spectrophotometer (perkin Lamda 25). The measurements were
taken from the near ultraviolet (300nm) to the near infrared (900nm) regions. The I-V Characteristics
measurements were taken under the light condition by using Keithely 2601 Instrument.

RESULT AND DISCUSSION
Figure 1 shows the basic mechanism of Chemical bath deposition (CBD) method. The chemical bath
deposition method has advantages such as low cost techniques, less instruments, easily producible as
compared physical techniques. Figure 2 shows the absorption spectra of CdS and CdZnS thin film in visible
range.Figure 2 shows the absorption spectra of CdZnS thin films as a function of wavelength. The absorption
decreases with increasing wavelength. A sudden decrement at absorption edge is observed in the absorption
spectra for each CdZnS composite [2-12]. f
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Figure : 1 Chemical Bath Deposition [CBD]

The band gap of CdS and CdZnS thin film were calculated by Tauc’s equation.In absorption spectra,
the absorption edge shifts towards the lower wavelength side with increasing Zn content in CdS. Figure 3
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shows band gap CdS and CdZnS thin films. The energy band gap of these CdZnS is 2.2eV. The CdS thin film
band gap 2.02eV.The film had a high enough long wavelength optical absorption for solar cell application [6-

11].
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Figure: 3 Energy band gap of CdS and CdZnS thin films

Figure 4 shows the electrical properties of CdS and CdZnS thin films studied by I-V characteristics
measurement at room temperature under 300 W/cm? illuminations light. The CdznS thin film shows
enhancement current as compared CdS thin film. Zn inserted in CdS nanocrystals due to current shifted in

higher range [1-9].
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Figure: 4 1-V Characteristics ofCdS and CdzZnS thin films

CONCLUSION

Cdzns films were deposited at a temperature of 75°C and a pH of between 9.2 and 9.7. Optimum film
thickness was obtained for ammonium acetate concentration of 0.3M and0.8M ammonium hydroxide. These
concentrations tend to minimize homogeneous reaction leading to improved film quality and thickness
maximization. The film had a high enough long wavelength optical absorption for solar cell application.The
Cdzns thin film was wavelength beyond the absorption edge for the optimum film thickness obtained. The
film had a band gap of 2.20eV of the CdZnS was determined. The enhancement of current of CdzZnS thin film
as compared CdS thin film.
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ABSTRACT :

The Pure and Fe- doped TiO, nanoparticles were synthesized by the sol-gel method and it annealed at
400°C for 2 hour. The Structural and Surface properties have characterized by using various techniques such
as X-ray diffraction (XRD), and Brunner Emmet teller (BET) technique. The pure TiO, XRD spectra revealed
that the synthesized sample is a Poly-crystalline nature with high intensity of peaks compared Fe doped TiO.,.
Both XRD spectrum shows anatase phase. The BET surface analyzer shows pore size and pore volume of pure
and Fe doped TiO, nanoparticles. The absorption spectra shifted to higher wavelength in visible ranger after
doping and band gap was decreases.

KEYWORDS : TiO, Nanoparticles, Sol Gel method, Surface properties, and pore size etc.

INTRODUCTION

Titanium dioxide (TiO,) is a well-known non-toxic, bio-compatible and corrosion-resistant material.
It is a significant material that has been widely used for a large number of applications in photovoltaic cells
batteries chemical sensing , optical emissions , photonic crystals , catalysis, photocatalysis , environmental
purification and biological templates due to its optical, chemical and mechanical properties[1-5] . It is
important to increase the specific surface area to obtain a high efficiency for these applications that are
commonly used with nanoscale TiO, materials. The use of TiO, nanoparticles is expanding day by day with
healthcare and various energy application. TiO, mainly exist in three crystalline nature polymorphs namely
anatase, rutile and brookite .Anatase is the most highly than the rutile and brookite [4-10] . TiO; is odourless
and insoluble in water. TiO, has the many application mainly as photocatalyst and healthcare, self cleaning,
sunscream, cosmetics. Air pollution and waste water treatment and drug deliver[10-14] .the doping of a fe**
ion reduces the recombination of the photogenerated electron and hole which leads to the enhancement of
photocatalytic activity of TiO,. In these present work | m synthesized the pure and Fe doped TiO,
nanopareticle photocatalyst by sol-gel method at the temperature 400 © ¢ the objective of these work is to
examine the role of fe doping on the phase transition ,average crystalline size and surface properties.

EXPERIMENTAL WORK

Take a stoichiometric quantity of ferric nitrate is dissolved in 80 ml of distilled water with add 5 ml of
Glacial Acetic acid stirring these solution mixture few minutes. Same as stoichiometric quantity of titanium
Isopropoxide is mixed with 70 ml ethanol and placed in stirring machine and constant stirring. Afte that two
solution were added dropwise together for 60 min under constant stirring. After that the obtained the sol-gel
were stirred constantly for 2 hours stirred and aged for the 2 days in room temperature .After these two days
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bottom of conical flask gel was formed and obtained precipitate were filtered and wash several [5-6] times
with ethanol and distilled water and dried for 12 hours at 100°c. The obtained material were ground and
annealed at 400° for 4 hours. After the annealed material was ground again and used further for
characterization. The samples were characterized by X-ray diffraction (XRD), and BET surface area analyzer
Bruker and Quantachrome ASiQwin system. X-ray diffraction measurements were carried out in the reflection
mode on a Rigaku model diffractometer with Cu Ka radiation (A = 0.154 nm). The nitrogen adsorption—
desorption isotherms were obtained at 77 K using Brunauer—-Emmett-Teller (BET) technique using a
Quantachrome ASiQwin system.

RESULT & DISCUSSION

[ have successfully synthesized a pure and Fe-doped TiO, photocatalyst by the Sol-Gel Method.
XRD is a very important experimental technique that has long been used to address all issues related to
the crystal structure of solids, including lattice constants and geometry, identification of unknown
materials, orientation of single crystals, preferred orientation of polycrystals, defects, stresses, etc [5-
10]. Figur (1) shows the XRD patterns of undoped and Figure (2) Fe doped nanoparticles. The observed
peaks could be indexed according to the anatase phase tetragonal structure of TiO, (JCPDS, No.
861157). All the samples had a high degree of crystallinity and there was a slight increase in
crystallinity on TiO, doping without any phase change [10-12]. Also, there were no obvious peaks
showing the presence of TiO; in the samples which indicated that TiO; did not form the crystal but
homogeneously distributed on the surface of TiO, [12-14].
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Fig 1:- X-ray diffraction spectra of Pure Tio2 nanoparticles
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Fig 2: X-ray diffraction spectrum of Fe-doped TiO, nanoparticles
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Figure (3) shows the undoped TiO, nanoparticles of BET graph and Figure (4) Fe doped TiO:
nanoparticles. The specific surface area of the powders was measured by the dynamic BET method, in
which N3 gas was adsorbed at 77 K using a Micromeritics system. The surface areas measured for the
Fe-doped samples were higher than that for the undoped sample 373.958m2/g. The high surface area
was due to the reduction of the TiO; crystallite size brought about by the Fe ions. However, there was
only a slightly higher surface area when the Fe content was than 0.5 wt% [5-12].
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Fig 3: BET graph of TiO, nanoparticles shows surface area
= S - —

o800

200

g8 84
g9 5 o

% 0] %0 o

e Bressure, 955

Fig 4: BET graph of Fe doped TiO, nanoparticles shows surface area

CONCLUSION

TiO, and Fe doped TiO, nanoparticles phase were synthesized by sol-gel method. XRD study
confirmed that the Fe doping resulted in the reduction of the crystallite size of TiO, from 16 to 18 nm due to
increase in surface area without any phase change. Both pure and doped nanoparticles shows anatase phase
confirmed by XRD techniques. Fe doped TiO, nanoparticles surface area increases and it shows enhancement
particles size.
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ABSTRACT :

The optical properties of copper oxide and bismuth oxide nanoparticles have been studied in the
present research paper. The nanoparticles were synthesized by chemical method using sodium hydroxide as a
templating agent. The synthesized materials were characterized by X-ray diffraction (XRD) and UV-Visible
(UV-Vis) spectroscopy. In XRD study, the peaks show single phase monoclinic structure and particle size of
copper oxide and bismuth oxide nanoparticles found to be 42.12 and 46.47 nm respectively. The absorption
spectra of copper oxide and bismuth oxide nanoparticles have been recorded and determined the absorption
peaks, approximately at 290 and 340 nm. The corresponding band gap values were estimated at 3.5 and 2.8
eV respectively.

KEYWORDS : Copper oxide; Bismuth oxide; Optical properties.

1. INTRODUCTION

All the aspects of material Science and Physics, metal oxides constitute the most diverse class of
materials covering properties. In recent years, worldwide researchers have focus their attention towards
materials having suitable properties with a variety of doping materials with which enhancement of properties
can be done.

There are number of metal oxides available in environment but some of the metal oxides are most
beneficial in accordance with their applications. Metal oxides have excellent thermal stability, good electrical
and optical properties. Transition metals are large in number and have number of applications in different
fields [1-2]. Among the oxides, transition metal copper oxide and bismuth oxide are of special importance due
to their applications. Copper oxide is use for the magnetic storage device, solar energy transfer, sensors, super
capacitors, chemical plants etc. Bismuth oxides is widely use in many applications such as fuel cells, medical
field, gas sensing and catalysis process.

Copper oxide is a P-type semiconductor with a direct bandgap of 2.0 ev [3]. Copper oxide
nanomaterial affects electron field emission properties due to their lower surface potential barrier than that of
the metals. Copper oxide is considered as a potential field emitter, an efficient catalytic agent, as well as good
gas sensing material. It also plays an important role in the optoelectronics and solar cell [4-5].

In particular, bismuth is suggested as an alternative to mercury for an environmental sensor. The
advantageous analytical properties of bismuth are attributed to its fused alloy formation with different metal
[6-8]. Bismuth oxide is a well-known transition metal oxide and it has been intensively studied due to
interesting thermal and electrical transport properties [9]. Semimetal bismuth has a highly anisotropic fermi
surface, low conduction band, effective mass and high electron mobility which is of great interest because of
its size induced semimetal to semiconductor transition [10-13].

In the present work, the optical properties of copper oxide and bismuth oxide nanoparticles are
highlighted using XRD and UV-Vis analysis.
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2. EXPERIMENTAL
2.1 Materials
copper nitrate, bismuth nitrate, sodium hydroxide were used for synthesis of nanoparticles.

2.2 Synthesis of Copper oxide nanoparticles

2 gm of sodium hydroxide dissolved in 50 ml of distilled water then 0.25 M of copper nitrate were
dissolved by constant stirring for 1 h. Blue colour precipitate of copper was collected by filtration. The
obtained copper oxide nanoparticle was dried in a vacuum oven at 80 °C for 2hr. and then collected copper
oxide nanoparticles.

2.3 Synthesis of Bismuth oxide nanoparticle

2 gm of sodium hydroxide dissolved in 50 ml of distilled water then 0.75 M of bismuth nitrate were
dissolved by constant stirring for 1lhr. white colour precipitate of bismuth was collected by filtration. The
obtained bismuth oxide nanoparticle was dried in a vacuum oven at 80 °C for 2hr. and then collected bismuth
oxide nanoparticles.

2.4. Characterization

Analysis of XRD and UV-Vis spectroscopy were confirmed the formation of oxide nanoparticles. X-
ray diffraction (XRD) studies were carried out using Rigaku X-ray diffractometer. UV-Vis measurements
were carried out on Perkin EImer- Lambada 25 model.

3. RESULT AND DISCUSSION
3.1 XRD STUDY

Fig .1 Shows the XRD Pattern of prepared copper oxide nanoparticles. Diffraction pattern peak shows
single phase monoclinic structure of copper oxide. The intensities and position peak are observed and
compared with (JCPDS file no. 05-661).

The size of copper oxide crystalline was determined by using Debye - Scherrer’s formula of eq. 1.

_ 092
- Bcosb ) (1)

Where, A is wavelength of X ray (0.154059) nm
B is FWHM (full width at half maximum) of diffraction peak.
O is position angle.
D is the size of particle.
The main diffraction peaks of good resolution reflect the good crystalline size. The average gain size
is approximately 46.12 nm
Fig 2 Shows XRD pattern of prepared bismuth oxide nanoparticle. Peak shows monoclinic structure
of bismuth oxide in diffraction pattern. The average crystalline size which has been determined by Debye —
Scherrer formula. Particle size obtained from XRD is 42.47 nm
The average particle size is less than 50nm are good agreement with the XRD result.
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3.2 UV-Vis SPECTROSCOPY STUDY

For the determination of optical band gap energy of crystalline and amorphous material, optical
absorption analysis is an important factor. To determine the nature and value of the band gap the fundamental
absorption corresponds to the electron excitation from the valence band to the conduction band can be used.
The optical band gap calculated from the following relation.

(ahv)" = A( hv- EQ)

Where absorption hv is the incident photon energy. [1 is the exponent that determine the type of
electronic transition causing the absorption and can take the value ¥ and 2 depending whether transition is
direct or indirect respectively.

The absorption spectra of copper oxide and bismuth oxide nanoparticle have been recorded using
lambda 25 UV -vis spectroscopy model at room temperature. The absorption peak is approximately 290 nm
and 360nm and their corresponding band gap value is 3.5ev and 2.6ev respectively.
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4.CONCLUSIONS

Copper and bismuth oxide nanoparticles has been successfully synthesized by chemical method.

Optical properties of oxide nanoparticles confirmed by XRD and UV -visible techniques.
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ABSTRACT :

In the present paper, pure and manganese-doped zinc oxide (Mn: ZnO) thin films based on the DFT
theory systematically investigated. We calculate the exchange interaction parameters of a classical
Heisenberg Hamiltonian for Mn-doped ZnO, Mn concentration between 0.10and 0.20 % by an ab initio
Korringa-Kohn-Rostoker coherent-potential approximation method in the framework of density functional
theory (DFT).The Zn atoms of ZnO unit cellhas easily substituted by Mn atoms along the [0001] direction.
For the calculation, we have used a standard crystallographic information file (CIF)as data. When we have
doped Mn in ZnO, it is observed that there is a decrease in the band gap and also show that some new
intermediate state occurred at the Fermi energy level. Which proves the candidature of this interesting
material engineering.

INTRODUCTION

Nanotechnology has brought revolution in the electronic world. It is the branch of physics that deals
with making structures that are less than 100 nanometers and also involved study, control, and manipulation
of them. Due to its extremely small size, it has proved a bonus to various electrical applications and hence to
the industries. In the last decade, there is been a great demand for nanomaterial technology and hence a lot of
work has been done in this field and still in progress.

In recent years, everyone is after the production of products which have uniformity in size and the
particles are smaller in size and mostly the material is powder based. It is seen that nanoparticles have
improved optical, electric and magnetic properties as compared to their bulk counterparts. This has led the
majority of researchers to put their keen interest in it.In this experiment, we have studied the effects on ZnO
when doped with Mn for different concentration. Also, we have seen that there is the formation of an
intermediate band which helps in various electronic properties. And this has various technological
applications.The Zinc oxide forms colorless hexagonal crystals or a white dusty powder. ZnO powder mainly
used in a calamine lotion is made(1). It is also used in a host of other creams and ointments that are used to
treat skin diseases. Zinc oxide is a basic ingredient without which piezo-electric converters, transparent
conducting oxides, sensors, luminous diodes, and optoelectronic or spintronic components cannot be dreamt
of. Also, zinc oxide-based semiconductors have its applications in transparent conductive layers in blue light-
emitting diodes, liquid-crystal screens, visitors, and thin-film solar cells(2).The sizes of ZnO particles used for
sunscreens are in the range of 20 to 60nm. Before being added, these very small
ZnO nanoparticles are coated with silicon or aluminum oxide. Manganese is a metal with important industrial
metal alloy uses, particularly in stainless steels.In physical property, Manganese (Mn) is a silvery-
gray metal that resembles iron. It is hard and very brittle, difficult to fuse, but easy to oxidize(3).Manganese
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metal and its common ions are paramagnetic. Manganese tarnishes slowly in air and oxidizes (“rusts") like
iron in water containing dissolved oxygen.In chemical property, The most common oxidation states of
manganese are +2, +3, +4, +6, and +7, though all oxidation states from —3 to +7 have been observed(4).

Optoelect
-ronics

Fig. 1 (a, b). Shows the application of the different dopant into the pure and doped ZnO structure.

It is observed that pure ZnO has an energy band gap of ~ 3.3 eV at room temperature and binding
energy as high as ~ 60 MeV. ZnO can also be used as a UV detector and is a metal oxide semiconductor.ZnO
is a semiconducting material which shows its characteristics which are excellent for optoelectronics and solar
cells(5).Among the I1-VI semiconductors, although Cadmium Selenide and Cadmium Telluride have shown to
be promising in solar cell applications, they are toxic and harmful to the environment. This type of
semiconductor have great potential in various applications and hence many research projects have been made
on Mn-ZnO like semiconductor recently. The importance, advantages of the doped system shown in Fig. 1

().

Computational Details

In the first principles calculation taking into account fully self-consistent density functional theory
(DFT) by solving the Kohn- Sham equation was performed using the MedeA-(VASP)Vienna ab initio
simulation package with the plane wave pseudopotentials to carry out the calculation of geometry
optimization and electronic structure. We have used the exchange-correlationterm and the generalizedgradient
approximations (GGA) given by Perdew-Burke-Ernzerhof (PBE). We usenorm-conserving pseudopotential
for Zn and O atoms that indicates the non-relativisticeffect. We used the Monkhorst-Pack scheme for k-
pointsampling of the Brillouin Zone (BZ) integration with 2x2x2 for the ZnO structure.The structural
optimization is obtained until the Hellmann-Feynman force acting oneach atom is less than 10-3 eV/A. The
DFT equation is solved via the projector augmented wave method using a plane wave basis set as
implemented in Vienna ab initio Simulation Package (VASP) interface with MedeA technology platform.

RESULT AND DISCUSSION:

Here, we have made the simulation using Generalised gradient approximation (GGA) of Density
functional theory (DFT) with the help of VASP, we have studied the electronic structure and it agrees with the
previously reported value. The standard crystallographic information file (CIF) data of the ZnO was used for
the DFT simulation of the pure and doped system, we have used the structure with a space group of P6_3mc
shown in Fig. 2. (a). The lattice parameters of standard ZnOwas a=3.289 A and c= 5.307A respectively.
Initially, we have optimized the pure unit cell and calculated the band structure (BS) and density of state
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(DOS) for the same structure. Further, we have replaced the Znatom with Mn and calculated the BS and DOS
respectively.

= W p-state

s-state
W d-state
B Total-DOS

e

ZnO (<)

ot ot 0 D (1)

Fig. 2. (&) Show the optimized structure of pure ZnO super-cell, (b) band structure (diagram) of ZnO
super-cell, (c) density of states with all the selected states.

For the pure ZnO super-cell, we got the bandgap energy value of ~ 1.2 eV (bulk-counterparts) at the
high symmetry gamma (g) point in the Brillouin zone respectively. Also, it shows the direct bandgap nature of
the optimized super-cell(6). The density of the state was also given reliable results which well matches with
BS results. Fig. 2(b) shows the estimated band structure of the pure ZnO. From DOS ~ 1.5 eV bandgap
energy value got for the DOS plot. There is no any intermediated state occurred here within the bandgap
region also suggested by DOS showed in Fig. 2 (c).

Fig. 3. (a) Show the optimized super-cell of the 1_Mn — ZnO. The same was used for the simulation
of this specific concentration (0.10%). There is a drastic change in the band diagram has been showing here
which includes some new band introduced at the Fermi energy level and some new intermediate states
occurred. Specifically, at the 0.10 % doping concentration, there is one or two bands are crossing the Fermi
energy level(7).The newly introduced bands are interestingly helping to charge transfer and technological
application such as optoelectronics and window layer for photovoltaics. The bandgap value is reliably
diminished here as compared to the pure ZnO semiconductor(8).
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Fig. 3. (a) Show the optimized structure of 1_Mn - ZnO super-cell, (b) band structure (diagram) of
1_Mn - ZnO super-cell, (c) density of states with all the selected states.

After the incorporation of anMn atom into the host semiconductor, the several changes occur in
valance band and the conduction band of the pure ZnO. The same phenomenon is observed in the DOS result
of this system(9). Fig. 3. (c)Shows the selected and deselected DOS of the 1_Mn - ZnO super-cell(9).Further,
the 0.20% doping of Mn in ZnO system we get the interesting results(10). Fig. 4. (a) Show the optimized
super-cell of the 2_Mn — ZnO in which 2 Mn atoms replaced with Zn atoms. The same was used for the
simulation of this specific concentration (0.20%). The distinguishable changes haveoccurredinto the band
structure and density of states of the simulated system. The occurrence of some new band at the Fermi energy
level and some new intermediate states occurred. Newly occurred intermediate states are more in number as
we compare to (~ 0.10%) results(11). Which clearly sounds that more doping concentration will be also
effective for the different technological application. At 0.20% doping concentration number of bands from the
conduction band are crossing the Fermi energy level towards the valence band. The newly introduced bands
are interesting helps to charge transfer and technological application such as optoelectronics and window layer
for photovoltaics(12). The bandgap value is reliably diminished here as compared to the pure ZnO
semiconductor. After the incorporation of an Mn atom into the host semiconductor, the several are changes
occur in valance band and the conduction band of the pure ZnO. The same phenomenon is observed in the
DOS result of this system. Fig. 4. (¢) Shows the selected and deselected DOS of the 2_Mn - ZnO super-
cell(13).
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Fig. 4 (a). Show the optimized structure of 2_Mn - ZnO super-cell, (b) band structure (diagram) of
2_Mn - ZnO super-cell, (c) density of states with all the selected states and

CONCLUSION:

In this manuscript, with the application of DFT calculations, we have studied the electronic structure
and bandgap properties of the Mn-ZnO for the 0.10 and 0.20% respectively.For the simulation and
optimization we have used the standard CIF data of ZnO having space group of P6_3mc. For the optimized
band structure and DOS shows approximately ~ 1.5 eV. Further, for the 0.10% of Mn, we get a decrease in
bandgap energy as well as a new introduction of new intermediate band states. For 0.20% of doping the
increase the intermediate states within the bandgap value at the Fermi energy level. This result confirms as
Mn act as donor impurity and the band gap is decreased.This has further technological applications.
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ABSTRACT :

Application of density functional theory the electronic properties and the trends of the sample MgO
have been studied by doping it with Si and Pb separately. With the doping of Si, it was found that there is a
change in the geometrical structure as well as the band gap.Thisagrees well with the theoretical
computationsreported earlier and the same was performed by doping with Pb, the results henceforth were
found to be changed in electronic properties.In both the cases, the Mg atom has been replaced by Si and Pb
independently which shows increment in band gap energy after assembled with Si and extreme decrement
after Pb doping. It is observed that there is an increase in the band gap when MgO is doped with Si and
decrease when doped with Pb.Several calculated results have beencompared with available experimental and
other theoretical data.

INTRODUCTION

In the contemporaryworld, there is a dire need of a better and compact technology and
nanotechnology has itsanswers.Therefore, nanotechnology is the most uprising and developing field at
present(1). Nanotechnology deals with the study, control,and manipulation of materials at the nanoscales,
typically having dimensions less than 100nm.Recently, the synthesis of metal oxide nanomaterials has drawn
a large attraction of researchers towards itself due to its potential application(2).

Probably, in most of the industries, they believe in producing their products in the form of fine sized
powders and materials(3). The improvement in the uniformity of the size and production of particles of
smaller size has been a great trend among the industries(4). As we study the bulk counterparts of the same
nanomaterials it is found to have a substantial increase in the electric,optical and magnetic properties and this
leads to a subject of interest for the researchers for the potential technological application(5).

The objective of our experiment is to study the effects on band gaps when MgO is doped with Si and
Pb separately which will help in various electronic properties.Magnesiumoxide (MgO) has been a spark for us
due to its high ionic character, simple stoichiometry and crystal structure(6). Due to its good reactivity and
vital applications in chemistry, physics and material sciences, MgO is a great place in the researcher
community.Exhibiting a rock salt structure, they have a great number of electronics and structural geometries
that describes metallic,semiconductor and insulator character, and it can be prepared in widely variable
particle sizes and shapes(7).It is seen that nanocrystalline MgO particles exhibit high specific surface and
reactivity, because of its high concentration of edge/corner sites.

As we dope MgO with Si, surely there is the formation of SiO,, alias Silica. Molar mass of SiO, is
60.1 g/mol and its melting point and boiling point are 1710°C and 2230°C respectively. Silicon dioxide is
stable in water and at high temperature.Due to its high availability, modern technology uses Silicon oxide
materials in various fields(8).The semiconductor devices have a basic need for chemical stability and good
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electrical insulation properties for its efficiency. The different applications of Si doping into MgO shown in
Fig. 1(a)(9). When our sample is doped with lead, it forms a lead oxide (PbO). Lead oxide is one of the most
promising photoconductive materials(10).The four most important criteria when potential Xx-ray
photoconductors are considered include: (1) high conversion gain; (2) high x-ray absorption efficiency; (3)
compatibility with large areadetector technology and (4) good photoconductive properties,PbO satisfies the
first three criteria shown in Fig. 1(b)(11).In this work, we have systematically investigated the electronic
structures by DFT of MgO doped with Si and Pb under a concentration of 0.10 % respectively. We have
investigated both the cases, in which dopant atoms replace the Mg atom and calculated the changed band gaps
and density of states.

High band
gap

_ Catalyst

Higher Increased

A Low cost
luminous o Stoduction resistivi
intensity S I

0 Pb
doped ranpuenslOp@ Synthesis

2 of
i conductin
Decreased M g 0 Ulsed o ide 8 M O refractory
dipole p.asma i
display ceramic
moment
panel Hi
surfaceto - (L

solubility and

conductance volume ry

b, ratio

Fig. 1 (a, b). Shows the application of the different dopant into the pure MgO structure.

COMPUTATIONAL DETAILS:

Two different quantum mechanical approaches, namely, the density functional theory (DFT) and
Hartree—Frock method (HF), are used in computer simulations of interface systems. However, there is a strong
separation of these methods depending on the periodicity of the model used. DFT theory is generally applied
for treating a3D periodical slab model and the HF approximation for treating a 2D periodical slab model.
Also, the DFT calculations are usually made with the plane-wave (PW) basis, whereas, HF calculations are
based on the linear combination of atomic orbital (LCAO).But, HF results in more approximate and inanimate
solutions.So, we focus on DFT and solve the problem by DFT analysis.Hence in this paper, we used the
density functional theory (DFT) which was performed using the MedeA-(VASP) Vienna ab initio
simulationpackage with the plane-wave pseudo-potentials, to carry out the calculations of geometry
optimization and electronic structures(12). The Brillouin zone integration was performed using 1 x 2 x 1
points for the cells. In an organized way the Si is doped in the MgO system and in another case, Pb is doped in
the same.The DFT calculations were performed using generalized gradient approximation (GGA) functional
with Perdew-Burke-Ernzerhof (PBE) to describe the electron-electron exchange and correlation effects. The
DFT equations were solved via the projector augmented wave method using a plane wave basis set as
implemented in Vienna Ab Initio Simulation Package (VASP) interfaced with the MedeA technology
platform(13).

RESULT AND DISCUSSION:

Using Generalised gradient approximation (GGA) of Density functional theory(DFT)with the help of
Vienna Ab initio Simulation Package (VASP), we have studied the bandgap structure and it agrees with the
experimental value.For the DFT simulation of the pure and doped system, we have used the standard
crystallographic information file (CIF) data of the MgO structure with a space group of Fm-3m shown in Fig.
2. (a). The lattice parameters of standard MgO are found as a=4.257A. Initially, we have optimized the pure
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unit cell and calculated the band structure (BS) and density of state (DOS) for the same structure(14). Further,
we have replaced the Mg atom with Pb and Si respectively and calculated the BS and DOS respectively.
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Fig. 2. (a) Show the optimized structure of pure MgO super-cell, (b) band structure (diagram) of MgO
super-cell, (c) density of states with all the selected states and (d) Total density of states of MgO super-
cell.

For the pure MgO super-cell, we got the bandgap energy value of ~ 4.7eV at the high symmetry
gamma (g) point in the Brillouin zone respectively. Also, it shows the direct bandgap nature of the optimized
super-cell. The density of the state was also givenreliable results which well matches with BS results.
Approximately 4.5 eV bandgap energy value got for the DOS plot. DOS also suggest that there is no any
intermediated state occurred here within the bandgap region(15). There is no d-state present for pure MgO

DOS because there is no d-state present for a single Mg-atom. Fig.2. (d)Show the total density of states with
all the states is deselected.
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Fig. 3. (a) Show the optimized structure of 1_Si - MgO super-cell, (b) band structure (diagram) of 1_Si -
MgO super-cell, (c) density of states with all the selected states and (d) Total density of states of 1_Si -
MgO super-cell.
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Fig. 3. (a) Show the optimized structure of the 1_Si — MgO super-cell the same was used for the
simulation of this concentration. There is a drastic change in the band diagram has been showing here. As we
have seen the direct-band of the pure MgO structure instantly changes to indirect band-gap material after the 1
Si atom replaced with an Mg atom. After the incorporation of a Si atom into the host semiconductor, the
several changes occur in valance band of the pure MgO(16). The same phenomenon is observed in the DOS
result of this system. Here we can easily find there is no. of ‘s’ and ‘p’ states occurred at the Fermi energy or
zero energy. Also, there are no. of new states introduced in both conduction and valance band side of the Si-
MgO structure. The newly occurred states could be helpful in the different technological and opto-electronic
applications.Fig. 3. (c, d)shows the selected and deselected DOS of the 1_Si - MgO super-cell.
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Fig. 4 (a). Show the optimized structure of 1_Pb - MgO super-cell, (b) band structure (diagram) of 1_Si
- MgO super-cell, (c) density of states with all the selected states and (d) Total density of states of l_Pb -
MgO super-cell.

Fig. 4. (a) Show the optimized super-cell of the 1_Pb — MgO. The same was used for the simulation
of this specific concentration (0.10%). There is a drastic change in the band diagram has been showing here.
As we have seen the direct-band of the pure MgO structure instantly changes to indirect band-gap material
after the 1 Pb atom replaced with an Mg atom. But, the bandgap value is consistently decreased here as
compared to the pure MgO semiconductor. After the incorporation of a Pb atom into the host semiconductor,
the several changes occur in valance band of the pure MgO. The same phenomenon is observed in the DOS
result of this system. Here we can easily find there is no. of ‘s’ and ‘p’ states occurred at the Fermi energy or
zero energy. Also, there are no. of new states introduced in both conduction and valance band side of the Pb-
MgO structure. Fig. 4. (c, d) shows the selected and deselected DOS of the 1_Pb - MgO super-cell. The newly
occurred states near to the Fermi energy will definitely prove the candidature of the Pb doped MgO
semiconductor is very much helpful for the technological applications(17).

CONCLUSION:

In the paper, through DFT calculations, the electronic structure and the band gap energiesofpure and
doped MgO have been studied. The optimized super-cell were used for the calculation having space group of
Fm-3m. The DFT result confirms that there is anincrease in the band gap of MgO when doped with Si and
also changed the nature of semiconductor form direct-band to indirect band semiconductor. For the pure MgO,
we got the Eg of ~4.7eV. Further, the same structure we assembled with the Pb atom and we get a different
result as Si doping. Pb doping is helped not only to decrease in band gap value but also it changes direct-band
to the indirect-bandgap semiconductor. The astonishing band engineering has a potential for photovoltaic,
thermoelectric andoptoelectronic applications.

Recent Advances in Nanotechnology
105



Review of Research Volume - 1| Issue - 3 | March - 2019

REFERENCE

1.

10.

11.

12.

13.

14.

15.

16.

J. More-Chevalier, S. Cichon, J. Bulir, M. Poupon, P. Hubik, L. Fekete, J. Lancok, Electrical and optical
properties of scandium nitride nanolayers on MgO (100) substrate. Aip Advances9, (2019); published
online EpubJan (10.1063/1.5056245).

H. Y. Lee, C. W. Lin, C. T. Lee, Aluminum-nanosphere-stacked MgNiO metal-semiconductor-metal
ultraviolet photodetectors. Journal of Alloys and Compounds773, 210-216 (2019); published online
EpubJan (10.1016/j.jallcom.2018.09.256).

B. S. Tao, P. Barate, X. Devaux, P. Renucci, J. Frougier, A. Djeffal, S. H. Liang, B. Xu, M. Hehn, H.
Jaffres, J. M. George, X. Marie, S. Mangin, X. F. Han, Z. G. Wang, Y. Lu, Atomic-scale understanding of
high thermal stability of the Mo/CoFeB/MgO spin injector for spin-injection in remanence. Nanoscalel0,
10213-10220 (2018); published online EpubJun (10.1039/c8nr02250j).

W. G. Liao, L. Wang, L. Chen, W. Wei, Z. Zeng, X. W. Feng, L. Huang, W. C. Tan, X. Huang, K. W.
Ang, C. X. Zhu, Efficient and reliable surface charge transfer doping of black phosphorus via atomic layer
deposited MgO toward high performance complementary circuits. Nanoscalel0, 17007-17014 (2018);
published online EpubSep (10.1039/c8nr04420a).

I. E. Castelli, S. G. Soriga, I. C. Man, Effects of the cooperative interaction on the diffusion of hydrogen
on MgO(100). Journal of Chemical Physics149, (2018); published online EpubJul (10.1063/1.5029329).
M. Ishikawa, M. Tsukahara, S. Honda, Y. Fujita, M. Yamada, Y. Saito, T. Kimura, H. Itoh, K. Hamaya,
Crystal orientation effect on spin injection/detection efficiency in Si lateral spin-valve devices. Journal of
Physics D-Applied Physics52, (2019); published online EpubFeb (10.1088/1361-6463/aaf37c¢).

B. C. Sertel, N. A. Sonmez, M. D. Kaya, S. Ozcelik, Development of MgO:TiO2 thin films for gas sensor
applications.  Ceramics International45, 2917-2921 (2019); published online EpubFeb
(10.1016/j.ceramint.2018.11.079).

E. Jimenez-1zal, H. C. Zhai, J. Y. Liu, A. N. Alexandrova, Nanoalloying MgO-Deposited Pt Clusters with
Si To Control the Selectivity of Alkane Dehydrogenation. Acs Catalysis8, 8346-8356 (2018); published
online EpubSep (10.1021/acscatal.8b02443).

P. C. Lou, S. Kumar, Generation and detection of dissipationless spin current in a MgO/Si bilayer.
Journal of Physics-Condensed Matter30,  (2018); published online EpubApr (10.1088/1361-
648X/aable2).

A. M. EIl Sayed, Modification of the micro-structural and optical properties of nanoparticulate Pb-doped
magnesia thin films. Materials Research Express5, (2018); published online EpubNov (10.1088/2053-
1591/aadc7b).

C. B. Yeager, S. Trolier-McKinstry, Epitaxial Pb(Zr-x,Ti1l-x)O-3 (0.30 <= x <= 0.63) films on (100)MgO
substrates for energy harvesting applications. Journal of Applied Physics112, (2012); published online
EpubOct (10.1063/1.4754015).

N. P. Huse, A. S. Dive, K. P. Gattu, R. Sharma, An experimental and theoretical study on soft chemically
grown Cus thin film for photosensor application. Materials Science in Semiconductor Processing67, 62-
68 (2017); published online Epub2017/08/15/ (https://doi.org/10.1016/j.mssp.2017.05.010).

G. M. M. Gubari, S. M. Ibrahim Mohammed, N. P. Huse, A. S. Dive, R. Sharma, An Experimental and
Theoretical Study of Cu0.2Zn0.8S Thin Film Grown by Facile Chemical Bath Deposition As an Efficient
Photosensor. Journal of Electronic Materials47, 6128-6135 (2018); published online Epub2018/10/01
(10.1007/511664-018-6491-3).

A. S. Dive, K. P. Gattu, N. P. Huse, D. R. Upadhayay, D. M. Phase, R. B. Sharma, Single step chemical
growth of ZnMgS nanorod thin film and its DFT study. Materials Science and Engineering: B228, 91-95
(2018); published online Epub2018/02/01/ (https://doi.org/10.1016/j.mseb.2017.11.018).

B. Cheng, H. W. Qin, L. Liu, J. H. Xie, J. F. Hu, Mechanism of polar catastrophe cancelling induced by
charge compensation for epitaxy gamma-Fe203 film on MgO(001) substrate: A theoretical investigation.
Superlattices and  Microstructures120, 377-381  (2018);  published online  EpubAug
(10.1016/j.5pmi.2018.05.065).

A. Miyamoto, H. Kikuchi, H. Onuma, H. Tsuboi, M. Koyama, N. Hatakeyama, A. Endou, H. Takaba, M.
Kubo, C. A. Del Carpio, Electronic structure and electrical conductivity of MgO protecting layer in

Recent Advances in Nanotechnology

106



Review of Research Volume - 1| Issue - 3 | March - 2019

plasma-display panels: A tight-binding quantum chemical study. Journal of the Society for Information
Display15, 307-313 (2007)10.1889/1.2739800).

17. R. Topolnicki, R. Kucharczyk, Early stages of growth of Pb, Sn and Ge on Ru(0001): A comparative
density functional theory study. Thin Solid Films665, 123-130 (2018); published online EpubNov
(10.1016/j.tsf.2018.08.040).

Recent Advances in Nanotechnology
107



REVIEW OF RESEARCH

IMPACT FACTOR : 5.7631(UIF) ISSN: 2249-894X

VOLUME - 1 | ISSUE - 3 | MARCH - 2019

A DFT STUDY OF THE EFFECTS OF Cd DOPING ON ELECTRONIC
STRUCTURE AND BANDGAP ENERGIES OF ZnO

S. Thorat*, P. Khedkar®, F. Khan®, M. T. Chakma?®, A. S. Khune®, V. Khnadelwal®, D. Age®,
K. Rathod?, S. Humbe®, D. Tonpe®, A. S. Dive®, K. Gattu”® and Ramphal Sharma® "
®Department of Physics, Dr. Babasaheb Ambedkar Marathwada University,
Aurangabad 431004, India.

*Thin Film and Nanotechnology Laboratory, Department of Physics, Dr. Babasaheb Ambedkar
Marathwada University, Aurangabad 431004, India.

* Corresponding authors: -rps.phy@gmail.com

ABSTRACT :

Tailoring the energy gap of ZnO through the doping of Cd into the ZnO an intriguing material
forthephotovoltaic and optoelectronic application. Inappropriately, the Cd doing into the ZnO is unstable,
because of the structural differences between the pure hexagonal ZnO and cubic Cd. Here, we reportthe
density functional theory (DFT) study of wurtzite (WZ) ZnO doped with— up to 0.20% of the Zn atoms were
replaced by a Cd. The optimized ZnO showed a band gap energy of ~ 1.5eV while alloying with Cd dopants
efficiently reduce the electronic band gap of ZnO and inturn, the absorption edge and optical energy gap are
red-shifted. For the higher doping new band are occurred near to the Fermi energy which helps to reduce the
band gap energy. Therefore the ZnO alloyed with Cd is the potential alloy in the field opto-electronic or solar
energy applications.

INTRODUCTION

ZnO is a stimulating and multifunctional semiconductor that plays a principal role in 1I-VI
semiconductor family. The wide and direct band gap of ~ 3.2 eV, intrinsically transparent nature over the
whole visible and ultraviolet range, abundant availability, low cost, high chemical and make ZnQO particularly
attractive for photovoltaic (PV) and solar cell applications.ZnO is often highly doped with atomic impurities,
and there now exists considerable academic research efforts to control ZnO doping to both improve existing
physical properties and add new material dimensionalities, including varying the optoelectronic, magnetic,
magneto-optic, optoelectronic properties(1). The current ZnO application range includes many transparent
electronic and photonic devices, such as solar cells, blue and ultraviolet light-emitting diodes, flat panel
displays, among many others. ZnO based transparent conducting nanotechnology is moderately new science,
it has innumerable applications in everyday life. Nanotechnology is the design characteristics production and
application of structures, devices,and system by controlling shape and size at a nanometric scale(2). The
guantum mechanical effects are important and so nanotechnology definition shifted from a particular
technological goal to research and technologies that deal with the special properties of matter which occur
below the given size threshold. The main intent of nanotechnology is to assemble self-portrait nanosystem that
is ultra small in size exhibit supper sensitivity, extraordinary multi-functionality,and extremely low power
utilization so scientists currently debate the future implications of nanotechnology(3).The study of the effects
on band gaps when ZnO is doped with Cd is the main objective of our experiment which will help in various
electronic properties. It will increase appreciably the conducting behavior of ZnO and amplify other
properties. Hence the properties of ZnO doped with Cd are studied.
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Photocatalyst

Fig. 1. Application of pure and doped ZnO.

We have to increase electronic states of semiconductor ZnO, so we choose Cd. For reducing the band
gap of ZnO, the Cd is most suitable because one and only one Cd can decrease the band gap of ZnO up to ~
3.2 eV. The Zn and Cd having covalent radii 122 and 144pm respectively. And lonic radii of Zn is 88pm and
Cd is 109pm(4). With few deformations, Cd can set in place of Zn in ZnO lattice structure as Cd having very
large radii.ZnO: Cd is formed when we doped ZnO with Cd. ZnO: Cd is stable in air and at high temperature.
The semiconductor like Cd-ZnO have great potential in various applications and hence many research projects
have been made recently(5). The importance, advantages of the doped system shown in Fig. 1 (a).

COMPUTATIONAL DETAILS

Here, the theoretical calculations in the framework of ab initio density functional theory have been
performed. The entire DFT calculations have been performed using the Vienna ab initio simulation MedeA-
VASP code, along with the MedeA software package. All the systems have been studied under generalized
gradient approximation (GGA) with Perdew—Burke—Ernzerhof (PBE) exchange and correlation. Throughout
the calculations, the size of the supercell has been considered to be 2 x 2 x 2 unit cell. The structural
optimization is obtained until the Hellmann-Feynman force acting oneach atom is less than 10-3 eV/A. The
DFT equation is solved via the projector augmented wave method using a plane wave basis set as
implemented in Vienna ab initio Simulation Package (VASP) interface with MedeA technology platform. The
Brillouin zone (BZ) of the supercells has been divided by 2 x 2 x 2 Monkhorst—Pack (MP) k-points.

RESULT AND DISCUSSION:

Using generalized gradient approximation (GGA) of Density functional theory (DFT) with the help of
MedeA-VASP simulation package, we have studied the electronic structure and it agrees with the earlier
reported. The internationally recognized and published standard crystallographic information file (CIF) data
used for the optimization and simulation of ZnO and Cd-doped ZnO system, we have used the structure with a
space group of P6_3mc shown in Fig. 2. (a)(6). The lattice parameters of the standard ZnO structure was
a=3.289 A and c= 5.307A respectively and having stable hexagonal wurtzite structure. Initially, we have
optimized the pure unit cell and calculated the band structure (BS) and density of state (DOS) for the same
structure. Further, we have replaced the Zn atom with Cd and calculated the BS and DOS respectively(7).For
the pure ZnO super-cell, we got the bandgap energy value of ~ 1.2 eV (bulk-counterparts) atthe high
symmetry gamma (g) point in the Brillouin zone respectively. Also, it shows the direct bandgap nature of the
optimized super-cell(8). The density of the state was also given reliable results which well matches with BS
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results.Fig. 2(b) shows the estimated band structure of the pure ZnO. From DOS ~ 1.5 eV bandgap energy
value got for the DOS plot(9). There is no any intermediated state occurred here within the bandgap region
also suggested by DOS showed in Fig. 2 (c).

m p-state
s-state

W d-state

W Total-DOS

Fig. 2. (a) Show the optimized structure of pure ZnO super-cell, (b) band structure (diagram) of ZnO
super-cell, (c) density of states with all the selected states.

Fig. 3. (a) Show the optimized super-cell of the 1 Cd — ZnO. The optimized Cd-ZnO further used for
the simulation of this doping concentration as one atom of Cd (0.10%). The doping effect can easily
differentiate here as bandgap value was decreased from ~1.5 eV to 0.7 eV. There is a bandgap difference in
the experimental and theoretical results is a well-known problem because of nano and bulk materials bandgap
difference(10). Some new band introduced at the Fermi energy level and some new intermediate states
occurred. The newly introduced bands are fascinatingly helping to charge transfer and technological
application such as optoelectronics and window layer for photovoltaics(11). The bandgap value is reliably
diminished here as compared to the pure ZnO semiconductor.After the incorporation of an atom into the host
semiconductor, the several changes occur in valance band and the conduction band of the pure ZnO(12). The
same phenomenon is observed in the DOS result of this system. Fig. 3. (¢) Shows the selected and deselected
DOS of the 1_Cd - ZnO super-cell. Further, the 0.20% doping of Cd in ZnO system we get the interesting
results.

|\
1_Cd-ZnO e

Fig. 3. (a) Show the optimized structure of 1_Cd - ZnO super-cell, (b) band structure (diagram) of 1_Cd
- ZnO super-cell, (c) density of states with all the selected states.
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Fig. 4. (a) Show the optimized super-cell of the 2_Cd — ZnO in which 2 Cd atoms substituted with Zn
atoms in the initially optimized ZnO unit cell. Thedistinctdeviationhaveariseninto the band structure and
density of states of the simulated system. The occurrence of some new band at the Fermi energy level and
some new states occurred at conduction band.Also, there are several new states occurred on DOS graph of
0.20% Cd-ZnO below the Fermi energy level. Newly occurred states are more in number as we compare to (~
0.10%) results. Which clearly echoes that more doping concentration will have different technological
applications(5). At 0.20% doping concentration number of bands from the conduction band are not crossing
the Fermi energy level since we could say that higher doping concentration also keeps ZnO indirect band
semiconductor. The newly introduced band'sconduction band region are interesting and helps to charge
transfer and technological application such as a photodetector, visible light sensors and window layer for
photovoltaics. The bandgap value is reliably diminished here as compared to the pure ZnO semiconductor.
After the incorporation of an atom into the host semiconductor, the several are changes occur in valance band
and the conduction band of the pure ZnO(13). The same phenomenon is observed in the DOS result of this
system. Fig. 4. (c) Shows the selected and deselected DOS of the 2_Cd - ZnO super-cell.
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ZnO (c)
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Fig. 4 (a). Show the optimized structure of 2_Cd - ZnO super- ceII (b) band structure (diagram) of 2_Cd
- ZnO super-cell, (c) density of states with all the selected states and

CONCLUSION:

In the present manuscript, we have successfullyperformed the reported results based on the electronic
structure and band gap properties investigation of pure and Cd-doped ZnO semiconductor. For this, we have
used the standard CIF data file as input file space group of P6_3mc. We have studied the electronic structure
and bandgap properties of the Cd-ZnO for the 0.10 and 0.20% respectively.For the optimized band structure
and DOS shows approximately ~ 1.5 eV. For the 0.10% of Cd, we get a decrease in bandgap energy as well as
a new introduction of new states in the conduction band region. For 0.20% of doping,there is a strong decrease
in band gap energy and also shown newly occurrence of states.The results reported here will have several
technological applications and will definitely attract the researcher community.
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ABSTRACT :

In present research paper, the investigation of transference number measurements poly(vinyl
acetate)/polyindole composite films are reported. The prepared composites are analyzed via DC conductivity
and transference number measurements. The activation energy, electronic band gap energy and transference
number measurement values are reported. The value of the ionic transference number is ranges over
98.98-99.17 %, reflects that charge transport in the composite film is mostly dominated by ions.

KEYWORDS: Poly(vinyl acetate)/polyindole;composite.

1. INTRODUCTION

The polymers are investigated in various generation such as, polymers (insulator), conducting
polymers (semiconductor), copolymers, conducting polymer derivatives, conducting polymer composites,
conducting polymer nanocomposites, etc. Moreover, these materials show different properties than basic
polymers. The materials as well as synthesis methods could affect the properties. The new generation
composite materials have enhanced electrical, optical, mechanical, physical properties as compared to basic
conducting polymers. These composite materials have the potential application in various electronic devices.
In recent years, polyindolegot more research attraction as a conducting polymer as well as it shows the more
attractive properties as compared to other. Polyindole and its composites have lots of potential application in
electronic devices [1-11].

Some research were investigated the polyindole via different synthesis methods and studied its
various properties. These are, Kuyuncu et al. determined the electrokinetic as well as electrorheological
properties of poly(vinyl chloride)/polyindole (PVC/PIN) conducting composites [12].Goel et al. fabricated
polyindene as well as polyindole nanostructures [13].Joshi et al. synthesized gold nano assemblies in
polyindole matrix using two phase oxidative polymerization of indole using HAuUCI, as the oxidizing agent, at
the aqueous (0.5MHCI)/dichloromethane interface [14]. Zhijiang et al. investigated the characteristics of the
polyindole film doped with a Li ionic salt for use as a cathode electrode [15].

The goal of the reported paper is to investigate the transference number measurements of develop
poly(vinyl acetate)/polyindole composite films via chemical polymerization. Moreover, examination of the
activation energy, electronic band gap energy and transference number measurements of prepared composite
materials. The electronic band gap of developed composites can confirm the semiconducting nature. The
determination of transference number measurements could be reflects the effect of ions and electrons on the
conductivity of composite films.

2. EXPERIMENTAL
All procured and used chemicals were analytical grade (AR). Moreover, indole as monomer, ferric
chloride (FeCls) used as oxidizing agent, methanol used as organic media (solvent) and all were purchased
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from SD Fine Chemicals, India. The poly(vinyl acetate) (PVAc) used as polymer buy d from Himedia
Chemicals, India.

The poly(vinyl acetate)/polyindole (PVAC/PIN) composite films were developed at room temperature
by chemical oxidative polymerization method. The ferric chloride (FeCl;) was utilized as dopant for oxidative
polymerization. The detailed about the synthesis technique of poly(vinyl acetate)/polyindole (PVAC/PIN)
composite films by dopant ferric chloride was reported in my previous reported paper [16].

The two probe technique as a function of temperature was used to carry out the DC conductivity
measurements of the synthesized samples. The DIGIMATIC micrometer with a least count of 0.001 mm was
utilized to determine the thickness of the films. As—synthesized filmswerecoated to place electrodes on both
sides with a graphite block. The DC polarization method was utilized to record transference number
measurements.

3. RESULTS AND DISCUSSION
The dc conductivity results

The dc conductivity (og) Of the poly(vinyl acetate)/polyindole (PVAC/PIN) composite films was
estimated via the sample dimensions method. The highest value of dc conductivity of prepared films
containing 30 wt% of oxidant calculated as 4.46 10°° S/cm at 383 K. The activation energy necessary to
conquer the potential barrier is estimated at 0.605 eV. The dc conductivity of composite films enhances with
increase in concentration of dopant up to 30 wt%, and thendecline with more increase in wt% of dopant
concentration. Furthermore, the activation energy values are decline with an increase in dopant concentration
up to 30 wt% and then raises with further raise in wt% of dopant is display in table 1 and also reported in
previous article [17].

The dc conductivity values of PVAc/PINcomposite films reflect a random nature investigated from
figure and table.The least squares straight—line fitting is utilize to estimate the activation energy of all
developed composite samples. The values of activation energy has beenestimated via equation,

E4. = —(slope).kgT Q)
Where, Eq is the activation energy, T is the absolute temperature and kg isBoltzmann’s constant.The
values of the dc conductivity (o4) at temperature 308 K and 383 K, activation energy (E4.) for the different
wt% of the PVAC/PIN composite films are listed in table 1.

Table 1: The dc conductivity (e4) at 308 K and 383 K, activation energy (Eqc).
Sample o64x 10 (S/cm) at  64.x10° (S/cm) at  Activation energy

308 K 383 K Eq (eV)
10 wt% 1.01 0.602 0.624
20 wt% 4.19 1.96 0.617
30 wt% 9.93 4.46 0.605
40 wt% 1.85 0.987 0.620
50 wt% 0.576 0.38 0.625

Determination of electronic band gap
The electronic band gap of composites has been calculated throughgiven relation [18],

E, = —2.303 X 2kg X (slope) x 103 (2)
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Where, kg is Boltzmann’s constant, Eqis electronic band gap. The electronic band gap of samples are
calculated in the range 2.78—2.87 eV. The obtained electronic band gap values reflect the semiconducting
nature of PVAC/PIN composite films. The values of dc conductivity (o4) at temperature 308 K and 383 K
electronic band gap (E,) for different wt% of PVAC/PIN composite films are listed in table 2.

TRANSFERENCE NUMBER MEASUREMENTS

The determination of the total ionic transference number (ti,n) and electronic transference number (tee)
contributions to the total conductivity was obtained from transference number measurements. The
measurement of the transference number was performed at room temperature. A constant 5V dc potential
applied across the film was used to investigate the time dependence of the current. The ti,, and tee numbers
can be calculated from figure 1 using Equations (3) and (4).
[19-24].

I;_1
Eion == I, ! 3

tere = 100 — t5, (4)

Where, I; is the primary value of current at starting point and Isis final value of current on getting
saturation.In the figurel, the plot (current versus time) up to 300 seconds is presented because after it current
becomes steady up to 6000 seconds that shown in inset of figure. Figure 1 shows a plot of the time
dependence of the current that displays the characteristic behavior for ionic charge transport. After a certain
time, the total current becomes nearly constant at a certain non—zero value. The residual current is primarily
due to electrons and holes.
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Figure 1: Plot of time dependence of current.

The value of the ionic transference number is found to be 98.98-99.17 %, implying that charge
transport in the composite film is mostly dominated by ions. The values of ionic transference number
measurements are given in table 2. These values reflect the domination of ionic conductivity. The values of

electronic band gap (E,) and ionic transference number (tio,) for different wt% of PVAC/PIN composite films
are listed in table 2.

Recent Advances in Nanotechnology
115



Review of Research Volume - 1| Issue - 3 | March - 2019

Table 2: Electronic band gap (E,) and ionic transference number (ti,n).

Sample Electronic band gap lonic transference
(Eg) eV number (tion)

10 wt% 2.87 99.17

20 wt% 2.84 99.03

30 wt% 2.78 98.98

40 wt% 2.85 99.06

50 wt% 2.87 98.77

The estimated electronic band gap energy values represent the semiconducting nature of PVAC/PIN
composite films. Moreover, the composite materials display the application potential in electronic devices
from electronic band gap values.

4. CONCLUSION

The successful preparation of PVAC/PIN composite films is carried out via chemical polymerization
method through the dopant ferric chloride. The electronic band gap energy is determined in the range
2.78—2.87 eV. Moreover, the activation energy values of composite films are found in the range 0.605—0.625
eV. The ionic transference number is evaluated ranges over 98.77-99.77 % that represents the domination of
ionic conductivity over electronic conductivity.

ACKNOWLEDGEMENTS

Author is very much grateful to Principal, Arts Science and Commerce College, Chikhaldara for providing
necessary facilities. Moreover, author is grateful to Principal, Nehru Mahavidyalaya (Arts, Commerce and
Science) Nerparsopant, Yavatmal for support in research and publication.

5. REFERENCES

1) P. Kar, A. Choudhury, Adv. Polym. Technol. 32 (2013) 760-770.

2) M. T. Ramesan, J. Appl. Polym. Sci. 128 (2013) 1540-1546.

3) D.J. Bhagat, G. R. Dhokane, Mater. Lett. 136 (2014) 251-253.

4) J. Simitzis, D. Triantou, S. Soulis, J. Appl. Polym. Sci. 118 (2010) 1494-1506.

5) M. Yurtsever, E. Yurtsever, Polym. 43 (2002) 6019-6025.

6) D.J. Bhagat, G. R. Dhokane, Appl. Sur. Sci. 351 (2015) 1440—1445.

7) G. Nie, X. Han, J. Hou, S. Zhang, J. Electroanal. Chem. 604 (2007) 125-132.

8) A. Lengalova, V. Pavlinek, Q. L. Cheng, P. Saha, Int. J. Mod. Phys. B 21 (2007) 4883(1-9).
9) D.J. Bhagat, G. R. Dhokane, J. Inorg. Organomet. Polym. Mater. 27 (2017) 46—52.

10) G. Chakraborty, K. Gupta, A. K. Meikap, R. Babu, W. J. Blau, J. Appl. Phys. 109 (2011) 033707(1-9).
11) X. G. Li, H. Feng, M. R. Huang, G. L. Gu, M. G. Moloney, Anal. Chem. 84 (2012) 134-140.
12) K. Koyuncu, H. I .Unal, O. Y. Gumus, O. Erol, B. Sari, T. Ergin, Polym. Adv. Technol. (2011).
13) S. Goel, N. A. Mazumdar, A. Gupta, Appl. Surface Sci. 256 (2010) 4426-4433.

14) L. Joshi, R. Prakash, Mater. Lett. 66 (2012) 250-253.

15) C. Zhijiang, Y. Guang, Synth. Met. 160 (2010) 1902-1905.

16) D. J. Bhagat, G. R. Dhokane, J. Mater. Sci. Mater. Electron. 27(11) (2016) 11790—-11797.
17) D. J. Bhagat, G. R. Dhokane, Electron. Mater. Lett. 11 (2015) 346—351.

18) D. J. Bhagat, G. R. Dhokane, AIP Conference Proc. 1728 (2016) 020171(4).

19) D. J. Bhagat, G. R. Dhokane, Chem. Phys. Lett. 619 (2015) 27-31.

20) E. Sheha, Solid State lonics 180 (2009) 1575-1579.

Recent Advances in Nanotechnology
116



Review of Research Volume - 1| Issue - 3 | March - 2019

21) S. S. Sekhon, S. Chandra, J. Mater. Sci. 34 (1999) 2899-2902.

22) M. Jaipal Reddy, C.H. Ramesh, J. Siva Kumar, U.V. Subba Rao, Int. J. Appl. Eng. Res. Dindigul. 2
(2011) 147-156.

23) A. F. Naomi, G. R. Kevin, D. R. Sadoway, Electrochim. Acta 46 (2001) 3351-3358.

24) S. S. Das, V. Srivastava, P. Singh, Indian J. Eng. Mater. Sci. 13 (2006) 455-461.

Recent Advances in Nanotechnology
117



REVIEW OF RESEARCH

IMPACT FACTOR : 5.7631(UIF) ISSN: 2249-894X

VOLUME - 1 | ISSUE - 3 | MARCH - 2019

EVALUATION OF ANTIBACTERIAL ACTIVITY OF SOME TRADITIONALLY USED
MEDICINAL PLANTS (AEGLE MARMELOS, POMEGRANATE, BRYOPHYLLUM
PINNATUM) AGAINST E. COLI.

Nivrutti W. Bagalkar* , Jayshree R Netkar* and Ankita R. Tathod
Department of Microbiology J.D.P.S. College Daryapur

ABSTRACT :

A present study was Con du ctedtoi sola ted, identiied and characterized the E .Coli from
contaminated water and check it antibiotic activity against Aegle Marmelos, Pomegranae Bryophyllum pinna
tum & the Mix ture of (Aegle Marmelos, Pomegranae Bryophyllum pinna tum leafs) from this plants are
collect and collect plants leafs are dried and crus he did. Then prepared fine powder and applied for whats
man filter paper and observer the zone of inhibition against E. coli. The maximum growth of inhibition was
seenunder the pomegranate & mixture of (Aegle Marmelos, Pomegranae Bryophyllum pinnatum).

INTRODUCTION

Multiple drug resistance in human pathogenic microorganisms has been developed due to
indiscriminate use of commercial antimicrobial drugs commonly used in the treatment of infectious diseases,
so for that plants provide a wealth of antimicrobial agents which can be used has anal ternate source of
antibiotics. Plant sere use for the medicinal source natural products maintaining the human health. Plants are
prospective source of antimicrobial agents in different countries ™.

Antibiotics resistance become serious and white spreads problem developing countries bot him
hospitals and common alit y can us in g each other .Scientific investigations of medicinal plants have been
initiated in many countries because of their contributions to health care. The primary benefits of using plant-
derived medicines are relatively safer than synthetic alternatives, offering profound therapeutic benefits and
more affordable treatment'?.

Plant produces a wide variety of secondary metabolites which are used either directly as precursors or
as lead compounds in the pharmaceutical industry. It is expected that plant extracts showing target sites other
than those used by antibiotics will be active against drug resistant microbial pathogens. However, very little
information is available on such activity of medicinal plants and out of the 4, 00,000 plant species on earth,
only a small number has been systematically investigated for their antimicrobial activities™® Gram negative
bacterium such as Escherichia coli is present in human intestine and causes lower urinary tract infection,
coleocystis or septicaemial™.

In the present study use for the various type of medicinal plants. That have the potential to be use has
antimicrobial agent sagain st E Coli to con du can timi crobi al activity assays against E Coli isolated byturbid
water. The three plan tan done mixture of (Aegle Marmelos, Pomegranae, Bryophyllum pinna tum leafs).

MATERIAL ANDMETHODS

Collection of bacteria we accrued bacteria from the contaminated water in the sterilized the container
the inoculate don prepared nutrients agar plate for isolation after which we isolated the microorganisms. Then
this microorganisms inoculated in Mac Con key agar an incubate at 37°c for24-48 hours after which we
isolated the pure microorganisms.
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Bacterial colony identification and external morphology study

The use of spread plate method the bacterial colony identified and external morphology becomes
studied for nutrient agar media used. Consequently 100 ml of nutrient agar media was prepared for the four
poetry plate the nutrient agar media become autoclaved and then poured in four poetry dishes which have
been sterilized in auto claved. Then these rail dilution of 10210% and 106 we selected and from that 0.1 ml of
way of life turned into transferred from each serially diluted test tubes and speed at the petri plates. Then the
petri dishes were stored within the incubator for 37°C for 24 hours for the incubation and boom of
microorganisms. After 24 hrs. Of petri dishes were taken out Sub quant bacterial outside morphology have
been studied.

Pure Culture Isolation of Bacteria

The well developed and selected colonies were recognized on the Mac Conkaya garplate shave been
marked after which those spread colonies have been chosen and though the in oculating need leand streaked
separate lying the test tube having the nutrient gar slant for the growth of single colonies of bacterial culture
of microorganisms. Take a test tube had been marked after the staring of chose ncolonies from the petri plates
have been left insidetheincubatorat37°Cfor24hrsovernightforgrowthand incubation .After the in cubation the
pure culture sine single day special species of bacterial culture Slants evolved in take a test tube have been in
addition picked and purified.

Microscopic Study

The pure culture of colonies that received in test tubes was put for the gram staining for the
identification of colonies. The gram staining accomplished in laminar air flow. The slide is ta ken for the
slide rack. The slide has been washed with ethanol. The inoculating needle loop full staring had been picked
from each take a look at tube and made a smear on the slide rhea slide were then the taken in the staining
room for three staining smear. The smear strain are following steps a) rest applied for the Crystal violate on
each slide for the 30 sec. b) Distilled water wash. C) lodine as a slide is used for the mordant for a 1min.
Then 95% of alcohol washes and then washes distilled water. d) Safranin become applied on the slide and
wash with distilled water. For (then the slide are dried. The entire gram staining techniques was done
following the Christian gram technique !,

Identification of baste rialisola tes through bio chemical test

The isolated from the contaminated water turned into recognize up to preliminary bases on morphological
structures and biochemical tests as laid out Bergey's guide determinative Bacteriology ™ the biochemical tests
are become finished with the aid ofl”. Which protected like g ramstaining, IMViC reaction cata lastest,
dehydrogenasetest citrateutilizationtest, oxidation fermentation test nitrate reductiongelatine hydrolysis test,
ureahyd rolysistest, Indolpro duction test triplesugariron(TSI) carbohydrates fermentation test.Forisolated
bacterial identification asper Bergey's manual we performed test IMVIiC test show in doll Methyl red, voges-
Pros kaur(\VVP) and citrate. Then Gelatinase, catalase,nitrate,oxideseH, S. .

Collection of plants
The three medic in AL plant steste din this stud yare show nine table .This easily available
inenvironmentWe collected the fresh plants leaves Bel,Patra,Pomegranate.

Sr.no LocalName Scientific name

1 Bel Aegle Marmelos

2 Patra Bryophyllum pinnatum
3 Pomegranate Punica Granatum

TABLE 1: SELECTED PLANTS
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Preparation of fine powder

Wet area three medicinal plants eaves Bel, Pome granate. part the n this lea veswa shed with
distilled water to defuse the unwanted material and air dried and dry the under sunlight the temperature of
daylight is 42-43°C for 48 hrs after we scrub and grind this leaves. The new discovered the fine powder.
Then the sterilized airoven and store in sterile container.

Preparation of sterile disk

Whatman's filter out paper became punched into 5Smm disc from and they sterilized each sterile disc.
Precaution has been taken to prevent the flow of the powder extract from the discs to the outer surface. The
amassed powder extracts had been carried out in small quantities on disc.

Assay of antimicrobial activity using agar disc diffusion method

The sensitivity of different bacterial strains to the aqueous plant extracts was measured using a
standard agar diffusion assay . The 30 ml of nutrient agar became poured in to sterile petriplate, after
solidification 100 pl of fresh culture of E.coli had been poured on the respective plates. After some time
culture turned into discard from agar plate. Then take sterilized forceps and follow the disk carefully in center
of agar plate .The plates had been incubated for 24-48 hour at 37°c. After incubation the diameter of
inhibitory zone shaped around each discs were measured in cm and recorded.

RESULT AND DISCUSSION

The aim of the present study was first upon collection of E.Coli and compares the antimicrobial
activity of Bel, Pomegranate,patra leaves. On the basis of cultural character, Morphological character (colony
color, shape and size) and biochemical character isolated bacteria was identifying. Following character was
compare with ‘BERGEY"’S. Isolated bacterial result was given in following tables.

1) Gram Negative (-ve)
2) Spore Non- spore forming
3) Motility Motile

1) Indol Positive (+ve)

2) Methyl Red Positive (+ve)

3) Voges-proskauer (VP) Negative (-ve)

4) Citrate Negative (-ve)

5) Gelatinase Negative(-ve)

6) Nitrate Positive(+ve)

7) Catalase Positive(+ve)

8) Oxidase Negative(-ve)

9) H,S Negative(-ve)

10) Glucose Positive(+ve)

11) Lactose Positive(+ve)

12) Sucrose Positive (+ve)

13) Galactose Positive(+ve)

Table no. 3: Biochemical test
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After analyzing the colony morphology on cultureing medium, colony morphology checked into in
addition studied on the selective media. When the secondary identification on selective media, all samples was
tested microscopically right here the shape size and motility checked and also the gram staining technique is
followed. When observe on top of check currently we tend to conformed isolated bacterium culture was
E.Coli.

Measurement of Antimicrobial Activity using Agar Well Diffusion Method

In present study selected medicin alplantsthatare Bel Pomegranate, patrahad plantsleavesare collected to test
in antimicrobial activity at E. Coli from contaminated water sample by "Agar diffusion technique” And the
Diameter area if inhibition become measured inmm.Antimicrobial activity of selected plants of E. Coliis
given table no 4. Maximumzone of inhibitionpomegranate plants leaves against E. coli (0.9 mm) andthe lowest
zone of inhibition is bel (0.2 mm) and average zone of inhibition in against patra (0.3 mm) and the zone of
mixture is (0.7 mm). Various researchers have worked in exploring the antimicrobial potency of leaf extract
against infectiousbacteria!®.One of the effort that Bel pomegranate patra plants exhibition the antimicrobial
activity against isolated E. Coli strain. Which suggested the clinically useful?

Sr.No | Medicinal plant Zone Of inhibition
1) Bel 0.2
2) Pomegranate 0.9
3) Patra 0.3
4) Mixture of plant 0.7

Table no. 4: zone of inhibition

0-9
\° o)

0.9 - M zone of inhibituion

0.8 - oo

Bel pomegranate patra Mixture of plant

Fig.1: Graph of zone of inhibition against E.Coli

The present study was conducted to obtain preliminary information on the antimicrobial activity of
three traditional medicinal plants of India. Plant extracts are potential sources of novel antimicrobial
compounds especially against bacterial pathogens. Through this in vitro study, we could see that three plant
extracts inhibited the growth of clinical isolates of E. coli but their effectiveness varied.

Over the past few decades, a number of publications have been reported on the antibacterial activities
of extracts from medicinal plants ™%
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Pomegranatepeel is used to treat infections present in human sexual organs as well as mastitis, acne,
folliculitis, pile, allergic dermatitis, tympanitis, scalds, diarrhea, dysentery and as an antioxidant e
results obtained from the present study provide evidence that Bel Pomegranate,patra plant exhibit antibacterial
activities against isolated E.Coli strain, which suggests that they may be clinically useful. Out of this plant
pomegranate plant show more zone of inhibition as compared to other plant.

CONCLUSION

The current study has identified E.coli bacteria from turbid water and checks its antimicrobial activity
against Aegle Marmelos, Pomegranae, Bryophyllum pinnatum. It was investigated that pomegranate plant
showed maximum zone of inhibition against E.coli. Hence here we concluded that for controllingE.coil
infection use Pomegrande leaves.
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