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Approach and its Antibiofilm Activity
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ABSTRACT

Zinc oxide (ZnO) is group II-VI binary compound with direct and wide band gap inorganic compound
semiconductor material whose absorption in the near UV spectral region with band gap of (3.37 eV at 300 K),
large free-exciton binding energy ("60 meV). Calotropis procera plant effectively used as antifungal agent as
well as it contains various bioactive compound such as phenolic, terpenoids, polysaccharides, flavonoids and
other proteins. The synthesized sample has been characterized by X-ray diffraction (XRD) reveals that
hexagonal crystal structure and no any other peaks were observed in the pattern which is an indication of
formation of pure phase of ZnO. UV-Vis-Diffused reflectance Spectroscopy (UV-DRS) shows absorption edge
at 368 nm with corresponding energy band gap is 3.36 eV, which confirms the formation of ZnO. Field
emission scanning electron microscope (FE-SEM) shows a spherical shape of morphology and X-ray

dispersive X-ray analysis (EDAX) gave information about the presence of Zn and O elements in the samples.

Synthesized sample explored of candila albicans biofilm it shows about 30% inhibition of biofilms.

Keywords : ZnO, Green Synthesis, Calotropis Procera, Biofilm, Candila Albicans.

I. INTRODUCTION

ZnO nanostructures have gain the great attention for
its potential applications in various fields like
varistors, gas sensors, field emitters and solar cells [1].
Green synthesis method make uses of practically
pollutant free chemicals to synthesis nanomaterials
and hold the use of compassionate solvents such as
water, natural extracts [2]. In the biological or green
synthesis methods which includes the uses of plant
extract, fungi, microbes, and extracts of fruit and
vegetables are precious for the synthesis of metal and
metal oxide nanoparticles (NPs) [3]. In worldwide
research many reports are available for green

synthesis of ZnO NPs mediated by plant extract such

as Azadirachta indica [3], Artocarpus gomezianus [4],
Orange fruit peel extract [5], Moringa oleifera leaf [6],
Maple leaf [7],

Phyllanthusniruri [9], Brown marine alga Sargassum

Plectranthus amboinicus [8],
muticum [10]. The green synthesized ZnO NPs are

explored for different applications such as
photocatalytic activity [2], antibacterial activity [4],
[11], [12],
pharmacological activity[13] and insecticidal activity
[14].

Green synthesis or biological method there are some

toxicity therapeutic  efficiency

advantages such as low-cost precursors, less time,
high impurity product; handling process is costly
equipments over chemical methods [2]. Generally, the

nanoparticle synthesis involve use of chemicals and
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toxic reducing agents that are toxic and lead to non-

eco-friendly by-products. Increasing interest in
minimization or elimination of such hazardous
chemicals as well as awareness towards green
chemistry and other biological processes have led
researchers to formulate an environmentally benign
approach for the synthesis of nanoparticles [20].

In recent years, with the ever-increasing application
of antibiotics, glucocorticoids, immune suppressants,
and interventional and surgical procedures uses
various catheters. Candida species are one of the most
common opportunistic pathogens that causes fungal
infection in humans. Candida albicans (C. albicans)
can forms a biofilms on surfaces such as urinary
catheters, blood vessels, catheter, orthopedic implants
and joint prostheses. Biofilms formed on different
surfaces by C. albicans are inhibited by nanoparticles
such as Se [19] MgO [16], ZnFe:04@Ag [17], Ag [15]
and Gold [18].

II. MATERIALS AND METHODS:

Calotopis procera leaves were collected from Nashik
(India). Zinc Acetate was purchased from sigma
laboratory Pvt. Ltd. Nashik (India). All the chemicals
were of analytical grade and uses as it is without
further purification. All the solution was prepared in
distilled water. All glassware used for the preparation
of ZnO NPs were properly washed with distilled
water and dried in hot oven.

2.1.Synthesis of ZnO NPs —

Calkcinated at
A400°C for 3 hrs

Final ZnO NPs

Schematic of Synthesis of ZnO NPs
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Initially fresh 2 gm leaves of Calotropis Procera were
washed then chopped with small pieces. The chopped
leaves boiled at 100° C for 10 min subsequently the
obtained extract filtered with whatmann filter paper
nol. The filtrated solution was centrifuged at 1500
rpm for 5 min to remove heavy biomaterials. For
fabrication of the ZnO NPs, 50 mL of extract added in
50 mL of distilled water and heated 70°C for 10 min.
Zinc acetate (6gm) added into hot extract with then
further

obtained solution was evaporated till dryness. Finally

constant magnetic stirring for 1 hr. The

it was kept in the muffle furnace at 400 °C for 3 hours,
further white colour ZnO NPs are obtained.

2.2. Antibiofilm Assay —

Typically the procedure adapted from [25] the 100pL
of 107 cells/mL of Candida albicans grown overnight
in yeast peptone dextrose broth in presence of water
were added into 96 well polystyrene plate and
incubated for 3 hours for adherence of cells. The un-
adhered cells were gently washed with phosphate
buffer saline (PBS). The different concentrations (0—
100 pg/L) of ZnO NPs were added to each well, and
incubated for 24 hours at 37 °C. After 24 hours of
incubations, the medium supernatant was removed,
and the biofilm formed wash gently with PBS and
further incubated with 100 pL of 5 mg/mL MTT (3-
(4,5 Dimethylthiazol-2-yl)- 2,5-Diphenyltetrazolium

Bromide) solution. After 6 hours of incubations.
2.3. Material Characterizations -

The X-ray diffraction pattern of as synthesized sample
was recorded in the 20 range of 10°-80° at a scanning
rate of 2° /min using Miniflex 600 making Rigaku
Japan with a monochromator and Ni-filtered Cu Ko =
15406 A). The (UV-Vis)

spectroscopy study was carried out by Shimadzu in

ultraviolet-visible

the range of 200 to 800 nm. The Fourier transform
infrared spectrum was recorded by Shimadzu. The

Scanning electron microscope images were captured

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2 G
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by FESEM : FEI Nova Nano SEM 450 with an ultra
high resolution low voltage imaging and unique low

vacuum capabilities. In EDAX analysis was recorded
by EDS : Bruker XFlash 6130.

III. RESULTS AND DISCUSSION

3.1 XRD analysis —

Intensity (a.u)

(103)  (200)

30 40 50 60 70 80

20
Figure 1 - XRD pattern of synthesized ZnO NPs

The crystal structure information obtained from X-
ray diffraction (XRD) technique. Figure 1 shows the
XRD pattern which was taken along with 20 vs
intensity. The diffraction peaks appeared at 20 =
31.79°, 35.80°, 45.529, 56.43°, 61.74°, 66.35° and 75.27°
with corresponding crystal planes are (100), (101),
(102), (110), (103), (200) and (202) respectively they
are well matches with hexagonal wurtzite structure
of ZnO, the PCPDF no. is 00-036-1451 [2].

3.2 UV-Visible Diffuse Reflectance Spectroscopy (UV
Vis -DRS):
The UV-Vis-DRS spectrum of ZnO NPs as shown in
figure 2. The spectrum indicates the edge located at
around 368 nm which corresponds to ground
excitonic peak of ZnO NPs. The energy band gap
calculated and which was found to be 3.36 eV. The
purity of the ZnO NPs are confirmed by the non

existence of other absorption peaks in the spectrum.

Page No : 01-06

—T1)

%R

L

300 350 400 450 500
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550

Figure 2 - DRS spectrum of synthesizes ZnO NPs

The minimum wavelength required to promote
electron depends upon the band gap energy (E;) of the
ZnO and the E; is calculated by using Eq.

Where h is planks constant (6.626 X 1034 ]-s) c is
speed of light (3 X 10® ms?) and absorption edge in
nm. By putting the values ‘h’ and ‘c’ in Eq (1) we

obtain the following equation,

e 20
A = 368 nm from ZnO UV-Vis-DRS spectrum The

band gap energy of ZnO was found to be 3.3eV [2]

3.3 FT-IR analysis —

The ZnO NPs was synthesized by green synthesis
method as shown in the above figure. The range of
FT-IR scanned from 4000 to 400 cm™ in the % of
Transmission mode. In Figure 3(a) The FT-IR
spectrum shows the absorption peak in the region in
1630 cm™ it corresponds to an aromatic ring. The
weak absorption observed at 2208 due to C=C
streaching vibration. The broad band at 3300-3490cm-
! implies the O-H streaching .The broad FT-IR bands
are 650, 1650, 2208, 3400 cm™’ shows presence of
alkyl halide, alkene, alkyne, amine confirms to leaf
extract are stabilizing ZnO NPs. In Figure 3(b) FT-IR
spectrum of ZnO NPs peak appeared in lower energy

region between 250 and 500 cm.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2 E
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Figure 3(A) aqueous leaf extract of Calotropis Procera
Figure 3(B) Synthesized ZnO NPs

1. The absorption band at 73350 cm™ is observed,
which is the corresponding to O-H streaching of
surface adsorbed water molecule and the band ~ 3190

cm![2].

3.4 FESEM analysis —

(E

Figure (A-D) FESEM Images Figure (E) EDAX Graph
The Field Emission Scanning Electron Microscopy
gives a surface morphology. As shown in Figure 4 (A-
D) the hexagonal cube like structure of synthesized
ZnO. The various ranges are used to analyze the
morphology of ZnO such as 1pym, 500 nm, and 400
nm Energy dispersive X-ray analysis confirms the
presence of Zn and O elements without any other

impurities as shown in the Figure 4 (E).

Antibiofilm Activity —

Schematics of biofilm formation of candida albicans
on the surface with different steps are referred from
[19] with various modification as shown In Figure 5

(A) (1) candida cells as a part of a various mixed

Page No : 01-06

microbial community.(2) The attachment of candida
to host surfaces of different medical devices via
surface adhesion or coaggregation with bacteria (3)
Insufficient host defense leads to abundance of
Candida occurs in different morphological forms. (4)
Hyphal cells in epithetiall biofilms support tissue by
Candida albicans. (5) Finally tissue invension, yeast
cells spread in the blood vessels and are open to the
immune cells. In Fig 5(B) the synthesized ZnO NPs
are used for Candida albicans biofilms inhibition.
ZnO NPs shows inhibition in Figure :5(B) with
20x105 cells/mL were added 31.2 ug/mL to each well
of the 96-well polystyrene plates, 45x10° cells/mL
were added 62.5 pg/mL to each well of the 96-well
polystyrene plates. 55x10° cells/mL were added 125
pg/mL to each well of the 96-well polystyrene plates.
It shows maximum inhibition about 25% of biofilms
[21].

I 40

. 30

e o 0
@2 (4) I

\ 10

_— / )

156 ug/mL 31.2ug/mL 62.5 ug/mL 125.0 ug/mL

Figure 5a Multispecies Biofilm Formation and
developed Candila Infections

Figure 5b Inhibition of ZnO NPs

IV.CONCLUSION

In summary, the synthesized sample has been
characterized by X-ray diffraction (XRD) reveals that
hexagonal crystal structure and no any other peaks
were observed in the pattern which is an indication of
formation of pure phase of ZnO. UV Visible
spectroscopy of ZnO indicates absorption edge
located at around 368nm. Field Emission Scanning
Electron Microscopy (FESEM) along with Energy
Dispersive X-Ray spectroscopy (EDAX) indicate the
hexagonal shape of nanoparticles and presence of Zn
& O element without any impurity. Field emission

scanning electron microscope (FE-SEM) shows a

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2 G
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hexagonal shape of surface morphology and X-ray
dispersive X-ray analysis (EDAX) gave information
about the presence of Zn and O elements in the
samples. ZnO NPs can be explored for treatment of
cure various diseases such as  bronchitis, dyspepsia,

paralysis, swellings and intermittent fever.
Nevertheless, it also reveals antifungal, antiviral,
and anticandidal

antibacterial, anticarcinogenic

activities.
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ABSTRACT

Nanocrystalline tin oxide (SnO2) was synthesized using stannic chloride pentahydrate (SnCl4.5H20) as a
precursor in aqueous medium by chemical co-precipitation method. The influence of sintering temperature
on the crystalline structure was studied. X-ray diffraction studies reveal that all powders exhibit tetragonal
crystal structure. It is observed that crystallinity and crystallite size increases with sintering temperature.
Various absorption bonds viz. Sn-O, O-Sn-O and O-H are observed from the FTIR study. The compositional
analysis of SnO2 nanoparticles is studied using X-ray photoelectron spectroscopy (XPS). The symmetric spin
orbit splitting of Sn 3d5/2 ground state and Sn 3d3/2 excited states is observed in XPS with sintering

temperature while O 1s is recognized with O-2 state.

Keywords: Chemical co-precipitation, Tin oxide, XRD, crystallite size, FTIR, XPS.

I. INTRODUCTION

In this fast-paced world, nanotechnology has created
a new industrial revolution globally and becomes a
major topic in recent material research fields. Many
countries have invested in nanotechnology due to its
small in size with huge immense potential. It is well
known and widely applied in many areas such as in
nano finishing of functional textiles, biomedical,
electronics, batteries, solar cells, chemical coatings
and so forth. Nanotechnology creates structures that
have excellent properties by controlling atoms and
molecules, functional materials, devices and systems
on the nanometer scale by involving precise
placement of individual atoms of the size around 1

nm to 100 nm.

Mn- doped Zinc oxide nanoparticles has increased a
lot of attention from the scientists and researchers to
undergo this research interest due to its various
applications in photocatalyst, chemical sensors, solar
cells and optoelectronic devices. However, the doping
efficiency was influenced by the strong tendency of
the Mn dopant ions to segregate at the nanoparticles
surfaces. The Mn doping transition metals in ZnO
give the best results because Mn has the highest
the stable

polarization regions. Some Zn can be substituted with

magnetic moment and has most
Mn ions which can provide ferromagnetic properties
[1-2]. Many studies have been conducted to produce
ZnO including in the form of powder and film [3]. In
general, Mn substitution into ZnO can be formed in
the system of Zn1-xMnxO. Regarding the synthesis of

nanoparticles, many experts due to its excellent

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,

0

distribution, and reproduction in any medium, provided the original work is properly cited


http://www.ijsrst.com/

Volume 9 - Issue 2 - Published : @ April 10, 2021

properties compared to other methods have chosen
precipitation. Mn is preferred for the doping of ZnO
due to the d electron of Mn can easily overlap with
the ZnO’s valence band as compared with other
transition element. There are various studies shown
that Mn doped semiconductors have influenced the
physical, chemical and structural properties of
undoped ZnO nanoparticles. For example, the optical
properties of undoped ZnO nanoparticles especially
on the tuning of the band gap can be greatly
improved at the nanoscale by Mn doping. Practically,
among other traditional synthetic methods,
coprecipitation provides a simple route with low cost
for large-scale production. Furthermore, such method
also does not need expensive raw materials. Actually,
the term “doped” is used to modify the optical or
magnetic properties of the host by adding impurities
ions against the host lattice (Figure 1).

In this paper, we report the effect of Mn dopant
concentrations (1 to 5 at %) on the structural

properties of Mn-doped ZnO nanoparticles.

/

\

N _/

Figure 1: Mn-doped ZnO nanoparticles

II. EXPERIMENTAL:

Zinc oxide nanoparticles are synthesized using the
The

precursors used in the synthesis ZnO are Zinc acetate

wet chemical co-precipitation method.

dihydrate having purity 99%. The preparation
conditions were carefully controlled. Double distilled
water was used for solution preparation. Solution pH,
considered using the relation between pH and
concentrations of both the solutions was adjusted to

neutral by adding aqueous ammonia to preserve the
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hydroxide phases of Zn and Mn. The homogeneous
solution was prepared by thoroughly mixing both the
solutions. White gelatinous precipitate formed, was
filtered using Whatmann filter paper No. 17. The
precipitate was washed thoroughly until traces of Cl
were removed. It was further dried at ambient
temperature and sintered at different temperatures

within 400°C for 6h in air atmosphere.
III. RESULTS AND DISCUSSION:

Figure 2 & 3 shows the XRD patterns of undoped and
10 at % Mn-doped ZnO nanocrystalline powder. The
sharp intense peaks of ZnO confirms the good
crystalline nature of ZnO and the diffraction peaks
can be indexed to a hexagonal wurtzite structured
ZnO [4]. Furthermore, compared with the undoped
ZnO, introduced manganese ions shift the diffraction
peaks to higher angles by 0.17°. Such changes are
indeed to be expected if Mn ions replace Zn ions in
the lattice, as the Mn ions have smaller ionic radii
(0.66A) than Zn ions (0.74A). The shift degrees
indicate decrease of lattice parameters. From Fig. 2
one can observe that the intensity of (101) diffraction

plane increased slightly than that of pure ZnO [5].

5x10° o (002)

4x10° o

;10 o

Intensity (A.U.)

210 1 (100) (103)

1%10° o

Undoped ZnO

Fig. 2 XRD patterns of undoped ZnO nanocrystalline
powder.
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0.0
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Fig. 3 XRD patterns of 10 at % Mn-doped ZnO
nanocrystalline powder.

The crystallite size ‘D’ is calculated using Scherrer’s
formula,
D =0.94\/f cosO

Where D is the crystallite size, f3 is the broadening of
the diffraction line measured at half of its maximum
intensity (rad) FWHM and A is the x-ray wavelength
(1.5405A). It is seen that as doping increases the
crystallite size increases up to 10 at% and tends to
shown in Fig. 4.

decrease afterwards as

18.54

18.04

175

17.0

16.5

Crystallite size (nm)

1604 4

T T
0 5 10 15 20
Mn doping (at%)

Fig. 4 Variation crystallite size with Mn doping.

Evaluation of the lattice parameters a, ¢ as a function
of Mn concentrations is shown in Fig. 5 & 6. As for
the
parameters a & c calculated from the (101) a peak, the

Mn-doped nanocrystalline powder, lattice

values of a & c are increases upto 10 at % doping and

Page No : 07-10

further decreases. The calculated lattice parameter are
higher than the standard JCPDS parameter for bulk
ZnO, a = b = 3.2498 A and c = 5.2060 A, respectively.
Since the ionic radii of Zn?* (0.74 A) is smaller than
that of Mn2* (0.83 A) and larger than that of Mn3*
(0.64 A) [6].

5 I e

T T T T T
Mn doping {at3)

Fig. 5 Variation of lattice parameters ‘a’ function of

Mn doping concentrations.

5185

5.180

51754

5.170 4

¢ (A%)

5.165

5.160

5.155 , , ,
0 5 10 15 20

Mn doping (at %)

Fig. 6 lattice parameters ‘c’ as a function of Mn doping

concentrations.

Fig. 7 shows the Williamson and Hall plot of our
undoped as well as Mn-doped nanocrystalline ZnO
particles. It is observed that the strain in Mn-doped
samples decreases upto 10 at % Mn and further
increases [7]. It is seen that more Mn content is
introduced into the sample, the stronger tensile is, or
more created compression stress. The change in

structural properties of Mn-doped samples are due to
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strain present in nanocrystals. The above study gives
the idea of promising application of synthesized Mn-

doped ZnO nanoparticles for optoelectronic devices.

0065
0.060
0.055

0050
0.045
0040 4
0.035 ]

Strain

0.030 ]
0.025 ]
0020 ]
0015 4
0.010
0005 J

R\\\\\\//////’/,//,,.

Mn doping (at%)

Fig. 7 Williamson and Hall plot of undoped as well as
Mn-doped nanocrystalline ZnO nanoparticles.

IV.CONCLUSION

ZnO Mn

synthesized by chemical co-precipitation method

sample containing transition metal
correspond to a hexagonal structure similar to that of
undoped ZnO. The XRD measurement suggests that
Mn atoms substitute Zn sites in the crystals without
changing the wurtzite structure, but with the lattice
parameters varying slightly with the extent of doping.

XRD data showed that all the samples had a (002)

preferential orientation perpendicular to the substrate.

Crystallite size of the ZnO film was found to be
decreased with Mn-doping. We also observed on
doping the grain size reduces drastically reducing to
nano-scale i.e., doping hinders the grain growth. No
secondary phases were observed for the simple
synthesis process adapted in the present work for the

doped ZnO samples upto 20 at % of Mn doping.
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ABSTRACT

Lanthanum Strontium Manganite (LSM) thin films with 0.1, 0.2 and 0.3 mol % were synthesized by spray
pyrolysis technique with optimized various spray parameters. These thin films were annealed at for 2 hours
to exist in perovskite type structure. Frequency dependent dielectric properties were studied and impedance
study was done at constant temperature. At low frequency dielectric constant attains high value and as
frequency increases dielectric constant suddenly decreases and bears constant value. Impedance graphs with

increased strontium content show decrease in the polarization resistance. The low polarization resistance

makes these films as most proper cathode material for miniature SOFC to reduce operating temperature.

Keywords: LSM, Dielectric Constant, Impedance spectra, Cathode.

I. INTRODUCTION

Solid oxide fuel cell (SOFC) is

electrochemical device which generates efficient and

one of an

pollution free clean power [1]. Magnetic-based
perovskite oxides have attracted much attention for

different technological applications that can be built

through their special electronic and magnetic features.

Strontium substituted lanthanum manganite (LSM)
with general formula Lal-xSrxMnO3-8, is the most
widely used cathode material for SOFC [2-4]. It has
been reported that electrochemical reactions of
cathode materials like LSM, with low oxygen vacancy
concentration and low ionic conductivity, are limited
to the three phase boundaries where gaseous oxygen
in pores, electrons in catalytic materials and oxygen

ions in electrolyte materials meet and react [5]. For

efficient performance of SOFC, the roll of cathodic
polarization became significant [6-7]. In this paper
the LSM thin films were prepared by cost effective
spray pyrolysis technique (SPT). Thin films of cathode
materials which are small crystal particle were
produced by SPT. The dielectric constant and
impedance were taken by LCR meter with varying

frequency.
II. EXPERIMENTAL MATERIALS

Lanthanum Nitrate hexahydrate (La (NO3).6H20
Loba Chmie), Strontium Nitrate (Sr(NO3)2 Loba
Chmie) and Manganese Nitrate
(Mn(NO3)3.6H20-ALFA ASER)

hexahydrate
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Synthesis

LSM thin film were obtained by following procedure
using spray pyrolysis technique (SPT).

Preparation of Thin films

Lanthanum Nitrate hexahydrate (La (NO3).6H20
LobaChmie), Strontium Nitrate (Sr (NO3)2 Loba
chime) and Manganese Nitrate hexahydrate (Mn
(NO3)3.6H20-ALFA ASER) were dissolved in double
distilled water. This precursor solution was used for
SPT using glass nozzle with spray rate 3 ml/min on
alumina substrates placed on hot plate having a
this pyrolytic
decomposition of these metallic salts and formation of

temperature about leads to
Lanthanum Strontium Manganite thin film. The
doping concentration can be maintained in precursor
by addition of the strontium. The as prepared LSM
thin films were annealed at for 2 hours.

The annealed films were used for measurement of
dielectric constant and impedance spectroscopy.
Actual impedance and phase angle were measured w.
r. t. frequency from100 Hz to 5 MHz keeping 1mV
amplitude of test signal by HIOKI LCR - Q meter
simultaneously and real and imaginary impedance

w.r.t. frequency was calculated

III. RESULTS AND DISCUSSION

2000

1000

2000

2000 jla)
U /-*.L‘“_LLLL__\L_L__L
0

0 70 50 a0
20 (Degree)

°
-
o
=
o o
I

E

Intensity %

FESEM is the morphological analysis of the particle
was done with the help of FESEM which is displayed
in fig.1. From analysis of FESEM, it was observed that
thin films had uniformly pores and well cling to the

substrate. This type of porous material fulfils need of
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SOFC cathode for diffusion of oxygen to the interface
for reduction reaction, which possess a high active
surface area. As can be seen that the sample sintered
at 750°C the particles have spherical shape. It was
found that perovskite phase formation took place

after sintering at 750°C.

. " v
- r -
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SEM HV: 5.0 kV
View field: 5.54 pm
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Fig.1 FESEM images of LSM thin films (a) X=0.1, (b) X
=0.2and (c) X=0.3
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Dielectric Constant of thin films

It was observed that dielectric constant increased
rapidly at very low frequency and it decreases rapidly
with increasing frequency. The polarizability of
molecules has greater value, higher the dielectric
constant and atomic polarization remain constant at
these (high) frequencies. On further increase in the
frequency the magnitude of dielectric constant
decreases very slowly and it is due to presence of
interfacial polarization. At higher frequency dielectric
constant attain constant value due to presence of
space charge polarization. According to Maxwell-
the

dielectric dispersion phenomenon was explained

Wagner theory of interfacial polarization,

successfully [8], in consonance with the Koops

theory [9].
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. (c)
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=
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Fig.2 The Dielectric constant Vs frequency of LSM
thin films (a) X=0.1, (b) X=0.2 and (c) X=0.3

Impedance spectroscopy of LSM thin films

To identify the contribution of grain, grain boundary
and electrode, impedance spectroscopy has become
significant. To determine impedance of cathode
material, Nyquist diagram or Cole-Cole plot is used.
To increase performance of FC at low operating
temperature it is essential to decrease polarization
resistance of the electrodes especially cathode
material [10].

The electrical impedance spectra measured at room
temperature and plotted by Nyquist plot for various
strontium concentrations is depicted in fig.2. The
high frequency intercepts on real axis of Nyquest plot,
indicate the total specific ohmic resistance (Ro), and
the distance between the lowest and highest
frequency intercept corresponded to total area
specific polarization resistance (Rp) from cathode.
From above graph polarization resistance values were
determined and are summarized in table.l. It is
interpreted that by increasing strontium content
polarization resistance decreases. This suggests that
the electrode performance of LSM improves with
increasing Sr2+ ion molar ratios [11]. At lower doping
concentrations of strontium, grain boundaries
primarily act as scattering site and potential barriers

lead to reduced carrier mobility by increasing
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impedance. =~ At  higher  strontium
concentrations, the impedance was decreased by the

energy levels.
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doping Table 1 Ohmic and Polarization resistance

Strontium Ohmic Polarization
Concentration | Resistance (Ro) | Resistance (Rp)
0.1 25X105 Q cm2 | 30X105 Q cm?2
0.2 0Q cm2 25X105 € cm?2
0.3 26X105 Q cm2 | 18.5X105 Q
cm?2
IV.CONCLUSION

The spray deposited LSM thin films attain higher
value of dielectric constant due to accumulation of
charges at low frequency. The magnitude of dielectric
constant decreases when increasing frequency for all
LSM samples. This suggests that LSM material exhibit
semiconducting property. The low polarization
resistance makes these films as most proper cathode
material for miniatures SOFC to reduce operating
temperature. Impedance spectra depict the role and
contribution of grain, grain boundary and cathode
material to overall dielectric characteristics of the

electrode.
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ABSTRACT

La® substituted Li-Cd ferrites (LLCF) with general formula LiosCdo4LazyFe22;04 (Where y = 0.0, 0.05) have
been synthesized using co-precipitation method. The prepared sample was characterized by different physical
and chemical characterization techniques for their structural and micro-structural properties. The X-ray
diffraction (XRD) analysis was carried out to confirm the single-phase cubic spinel structure of La3
substituted lithium cadmium ferrites. The crystallite size of LCF sample decreases from 49 nm to 45 nm for
doped LLCF samples. The surface morphology of LLCF shows that the interlocked nanoparticles with average
grain size varying from 200 nm to 150 nm. Also, energy dispersive analysis by X-ray (EDAX) shows the

presence of all the metals in the exact composition as that of precursors used for preparation of samples.

I. INTRODUCTION

The formation of Ferrites is mixed metal oxide having
iron oxide as main component [1]. As we know the
ferrites have acquired a spinel structure. The general
formula of a spinel can be written as AB20s [2].
Generally, in the normal spinel structure, the A
cations are in the tetrahedral sites and the B cations
are in the octahedral site. Otherwise, half of the B
cations and all the A cations are randomly distributed
in octahedral sites, resulting in the inverse spinel
structure [3]. Nanoparticles of ferrites have been the
subject of detailed study for their interesting optical,
magnetic and electric properties which are
significantly different from those of their bulk

counterparts [4].

Magnetic properties of nanoparticles of LLCF find
wide technological applications such as drug delivery,
Spintronics, magnetic refrigeration and high density
[5-6].

application in cores of audio frequency and high

recording etc. Ferrites have numerous
frequency transformer coils, electromagnetic wave
absorption, magneto optical displays [7].

La3+

introduces changes in the structure and texture. [8].

The addition of rare earth metal ions like

Pervoskite -type material lanthanum substituted
ferrite and relative oxides are widely used in fuel cells
[9]. Physical properties of nanocrystalline ferrites
depend on their microstructure. The grain and grain
boundary mainly determine the microstructure. Thus,
the information regarding the physical parameters of
these components leads to the understanding of the

overall properties of the materials [10].
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Till now, some researchers have been carried out
about the preparation and magnetic properties of
ferrite. But the effect of lanthanum doped on the
structure, grain size, morphology and magnetic
properties for La-Li-Cd ferrite was reported less. In
paper the

morphological compositional properties of

this we have reported structural,
and
Lanthanum substituted Lithium Cadmium ferrites in

detail.

II. EXPERIMENTAL

2.1. Synthesis of La3* substituted Li-Cd ferrite

The LiosCdosLazyFer2yOs (where y=0.0, 0.05) were
prepared by the oxalate co-precipitation method. The
high  purity starting LiSO4.7H20,
CdSO4.7H20, LaSO4+7H20 and Fe:SO+7H20 were

used for preparation of samples. All chemicals are in

materials

AR grade. These chemicals were weighted in desired
stoichiometric proportion and dissolved in distilled
water. The pH of the solution was maintained at 4.8
by drop wise addition of concentrated H2SOs. The
resulting solution was heated at 80 °C for 1 h in order
to complete the ionization of metal sulfates [11]. The
precipitating regent was prepared in distilled water by
adding required proportion of AR grade ammonium
oxalate. The precipitating regent was added by drop
into metal sulfate solution with constant stirring until
the process of precipitation was completed. The
process of precipitation can be explained by following

chemical reaction.

LiSO, +2H,0+C,0; — LiC,0,2H,0+S0} -- (1)
CdSO, +2H,0+C,0, —CdC,0,2H,0+S0;" (2)
FeSO, +2H,0+C,0, — FeC,0,2H,0+S0?" (3)
LaSO, +2H,0+C,0; — LaC,0,2H,0+S0O;™ (4)
The resultant precipitation was the solid solution of
lithium oxalate, cadmium oxalate, lanthanum oxalate
and ferrous oxalate. The precipitate along with
solution was digested on sand bath for 1h in order to

settle down the precipitate at the bottom of the
beaker. The precipitate was filtered by Whatman
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filter paper no.41 using suction flask operating with
the vacuum pump. The precipitate was thoroughly
washed with distilled water in order to remove sulfate
ions. The absence of sulfate ion in the filtrate was
confirmed by barium chloride test. The co-precipitate
product was dried and calcined at 450 °C for 5h in air.
The calcined powders were milled in an agate mortar
with AR grade acetone as a base. The powders were
pre-sintered at 700 °C for 5h.The pre-sintered
powders were pressed under hydraulic pressure of 5
tones /cm? to form pellet using polyvinyl alcohol as
binder. Then pellets were finally sintered at 900 °C
for 12h. The temperature was raised and cooled at the
rate of 100 °C per hours. The sintering process had

cause the atom to move to its lattice completely.

2.2. Characterizations

XRD patterns of all samples were recorded using a
Philips X-Ray Diffractometer model PW 1710 using
Cu K« radiation (A=1.5405 A°) in the 20 range of 20-
80c. Sintered pellets were polished optically and then
broken into small pieces. These small pieces of pellets
were gold coated using Sputter coating unit operating
at a voltage of 1 kV. The micrograph of La3
substituted Li-Cd ferrites were taken with the help of
scanning electron microscope. EDAX carried out
JSM-6380 LA with an attached kevex Delta system.

III. RESULTS AND DISCUSSIONS

3.1. XRD studies

XRD Pattern of undoped LCF and La*" doped

Intensity (A.U.)

20 (Degree)

J
Fig.1: XRD pattern of undoped LCF and La3 doped
LCF.

Fig.1 shows the XRD patterns of composition
LiosCdosLazFe22yO4 (where y = 0.0, 0.05, 0.1, 0.15,
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0.20 and 0.25). The analysis of XRD patterns reveals
that all the samples have single phase spinel cubic
structure. The interplaner spacing was calculated
using the relation (5);
. ni
“ " 2.sin 6

The lattice constant was calculated using the relation

(6);

a=d,,*/["?+k2+12) —(6)

And the average crystallite size for all the LLCF

samples from most intense peak (311) was determined
by Debye Scherer formula (7);
0.9

D= pcosd @

where f is full width at half maxima, and 0 is angle of

diffraction. The crystallite size was found to be 49 nm
to undoped sample and that of 45 nm for La3* doped
samples.

3.2. Surface morphological studies

Fig.2: (A-B) SEM images of undoped LCF and La3
doped LCF; (C-D) EDAX pattern of undoped LCF and
La®- doped LCF.

Fig.2 (A-B) shows the SEM images of composition
LiosCdosLazyFe22y04 (where y = 0.0, 0.05). The
measurement of grain size is counted by counting the
number of grain boundaries intersected by a known
measured length from the magnification [12]. It can
be seen from the Fig.2 (A-B) that the average grain
size is to be decreased upon Lanthanum doping. The

variation in average grain size depends upon the grain
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growth mechanism involving diffusion coefficients,
sintering temperature and concentration dissimilar
ions [13].

3.3. EDAX studies

Two representatives EDAX spectra are shown in Fig.
2(C-D).  Fig. 2(C) shows EDAX patterns of
LiosCdosLazyFe22yO4 System where y=0.00 and Fig.
2(D) shows EDAX patterns of LiosCdosLazyFes2yOs
System where y=0.05. EDAX has been performed in
order to study the compositional analysis of La
substituted Li-Cd ferrite. EDAX analysis exhibits the
elemental percentage of each element expected to be
present in the La substituted Li-Cd ferrite sample. The
heights of the peaks in the EDAX graphs represent
the proportion of each element in the finally sintered
La substituted Li-Cd ferrite. A change has been
observed in the size and height of the peaks of all the
La-substituted samples. With La3* doping, the graph
exhibits an increase in the height of the La peaks. In
the present study, the Lanthanum is substituted for
iron. Hence, the amount of iron decreases and this
decrease in iron is observed in the peak height of Fe
as shown in Fig. 2(D). The observed percentage of
metals of each composition is consistent with the

stoichiometry of the prepared samples.

IV.CONCLUSION

Lanthanum substituted lithium cadmium ferrite is

cubic spinel ferrite. Nanocrystaline Lanthanum
substituted lithium cadmium ferrite have been
prepared by oxalate co-precipitation method at a pre-
sintering temperature of 7000C for 5h and final
12h. The

function IlLa

sintering temperature of 9000C for

crystallite size decreases as a
concentration. Crystallites size of all samples is found
in the range of 49 nm - 45 nm. The microstructure of
ferrite prepared by co-precipitation method consists
of grain size in the range 200 to 150. The structure is
compact with small amount of pores on the scale of

crystallites.
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ABSTRACT

Cobalt Oxide films have been successfully synthesized onto glass substrates by using novel M-CBD technique.
The effect of annealing on the structural, morphological, optical properties and contact angle were studied
using X-ray diffraction (XRD), scanning electron microscope (SEM), UV-Vis-NIR spectrophotometer and
Digital Camera, respectively. X-ray diffraction pattern reveals annealed cobalt oxide films shows amorphous
nature. The scanning electron microscopy images showed micro porous structure with very fine grains less
than 50 nm in diameter. These films exhibited transmittance value of about 70 % in the visible and infra red
range. The direct band gaps of cobalt oxide films was found to be in the range of 1.07-1.53 eV and 1.20 - 2.10
eV. Absorption coefficient ~ 104cm-1 were found for all the samples. Refractive indices vary from 71.9 - 2.8

in the near infrared region. Surface wettability studied in contact with liquid interface, showed hydrophilic

nature of annealed films as water contact angle was < 900.

Keywords : Cobalt oxide, M-CBD, Thin film, X-ray diffraction, Morphology, Optical properties

I. INTRODUCTION

Most of the advances in the understanding of the
properties of materials have been the outcome of a
systematic observation of the materials properties,
this is because of the fact that often small crystal or
microstructural differences are associated with
remarkable changes in physical properties. Thus,
prior to the investigation of physical properties, it is
very essential to pay attention to the structural,
the

relationship between crystal structure and various

morphological and optical features and

properties. In this regard, we have focused our
research on cobalt oxides films and effect of annealing

temperature on their properties.

Among the transition metal oxides, cobalt oxide is
one of the most studied oxides because it exhibits
several possible oxidation states Co?, Co%, and Co*
and several types of coordinations, that is, tetrahedral,
pyramidal, and octahedral. Consequently, cobalt
oxides offer a wide field for the creation of many
frameworks, not only stoichiometric oxides but also
nonstoichiometric oxides, involving a mixed valency
of cobalt and/or the presence of oxygen vacancies. It
has three well-known polymorphs; the monoxide or
cobaltous oxide (CoO), the cobaltic oxide (C0203) and
the cobaltosic oxide or cobalt cobaltite (Co304). CoO
is the final product formed when the cobalt
compound or other oxides are calcinated to a

sufficiently high temperature (1173 K). The pure CoO
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is difficult to obtain, since it readily takes up oxygen
even at room temperature to reform to a higher oxide.
Cobaltic oxide (C020s3) could be formed when cobalt
compounds are heated at a low temperature in the
presence of an excess of air. Co203 can be completely
converted in to Co3Os at temperature > 538 K. Co0203
absorbs oxygen in sufficient quantity and transforms
to a higher oxide Co3Os, with no change in the lattice
structure [1]. Nano structured CosOs, the most stable
cobalt oxide with a spinel-type structure comprising
both Co (II) and Co (IIl), is an important p-type
semiconductor (direct band gaps at 1.5 and 2.0 eV
respectively) [2, 3]

It is showed clear evidence for the existence of two
band gap values of cobalt oxide [4]. Cobalt oxide thin
films are promising candidates for various applications
such as ion-storages [5], chemical sensors [6], solar
thermal energy collectors [7] and electrochromic (EC)
devices [8]. Black cobalt oxide is a selective coating
material for high-temperature solar collectors [9]. The
cobalt oxide coatings are superior to the black chrome
coatings often used. Sensors electrochemical anodes
[10]

capacitors [11].

and newly invented application in super

Various methods have been proposed to prepare
Co30s4 films out of these M-CBD method has simple
and inexpensive. The aim of the present work is to
pay more attention to study influences of annealing
temperature on the structural, morphological and
optical behavior of cobalt oxide films prepared by M-
CBD method.

II. EXPERIMENTAL

The films were deposited on glass substrate from
cationic precursor of CoCl: complexed with ammonia,
the H202 as anionic precursor. Doubled distilled water
is placed alternately between the anionic and cationic
precursor. The deposition was carried at room
temperature with 40 sec time in cationic precursor
and 15 sec time in anionic precursor. The films by this

method are uniform and well adherent to the
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substrates. The prepared films were characterized by
X-ray diffractometer (XRD) with cupper radiation (A
=1.54 A”) in the 20 range from 20 to 80°. The surface
morphology was visualized using a JEOL-6360
scanning electron microscope (SEM). The optical
properties were investigated within the wavelength
300-1000 UV-VIS-NIR

spectrophotometer Systronics-119. The contact angle

range nm  using

can be measured by using digital camera.

III. RESULTS AND DISCUSSION:

3.1. Cobalt oxide film formation:

Cobalt oxide films were obtained by immersing
ultrasonically cleaned glass substrate into separately
placed cationic and anionic precursors. The growth
kinetics of a thin film deposition process is of the ion
by ion type, which involves the ion-by —ion
deposition at nucleation sites on the immersed
surfaces.

0.4M Cobalt Chloride was used as a source of cobalt
and aqueous ammonia (NHsOH) solution (25% extra
pure) was added with constant stirring to make it
alkaline. Initially when aqueous ammonia solution
was added in cobalt chloride solution.

Co’™+NH, + H,0 + NO, — Co(OH)NO, }+NH;
The excess of the reagent dissolves the precipitate,

when hexamine cobaltate (II) ions are formed:
Co(OH)NO,  + 6NH, —[Co(NH,),|” + NO; ~OH’

After immersion of substrate in the first bath cobalt
hexamine complex get adsorbed on the surface of the
substrate due to cohesive/Vander Walls/chemical
attractive forces. The substrate is then immersed in a %
H202 solution to convert the cobalt complex into
cobalt oxy-hydroxide by the reaction, which can be

represented as,

%[CO(NH3)5]2+ + 2 (H,0,) —> CoO(OH) + 6NH,+ 2H,O 3)

The CoO(OH) is very reactive with Oz , and forms a
higher oxide Co3Os4 .

3C0"0 +2 OH (Sol) CO,""0,(5) + 26 +H,0

pale yellow  dark brown
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The Co3Os product would formally be Co'O +
Co2"'Os.

3.2. Structural Study:

X-ray diffraction study was carried out for the
confirmation of phase and determination of crystal
structure of Cobalt oxide film. Cobalt oxide films
were characterized with X-ray diffraction in the 20
range of 20° to 80°. The annealing process generally
produces the film free from the defects with
improved crystallinity. Fig. 1 shows XRD pattern of as
deposited and annealed Cobalt oxide films at various
temperatures on glass substrate. The presence of
broad hump is due to the glass substrate. The as-
deposited and annealed film did not show any distinct
diffraction peak, which probably mean that the film
consisted of amorphous cobalt oxy-hydroxide
particles.

However at different annealing temperatures, the film
did not show any diffraction peak. This revealed that
the formed cobalt oxide is low crystalline. If the
temperature of the treatment is less than 500°C, all
the films are amorphous or the mean crystalline size

is too small to be detected by XRD analysis [12].

1200
1000 —M
i, 400°c
— oo MMl A
3 Bt
< 4
2 600 M
2 ‘M\"""'“WMMWW 200°c
S A ot A o
£ 400
200 -M
R.T.
. %v%wmwmwmww
T T y Y y
20 30 40 50 60 7o 80
20 (Degree)

Fig. 1 Typical XRD pattern of cobalt oxide film at

different annealing temperatures

3.3. Morphological study:

The influence of annealing temperature on the
surface morphology of Cobalt oxide films is studied by
scanning electron microscopy. Fig. 2(a-f) shows the
SEM images of as deposited and annealed cobalt oxide
films at 100, 200, 300, 400 and 500°C at different
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magnifications (10,000x and 60,000x). At room
temperature film reveals the relatively denser surface
morphology consisting of smaller grains whereas the
annealed at different temperatures represents rough
surface with large grains. The film surface is well
covered without any pinholes. It is clearly seen that
the films have a heterogeneous surfaces. Coalescence
of smaller grains of different sizes and shapes into
bigger ones can be noticed when the annealed
Also

microporous structure with very fine spherical grains

temperature increases. image shows a

less than 50 nm in diameter. At higher temperature
porosity decreases and there is growth of material,
grain size increases means grains with some
overgrown clusters and the crystallite size is increased
as annealing temperature increases from 100°C -
500°C. Such type of surface morphology may offer
increased surface area, feasible for supercapacitor

applications.

Fig. 2 SEM images of cobalt oxide film at different
annealing temperatures (a) as deposited (b) annealed
at 1000C (c) annealed at 2000C (d) annealed at 3000C
(e) annealed at 4000C (f) annealed at 5000C

The quantitative composition of as deposited and
annealed thin films on glass substrate was determined
using energy dispersive X-ray analysis (EDAX)
technique. A typical EDAX (which film) pattern is
Fig3. The composition
19.69:80.31atomic  percentage of Co and O

respectively. Also it is observed that as annealing

shown in was

temperature increases atomic percentage of Co is

increases.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2 @



Volume 9 - Issue 2 - Published : @ April 10, 2021

3.4. Optical studies:

Optical properties of cobalt oxide film were calculated
with the help of optical absorption and transmission
study. Fig.4 shows the absorption spectra of cobalt
oxide thin films at different annealing temperature.
These spectra reveal that film has high absorbance
(10* cm™M). It is observed that absorption coefficient is
very low for photon energy in the IR and visible
region while suddenly increase in absorption
coefficient in UV region. It is found that absorption
coefficient is increases with increase in annealing
temperature and absorption decreases with increase
in wavelength. Also the increase in absorbance at
lower wavelength side is attributed to the wide band
gap of cobalt oxide. This could be because of increase
in the density of states of holes with increase in
annealing temperature.

Fig.5 shows the effect of annealing temperature on
the optical transmittance of the cobalt oxide thin
films. It is easily seen that the for particular

wavelength transparency decreases with increasing
7200 -0
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Fig. 3 Typical EDAX pattern of cobalt oxide film
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Fig. 4 Absorbance Spectra of cobalt oxide film at

different annealing temperatures
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the annealing temperature. This is due to the increase
in particle size occurs with increasing heat treatment.
The results indicate that the Cobalt oxide film at room
temperature shows highest transparency (=~ 40%) in
the visible region. In contrast, UV transparency in the
cobalt oxide films is much lower due to the low
porosity of these non crystalline films. It is noted that
the cobalt oxide film calcinated at 500°C becomes
condensed with larger particle size, which causes the
high reflection of the light resulting in a dramatic loss
of transparency. The results also confirm that the size
of nano particles would influence light scattering and
transmittance of the coated films [13]. Transmittance
350 nm. The

transmittance decreases as the annealing temperature

drastically decreases to zero at

increases is due to decrease in the band gap with

carrier concentration.
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Fig. 5 Transmittance Spectra of cobalt oxide film at
different annealing temperatures

Fig. 6 shows the plot (ahv) ? with hv for a
representative as deposited and annealed cobalt oxide
thin films. It has been well established that for a large
number of semiconductors the dependence of the
absorption coefficient o , in the higher frequency
region, upon the photon energy hv, for optically
induced transitions, is given by the following classical

expression [14]
ohv =K (hv - E )"

(6)
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Where Eg represents the optical band gap, hv is the
photon energy, K is constant depending upon the
temperature, phonon energy, and n is an index which
depends on nature of the electronic transition
responsible for the absorption [15] etc. For allowed
transition n = 1/2 and for allowed indirect transition n
= 2. The extrapolation of the linear portion of curve at
energy axis gives the optical band gap. The band gap
energy at room temperature was found to be 1.53 eV
and 2.10 eV.

0.2 4

0.1 4

(@hvx10%0 (evicm)?

0.0

0.6

hv (eV)
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0.8 o
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0.4 A

(oh)2x1010 (evicm)?

0.2 A

0.0

T T T T T T T T T T T T
10 12 14 16 18 20 22 24 26 28 3.0 32 34

hv (eV)

Fig. 6 Optical band gap variation at different

annealing temperature

The band gap was found to be in the range of 1.07-
1.53 eV and 1.20 - 2.10 eV for as deposited sample and
for annealed sample at 100 — 500°C. The decrease in
band gap with annealing temperature is probably to
increase in grain size, leading to reduction in density
of grain boundary trapping centre and improved
crystallinity size and reduction of defect sites of the
film. The decrease in optical band gap energy is
generally observed in the annealed direct-transition-
type semiconductor films. Bao and Yao [16] also

reported a decrease in band gap with increasing
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annealing temperature for SrTiOs thin films, and
suggested that a shift of the energy gap was mainly
due to both the quantum- size effect and the
existence of an amorphous phase in thin films.
Therefore, it is believed that both the increase in
crystallite size and the reduction in amorphous phase
cause the decrease in band gap of annealed Co03O4
films.

Fig. 8 shows the variation of refractive index (n) and
extinction coefficient (K) with the wavelength. The

magnitudes of the n and k are calculated by using the

relationship.
2
R =—(”_1)2 and K = %4
(n+1) 4r

)
From graph we can see that as annealing temperature
of cobalt oxide film increases refractive index of the
film increases. Also it is observed that as annealing
temperature of cobalt oxide film increases value of K
increases. Due to the high refractive index of cobalt
oxide, it can be used as one of the layers in multilayer
antireflection coatings, or as the outer layer of a
dielectric pair coating to boost the reflectance of

metals.

3.5. Contact angle measurement:
Fig. 9 (a-f) shows the water contact measurements for
cobalt oxide films annealed at different temperatures.
exhibits

behavior (60.73°), as water contact angle is < 90°.

Interestingly, cobalt oxide hydrophilic
Generally, low water contact angle increases the

electrochemical performance, where interfacial

contact at electrolyte-electrode is important.

IV.CONCLUSION

Cobalt oxide films were synthesized by novel M-CBD
method on the glass substrate. XRD shows amorphous
nature. The surface morphological study revealed the
total coverage of substrates at room temperature to
500 OC. Such surface morphology is useful to enhance

the performance of
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Fig. 8 variation of variation of refractive index (n) and
extinction coefficient (K) with the wavelength for

different annealing temperatures

Fig. 9 Contact angles of cobalt oxide thin film at
different annealing temperatures

(a) as deposited (b) 1000C (c) 2000C (d) 3000C (e)
4000C (f) 5000C

electrodes in alkaline batteries and supercapacitor like
applications. High refractive index of cobalt oxide
indicates that, it can be used as one of the layers in
multilayer antireflection coatings. Contact angle
measurement study confirms hydrophilic nature of

annealed thin films.
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ABSTRACT

Single crystals of Lithium tartrate (C4H406Li2) Crystals were grown by single diffusion gel technique in a
sodium meta silicate gel media at room temperature. Methanol used as solvent for lithium chloride. Optimum
conditions were established for growth of good quality pure crystals. The effect of various parameters like
were studied pH gel, gel density, concentration of inner and upper reactants. The Ethanol and methanol are
used to dissolve lithium chloride. The good size of crystal are grown and The gel method is very simple and
within the scope of the laboratory, method be utilized to synthesize crystals. The tartrate crystals have

potentials applications such as dielectric, ferroelectric and piezoelectric. In the present work The Lithium

tartrate crystal of white color, transparent are obtained, Needle shaped, dendrite crystal were grown [1-10]

Keywords: Gel Technique,Lithium tartrate Crystals,Various parameters (Gel density, pH, & Temperature.)

I. INTRODUCTION

Gel technique is the best technique for growing single
crystals at ambient temperature, the compounds
which are insoluble in water and decompose before
melting can be easily grown by this technique. Due to
very slow controlled rate of crystallization and non-
turbulence during growth, good quality single crystals
are obtained from this technique. The aim of the
present work is to grow good quality single crystals of
pure lithium tartrate in sodium metasilicate gel.
Many researchers have grown the tartrate crystals of
different elements having potential applications. The
tartrate crystals have potentials applications such as

dielectric, ferroelectric and piezoelectric.

1.1 CRYSTAL GROWTH-

The growth of crystal in the gel media is based
on the diffusion of the reactant i.e. supernatant.
Two techniques can be used for the process of

diffusion of reactant in gel media.

1) Single diffusion technique and
2) Double diffusion technique

1.2 CHEMICAL REACTION -
The expected reaction taking place in this work is as

below:
2LiCl + CsHsOs T—— > C4HOeLir+ 2HCI

II. EXPERIMENTAL PART

2.1.PREPARATION OF GEL -

The various concentrations of tartaric acid and those
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of sodium metasilicate solutions were tried. The
solution was added drop by drop with continuous
stirring by using a magnetic stirrer till pH is reached
in between 3.8 to 4.4. The acid was used for setting of
the gel. The solution was then transferred to the
corning glass tube. The mouth of the tube was
covered by cotton plug. Initially, the mixture
appeared to be quite transparent. The gel setting time
was about 96 hours. It was observed that the period of
setting also depends upon pH of the solvent. Table
1 .Shows optimum conditions to grow the crystals.
Table 1. Optimum conditions for growth of lithium
tartrate crystals.

Density of sodium meta
1 . ) 1.04 g/cm3
silicate solution
Volume of sodium meta
2 . . 18ml
silicate solution
3 Volume of tartaric acid 7 ml
Concentration lithium
4 ) 0.2 to IM
chloride
5 pH 4.2
Concentration of tartaric
6 ) 1M
acid
Environment
7 25 to 30 °C
temperature
Ethanol or
8 Solvent used
Methanol

2.2.EFFECT OF VARIOUS PARAMETERS ON
CRYSTALS GROWTH

2.2.1. EFFECT OF GEL DENSITY-
As the gel densities increases, decrease in its
transparency is observed like setting time of gel

increases with decrease in density. The sodium meta

silicate of density 1.O4gm/cm3‘

Page No : 26-28

Table 2. Effect of gel density on nucleation density.

Nucleation
process fast but
1 7 1.038 20
very small
crystals
Transport, well
2 7 1.040 24 o
shinning
White,
3 7 1.042 28 .
semitransparent
Bi tal
4 7 1044 34 6 YRS
formed
5 7 1.046 40 Small crystals
2.2.2. EFFECT OF CONCENTRATION OF
REACTANTS -

Table 3. Volume of sodium metasilicate required for

various concentration of tartaric acid

1 1 18
2 1.25 22
3 1.5 25
4 1.75 28
5 2 32
6 25 36

(Volume of tartaric acid = 7 ml and pH=4.2)

Fig 1 Graph of sodium metasilicate vs concentration

of tartaric acid
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2.23. EFFECT OF
SUPERNATANT -

Upper reactance from conc.0.2 to 1M where obtained

CONCENTRATION OF

dissolving LiCl in methanol solvent, It was added over
the set gel. Very few nucleations were observed with
very tiny size of the white crystals.

Table 4. Effect of concentration of supernatant
(pH=4.4)

Crystal size is
very small
Slight increase

in crystal size

Star shaped

well isolated
crystal
Well

crystals of

isolated

various shapes

and size

Transparent
whitish well

isolated

crystals.

Page No : 26-28

III. RESULT AND DISCUSSION -
Crystals of lithium tartrate are whitish, semitransparent
and star shaped . crystals having size 2.5 mm x 4.5mm
and thickness of about 2.5 to 3 mm are obtained.
Different parameters such as concentration of reactants,
pH of gel, impurities in the solvent, gel setting time, gel
aging time etc. have considerable effect on growth rate.
However as the reactants percolates through the gel, the
controlled reaction occurs below , at the depth of 3 to 4
well

cm. Hence good quality, semitransparent |,

developed faces of crystals are observed.

IV.CONCLUSION
1. Gel method is very simple and within the scope of
the laboratory, method be utilized to synthesize
crystals, if optimum conditions are established.
2. The grown lithium tartrate crystal are white color
good size of crystals are grown.
3. The supernatant solution prepared in methanol

and ethanol gives good quality crystals.
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ABSTRACT

Copper tartrate crystals were grown by single diffusion gel technique in a sodium meta silicate gel media at

room temperature. The optimum were established by varying different parameters. The effect of various

parameters like were studied pH gel, gel density, concentration of reactants. The copper tartrate crystal of

bluish color, semitransparent are obtained. Crystals of great interest from both solid state sciencs as well as

technological point of view has been reported by many investigators using gel method. The purpose of the

present paper is to report growth and influence of various parameters on the growth mechanism of crystals of

copper tartrate in silica gel at ambient temperature. The optimum condition required for the growth of these

crystal are worked out. [1-13]

Key words: Gel technique, copper tartrate crystals, Various parameters.

I. INTRODUCTION

Every citizen of the nation is enjoying the high
standard of living due to recent developments of new
materials. Every day pure and mixed crystals are
added for practical and industrial purposes. Modern
technological revolution was possible because of
physical properties like ferroelectric, dielectric non-
linear optical, piezoelectric, and semiconductor
properties of the material. Therefore, we tried to
the

have

develop novel materials for above said

applications. Herein, we developed a
methodology to grow the crystals of copper tartrate in
silica gel medium in pure form. This chapter reports
the complete study made on nucleation and growth of

these crystals as a function of gel parameters like the

specific gravity of the gel, pH, concentration of
supernant solution, and concentration of tartaric acid.
II. MATERIALS AND METHODS

2.1.CHEMICAL REACTION -

The development of copper tartrate crystals is gained
by reacting the copper chloride (CuClz2) and tartaric

acid.

The reaction is occurred as follow:
CuCl: + C4H¢Os —» CuCsHsOs+ 2HCI
Copper chloride +  Tartaric acid — Copper

tartrate + waste pI'OdllCt
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2.2.PREPARATION OF SODIUM METASILICATE 2.3.PREPARATION OF GEL
SOLUTIONS

Table 1. The data of density of sodium metasilicate

solution.
Optimum
Sr.No. Various process parameters g .
conditions
Density of sodium meta
1 . . 1.04 g/cm3
silicate solution
Concentration of tartaric
2 i 1M
acid Fig. 2. Experimental setup for growth of copper
3 Volume of tartaric acid 7 ml tartrate crystal
" Concentration copper M
chloride Table 2. The Optimum conditions for growth of
copper tartrate crystals.
20 1038 24.EFFECT OF VARIOUS PARAMETERS ON
- CRYSTAL GROWTH -
22 1.040
24 1.042 2.41. EFFECT OF GEL DENSITY -
26 1.044
28 1.046 Gels of various densities were prepared by mixing
30 1.048 sodium meta silicate of specific density from 1.038 to
1.048 gm/cm®with one mole of tartaric acid at
+oas | v T v v ]| constant pH of 4.2. The transparency of gel decreases
]| by increase in density of gel. It was also found that
1.046 |
_ the nucleation density is got reduced with increase in
g.. TR gel density. This is attributed to the formation of
g resr 1 smaller pore size into the dense gel.
a 1.040 | i
e . . ) . ) Table 2 shows the effect of density on number of
- - C“ce:“ﬁo_ (;m) - ) nuclei formation. In present work, best quality, well
Fig. 1. Gel density vs concentration of sodium shining, transparent, various shape and size crystals
metasilicate. were observed for density 1.040 gm/cm3 Fig. 3 shows

plot of gel density verses number of nuclei formation.

Table 3. Effect of gel density on nucleation density
(pH=4.2, copper chloride solution CuCl2-1 M and
tartaric acid =7ml)
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Fig. 4. Graph of sodium meta silicate

38 v T T v T . ]
36
g aaf !
MNucleation procesg g 32
17 1038 2 fast but very smal] = Of _
2 28}
crystals. E 2 b
7 lo40 e |rewsparemt, well 8 2ap
shining. 22
Bluish, s “
3 7 1.042 32 . 18 |
semitransparent. o \ \ . L e . .
El 7 1.044 35 Bigger cr}rstals are éoncentratlon of tarlAarlc a.c:|d(_\1’)
formed
5 7 1.046 40 Good
Table 4 Volume of sodium metasilicate required
verse concentration of tartaric acid. for various
concentration of tartaric acid
1.048 = i l
”E 1.046 |- ]
g
2
= 1.044 p =
- 1 1 18
S 1042} -
£ 2 1.25 22
A 1040} 1 I3 15 25
1oser . X ) . . 4 1.75 28
20 25 30 35 40 45
Number of nuclei 5 2 32
. . . . 6 25 36
Fig. 3. Effect of gel density and the nuclei formation
242 EFFECT OF CONCENTRATION OF 243. EFFECT OF CONCENTRATION OF
REACTANTS — SUPERNATANT -

With increase in form of tartaric acid, volume of
sodium meta silicate was required to adjust the pH
value about 3.8 to 4.2 The fast growth rate at high
concentration of tartaric acid resulted into dendrites
growth. Table 4. gives the data of volume of sodium
metasilicate required to adjust the pH at 4.2for 7ml
tartaric acid. Fig. 4 shows the graph of volume of
sodium meta silicate verses concentration of tartaric

acid.

Upper reactant concentration from 0.2 to 1.2 M were
obtained by dissolving CuCl>. At 0.8 M concentration
of supernatant, transparent and semitransparent
crystals were observed for the growth of good quality,
All

observations are summarized in table 5. The linear

large size and well faced crystals. these
nature of graph shows that the number of nuclei
increased with respect to increase in concentration of

supernant solution.
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Table 5. Effect of concentration of supernatant

1 0.2 5 Few nucleation’s crystals
size is very small

2 0.4 8 Slightly crystal size
increased

Well shining crystals of

various shape & size

4 0.8 18 Bluish crystals
25 Transparent and  bluish
color

6 1.2 30 Agglomeration of crystals

A. RESULT AND DISCUSSION

Crystals of copper tartrate are bluish, semitransparent
and daimond shaped. crystals having size 3mm x 4mm
and thickness of about 2 to 3 mm are obtained.
Different parameters such as concentration of
reactants, pH of gel, impurities in the solvent, gel
setting time, gel aging time etc. have considerable
effect on growth rate. However as the reactants
percolates through the gel, the controlled reaction
occurs below , at the depth of 3 to 4 cm. Hence good
quality, semitransparent , well developed faces of

crystals are observed.

III.CONCLUSION

The morphological changes of the crystals depend
upon the growth conditions. Concentration of upper
solvent and the pH of the gel played a vital role in
molding the shape of these crystals. The studied
crystals are of copper tartrate, The grown crystals
have almost perfect shining surface
structures.2)Copper tartrate-The concentration of

tartaric acid (1M), pH(4.0-4.3),density of sodium

Page No : 29-32

metasilicate (1.04gm/cm3) and gel setting time (96

hours)
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ABSTRACT

Mixed Lithium-copper tartrate crystals were grown by single diffusion gel technique in a sodium meta silicate
gel media at room temperature. The effect of various parameters like were studied pH gel, gel density,
concentration of reactants & ethanol are used. Crystals having different morphologies and habits were
obtained. The pH of the gel concentration of upper reactant 0.5 conc. of lower reactant 0.5 at room temp 30 c
are found to be critical. In the present work few dendrite. Semitransparent faint bluish crystals of mixed

copper lithium tartrate were obtained Maximum size of grown crystal was Immx2mmx2mm. The Lithium-

copper tartrate crystal of whitish blue colour crystal, transparent are obtained.[1-21]

Keyword : Gel Technique, Mixed Lithium-Copper Tartrate, Various Parameters.

I. INTRODUCTION

It is well known fact that the doping of element
significantly influences the physical and chemical
properties of single crystal, which is of great interest
from both solid state science and technological
applications. Amongst the metal tartrates, lithium and
copper tartrates have acquired interesting physical
properties like, ferroelectric, piezoelectric, and non-

linear optics. The doping of copper ions into lithium

tartrate crystals affects the growth kinetics,
morphology, shape size, perfection, unit cell
dimensions, magnetic and thermal properties.

Moreover, from the technological point of view,
dopants play a crucial role to improve the growth
kinetics, morphology and second harmonic properties
of tartrate crystals. Considering the benefit of doped
crystals, efforts have been made by researchers to

grow the different types of tartrate crystals.

1.1. CHEMICAL REACTION -
The chemical reaction involved in crystal formation is

shown below.
LiCl + CuCl + CiHsOs —» LiCuCsH4Os+ 2HCI

Lithium Chloride + Cuprous chloride + Tartaric acid
— Lithium Copper Tartrate

II. EXPERIMENTAL PART

2.1.Preparation of gel -

To prepare a good quality gel, we used various
concentrations of tartaric acid and sodium
metasilicate solutions (1.038 to 1.04 gm/cm?). A 7ml
of tartaric acid was taken in a beaker. A 1 M solution
of sodium meta-silicate was added drop by drop under
continuous stirring by using a magnetic stirrer till pH
was reached to 3.8 to 4.4.The acid was used for setting

of the gel. The solution was then transferred to the
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corning glass tube. The mouth of the tube was
covered by cotton plug. The gel setting time was one
week. It was observed that the period of setting also

depends upon pH of the final solution.

2.2.EFFECT OF VARIOUS PARAMETERS ON
CRYSTAL GROWTH

2.2.1. EFFECT OF GEL DENSITY -

Gels of various densities were made by mixing sodium
metasilicate of specific density from 1.038 to 1.04
gm/cm*with one mole tartaric acid at constant pH
4.2. It may be noted that rhombic shaped whitish-
blue crystals of mixed lithium-copper tartrate were
obtained with sodium meta silicate of density of 1.04
gm /cm3. It was found that increase of gel density
decreases the nucleation density. It is observed that as
the growth of crystal increases with respect to
increase in density of gel, as shown in Table 1. In
present work, best quality, well semitransparentwere

observed for 1.040gm/cm3gel density.

1 7 1.038 10 Nucleation
process medium
very small
crystals.
2 7 1.040 21 Transparent
3 7 1.042 28 Faint bluish,
semitransparent.
4 7 1.044 30 Bigger crystals
are formed
5 7 1.046 38 Good some other
small crystals

Table 1.Effect of gel density on nucleation density.

2.2.2. Effect of concentration of reactants —
As the concentration of tartaric acid was increased
more volume of sodium meta silicate was required to

adjust the require pH values of 3.8 to 4.2. By

Page No : 33-35

increasing the aging time the concentration of tartaric
acid nucleation density also increased. The fast
growth rate at high concentration of tartaric acid
resulted into dendrites growth. We have optimized
the sodium metasilicate solutions with respect to
concentration of tartaric acid solution in order to
adjust the pH 4.2. The optimized parameters and
corresponding representative graph are shown in
Table 2 and Fig. 1, respectively. We have obtained
good quality crystals at 1 M concentration of tartaric
acid under optimized condition.

Table 2 Volume of sodium metasilicate required for

various concentration of tartaricacid

185

2 1.25 22.2

3 15 25.6

4 1.75 27.9

31.0

36 T T T y
34 F

32 F -
30 F
28 F o
26 F
24 |
22 F

Sodium meta silicate (ml)

20

18 b

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2‘2 2‘4 2.6
Concentration of tartaric acid (M)

Fig. 1.

concentration of tartaric acid (M).

Graph of Sodium metasilicate (ml) vs

2.2.3. EFFECT OF TEMPERATURE -

During the growth study, we observed that the best
temperature to grow the lithium-copper tartrate
crystal is around 25-30 °C, and this temperature range

is available in rainy and winter seasons. However, in
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summer the ambient temperature is above 35-45 °C
during day time that affecting the kinetic growth of
the crystals.

III. RESULT AND DISCUSSION

It is observed that formation of crystal depends on the
gel pH, higher the pH(pH>4.5) blocks the diffusing
sites of the gel pores and may not be appropriate for
the growth of single crystal even though there is
release of HCL as by product which further reduces
the effective value of the gel pH. On the other hand
at gel pH value(pH<3.8) the growth of crystal may
result. However it is observed that nucleation density

becomes very high and it put limis on the size of

crystal At h=4.2 well good quality crystal are observed.

liesegang rings were observed. Thus high gel pH
value(Ph>4.6) as well as low pH value(ph<3.8) does
fruitful
intermediate value of gel pH(3.0 to 4.2 ) is interesting.

not gives result. In our experiments
Under the optimum conditions established in the
series of explained as earlier the crystal of mixed
lithium-copper are observed basically inside the gel
medium. The gel grown tartrate crystals are faint
bluish colour

IV.CONCLUSION

1) Gel method is found to be suitable for the growth
of mixed Cu-Litartrate crystals at room temp.

2) The gel grown tartrate crystals are faint bluish
colour.

3) The maximum size of grown crystals was found
to be 2 to 4 mm.

4) It was found that as pH increases, nucleation

centers decreases.
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ABSTRACT

Single crystals of Lithium Tartrate were grown by single diffusion gel technique. Methanol used as solvent for
lithium chloride .Optimum conditions were established for growth of good quality pure crystals. Effect of
various growth parameters such as PH of the gel, concentration of inner reactants, concentration of upper
reactants, gel density etc. The lattice parameters of lithium tartrate are almost matching with the JCPDS data.
The crystals studied using XRD, FT-IR, and thermal analysis, (TGA & DTA) scanning electron
microscope(SEM),, AES Were studied .Needle shaped and whitish colour, dentritic crystals were grown. [1-10]

Keywords : Gel Technique, Lithium Tartrate Crystals, Lithium Choride.

I. INTRODUCTION

Gel technique is the best technique for growing single
crystals at ambient temperature, the compounds
which are insoluble in water and decompose before
melting can be easily grown by this technique. Due to
very slow controlled rate of crystallization and non-
turbulence during growth, good quality single crystals
are obtained from this technique. The aim of the
present work is to grow good quality single crystals of
pure lithium tartrate in sodium metasilicate gel.
Many researchers have grown the tartrate crystals of
different elements having potential applications.The
tartrate crystals have potentials applications such as

dielectric, ferroelectric and piezoelectric.

1.1 CRYSTAL GROWTH

The growth of crystal in the gel media is based
on the diffusion of the reactant i.e. supernatant.
Two techniques can be used for the process of

diffusion of reactant in gel media.
1) Single diffusion technique and 2) Double diffusion

technique

The single diffusion technique was found to be most
suitable for the growth of good quality crystals in
present work. To grow the lithium tartrate crystals,
we prepared different concentrations of LiCl solution
in methanol or ethanol and used as a Supernant

solution.

1.2 APPARATUS USED
1. Borosil glass test tube (25 cm in length and
2.5cm in diameter)
Magnetic stirrer

Various size beakers
Burettes and pipettes
Digital pH meter

Specific gravity bottle

. Cotton

.3 CHEMICALS Used -

=N U R W N
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The chemicals used for the growth of lithium tartrate
crystals are commercial grade

1. Sodium metasilicate—(Na2SiO3.9H20) (Loba
chemicals)

2. Tartaric acid — A.R grade (C4H606) (Loba
chemicals)

3. Lithium chloride —A.R grade 99.9% pure [LiCl]

4. Double distilled water for dilution

5. Methanol and ethanol

1.4 CHEMICAL REACTION -

The chemical reactions inside the gel can be
expressed as

2Licl +C406H6 —» (C4H406)Li
2+2HCILithium chloride + Tartaric acid — Lithium

Tartarate

II. EXPERIMENTAL WORK

Gel was prepared by using tartaric acid and sodium
metasilicate having different pH values. AR grade
lithium chloride and tartaric acid were used as
received. A 7ml of tartaric acid (1M) was taken in a
small beaker. Sodium metasilicate solution of (1M)
concentration was added drop by drop with constant
stirring. ThepH of solution was maintained between
4 to 4.5. The solution was then transferred in the test
tube (2.5cm diameter and 25cm length) then covered
its mouth with cotton plug. It was transparent
initially, after 2/3 days, it turns milky and gel
converted into semisolid with little amount of water
on the top of the surface.

After setting of hydro silica gel, allow the aging of the
gel. Aging makes the gel harder and reduces the
diameter of the capillaries present in the gel. A 1M
concentration of LiCl solution was made by dissolving
LiCl in methanol or ethanol. The solution was often
poured slowly with the help of pipette. The height of
the supernatant component should be 60-70% of the
gel height. With time, lithium chloride diffuses in the

Page No : 36-39

gel and the crystals of lithium tartrate appears in the
gel. This is called “single diffusion method”. In
present work, lithium tartrate crystals were grown by
single gel diffusion technique at various parameters.
The crystal growth parameters were adjusted at
optimum conditions to obtain full grown crystals. The
solvents used to grow crystals played a vitally
important role. In the present study, we used
methanol or ethanol solvents to grow well-defined
crystal in gel medium. An experimental set-up with

working is shown in fig 1.

Fig. 1 Experimental set-up with working reaction

during crystal growth in test tube.

PREPARATION OF GEL -

The various concentrations of tartaric acid and those
of sodium metasilicate solutions were tried. The
solution was added drop by drop with continuous
stirring by using a magnetic stirrer till pH is reached
in between 3.8 to 4.4. The acid was used for setting of
the gel.

Table 1. Optimum conditions for growth of lithium
tartrate crystals.
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Density of sodium meta
- . 1.04 g/cm?
silicate solution

Volume of sodium meta
2 . ) 18ml
silicate solution

Page No : 36-39

. 1X
4. Dendrit
7 0.4 Opaque 1
2 e
X1
. 2X
4. Dendrit
7 0.6 Opaque 1
2 e
X1
Transparen 3 X
4.  Star .
7 0.8 t, white, 1X
2 shaped
Good 1

3 Volume of tartaric acid 7 ml
Concentration lithium

4 ) 0.2 to 1M
chloride

5 pH 4.2
Concentration of tartaric

6 ) 1M
acid

7 Environment temperature 25 to 30 °C

Ethanol or
8 Solvent used

Methanol

III. MORPHOLOGY

Growth rate of the crystals is affected by parameters
like pH and purity of reactance, gel setting time and
aging time. Crystals of lithium tartrate are whitish,
semitransparent and star shaped. Various types of
crystals sizes with respect to supernant concentration
were obtained, which is tabulated in Table 2. We have
also taken the photographs of the grown crystals in
test tube as well as on the graph paper to measure the
dimension of the grown crystal and it is represented
in Fig 42.The largest crystal size of 3 x 1 x 1 mm? was
obtained at 0.8 M concentration of LiCl supernant
solution. It is important to note that the obtained
crystals are of good quality, semitransparent, and well
developed. The optimum conditions for lithium
tartrate crystals grown in silica gel are summarized in
Table 2.

Table 2 Effect of habit, quality and size of lithium
tartrate.

Mo -
| -

Fig 2 Growth of lithium tartrate crystal in silica gel at
various concentration of supernatants solution of (a)
0.4 M, (b) 0.6 M, (c) 0.8 M, and (d) & (e),
Photographs of the grown crystals.

IV. RESULT AND DISCUSSION

Crystals of lithium tartrate are  whitish,
semitransparent and star shaped . crystals having size
2.5 mm x 4.5mm and thickness of about 2.5 to 3 mm
are obtained. Different parameters such as
concentration of reactants, pH of gel, impurities in
the solvent, gel setting time, gel aging time etc. have
considerable effect on growth rate. However as the
reactants percolates through the gel, the controlled
reaction occurs below , at the depth of 3 to 4 cm.
Hence good quality, semitransparent , well developed
faces of crystals are observed.

V. CONCLUSION

1. The grown lithium tartrate crystal are white
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color good size of crystals are grown.
2. The supernatant solution prepared in methanol
and ethanol gives good quality crystals.

3. Gel method is very simple and the colour is
white.

4. within the scope of the laboratory, method be
utilized to synthesize crystals, if optimum
conditions are established.
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ABSTRACT

In the present investigation, Lithium Tartrate crystals were grown in silica gel at ambient temperature.

Methanol used as solvent for lithium chloride .Optimum conditions were established by varying various

parameters such as pH of the gel solution, gel concentration, gel setting time, concentration of upper

reactants, gel density etc. Crystals having different morphology were obtained. Whitish, shining,

semitransparent, star shape, Needle shaped

of lithium tartrate were obtained. The lattice parameters of

lithium tartrate are almost matching with the JCPDS data. The crystal structure of compound was confirmed

by powder X-ray powder diffraction, Atomic emission spectroscopy(AES) The crystals studied using XRD,

FT-IR, and thermal analysis, (TGA & DTA), scanning electron microscope(SEM), Chemical analysis Were

studied .Needle shaped and whitish colour, dentritic crystals were grown. [1-11]

Keywords : Gel technique, Lithium tartrate crystals, XRD & AES

I. INTRODUCTION

The Gel technique is the good technique for growing
single crystals at room temperature, the compounds
which are insoluble in water and decompose before
melting can be easily grown by this technique. Due to
very slow controlled rate of crystallization and non-
turbulence during growth, good quality single crystals
are obtained from this technique. The aim of the
present work is to grow good quality single crystals of
pure lithium tartrate in sodium metasilicate gel.
Many researchers have grown the tartrate crystals of
different elements having potential applications .The
tartrate crystals have potentials applications such as

dielectric, ferroelectric and piezoelectric

1.1. CHEMICAL REACTION

Growth of lithium tartrate crystals is gained by
reacting the components lithium chloride (LiCl), and
tartaric acid. The expected reaction taking place in

this work is as below:

2LiCl+ CsHsQs [—— > C4HiOeLiz+ 2HCI

II. CHARACTERIZATION OF LITHIUM
TARTRATE

The features of the crystal are important components
of the study of crystals. This helps the crystal grower
to assess the quality, nature and property of the
crystals. A large number of experimental techniques
exist to assess the composition quality and the

presence of its constituent elements.
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2.1.X-RAY DIFFRACTOMETRY (XRD)

The powder x-ray diffraction patterns for pure gel
grown lithium tartrate crystals were recorded using
powder method by Miniflex
diffractometer at SAIF, IIT
program POWD was used to calculate (hkl) and‘d’

Rigaku, X-ray

Powai.  Computer
values of the recorded pattern. Calculated (hkl) and‘'d’
values indicate orthorhombic crystals structure of
lithium titrate crystals having lattice parameters of a =
6.7942 A, b = 7.9807 A and c = 5.2386 A and volume
(V) = 284.05 (A)3.

The unit cell parameters of the lithium tartrate
crystals calculated by the computer program are
shown in the table 1. The peaks obtained at 17.13,
20.26, and 21.40 corresponds to (110), (011), and (101)
planes. The parameters fulfill the condition for

orthorhombic system i.e.

90°. The recorded peaks are well matched to the
JCPDS data card No. 01-0321 of lithium tartrate

confirming the orthorhombic system .

azb zcanda=f=y-=

Table 1. Unit cell parameters

1 System Orthorhombic
2 6.7942 A
3 b 7.9807 A
4 C 5.2386 A
5 A 284.05 (A)3
30000
= < ——Lithium Tartrate
250001 £ =2
< 20000
g 15000+
é 100001
5000 4
0

10 20 30 40 50 60 70 80
Degree (20)

Fig 1. X-Ray diffraction pattern of lithium tartrate
crystals grown by gel method

Page No : 40-42

Table 2 Calculated and observed value of d-spacing

Obs. Cal. (hkl) Obs. Cal.
1 517 517 (110) 17.13 17.13
2 437 437 (011) 2026 20.26
3 414 414 (101) 21.40 21.41
4 346 344 (120) 2567 25.69
5 315 317 (021) 2824 28.21
6 270 268 (211) 33.08 33.10
7 244 244 (102) 36.79 36.71
8 237 237 (031) 3793 37.88
9 201 201 (@311) 45.05 45.05
10 169 169 (400) 53.89 53.90
11 149 149 (421) 61.87 61.84

III. ELEMENTAL ANALYSIS

3.1. ATOMIC EMISSION SPECTROSCOPY (AES)
The peak corresponding to lithium could not be
detected with the help of EDAX technique, as it has a
low atomic number. So atomic emission spectroscopy
(AES) technique was used to determine the presence
of lithium in lithium tartrate crystals. By using this
technique, the presence of lithium (Li) in the sample
was confirmed[11].Analytical reports obtained for
lithium tartrate crystals via Atomic Emission
Spectroscopy is shown in table 3.s

Table 3. Percentage of sample (AES)

Li 2.95

IV. RESULT AND DISCUSSION

The crystals of lithium tartrate were characterized by
XRD analysis. From these diffractogram, ‘d’ values
were computed. From the XRD pattern it is noticed
that the peaks obtained. We also found (101), (021),
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and (102) lattice planes of lithium tartrate crystals at [9]. Nandre S.J. Ph.D. Thesis North Maharashtra

20 of 21.40, 28.81 and 36.51°, respectively. Moreover, University Jalgaon (2013).

apart from the individual lattice planes, we also [10].Sawant D.K. Patil. H.M. Bhavsar.D.S. Patil.
obtained new peaks at 18.83, 23.11, 26.53, 34.51, J.H.and Girase K.D. “Scholars Research Library
40.78, 48.19, 51.90 and 55.03 degree (20) exhibiting Archives of Physics Research”,2 (2011) 67-73.

the planes (201), (141), (151), (171), (352), (313), (211) [11]. http://www.rsic.iitb.ac.in/icp-aes.html
and (850), respectively. Calculated (hkl) and ‘d’ values

indicate orthorhombic crystals structure of lithium

tartrate crystals and having lattice parameters of a =

6.7942 A, b = 7.9804 A and c = 5.2386 A and volume

of unit cell, V = 284.05 (A)3.

V. CONCLUSION

There has been always a keen and competitive race to
grow perfect single crystal with purity and
tranceparancy. The good quality single lithium
crystals of (3x1x1) and the atomic spectrum limited
sample is used to determined it lelemetal composition.
AES. The dopant concentration of lithium in the
grown crystals is 29.8 ppm. Needle shaped and

whitish colour, dentritic crystals were grown
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ABSTRACT
In the present investigation, copper Tartrate crystals were grown in silica gel at ambient temperature.
Distilled water used as solvent for copper chloride .Optimum conditions were established by varying various
parameters such as pH of the gel solution, gel concentration, gel setting time, concentration of upper
reactants, gel density etc. Crystals having different morphology were obtained. Bluish colour, semitransparent,
diamond shaped, copper tartrate were obtained. The crystal structure of compound was confirmed by powder
X-ray powder diffraction, Chemical analysis. The crystals studied using XRD, FT-IR, and thermal analysis,
(TGA & DTA), scanning electron microscope (SEM), Chemical analysis Were studied .Needle shaped and
bluish, semitransparent, well shining colour, Diamond crystals were grown. [1-17]

Keywords : Gel technique, Copper tartrate crystals, XRD & Chemical analysis.

I. INTRODUCTION 1.1 CHEMICAL REACTION -
The reaction is occurred as follow:
Every citizen of the nation is enjoying the high CuCl +  C4HsOs — CuCsH4Os +
standard of living due to recent developments of new 2HCI
materials. Every day pure and mixed crystals are Copper chloride +  Tartaric acid — Copper
added for practical and industrial purposes. Modern tartrate + waste product

technological revolution was possible because of

physical properties like ferroelectric, dielectric non- II. CHARACTERIZATION OF GEL GROWN
linear optical, piezoelectric, and semiconductor COPPER TARTRATE CRYSTALS
properties of the material. Therefore, we tried to 2.1. X-RAY DIFFRACTOMETRY (XRD)
develop novel materials for the above said @ P———

400000

applications. Herein, we have developed a
300000 .|

methodology to grow the crystals of copper tartrate in

200000 |

silica gel medium in pure form. This chapter reports — | = . azan
. (020 (620 (raso0)
the complete study made on nucleation and growth of receee I oy (oo ==
these crystals as a function of gel parameters like the el b
10 20 30 40 S50 60 7o 80

Degree (2 a)

specific gravity of the gel, pH, concentration of

supernant solution, and concentration of tartaric acid. Fig. 1. X-Ray Diffraction of gel grown copper tartrate

crystal.
X-ray diffractogram is useful in the analysis of crystal
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structure, cell parameters’ values, unit cell volume
and lattice system , X-ray diffractogram of gel grown
copper tartrate was recorded using powder rotation
photograph method on ‘Minislex Rigaku’ X-ray
diffractometer at department of Physics, Pratap
College, Amalner. CuKa-radiation (wavelength
A=1.54051 A) was used. The scanning speed was kept
to 10° min!. The recorded X-ray diffraction pattern is
shown in Fig. 1. XRD pattern in shows very sharp
peaks having high intensity which leads to extremely
good crystalline perfection of the copper tartrate
crystals. The lattice parameters of unit cells of copper
tartrate is tabulated in the Table 1. From this powder
diffraction data (hkl) values were computed. The
computer program, POWD, (Integrative powder
diffraction and indexing program version 2.2) was
used to calculated (hkl) values.

The unit cell parameters, observed and calculated
interplaner distance, and orientation of plane
corresponding to 20 obtained from the computer
program are summarized in the Table 1 and 2. These
parameters fulfill the condition for orthorhombic
systemie.a#b#cand a=f=y=900 The obtained
data is in well agreement with the JCPDS data card

no. 01-0158 of copper tartrate material.

Table 1. Lattice parameter for copper tartrate crystals.

A 17.9058A

B 16.0728A

C 4.42324

\Ys 1272.97 (A)3

Page No : 43-45

Table 2 Calculated & observed value of d-spacing and
(hkl) indices of copper tartrate crystal.

Peak d-Spacing ( Indices 20O Degree
Obs Calc. hkl Obs Calc.
1 8.0364 8.0364 (020) 11.00 11.00
2 5.9804 59804 (220) 14.80 14.80
3 3.9656 3.9656 (201) 22.40 22.40
4 3.5588 3.5562 (221) 25.00 25.02
5 2.7945 2.7976 (620) 32.00 31.96
6 2.0562 2.0567 (312) 44.00 43.99
7 1.9553 1.9553 (840) 46.40 46.40
8 1.5642 1.5643 (10 5 59.00 59.00
0)
9 1.3668 1.3671 (12 3 68.60 68.59
1)
10 1.3042 1.3043 (623) 7240 72.39

III. CHEMICAL ANALYSIS

(INDIVIDUAL ANALYSIS OF COPPER) —

Copper tartrate is separated by routine method i.e.0.1
gm of copper tartrate was dissolved in dilute acidic
solution and the copper was precipitated by passing
H2S gas in the solution. This was filtered by What
Mann filter paper no.40. The precipitated was dried
and ignited. Weight of copper residue was 0.028 g.
The filtrate left after the precipitation of copper was
used for analysis .

The filtrate was boiled to expel HoS gas.

Theoretical percentage of copper (Cu).

Theoretically, in CuCsHsOs having molecular weight
211.62 gm,

The amount of Cu is 63.54 gm.

Percentage of copper = (63.54x100) =+ 211.62
=30.02%

Practical percentage of copper:

Weight of sample =0.1g

Weight of the precipitate (Cu) = 0.028 g.

Percentage of copper = (0.028x100) + 0.1
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Percentage of copper = 28.0 %
Table 3.The result analysis of copper tartrate

30.02 28.0

Copper(Cu)
IV. RESULT AND DISCUSSION

The crystals of copper tartrate were characterized by
XRD analysis. From the XRD pattern it is noticed that
the peaks obtained at 11.00, 14.80, 25.00, 31.95, and
43.35° are corresponds to the (020), (220), (221), (620),
and (312) lattice planes of the copper tartrate crystals,
respectively. Calculated (hkl) and ‘d’ values indicate
orthorhombic crystals structure of copper tartrate
crystals and having lattice parameters of a = 17.9058
A, b=16.0728 A and c = 4.4232 A and volume of unit
cell, V = 1272.97 (A)®. We have used two different
techniques to investigate the elemental composition
present in the grown crystals. Specifically, we have
used inductively coupled plasma atomic emission
spectroscopy for lithium detection in lithium tartrate.
We have also used energy dispersive X-ray analysis to
identify the presence of copper in the copper tartrate.
Theoritical value % of copper is 30 and observed
value is 28.74
V. CONCLUSION

1. The gel grown copper tartrate crystals are bluish
color.

2. The copper tartrate crystal is grown by simple gel
method.

3. It was found that as pH increases, nucleation
centers decreases

4. Theoretical value % of copper is 30 and observed
value is 28.74
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ABSTRACT

In present study, we are reported green synthesis of silver nanoparticles (Ag NPs) by using Dioscorea
bulbifera tuber extract. X-ray diffraction (XRD) shows that face centered cubic (FCC) crystal structure with
average particle size 12nm. UV Vis Spectroscopy reveals strong surface plasmon resonance (SPR) peak at 430
nm which confirms optical property. Fourier Transform Infrared Spectroscopy (FTIR) shows strong peaks of
phenolic and flavonoid groups present in the sample.Field Emission Scanning Electron Microscopy (FESEM)
along with Energy Dispersive X-Ray Spectroscopy (EDAX) indicates the spherical shape of nanoparticles and
presence of Ag element without any impurity. The synthesized Ag NPs are explored of Candida ablicans

biofilms it shows maximum inhibition about 25% of biofilm and also it slow down the biofilm formation

which may perhaps contribute to various applications in biomedical field.

Keywords : Silver nanoparticles, Dioscorea bulbifera,Green synthesis, Antibiofilm activity, Candida ablicans.

I. INTRODUCTION

In recent years mnanomaterials have gained
considerable interest owing to their widerange of
properties.Green synthesis using plant extracts is an
alternativefor hazardous chemicals which is efficient
way to prepare nontoxic and ecofriendly metal
nanoparticle[1].Many plants which used in recently
for synthesis of silver NPs are Cucumis Prophetarum
[2],Lysimachia Foenum-Graecum Hance [3], Achillea
Millefolium L. [4], Elaeagnus Umbellate Extract (EU)

[5], Neem, Onion and Tomato (NOT) [6], Cynara

Scolymus (Artichoke) [7], Carica papaya [8],
Caesalpinia digyna [9], etc.with applications
phytochemistry =~ and  therapeutic potential,
antimicrobial activities, antidiabetic  activity,
synergistic potential,phytochemical diversity,

neuropharmacological activity, etc.In recent years
research work has been doneby using Dioscorea
bulbifera plant mediated nanoparticles and its
applications such as gold [10], silver [10,11], copper
[12], [13]

nanoparticles.

platinum—palladium bimetallic
Dioscorea bulbifera is special medicinal plant among
the 600 species of the family of Dioscorea owing toits
specific phytochemistry as well as supporting its
general or worldwide application in
therapeutics[14].Among various medicinal plants used
in Ayurveda, Indian system of traditional medicine,
Dioscorea bulbifera(D. bulbifera) is notable due to its
multiple therapeutic potential. D. bulbifera is used as
a complementary and alternative medicine in the
tribal regions of India, Zimbabwe, South Africa and
China [2, 21].

D. bulbiferaplant is rich in
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distribution, and reproduction in any medium, provided the original work is properly cited


http://www.ijsrst.com/

Volume 9 - Issue 2 - Published : @ April 10, 2021

polyphenolic compounds, especially flavonoids and
catechin, which have distinct uses such as analgesic,
anti-inflammatory, anti-hyperglycemic, antitumor
activities, antioxidant and anti-diabetic as well asit
isused for typical applications to ulcers, abscesses
treatment of piles, chronic diarrhea, asthma, dry
coughs, frequent or uncontrollable urination, diabetes,
emotional instability and cancer.D. bulbifera tuber is
having wide range of applications in medicine and
traditional therapeutic treatments.
bulbifera

applications such

Similarly, D.
plant is delivering medicinal
as herbal

which stimulates the stomach and spleen and exhibits

tonic

effect on the lungs and kidneys as well [10, 15-17].

Biofilm serve as hides for disease and are often
associated with high level antifungal resistance of the
associated organisms.Candida species are among the
most common opportunistic pathogens which causes
various fungal infections in human. Candida ablicans
(C. ablicans) can form a biofilms on different surfaces
including blood vessels, catheters, and joint
prostheses, stents, shunts, urinary catheters, and
[18]. C.
biofilms are inhibited by various nanoparticles
including MgO NPs [18],ZnFe:04@AgNWs [19],Ag

NPs [20], Gold NPs [21], Se NPs [22], etc.

orthopedic implants ablicans mediated

II. MATERIAL AND METHODS:

Silver nitrate (AgNOs) 50% TECHNICAL grade was
obtained from LOBA CHEMIE PVT. LTD. Dioscorea
Bulbifera Tuber were collected from Dindori, Nashik,
Maharashtra, India. For this synthesis we used double

distilled water.

III. PLANT TUBER EXTRACT (DBTE):

Dioscorea Bulbifera Tuber
double  distilled

water for several times.This Tuber grinded for fine

were collected and washed with

powder. For 100 ml of water, we take 5gm of Tuber
powder and then boiled it for 10min at 100°C. This
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boiled mixture filtered through Whatman paper no.
1 and placed at 4°C for further use.

Synthesis of Silver Nanoparticles using DBTE:

The synthesis process adapted from ref [10] with
slight modifications the synthesis of Ag NPs by
addition of 5 ml of DBTE (Dioscorea Bulbifera Tuber
Extract) into 95 ml of ImM AgNOs solution. The
reaction was carried out in absence of light. The
mixture was shaken at 40°C and 150rpm for 5 hrs in
shaker. The synthesized sample centrifuged for 10
min with 5000 rpm and dried collected NPs. These
used for  further

Silver =~ Nanoparticles

characterization.

Fresh Dioscorea

Bulbifera
Tubers

Fig.1: Schematic of DBTE synthesis

Antibiofilm Assay:
The
modification as reported in [23], typically 100 pL of
107 cells/mL of Candida ablicansMTCC 227 in water
were added into 96 wellpolystyrene plates and

antibiofilm assay protocol with slight

incubated for 3 hours for adherence of cells. The un-
adhered cells were gently washedwith phosphate
buffer saline (PBS). 100 pL of RoswellPark Memorial
(RPMI) medium
concentrations (0-100 pg/L) of Ag NPs wereadded to
each well, and incubated for 24 hours at37°C. After 24

hours of incubations, the medium supernatant was

Institute containing different

removed, and the biofilm formed wasgently washed
with PBS and further incubated with100 pL of 5
mg/mL  MTT (3-(4,5 Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide) solution. After 6
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hoursof incubations, 100 pL of dimethyl sulfoxide was
added into each well and optical density was recorded
on540 nm (Multimode Plate Reader, Thermo-Fisher,
India).

Material Characterizations:
The X-ray diffraction pattern of as synthesized Ag
NPs was recorded in the 20range of 10-80°at a
scanning rate of 2°/min using Rikagu (Miniflex 600,
Japan).The ultraviolet-visible (UV-Vis) spectroscopy
study of Ag NPs was carried out by SHIMADZU
Spectrophotometer in the range of 200 to 800 nm.
transform infrared

The Fourier spectrum was

recorded by  Fourier Transform  Infra-red
Spectrophotometer (FTIR),SHIMADZU IRAffinity-1.
A drop of Ag NPs solution was placed on freshly
prepared KBr disc and scanned between 500 - 4000
cm!. The scanning electronic microscopic images
were captured by FESEM (FEI Nova NanoSEM- 450
instrument) with an EDS (Bruker XFlash-6130). The
Raman

spectrum was recorded by Raman

Spectrometer by RENISHAW Spectroscopy.

IV. RESULTS AND DISCUSSION:

X-ray Diffraction (XRD):

—— AgNPs

(200)

(111)

Intensity (a.u.)

Fig.2: XRD Pattern of Ag NPs.
Figure (2)represents the X-ray diffraction (XRD)
pattern of Ag NPs which well matches with the
JCPSD (Joint Committee for Powder Diffraction
Standard, data card no - 04-0783). The crystal planes
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(111), (200), (220) and (311) shows cubic crystalline
phase with standard lattice constant to be 4.0862A for
Ag NPs and the observed lattice constant was found,
(a=b=c)= 3.9314A for the peak 20 = 46.14° with
corresponding crystal plane (200) [10]. The average
particle size of Ag NPs was found 12nm which was

calculated by using Debye Scherrer formula.

UV-Vis Diffuse Reflectance Spectroscopy Analysis:

Figure 3 shows UV-Vis spectra of DBTE (red colour)
and Ag NPs (black colour) during formation of Ag
NPs shows brown colour on incubation of silver
nitrate with DBTE.UV-visible spectroscopy confirms
the appearance of Ag NPs with strong surface
plasmon resonance peak at 430nm[10]. Finally colour
changes to dark brown which indicates formation of
Ag NPs. DBTE powder do not shows any surface

plasmon resonance peak.
50

— AGNPS
—Tuber Powder

(e

1 tuber Powder AgNPs

LJ l L) l L) ' L ' L l LJ
200 300 400 500 600 700 800
Wavelength (nm)

Fig.3: UV DRS of Tuber powder and Ag NPs

Fourier Transform Infra-Red (FT-IR) spectroscopic
analysis:

Fourier Transform Infra-Red (FT-IR) spectroscopic
analysis was performed to recognize the various
functional groups present in the DBTE and Ag NPs as
shown in the figure 4 (A) and 4 (B). FTIR spectra of
DBTE shows the various key components like
flavonoid and phenolic were observed in figure (4 A).
The peaks observed at 1639, 1421, 1155, 1082 and
1026 cm represents C=C stretch, O-H stretch, C-O
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stretch, C-O stretch and C-N stretch. The broad and
strong peak was found in DBTE at 3495 cm!, which is
due to hydroxyl (-OH) group of phenols/alcohol.FT-
IR spectra of silver nanoparticles (Ag NPs)(Fig: 4B)
exhibited prominent peaks at 2926 cm, 1649 cm’!
and 1442 cm. It also shows different stretching
vibration of bonds at different peaks; 3417 —O-H
Stretch; 2137 cm! and 2075 cm™! —~N=C strong stretch;
1649 cm™' —C=C and 1141 cm' —C-O strong stretch.
Also peaks shows strong stretching of —-O=C=0O at
2347cm™ and peak 1020 shows medium stretching of
amine. The peak at 3417cm-gives a broad and very
strong stretching corresponds to —O-H (Hydroxyl)
group. Hence,the addition of silver showsthe band
variations and strong stretching vibrations and
bending [10].

« 1 (A)

Fig.4: (A) FT-IR Spectra of Tuber powder and (B) FT-
IR Spectra of Ag NPs.

Field Emission Scanning Electron Microscopy

(FESEM):
The Field Emission Scanning Electron Microscopy
(FESEM) gives information about the surface

morphology. In figure 5 (A) shows various FESEM
images at different resolution and magnification
which shows the spherical shape of Ag NPs.Energy
dispersive X-ray analysis (EDAX) as shown in the
figure 5 (B) confirms presence of Ag without any
impurity from figure 5 (C) shows the elemental

mapping of Ag NPs with marked as green colour.
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(B)

Fig.5: (A) FESEM of Ag NPs, (B) EDAX Pattern of Ag
NPs and (C) EDAX Mapping of Ag NPs.

Raman Spectroscopy Analysis:

Figure 6 shows Raman spectrum of Ag NPs, the
possible functional groups of biological capping
molecules associated with stabilization of Ag NPs.
The spectrum shows a strong and sharp peak at 239
cm!, which can be ascribed to the stretching
vibrations of Ag-N and Ag-O bonds [24]. The very
small vibrations of peak at 1366 and 1510 cm-
Irespectively and

corresponding to symmetric

asymmetric C=0 stretching vibrations of carboxylate

group.
10000

9000 J }—;\g \Ps‘
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7000 =
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4000 -~
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3000 =

2000 =

1000 T

I v I M I M
500 1000 1500
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Fig.6: Raman Pattern of Ag NPs.

2000

Antibiofilm Activity:
7(A) the Candida ablicans(C.

ablicans)biofilm life cycle with various stages such as

Figure shows

first stage with adherence of round yeast cells to a

different surface,second stage with initiation of
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biofilm formation in which cells are multiplied to
form a basal layer of adhered «cells,third stage
including maturation of the biofilm and development
of complex layers of polymorphic cells and forms
extracellular matrix, in the last stage that is fourth
stage where round yeast cells leave the mature
biofilm to seed new sites to form dispersion [26].

The synthesized Ag NPs are explored forC. ablicans
biofilms. Ag NPs shows inhibition in Fig.:7 (B),20 x
10°cells/mL. were added 15.6 pg/mL to each well of
the 96-well polystyrene plates. Similarly, 25x
10°cells/mL were added 62.5 pg/mL to each well of
the 96-well polystyrene plates.It shows maximum
inhibition about 25% of biofilm and also it slow down
the biofilm formation which may perhaps contribute

to various applications in biomedical field [25].

Candida albicans biofilm life cycle

=== =y

Adherence

Ag-Tuber (B)

30
- 20
Inhibition 20
15

10

SOOI
Dispersion U Maturation
156ug/mL 312 ug/mL 625 ug/mL 1250 ug/ml

Fig.7:(A)C. ablicans biofilm life cycle,(B) Observed
inhibition of Ag NPs.

V. CONCLUSION

In summary, plant mediated synthesis of
nanoparticles have several advantages including facile,
ecofriendly, nontoxic, cost-effective, biocompatible
and so on. Ag NPs synthesized by green approach by
using DBTE.X-ray diffraction (XRD) shows that face
centered cubic (FCC) crystal structure with average
particle size 12nm. UV Vis spectroscopy reveals
strong surface plasmon resonance (SPR) peak at 430
nm which confirms optical property.Fourier
Transform Infrared Spectroscopy (FTIR) shows strong
peaks of phenolic and flavonoid groups present in the
sample.Field Emission Scanning Electron Microscopy
(FESEM)

Spectroscopy (EDAX) indicates the spherical shape

along with Energy Dispersive X-Ray

nanoparticles and presence of Ag element without
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any impurity.From the Raman Spectra it was seen
that the peak was observed at 239 cm-1 and after that
the spectra goes on increasing. The synthesized
sample explored of Candida ablicans biofilms, it
shows maximum inhibition about 25% of biofilm.Ag
NPs synthesized by using D. bulbifera plant tuber
extract can be explored for various biomedical
applications such as analgesic, anti-inflammatory,
anti-hyperglycemic, antitumor activities and anti-

diabetic etc.
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ABSTRACT

Polypyrrole thin films are prepared by electrodeposition. Here we have studied the film formation
mechanism of polypyrrole thin films. The electrochemical oxidation of pyrrole makes a radical cation and di-
cation. Initially, the concentration of radical cations is much higher than that of the neutral monomers which
are near the electrodes, where, reactions are occurring and hence because of coupling di-cation forms. After

losing two protons from di-cation again a neutral dimer is formed, which is then oxidized to radical cations,

and so polymerization goes on. Polymerization and chain termination takes place in the gestation period.

Keywords : Electrodeposition, Potentiostatic Mode, Thin Films, Polypyrrole, etc.

I. INTRODUCTION

Electrochemical polymerization is the most widely
used method in polypyrrole studies, offers many
advantages [1-10]: it enables to produce an easily
prepared polypyrrole with high conductivity, and in
situ coating of polypyrrole on rather complex
geometries. Electrochemical polymerization does not
necessitate annealing at high temperature; therefore,
it can be employed in flexible the devices such as dye
sensitized solar cells (DSCs) [1], supercapacitors, etc.
Polypyrrole films have been easily prepared either
chemically or electrochemically. Polypyrrole is
amorphous and conducting type conjugated polymer.
Basically, polypyrrole has been made conductive by
the monomer i.e. and

oxidation of pyrrole

conjugation have made with the anion. Due to
conjugation with anion, the band gap energy of
polypyrrole greatly reduced. Such conjugation with
anion is called doping of polypyrrole by anion [11-
12]. Polypyrrole has lots of distinct features related to
electrical conductivity, electroactivity and high
environmental stability, so it attracts widespread
research interests [13].

polypyrrole  shall  be

electrochemically, by applying a potential across a

Conducting prepared
solution containing the pyrrole to be polymerized and
an electrolyte (supporting electrolyte), or chemically;
using oxidants or cross-coupling catalysts. One of the
advantages of electrochemical polymerization is that,
the yielded polypyrrole electrodeposited in the form
the However, anodic

of film on anode.
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electropolymerization has a serious shortcoming; the
electro-generated polypyrrole presents structural
irregularities due to polymer cross-linking [14].
Conducting polypyrrole is a promising electrode
material for redox capacitors as, it is less expensive
than other electrode materials, e.g., noble metal
oxides [15].

This chapter deals with synthesis and characterization
of polypyrrole films by potentiostatic mode of
electrodeposition. The wvariation of current with
voltage is studied with the help of linear sweep
the

oxidation potential of polypyrrole is determined and

voltammetry and deposition potential i.e.

polypyrrole films were deposited accordingly.

II. EXPERIMENTAL PROCESSES (POLYPYRROLE
FILM FORMATION):

Reference
Working — electrode
electrode
&—-—— Counter
electrode
Electrodeposited .
polypyrrole thin| ———  Electrolytic
film bath
««—— Deposition
cell

Fig. 1: Electrodeposition set up for synthesis of
polypyrrole films

The room temperature deposition keeps away from
the oxidation and corrosion of metallic substrates.
Preparative parameters such as deposition potential,
deposition time and concentration of the precursor
optimized. In the typical synthesis, (0.1 M) pyrrole
and (0.5 M) sulphuric acid are used as the monomer
and electrolyte, respectively. Polypyrrole films were
prepared on stainless steel substrates, at deposition
potential of + 0.7 V vs SCE. The polypyrrole film was

deposited on anode (stainless steel) and a pure
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graphite plate having nearly equal to area 4 cm?
(Size:1 cm X 4 cm) of working electrode was used as a
cathode, a saturated calomel electrode (SCE) was used
A black

polypyrrole film was obtained on the substrate as

as the reference electrode. colored

shown in Fig.1.

2.1. Substrate cleaning
Substrate cleaning is the breaking of the bonds
between substrate and contaminants without
detrimental the substrates. In thin film deposition
process, substrate cleaning is an essential factor to get
reproducible films as it affects the adherence,
uniformity, smoothness and porosity of the films. The
substrate cleaning process depends upon the nature of
the substrate; degree of cleanliness required and
nature of contaminates to be disinterested. The
common contaminates are grease, oil particles, air
borne dust, lint, adsorbed water etc. The stainless
steel has been used as substrates. The following
process has been assumed for cleaning the substrates.

1. The substrates were washed with detergent
solution ‘Molyclean’ and then with water.

2. These substrates were boiled in chromic acid for
about five minutes and then rinsed with distilled
water.

3. These substrates were kept in NaOH solution to
remove the acidic contaminations, washed with
distilled water and cleaned ultrasonically.

4. Finally, the substrates were air dried.

III. RESULTS AND DISCUSSION

3.1 Mechanism of the Polymerization

In an electrochemical polymerization of pyrrole, the
monomer pyrrole was dissolved in a solvent
containing the anionic doping species such as H2SOx4
(in present case), is oxidized at the surface of an
electrode by application of an anodic potential
(oxidation). The choice of the solvent and electrolyte
is of particular importance in electrochemistry. Since,

both solvent and electrolyte should be stable at the
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oxidation potential of the monomer and provide an
ionically conductive medium. Since pyrrole has a
[16],

electropolymerization shall be carried out in aqueous

relatively  low  oxidation potential
electrolytes.

As a result of the initial oxidation, the radical cation
of the pyrrole is formed and reacts with other
monomers present in solution to form oligomeric
products and then the polymer. The extended
conjugation in the polymer results in a lowering of
the oxidation potential compared to the monomer.
Therefore, the synthesis and doping of the polymer
are generally done simultaneously. The anion is
incorporated into the polymer to ensure the electrical
neutrality of the film and at the end of the reaction, a
polymeric film of controllable thickness is formed at
the anode. The anode can be made of a variety of
materials including platinum, gold, glassy carbon,
stainless steel and tin doped indium oxide (ITO)
coated glass. In the present work, we used the 304
stainless steel substrate as working electrode for
deposition of polypyrrole thin film.

The

potentiostatic deposition mode corresponding to a

electropolymerization is  achieved by
constant potential applied at the surface of the
electrode. The polymerization mechanism between
chemical and electrochemical polymerization is
different, only initial step is same i.e. generation of
radical cations, which is shown in Fig.2. In this case,
the concentration of radical cations is much higher
than that of the neutral monomers which are near the
electrodes, where, reactions are occurring and
radical-radical coupling forms di-cation. Then di-
cation loses two protons, generating a neutral dimer,
which is then oxidized to radical cations, and so
These

dimmers and trimmers are formed in the small

polymerization goes on. radical cations,

“gestation period”, before the polymerization [17].
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Fig.2: Polymerization mechanism of

electrochemically synthesized polypyrrole films

IV.CONCLUSION

As per study, the electrodeposition of polypyrrole
thin films at room temperature is easy process also
there is no need of any sophisticated instruments.
Also, with the help of electrodeposition we can
control the film properties such as thickness,
electrical conductivity etc. From electrochemical
polymerization study we understand the formation of
pyrrole ions, dimmers and so on i.e. formation of

polymer chain.
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ABSTRACT

Conductivity enhancement has been observed from ternary alloy compound of Li0.05Zn0.950
nanostructures. The influence of Lithium doping on electrical properties of sol-gel derived zinc oxide
nanostructures was studied. Li0.05Zn0.950 Nanostructures were characterized. The XRD measurement
exhibits single phase wurtzite structure along the (002) plane. The average particle size of pure ZnO and
Li0.05Zn0.950 was found to be 36 nm and 30 nm respectively. Incorporation of Lithium, influenced the
particle size. FESEM reveals the uniform rope type structure. The current-voltage characteristics obtained
from semiconductor characterization system reveals that resistance of the nanostructures was found to be

decreased with doping of Lithium. These results explore the applicability of Li0.05Zn0.950 nanostructures as

a conducting oxide in electronic devices.

Keywords: Nanostructures; Li0.05Z2n0.950; sol-gel; XRD measurement.

I. INTRODUCTION

ZnO nanostructures have attracted much interest of
researchers due to its useful structural and electrical
properties. ZnO as a wide band gap material found to
be promising candidate in many electronics
applications such as thin film transistors [1], photo
detectors [2] and light emitting devices [3]. These
ZnO nanostructures can be fabricated by various
kinds of fabrication methods, such as chemical bath
deposition [4], spray pyrolysis [5], pulsed laser
deposition [6], sol-gel process [7]etc. While the sol-
gels based deposition of nanostructures offers
reduction in the cost of fabrication and excellent

compositional control [8].

In the present study, sol-gel deposition process is used
for fabrication of nanostructures According to recent
literature, by using sol-gel spin coating method Li
doped ZnO nano structures were deposited on
different types of substrate such as glass[9] and
silicon[10]. The change in property of ZnO had been
observed with doping. Present study reveals that the

doping of Li changes grain size and conductivity.

II. EXPERIMENTAL

ZnO and Lio0sZnossO nano structures were deposited
using sol-gel spin coating method. Zinc acetate
dihydrate, methoxy ethanol, Lithium acetate, were

used as a starting precursor. Solution was prepared for
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0.4 moles of 5 at% Lithium. The solution was stirred
on hot magnetic plate 50 minutes. After cooling of
solution, it was used for spin coating deposition. With
constant speed of rotation films were coated. The
films were coated repeatedly get desired thickness.
Pre and post heating treatment are given to samples
after each coating and cooled down at room
temperature. characterized for

Samples were

structural and electrical properties.

III. RESULTS AND DISCUSSION:
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Fig. 1 XRD pattern of ZnO and LioosZnossO

nanostructures. (Inset: Intensity of peak)

To investigate the crystal structure of deposited ZnO
and LioosZnossO nano structures were characterized
using X-ray diffractometer. Fig. 1 shows the XRD plot
of ZnO andLioosZnossO nanostructures. Analysis
clearly indicates single dominant peak corresponding
to (002) plane at the 20O value of 34.58°. The doping of
Lithium does not deteriorate the crystal structure.
The average crystalline size of ZnO and Lio0sZnossO
nanostructures has been estimated from Debye

Scherrer equation[11].
0.91
- BcosO (1)

Where, D is the average crystalline size of the film. A
is the wave length of X-ray source(1.54059 A), 0 is the
Bragg diffraction angle and B is the full width at half

maximum intensity (FWHM)in radians. Average
crystalline size estimated from XRD pattern and
found to be 36.30 nm and 30.26 nm for ZnO and
LioosZnossO nano structures respectively. Crystalline

size decreased by Li doping. The diffraction angle of
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peak (002) is 34.58° and 34.59° for ZnO and
Lio0sZno.ssO nanostructures respectively. Inset of fig. 1
shows the decrease in intensity with Li doping. The
of ZnO and LioosZnossO

nanostructures were summarized in the table 1.

structural parameters

Compou (260() | FW | Max. Grai
nd HM | Intensi | n

) ty size

D(n

m)

Deposit | ZnO 3458 | 0.23 | 3946.3 | 36.3
ed 1 0
samples | 1ij0.05Zn | 34.59 | 0.275 | 1150.4 | 30.2
0.950 6 6

Table 1: Structural parameters of ZnO and

LioosZnossO nanostructures

Fig. 2 presents the FESEM images of ZnO and
Lio0sZnossO nanostructures. Images of the films were
taken at the scale of 10um with magnification of
5,000 for ZnO and LioosZnossO nanostructures.
Uniform rope type structure is retained for both the
films with change in crystal size. The Lio0sZnossO
nanostructures show denser morphology without

visible voids and defects overall the surface.
- = P ) / ¥

S-4¢ ) 20 8.8mm x5 (M) 01/ 16 10.0um

Fig2 FESEM images of ZnO and LioosZnossO
nanostructures.
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Fig. 4 I-V characteristics of ZnO and Lio05ZnosO
nanostructures.

The electrical behavior of ZnO and LioosZnossO
nanostructures was investigated by (I-V) Keithley
The

characteristics were investigated for voltage between

instrument, which is realized in fig. 4.

-10 V and 10 V. It was found to exhibit ohmic nature.
The linear, ohmic nature showed the good quality of
deposited LioosZnossO nanostructures. The doping of
Lithium was an important factor to influence the
current density with respect to bias voltage. The
decrease in average resistance is observed with
LioosZnossO nanostructures. The results revealed that
conductivity of LioosZnossO nanostructures is higher
than ZnO nanostructures due to decreasing grain size

and increasing number of grain boundaries.

IV.CONCLUSION

the ZnO and Li0.05Zn0.950

nanostructures were synthesized by simple and

In summary,

inexpensive sol-gel spin coating technique on glass
substrate. The XRD spectra reveals the crystalline
quality ofLi0.05Zn0.950 nanostructures without any

degradation of the wurtzite structure of the zinc oxide.

The size of grains was found to decrease with Li
The

incorporation of Li in ZnO and decrease in size was

incorporation in the ZnO nanostructures.
confirmed through FESEM, which reflects uniform
rope type structure. I-V characteristics analysis
reveals increase in currant with doping of Lithium in

ZnO nanostructures. The analysis and investigation
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lead successful incorporation of Li dopant in ZnO for

conducting oxide in electronic devices.
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ABSTRACT

Herein, we have studied fabrication of silver nanoparticles (Ag NPs) by using sugarcane or Saccharum
Officinarum juice as green approach. Primary Ag NPs formation confirmed by using visual observations as a
colour change from light yellow to dark brown also which further confirmed by UV-Vis spectroscopy shows
strong absorption spectra with surface plasmon resonance (SPR) peak at 440 nm. X-ray diffraction (XRD)
reveals that face centred cubic (FCC) crystal structure with the characteristic diffraction peaks at (111), (200),
(220) and (311) and average nanoparticle size 18 nm. Fourier Transform Infrared Spectroscopy (FTIR) studies
attributed that the hydrogen bonded O-H stretching vibration of phenol overlay on N-H stretching, C=O
stretching owing to bio molecules which contain -COO groups. Field Emission Scanning Electron Microscopy
(FESEM) along with Energy Dispersive X-Ray Spectroscopy (EDAX) specify that the spherical shape of
synthesized Ag NPs as well as the spectra clearly shows strong signal peak at 2.8 keV corresponds to presence
Ag element without any impurity. Raman Spectrum of the Ag NPs Peak shows strong and sharp band at
240cm-! and stretching vibration of Ag-N and Ag-O bonds.

Keywords: Silver Nanoparticle, Saccharum Officinarum, Surface Plasmon Resonance, Green Synthesis And
Raman Spectrum.
I. INTRODUCTION ways such as plant extract, microbial, cell biomass or

cell free growth medium and biopolymers [4]. From

In recent years, nanotechnology research is emerging
as cutting-edge technology interdisciplinary with
physics, chemistry, biology, material science and
medicine. Biological or green synthesis methods are
considered as safe, cost-effective, sustainable and
environment friendly, facile and non-toxic [1-3].
Currently, researchers are focusing on the biological
or green synthesis of nanoparticles by using
microorganisms and plant extracts. Green synthesis of

Ag NPs have been performed by using a variety of

last few years the great attention gained towards the
plant extracts mediated green synthesis by using
Boerhaaviadiffusa [5],
[6], Aloevera

[7],Catharanthusroseus [8], Ocimumtenuiflorum [9],

different plants such as

Tinosporacordifolia

Azadirachta indica [10], Emblicaofficinalis [11],
Cocosnucifera [12], Terminalia chebula[13] and Black
Pepper([14].

The Saccharum Officinarum (S. Officinarum ) or

sugarcane is a well-known plant for sugar that is
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sucrose which is a daily need recipe. Sugarcane have
different applications which includes the bio-fuels,
food products and carbon production. Owing to its
richness, low cost, bio-degradable and recycling
ability, S. Officinarum has been used for mass
production of carbon based materials for natural
precursor [15]. Sugarcane (S. Officinarum) extract
mediated green synthesis of various nanostructures
are reported asAg-SnO2[16], Ag [17-19], Au, Pt, Pd
[20],carbon quantum dots (CQDs) [21], ZnO [22] and
Si [23]. Various nanoparticles synthesized by using
different components of sugarcane are used for wide
range of applications such as photocatalytic activity
[16], antioxidant activity, antibacterial activity [17],
and Dbiofilm [18].Green

synthesized Ag NPs have been used for sensors for

formation approach
disease diagnosis [4],H20:2 sensor [24], heavy metal
ion sensors [25] drugs delivery [26],radiation therapy
[27] and ESR dosimetry [28].

II. MATERIALS AND METHODS:

Silver nitrate (AgNOs) 50% TECHNICAL grade was
obtained from LOBA CHEMIE PVT. LTD. Sugarcane
or Saccharum Officinarum was collected by nearby
market from Nashik, Maharashtra, India. For the

complete synthesis double distilled water was used.

Synthesis of Silver Nanoparticles using Saccharum
Officinarum:

The synthesis procedure of Ag NPs by using
Sugarcane or Saccharum Officinarum(S. Officinarum)
is adapted from [16] with little modifications. Fresh S.
Officinarum juice was collected and filtered using
Whatmanfilter paper no. 41. For synthesis addition of
25 ml of S. Officinarum Stem Extract into 150 ml of
0.01 M AgNOs The

maintained at pH 10 for further reaction. The mixture

solution. solutions were

was refluxed with constant heating and stirring at 100
°C for 4 hrs. A dark brown coloured precipitate was
observed. stabilized at

Subsequently it room

temperature for 24 hrs. The synthesized sample
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centrifuged for 20 min with 5000 rpm, washed well
three times. The collected powder was desiccated at
60 °C and calcinated at 200 °C for 2 hrs.The final
black colored Ag NPs are used for further

characterization purpose (Fig. 1).

Stem extract of Saccharum Officinarum

IqlE

PH-10 Measured by
PH Meter

Heating & Stiring
at 100°C for 4hrs.

Fig.1: Schematic of Saccharum Officinarum synthesis

Material Characterizations:

The X-ray diffraction pattern of as synthesized Ag
NPs was recorded in the 20range of 10-80°at a
scanning rate of 2°/min using Rikagu (Miniflex600,
Japan). The ultraviolet-visible (UV-Vis) spectroscopy
study of Ag NPs was carried out by SHIMADZU
Spectrophotometer in the range of 200 to 800 nm.
The
recorded by
Spectrophotometer (FTIR), SHIMADZU IRAffinity-1.
A drop of Ag NPs solution was placed on freshly

Fourier transform infrared spectrum was

Fourier Transform Infra-red

prepared KBr disc and scanned between 400 - 4000
cm!. The scanning electronic microscopic images
were captured by FESEM (FEI Nova NanoSEM- 450
instrument) with an EDS (Bruker XFlash- 6130). The
Raman

spectrum was recorded by Raman

Spectrometer by RENISHAW Spectroscopy.
III. RESULTS AND DISCUSSION:

X-ray Diffraction (XRD):

Saccharum Officinarum mediated Ag NPs XRD
pattern as shown in the figure 2.The 2 theta peaks
corresponding values are 38.13°, 44.38°, 64.61° and
77.41°with crystal planes are (111), (200),(220), and
(311) respectively.From the crystal planes it confirms
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the face centered cubic (FCC) crystalline structure of
Ag NPs.The average nanoparticle size measured by
using Debye-Scherrer equation and it was found to be
18nm [25]. The XRD pattern do not shows any
impurity peaks which further confirm the purity of
Ag NPs.

10000

. atn Ag NPs
8000
S 6000
-
= .
‘Z® 4000
5 (200)
z J
= 2000 ] (220) (311)
N A
T T T 1
20 30 a0 50 60 70 80
20
Fig.2: XRD Pattern of AgNPs.
UV-Vis Analysis:

The synthesis of Ag NPs by reduction of aqueous
metal ions by using of S. Officinarum extract can
easily studied UV-Vis spectroscopy technique. The
absorbance spectra of reaction mixture containing
aqueous solution of silver nitrate and extract of S.
Officinarum shows dark brown color which confirms
the formation of Ag NPs and it showed an absorbance
peak at around 440 nm, which is characteristic feature
of surface plasmon resonance (SPR)of Ag NPs [26]
(Fig. 3).

=
b L] hd L] hd 1 d L] hd 1
Wi-;velength (nm)
Fig.3: UV DRS of AgNPs
FTIR Spectroscopy:

The FTIR studies were carry out to identify the
functional group. Sugar are the major components
present in the S. Officinarum extract which might act

as reducing agent to synthesize the Ag NPs. As
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shown in the figure 5 (A) and (B)the FTIR peaks for S.
synthesized Ag NPs
respectively. The FTIR spectra of the S. Officinarum

Officinarum juice and
extract peak shows flavonoid and phenolic were
observed in Figure 5 (A) at 3375, 1625, 1265, 1045,
873 and 700 cm?, 3375 cm! represent O-H stretch ,
C=C stretch, C-O stretch, CO-O-CO stretch, C-H
stretch, C=C stretch and hydroxyl (-OH) group of
phenols/alcohol respectively. FTIR spectra of Ag NPs
as shown in the figure 5 (B).It shows different
stretching vibration at different peaks, 3358cmt, O-H
stretch, 2331cm C=N stretch, 1649cm? -C=C stretch,
929cm? =C-H & =CH stretch. The peak 3358cm
gives a strong stretching corresponding to O-H
Stretch (Hydroxyl) group[16].

(A) "B

Fig.4: (A) FT-IR Spectra of Saccharum
Officinarumand (B) FT-IR Spectra of AgNPs.

FESEM:
Field Emission Scanning Electron
Microscopy(FESEM)technique used for surface

morphology study of nanoparticles. The figure 5 (A)
shows the spherical morphology of Ag NPs with
slight agglomerations of nanoparticles as well as
elemental mapping as shown in the figure 5 (A- d).
Energy Dispersive X-ray Spectroscopy (EDAX)
indicates presence of the Ag element at 3eV energy

without any impurity as shown in the figure 5 (B).

Fig.5: (A) FESEM of AgNPs,A) (d) EDAX Mapping of
AgNPs. (B) EDAX Pattern of AgNPs
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Raman Spectroscopy:

Raman spectrum of the Ag NPs was recorded
spectrum shows the selective enhancement of Raman
band of the various organic capping agents which was
bound to the Ag NPs. In the figure 6 indicate higher
intensity peak at 110 cm and595 cm™.The peak
shows a strong and sharp band at 240cm?, which can
be ascribed to the stretching vibration of Ag-N and
Ag-O bonds [21]. The formation of a chemical bond
between Ag and amino nitrogen as well as silver and

carboxylate groups of sugarcane molecules.
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Fig.: 6 Raman Spectrum of AgNPs

IV.CONCLUSION

Green synthesis have several advantages including

facile, ecofriendly, non-toxic, cost-effective,
biocompatible, etc. X-ray diffraction (XRD) reveals
that face centred cubic (FCC) crystal structure with
the characteristic diffraction peaks at (111), (200),
(220) and (311) and average nanoparticle size 18 nm.

UV-Vis spectroscopy shows strong absorption spectra

with surface Plasmon resonance (SPR) peak at 440 nm.

Fourier Transform Infrared Spectroscopy (FTIR)
studies attributed that the hydrogen bonded O-H
stretching vibration of phenol overlay on N-H
stretching, C=O stretching owing to bio molecules
which contain -COO groups. Field Emission Scanning
Electron Microscopy (FESEM) along with Energy
Dispersive X-Ray Spectroscopy (EDAX) specify that
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the spherical shape of synthesized Ag NPs as well as
the spectra clearly shows strong signal peak at 2.8 keV
corresponds to presence Ag NPs without any impurity.
Raman Spectrum of the Ag NPs Peak shows strong
and sharp band at 240cm-* and stretching vibration of
Ag-N and Ag-O bonds.
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ABSTRACT

Herein, we report the synthesis of Cu NPs via green approach using Dioscorea bulbifera plant tuber extract.
The as-synthesized products were characterized using X-ray diffraction (XRD) analysis reveals that
confirmation of the face centered cubic (FCC) crystal structure without any impurity peaks with a lattice
constant 0.3620 nm. Fourier Transform Infrared Spectroscopy (FTIR) shows the components like flavonoid
and phenol were observed, which have contributed as surface capping agents for NPs. UV-visible
spectroscopy shows that Cu NPs shows a strong surface Plasmon resonance absorption peak at 570 nm, which
attributed to the formation of Cu NPs. Field emission scanning electron microscope (FE-SEM) exhibit a
spherical shape of Cu NPs agglomerate morphology and Energy Dispersive X-ray analysis (EDAX) which

confirm the presence of only Cu element without any impurities. Synthesized sample explored of Candida

albicans biofilm and it shows about 20 % inhibition of biofilms.

Key words: Green synthesis, copper nanoparticles, Dioscorea bulbifera, biofilm and Candida albicans

I. INTRODUCTION

Nanomaterial's have unique properties that
distinguish them from the corresponding bulk
materials. The shape and size of metal nanoparticles
influence their optical, catalytic and conductive
properties [1]. Synthesis of nanoparticles through a
green approach have been widely used because of its
nontoxic, environment friendly and cost effective
nature as compared with chemical as well as physical
methods [2].

applications

Copper nanoparticles (Cu-NPs) have

such as super strong materials,

catalysts, DNA binding,

antimicrobial activity, antioxidants, industries and

antibacterial, sensors,

medicine [3]. There are several reports on plant
mediated green synthesis of Cu NPs such as Eclipta
prostrata leaves [4], Celastrus paniculatus Willd [5],
Ageratum houstonianum Mill leaf [6], Cissus vitiginea
[7], Juglans regia leaf [8], Lantana camara flower [9],
Jatropha curcas leaves [10], Punica granatum [11] and
Tea Leaf [12].

Dioscorea bulbifera is one of the unique medicinal
plants among 600 species in the family Dioscoreaceae

which has found its importance in traditional
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medicine worldwide [13]. Among various medicinal
plants used in Ayurveda, Indian system of traditional
medicine as well as its multiple therapeutic potential
[14].

medicine in the various regions of India as well as

Dioscorea bulbiferais used as alternative
Zimbabwe. Dioscorea bulbiferaplant tuber used as
herbal tonic which further stimulates the stomach
and spleen and also it shows effect on the lungs and
kidneys. Tubers are also useful for to cure various
such as asthma

activity dry cough, diabetes,

uncontrollable urination, poor appetite, chronic
diarrhea, ulcers, anticancer, antioxidant, analgesic,
and antinflammatory properties [15].

Biofilms are the bacterial groups firmly lodged in the
extracellular matrices of polysaccharides, proteins,
enzymes, and nucleic acids; thereby, facilitating
anchorage to any surfaces irreversibly [16]. Candida
albicans is considered as a major fungal pathogen of
the humans causing considerable morbidity and
mortality. Currently prescribed antifungal, antibiotics
areoften failures in clinical situations, due to the
development of multiple drug resistance, formation of
drug resistant biofilms on biotic as well as abiotic
surfaces and transformation from yeast to hyphal

form morphology [17].

Antibiofilm Assay:

The procedure is taken from [18], typically 100pL of
107 cells/mL of Candida albicans in water were added
into 96 well polystyrene plates and incubated for 3
hours for adherence of cells. The un-adhered cells
were gently washed with phosphate buffer saline
(PBS). 100 pL of Roswell Park Memorial Institute
(RPMI) medium containing different concentrations
(0-100 pg/L) of Cu NPs were added to each well, and
incubated for 24 hours at37 oC. After 24 hours of
incubations, the medium supernatant was removed,
and the biofilm formed was gently washed with PBS
and further incubated with100 pL of 5 mg/mL MTT
(3-(4,5 Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide) solution. After few

hours of incubations, 100 pL of dimethyl sulfoxide

Page No : 66-71

was added into each well and optical density was

recorded.

II. MATERIALS AND METHODS:

Plant material and preparation of extract Dioscorea
bulbifera
geographical landscape of Dindori, Nashik region
Western Ghats of Maharashtra,

tubers were collected from natural
India and were
identified and authenticated by botanist from national
research institute of basic Ayurvedic science, central
council for research in Ayurveda and siddha,
department of ayush, ministry of Health and family
welfare, Government of India, New Delhi, Nehru
garden, kothrud, pune, India assigning voucher
specimen number 860 [19]. Washed tubers were
sliced into small pieces and shade dried for 5-7 days
followed by blending into fine powder. 10 g of finely
ground tuber powder was boiled with 100 ml of
sterile distilled water for 5 min in a 300 ml
Erlenmeyer flask. The extract obtained was filtered
through whatman filter paper No. 1 the filtered

sample was collected and stored at 40C

Synthesis method —

Synthesis of Cu NPs with  slight
modification 10 ml of DBTE was added to 95 ml of 1.5
Mm aqueous CuSO4.5H20 solution and kept under

was done

shaking condition at 200 rpm and reduction of

Cu2+ion.

-

CusO0, chaki
s

Collected NPsby

i %

Schematics of synthesis of Cu NPs by green synthesis
approach
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III. RESULTS AND DISCUSSION:

1] XRD Studies

The X- ray diffraction XRD pattern of Cu NPs is
shown in figure: (1). The diffraction intensities were
recorded from 10 to 800 at 20 angle, three
characteristic peaks were observed at 20 angles of
43°,50° and 74°, and these corresponds to the crystal
planes (111), (200) and (220) which well matches
with [Joint Committee on Powder Diffraction (JCPDS)
04-0784] The Cu NPs shows Face Center Cubic
crystal structure [10].

Intensity (a.u)

T r r
20 30 40 50 60 70 80
20

Fig 1 — XRD pattern of synthesized Cu NP

2] UV-Visible- Diffuse Reflectance (UV- Vis-DRS)
Spectroscopy

From figure 2 shows the spectrum of Dioscorea
bulbifera tuber powder and synthesized Cu NPs. The
red spectrum indicates Dioscorea bulbifera tuber and
synthesized Cu NPs shown black color. UV-Vis-DRS
confirms the appearance of Cu NPs with strong
surface plasmon resonance (SPR) peak at 570nm. The
absorption band for Cu NPs has been reported to be
in the range of 500-600 nm [20].

Tuber Powder

%R

) | ] | ] 1]
400 500 600 700
Wavelenght(nm)

L]
200 300 800

Fig 2 — DRS spectrum of synthesizes Cu NPs

Page No : 66-71

3] Fourier transform infrared (FTIR) analysis:

FTIR technique is used to investigate the surface
functional group of DBT powder (Dioscorea bulbifera
tuber) as well as synthesized Cu NPs. FTIR spectra of
DBT was recorded before synthesis and the peak
shows the key components such as flavonoid and
phenolic were observed in figure 3 (a): The peaks
observed at 1639, 1421, 1155, 1082, and 1026 cm-1
represents C=C stretch, O-H stretch, C-O stretch and
C-N stretch the broad and strong peak was found in
DBT at 3495 cm-1, which is due to hydroxyl (-OH)
phenols/alcohol. FTIR

performed to recognize the various functional group

group of analysis  also
present in Cu NPs mediated by Dioscorea bulbifera as
shown in the figure 3(b): It also shows different
stretching vibration of bands at different peaks; 3296
cm-1 O-H stretch; 2926 cm-1 C-H strong stretch
vibration; 1622 cm-1 C=C variable stretch vibration;

1413 cm-1 —C-H variable bending vibration [14].

Fig 3a D.B Tuber Powder FTIR

Fig 3b- Synthesizes Cu NPs

4] (FESEM)-EADX studies -
In figure 4 (A-D): The synthesized Cu NPs seems to
show a cubic and hexagonal agglomerates surface
morphology analyzed by Field Emission Scanning
Electron Microscopy(FESEM). The

presence also shown by elemental mapping as shwon

Cu element

in the figure 4 (E). The Energy Dispersive X-
ray(EDAX) analysis show a signal corresponding to a
significant presence of Cu element without any

impurity peak as shown in figure 4 (F).
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Fig 4(A-D): FESEM of CuNPs Fig 4(E): EDAX
Mapping of CuNPs Fig 4 (F) EDAX Pattern of CuNPs

[5] Antibiofilm Activity —

The schematics of biofilm formation of Candida
albicans as shown in the figure 5 with various stages (i)
culture medium surface with an adsorbed film of host
proteins (blue colour). Initial yeast (red) contact the
surface and adhesion to it. (ii) formation of the basal
layers with micro colonies. (iii) completion of micro
colony formation by addition of the upper and hyphal
layer with extracellular matrix material (black) was
formed. (iv) mature biofilms contain number of micro
colonies with extracellular matrix material that
surrounds both yeasts and hyphae (red). The two
distinct layers such as a thin and basal region of
densely packed yeast cells and an overlying thicker as
well as more open hyphal layer. (v) mature biofilms
which produces new spores (green) and disperse them
[22].

The synthesized Cu NPs are explored for Candida
albicans biofilms inhibition. CuNPs shows inhibition
as shown in the in Figure 5 (b), 15 x 105 cells/mL
were added 15.6 pg/mL to each well of the 96-well
polystyrene plates. Similarly, 20 x 105 cells/mL were
added 62.5 pg/mL to each well of the 96-well
polystyrene plates. It shows maximum inhibition
about 20% of biofilm also it slow down the biofilm
formation which may various
biomedical field [23].

applications in

4 (5

- AN ‘:‘.;":.’""'
i ) B U

Fig 5(a): Stages in the formation of Candida albicans
biofilm.
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Cu-TUBER

15

15.6 ug/ml > mL 62 L 125.0 ug/mL

Fig 5(b) Inhibition of Cu NPs

o n o n o w

IV.CONCLUSION

Green synthesis approach is an ecofriendly, non-toxic,
facile and rapid approach. In present study we
synthesized Cu NPs by plant extract Dioscorea
bulbifera tuber. X-ray diffraction (XRD) analysis
reveals that confirmation of the face centered cubic
(FCC) crystal structure without any impurity peaks.
UV-visible spectroscopy reveals a strong surface
plasmon resonance absorption peak at 570 nm, which
attributed to the formation of Cu NPs.

Fourier Transform Infrared Spectroscopy (FTIR)
shows the components like flavonoid and phenol
were observed, which have contributed as surface
capping agents for NPs.Field emission scanning
electron microscope (FE-SEM) exhibit a spherical
shape of Cu NPs agglomerate morphology and Energy
Dispersive X-ray analysis (EDAX) which confirm the
presence of only Cu element without any impurities.
Cu NPs are used for inhibition of fungal biofilm of
Candida albicans which shows about 20 % reduction
in biofilm. Cu NPs can be investigating for many
biomedical activities such as antibacterial, antioxidant,
analgesic, anti-inflammatory, antitumor activities and

antidiabetic etc.
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ABSTRACT

The present investigation explores the influence of metallic impurity on mechanical property of Ammonium
dihydrogen phosphate (ADP) crystal to emphasize its utmost liability for futuristic device applications. The
most commercially viable slow solvent evaporation method has been employed to grow the undoped and
Zn2+ doped ADP (ADP-Zn) single crystals. Vickers micro hardness study has been employed to evaluate the
role of metal in uplifting the hardness parameters of ADP crystal. The mechanical study of ADP-Zn crystal

has been comparatively investigated with load ranging from 25g —100g.

Keywords: - Crystal growth, Microhardness study

I. INTRODUCTION

Ammonium dihydrogen phosphate (ADP) crystal has
excellent property amongst the phosphate family due
to its widespread applicability in fabricating the

frequency conversion (second, third, fourth),
frequency mixing, microscopic lasing,
telecommunication, optical parametric, optical

switching, optical data storage etc. devices [1, 2]. ADP
has

ferroelectric, piezoelectric, high optical homogeneity,

crystal appealing characteristics such as

low cutoff wavelength, high SHG coefficient, strong
thermal and physical stability owing to which
research community throughout the world are trying
to pursue the further advancement in inherent
properties of ADP crystal by various methods. The
most frequently adopted way to tailor the properties
of ADP crystal is using an external additive in the
form of dopant. In literature the organic (amino acids
and dyes) as well as metallic ions like Fe and Cr and
cesium have brought the best improving results in

various distinct properties of ADP crystal.[3]. It is
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noticed that, none of the researcher has reported the
effect of Zn?* on various characteristics of ADP crystal.
Considering this exemption in literature, we make an
effort to report a novel work in which the Zn? ion
has been firstly used to optimize the mechanical

property of ADP crystal.
II. EXPERIMENTAL PROCEDURE

The Merck make ADP salt was dissolved in double
distilled water and the homogeneous solution of ADP
was taken in separate beakers. The beakers were then
added by 1mole of Zinc chloride (ZnClz). The mixture
was then stirred well for six hours in order to achieve
homogeneous doping in ADP. The solutions were
then filtered using the No.l membrane filter paper
and the filtered solution was taken in a beaker. The
beakers were kept in a constant water bath
maintained at 34 ° C with accuracy +0.01 °C. The
single crystals have been harvested in the period of 18
to 20 days.

The ADP-Zn crystal is shown in Fig. 1.
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Fig. 1. Photograph of Zn-ADP single crystal

III. RESULTS AND DISCUSSION

Vicker’s microhardness measurements:

The term hardness referred as a measure of the
[4].
Microhardness study has been employed to examine
As

hardness properties are related to the crystal structure,

resistance  against  lattice  destruction

mechanical characteristic of grown crystal.

bonding, heat formation and Debye temperature of
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the material hence, mechanical study of the crystals
brings out an understanding of the different effects
such as vyield strength, elastic stiffness etc. [5].
Mechanical behavior of the materials plays decisive
role in the device fabrication. The smooth surface of
the ADP and ADP-Zn crystals were subjected to
Vicker’s static indentation test at room temperature.
Leitz Weit-zler hardness tester with loads of different
study. The
indentation time was kept as 10 s for all the loads.
Using the relation, Hvw= (1.8544 x P)/d> kg/mm?

Vicker’s hardness number was calculated, where Hv is

magnitude was employed for the

Vicker’s hardness number in kg/mm?, P is the applied
load in kg, d is the average diagonal length of the
indentation mark in mm. The plot of load (P) vs.
Vicker’s hardness (Hv) for undoped ADP and ADP-
Zn crystals are shown in Fig. 2(a). From the graph it is
evident that the hardness of the ADP-Zn crystals is
higher that the undoped ADP crystals.
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The work hardening index n, of studied crystals has
been evaluated using the Meyer’s relation given as,
log P = log K1+n log d where, K1 is the material
constant and n is the Meyer’s work hardening index.
The value of n has been calculated from the slope of
plot drawn between log P and log d, shown in Fig.
2(b). The calculated value of n of both the crystals is
above 1.6, this implies that the crystals belong to the
category of softer materials as demonstrated by
Onitsch. The Yield strength and Elastic stiffness
coefficient pure and ADP-Zn crystals has been
evaluated and systematically plotted in Fig 3(a) and
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been observed that

3(b) has

incorporation of Zn?* might have facilities good bond

respectively. It

strength between the associated neighboring atoms
and hence improved yield strength and elastic
Overall

enhanced mechanical performance of ADP-Zn crystal

stiffness coefficient of host crystal [6].

indicates  that it  might  facilitate less

wastage/breakage/cracking of material during
processing the material for fabricating mechanically

rigid device.

(a) = (b) =

—a— ADP
—e— ADP-Zn| = ADP
20000000 . 50{ e ADP-Zn
%45
18000000 z

e

3
240
16000000 Oas
-
=30
14000000
525
12000000 /

2 3 4 S 6 7 8 % 10 110

Yeild strength

Elastic Si

2 » 4 S 6 7 0 0 100 110
Load (g) Load (g)

Fig -3: (a) Plot of Yield strength Vs Load (b) Elastic
stiffness coefficient Vs Load

IV.CONCLUSION

The single crystals of undoped ADP and ADP-Zn

have been grown by slow solvent evaporation method.

The Vicker’s microhardness study confirmed the
enhancement of mechanical strength of host ADP
crystal due to incorporation of Zn2+. Concisely, ADP-
Zn crystal with superior yield strength and elastic
stiffness coefficient could be decisive in designing

various mechanical rigid devices applications.
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ABSTRACT

Aerogel materials are not only superinsulating but also a sound proof. Such materials are very fragile in
nature besides it we have examined the elastic properties of methyltrimethoxysilane (MTMS) based silica
aerogels. This current research work focuses the elastic behaviour of the monolithic silica aerogels. The
technique of interferometry was applied to study elastic constant of aerogels. It was observed that due to
mechanical stressing, number of fringes localised on the aerogel samples and these fringes were used to

determine the Young’s modulus (Y) of such materials. Here, we report a new mode for determination of Y’ of

aerogel monoliths.

Keywords: Mechanical Stressing, Young’s Modulus.

I. INTRODUCTION

Silica aerogels are nano-structured materials with the
bulk density as low as 0.02 g/cm? and high porosity (>
98%) [1]. Due to the high porosity and very less solid
content, determination of the various mechanical
properties of the silica aerogels is the major challenge.
Though methods like three point flexural techniques,
Vickers and knops tests have been applied for the
measurement of the mechanical properties of the
aerogels, but application of even very small loads
(70.25 N) results in the cracking of the aerogel
samples [2,3]. Therefore efforts have been made in
the past to use non-destructive technique as like
sound velocity measurements for this purpose [4, 5].
There are no reports available on the use of
holographic interferometry for the determination of
mechanical properties of the aerogels.

Holographic interferometry has been widely accepted

as a viable tool for non-destructive testing of

materials. It permits the qualitative & quantitative
study of minute changes in the object contours [6].
We report here the use of double exposure
holographic interferometry (DEHI) [7] to study the
surface deformation of mechanically stressed aerogels.
DEHI has proved to be an advantageous than the
other holographic techniques in the study of transient
phenomenon [8]. In this technique, there is
comparison of a stressed surface state relative to its
unstressed state causes interference fringes to be
observed on the object, which gives information of
the object deformation with a very high precision
[9,10]. As this technique is enough sensitive to the
determination of the order of wavelength of source
[He-Ne LASER 6328 A], application of a small stress
can give rise to interferometric fringes and hence the
sample under test remains intact, reusable and crack

free.
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II. EXPERIMENTAL

2.1. Preparation of Monolithic Silica Aerogels:

Two stage sol-gel processes was used. Alcogels were
prepared by hydrolysis and polycondesation of
(TEOS). TEOS was

dissolved in methanol (MeOH) in order to make it

tetraethoxysilane Initially,

soluble in 0.05 NH4F, Methyltrimethoxysilane
(MTMS) was added to this mixture to make the
aerogels hydrophobic as well as diffusely reflective.
The mixture was stirred for 10 minutes and the
resulting homogenous sol was transferred to 25 ml

pyrex glass test tubes. The test tubes were made air

tight to inhibit the evaporation of MeOH from the sol.

The gelation took place at an ambient temperature of
27 °C. In order to prevent shrinkage and cracks in the
alcogels, excess amount of MeOH was poured in the
test tubes after gelation. All the gels were aged at 25
°C for 24 hours. The aged alcogels were dried
The

autoclave drying conditions were given in this

supercritically in an autoclave. details of
publication [11].
To synthesize aerogels with different physical

characteristics, molar ratios of
TEOS:MTMS:H20:NHsF was kept
1:1:4:3.6 X 103 respectively and MeOH/TEOS molar

ratio (M) was varied analytically from 12 to 16, as it

constant at

was observed in an earlier study that variation of M

values affects the bulk density of aerogel [12-13].

2.2. Holographic Experimental Set-up:
The off double

interferometry technique was used to record the

axes exposure  holographic
holograms. In this technique, continuous comparison
of the surface displacement relative to its initial
position causes interference pattern observed on the
object. Surface, which gives information about the
object [5,6].

All the optical components used in the recording
were arranged on the vibration isolation system [7].
The special type of the vibration isolation table is
prepared

in holography laboratory from local
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equipments in low cost. This system avoids all the
vibrations reaching on the top of the table from
ground. The cylindrical samples of aerogels having
~10 mm radius and “30 mm height were used to study
the surface deformation using DEHI technique. The
aerogle sample was illuminated by 5mW He-Ne laser
[\ = 6328 A]. High quality beam splitter [70:30] was
used to split the laser beam.

We used the mechanical stressing technique to study
deformation. To study the effect of mechanical
stressing, the object (aerogel) was placed on a rigid
black painted wooden block and a weight (e.g. 1 g)
was placed on it. The special pulley arrangement was
used to unload the samples. The hologram of the
object was recorded in this stressed state on the
holographic plate. Then without disturbing the whole
system, the load was removed from the object and the
same holographic plate was exposed to this natural
unstressed state of the object. The sufficient exposure
time was adjusted depending upon the reflection from

the object in both cases.
III. DETERMINATION OF YOUNG’S MODULUS

There the

determination of Young’s modulus of different solid

are three different methods for
objects. The Y of a long, thin wire can be calculated

by the following equation,
MgL
1
o ZI 1)
Where, M = Mass applied,
L = Length of wire,

Y =

r = radius of wire,

1 = elongation produced.
In this work, we have calculated the elongation T, by
holographic method by calculating the deformation of
the silica aerogel sample after application of the load.
Hence by using the holographic method the equation

(1) can be modified as follows,
MgL

Y =
ar’a

2)
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Where, ‘@’ = surface displacement of the sample. The
surface displacement of sample can be calculated by

the following geometry.

3.1) Geometry for in- plane displacement of a rigid

object:
To view the object from a distance R, in the following
figure,
¢
D

F §
v

Figure 1: Geometry for in- plane displacement of a

rigid object

Where, R = distance of object, ¢ = viewing angle.

The separation of fringes on the object is given by,

5_Rdp RA o
cosp  acos(e)sin(¢—0)

For the silica aerogel samples, the movement after the

application of load is parallel to surface, hence in
above equation (3), 8§ = n/2. Hence equation (3)

becomes,

R
D= —22 (4)
acos” ¢

Where, ‘a’ = surface displacement of the sample
RA

Dcos” ¢

(5)

Here, D = Fringe separation, A = wavelength of the
source, ¢ = viewing angle, R = Distance of object.
Using equation (2) the values of the Y’ of the silica

aerogel samples can be calculated.
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IV. RESULTS

4.1. Fourier Transform Infrared Spectroscopy (FTIR):

FTIR study of the silica aerogel was carried out.
70
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Figure 2: FTIR Study of the silica aerogel

Several characteristic absorption bands were observed
in the range of 450 cm™ to 4000 cm™! indicating the
presence of methyl groups [14]. The broad absorption
band observed at 1080 cm™is a characteristic of the
Si-O-Si bond present in samples. The absorption
bands were observed at 2950 and 1400 cm due to
stretching and bending modes of C-H bond and the
deeps observed at 765 & 1265 cm™ due to the Si—C
bonds. The 1265 cm™ peak indicates the presence of
the Si-C bonding [15]. The absorption deeps at 1600
and 3400 cm! corresponding to the polar -OH bonds

4.2. Determination of Young’s modulus of silica
Aerogel:

We have determined the Y’ of the silica aerogel
samples having different bulk densities and thermal
conductivities of the silica aerogel monoliths. These
values are reported in the table no. 1. We have used
the silica aerogels having the five different densities.
First the values of the surface deformations were
calculated. Values of surface deformations of all the

samples were also reported in table no. 1
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Sam | Den | Ther | App | No | Defor | Youn
ple |sity | mal lied | of mation | gs
P condu |load | frin | (x 10 | modu
(g/c | ctivity | in ges. | cm) lus Y
m?) |k ‘g (x10°
(W/m dyne/
K) cm?)
7 5.9531 |2.51
0.18 5 13 | 6.6468 | 7.74
M9 0.0023
08 10 15 7.7518 | 14.49
15 |17 2023 |7.68
1 4 3.100 2.414
15
2 12 |9.300 |1.610
76
M |0.19 5 21 10.89 | 4.728
0.0029
17 73 7
7 23 | 1137 |6.147
0
10 |40 |1432 |9.152
9
05 |9 19.801 | 2.994
M |0.15 6
0.0019
25 | 66 2 42 | 47.619 | 4.940
4
7 1590 | 1.531
M |0.14
0.0019 18.73 | 1.666
26 |08
16 |46.50 | 1.569
05 |7 18.049 | 1.104
94
M |0.13 1 10 |37.35 |2.841
0.0016
31 |46 6
2 27 | 7573 |2.891
0

Table No:1. Physical and elastic properties of
monolithic silica aerogels.

All the results have shown that as load on the sample
increases, surface deformation also increases. All the
values of the Y’ calculated are reported in table no.1

and all the values are in good agreement with the

Page No : 75-79

standard values. The photographs of some of the silica

aerogel samples are shown here.

Figure 2: Photographs of synthesized silica aerogel
monoliths,
[A] Flexible silica aerogel showing bending behaviour.

[B] Silica aerogels in 25 ml test tubes.
V. CONCLUSION

We have applied successfully DEHI technique for
determination of Y’ of sol-gel derived porous silica
aerogel monoliths. These monoliths exhibited very
low thermal conductivity. Above mentioned
properties were achieved by quantifying the sol-gel
chemistry and parameters during the supercritical
drying of the silica aerogels. Usually, the derived
porous materials are rigid in nature but this work
demonstrated the new measure in the synthesis of

porous, elastic and insulating silica aerogel monoliths.
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ABSTRACT

In the present paper, nickel Oxide (NiO) thin film has been synthesized by galvanostatic electrodeposition
method. The crystal structural and surface wettability study of NiO thin film was carried out using X-ray

diffraction (XRD) study and contact angle meter techniques. The XRD study reveals the cubic crystal

structure of NiO thin film. The surface wettability study shows NiO thin film is hydrophilic in nature.

I. INTRODUCTION

Nickel Oxide (NiO) is asemiconducting oxide material
having wide band gap lies between the ranges of 3.6
eV to 4 eV [1-2]. Nickel oxide (NiO) thin film have
received great interest due to good electronic, optical
and magnetic properties with high chemical stability.
Due to these features it is used in variety of potential
applications such as, fuel cell [3], gas sensors[4], solar
thermal absorbers[5], photodetectors [6], batteries [7]
and catalyst [8].

The NiO thin film have been synthesized by different
physical and chemical methods such as, chemical bath
deposition method [9], sputtering method [10], sol-gel
method [11], chemical vapor deposition method [12],
pulsed laser deposition [13]. The electrodeposition
method is one of the best suitable method for
deposition of metal on electrode substrate. Because it
is cheap, easily available, and give thin, uniform film

on substrate.

In the present work, NiO thin film has been
synthesized by potentiostatic electrodeposition
method. The structural and surface wettability study
of NiO thin film was carried out with the help of
characterized by X-Ray diffraction (XRD) and surface

wettability study.
II. EXPERIMENTAL DETAILS:

2.1 Substrate Cleaning

Substrate cleaning is a most important part in the

deposition of thin films. If the substrate surface is

contaminated, the resulting films can be non-uniform.

Electrically conducting substrate is the necessary

requirement of electrodeposition. These substrates

were cleaned using following procedure:

1) The substrates were mirror polished using zero
grade polish paper.

2) The substrates were washed with detergent and

double distilled water,
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3) Finally, the substrates were dried, degreased in
AR grade acetone and were kept in dust free

chamber.

2.1.2 Synthesis of Nickel Oxide (NiO) Thin Films:

Nickel Oxide (NiO) thin films preparation was
performed using a two-electrode system. Graphite
sheet was served as counter electrode. Stainless steel
substrate was used as working electrode. For
electrodeposition bath of Nickel oxide thin film was
prepared by AR grade chemicals using double
distilled water. For synthesis of Nickel Oxide (NiO)
thin film electrode, we have used 0.2M Nickel nitrate
aqueous solution. Nickel Oxide (NiO) thin film
electrode was deposited potentiostatically on stainless
steel (SS) substrates with constant potentials of 1.9 V
for 20 minutes and then Nickel hydroxide was
formed. For oxidation of nickel, the films were
annealed at 400°C for one hour. This oxidized film

was used for further characterization.
III. RESULTS AND DISCUSSION

3.1 X-ray diffraction study:

X-ray diffraction is a powerful technique to identify
the crystal structure of the electrode materials. Fig.1
shows the XRD pattern of the film on to the stainless
steel substrate with 20 range of 20 to 80°. The XRD
pattern of the film revealed the formation of NiO
with cubic crystal structure. The main peaks are
indexed at (20) 37.37° (111), 43.6°(200) and 62.94°
(220) reflections which are in good agreement with
the standard diffraction pattern of NiO cubic
structure (JCPDS card no. 47-1049). In addition with
this, peaks originated due to stainless steel substrate
are indicated by ‘SS’. Justin et al have reported similar
kind of crystal structure for NiO material prepared by
hydrothermal method using organic surfactants as

templates [14].
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Fig.1 : X-ray diffraction study of NiO thin film.

3.2 Surface Wettability study:
Surface wettability study of the electrode was carried

the help

measurement with water as liquid drop.

out with of water contact angle

0 =34°

Fig.2 : contact angle of NiO thin film

The surface wettability study of film determines its
ability to interact with ions when dipped into
electrolyte, which is determined by measuring the
contact angle with liquid electrolyte. Surface
wettability of NiO thin film was studied by measuring
contact angle. Fig.2 indicates the actual photograph of
contact angle with film surface. The measured angle
for NiO thin films is 34". In this study, it is observed

that the NiO thin films are hydrophilic in nature and
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contact angle for NiO decreases with increase in
deposition cycles. The hydrophilic nature of film
surface allows more interaction of electro active sites
of NiO thin film.

IV.CONCLUSION

In the present report, we have synthesized nickel
oxide (NiO) thin film on stainless steel substrates by
using simple and economical potentiostatic
electrodeposition method. The crystal structure and
wettability study was carried out by using x-ray
(XRD)

measurements. The XRD study shows cubic crystal

diffraction and water contact angle
structure of electrodeposited NiO thin films. The
surface wettability study shows NiO thin films are

hydrophilic in nature.
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ABSTRACT

In present work, manganese sulfide (MnS2) thin films have been deposited by chemical route at room

temperature on commercial glass substrate. Employed chemical method is inexpensive, simple and does not

require any sophisticated instrument for deposition. The chemical bath is prepared from the mixture as

solutions of manganese acetate tetrahydrate [C4H6MnO44H2O] as a manganese source, thiourea [(H2 N) 2

CS] as a sulfur source and ammonia solution used as a complexing agent, respectively. The structural and

morphological analysis has been investigated using X-ray diffraction (XRD) and Scanning Electron

Microscopy (SEM).

Keywords: DMS, chemical route, X-ray diffraction, Scanning,Electron Microscopy (SEM).

I. INTRODUCTION

Various kinds of binary and ternary chalcogenides
materials are in focus of extensive research [1].
Chalcogenides materials have applications in
optoelectronic devices, solar cells, photoconductors

and infrared detector devices, etc. respectively. The

various chalcogenides such as ZnS, Cu2S, MnS2, MoS:,
WS2 are commonly used. Among all the manganese
sulfide (MnS2) is especially used in mixing with Zn
and Cd to form (Zn, Mn)S and (Cd, Mn)S composites
used in various applications. Manganese sulphide thin
films with main advantages like wide direct band gap,

cheap processing. As far as we know, there are
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various methods of synthesis for managanese sulphide
thin films like successive ionic layer adsorptions and
reaction (SILAR), chemical bath deposition (CBD)
and RF-sputtering etc. [2]. Chemical route is most
feasible technique for film synthesis, since it is easy,
simple and most-cost effective method of deposition
[4]. In chemical route, manganese ions and a sulfur-
containing organic compound (thiourea) are
processed in alkaline water medium. Ammonia is
used as complexing agent in deposition as it reduces
spontaneous precipitation by slowly releasing of
metallic ions, which avoids precipitation. In this work,
MnS: thin film structures are reported by easy and
simple chemical route at room temperature. Its
structural and morphological studies are revealed by
X-ray diffraction and Scanning electron microscopy,

respectively.

II. EXPERIMENTAL DETAILS

Materials:
All The chemicals
Manganese acetate tetrahydrate [CsHsMnO4.4H20]

used are analytical grade.
used as a manganese source, thiourea [(H2N)2CS] used
as a sulfur source and Ammonia solution was used as
complexing agents and D.I. used as solvent. The pH of
the solution was maintained by using ammonia

solution.

Instruments:
For structural studies Philips PW1710 Diffractometer
for the 20 ranging from 200 to 800 with Cu-K« (A =
1.5418 A°) The

Microscopy (SEM) analysis is used for surface

radiation. Scanning Electron

morphology study.

Glass substrate cleaning:

Commercial glass slides of dimensions 25 mm x 30
mm x 1.2 mm are used for the deposition. For better
homogeneity and quality of films, cleaned slides are
essential. The slides cleansed with help of detergent,

after they are boiled in concentrated chromic acid

Page No : 83-86

(0.5 M) for 1 hour. The substrates washed with
distilled water. Slides are immersed in distilled water

before deposition.

Preparation of the MnS: thin films:

A total reactive solution prepared in a 100 ml beaker
containing equimolar solutions of manganous acetate
tetrahydrate (0.3M) as Mn source (50ml) and thiourea
(0.3M) as a S sources (50ml). Solution is stirred well
so that homogeneous solution was formed. The pH of
the solution mixture was set with the help of
ammonia to near about 10.6 with help of pH meter.
The substrates were kept in the solution vertically at
room temperature without stirring with the help of
specially designed substrate holder for 24 hours. Dark
brown deposited glass slides are removed gently.
Finally substrates were washed in distilled water

gently and dried in warm air.

III. RESULTS AND DISCUSSION

For Structural identification X-Ray Diffraction (XRD)
was carried out within the range of angle 20 between
10° to 80°. The MnS: thin films XRD pattern of
24 hours

deposition time is shown in Fig.1. The cubic crystal

deposited at room temperature for

structure with five principal peaks corresponding to
(200),(210),(211),(221)and (41 1) orientations.
This XRD data is in good agreement with standard
JCPDS card no.00-010-0616 and JCPDS card no. 00-
010-0476 conforms cubical hauerite phase of MnS:.
Lattice constant (c) for cubical phase was determined
from the relation in eq.1 [3].
1 4[h2+hk+k2J §
== r— M
d* 3 ’

a c?
From the position of the peak (2 0 0), determined

lattice parameters a=b=c=6.09 A°, 17.4 nm is the
average crystalline size of MnS: in the films. It was

determined from line (2 0 0) by using Scherrer’s

formula,
D 0.91 %)
pcosé
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where, § is the FWHM, A is the X-ray wavelength and
0 is the Bragg’s angle.
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Fig.1. XRD pattern of MnS: thin films deposited on

glass substrate.

26( degree | FWHM d-spacing
) hkl )

) in nm in (A)

28.88 0.47 200 3.05

32.41 0.39 210 2.73

36.13 0.27 211 2.50

44.50 0.47 221 2.04

64.74 0.57 411 1.44

Using Scanning Electron Microscopy surface

morphology was determined. Fig. 2 shows the SEM
micrograph of Mn$: films prepared on glass substrate
for 24 h at room temperature by using simple
chemical route. The film well covered and smooth all

over glass substrate.

= 2 IO Olu l%

15.0kV 10.3mm x20.0k

Fig.2. SEM images of MnS: thin films.
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The films are firm and densely adhere to the surface.
The grains are smaller with unequal in size and
shapes. The particles are well adhering with unequal

distribution the fine grain background.

IV.CONCLUSION

MnS?2 thin films have been deposited sucessesfully on
a glass substrate at room temperature by simple and
cost effective chemical route method. From the XRD
analysis, it was confirm that the film possesses a
of MnS2 The

determined lattice parameters a=b=c=6.09A° were in a

cubical structure of hauerite.
good match with the reported hauerite structured
data. The SEM study showed smooth and well

covered thin film on entire glass substrate.
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ABSTRACT

In the present investigation, we report synthesis of manganese dioxide (MnO2) thin film on low cost
conducting substrate by electrodeposition method for supercapacitor application. The structural and surface
wettability study of MnO2thin film was carried out with the help of X-ray diffraction (XRD) and contact
angle meter. The supercapacitive properties of MnO2 thin film were carried out by using cyclic voltammetry
(CV), charging-discharging (CD) study. The electrodeposited MnO2thin film shows specific capacitance of
430 F/g-at 10 mV/S scan rate. The specific energy and power of MnO2thin film were 7.40 kW/kg and 3.20

Wh/kg respectively. Hence, electrodeposited MnO2thin film is best electrode candidate for energy storage.

Keywords: supercapacitor, electrodeposition, MnO2, XRD, Cyclic voltammetry.

I. INTRODUCTION

In the recent years there is an urgent need of clean,
renewable and sustainable energy storage devices.
One such devices, supercapacitor or electrochemical
capacitor plays key role in development of energy
storage devices. It has higher energy density as
compared to conventional capacitor and greater
power densities than batteries.Supercapacitor have
attention due

fascinated more to outstanding

electrochemical characteristics viz high power

density, long capacitance retention ratio, good

The

supercapacitor or electrochemical capacitor is broadly

reversibility, environmental friendless, etc.
classified into two types depends on their charge
storage mechanism such as electrochemical double
capacitor and pseudocapacitor. In electrochemical
double layer capacitor (EDLCs) charge storage takes
place non faradically. Carbon based electrode material
used in EDLGCs. In pseudocapacitor charge storage
takes place faradically. The conducting polymers and
transition metal oxides are used as electrode material
in pseudocapacitor. Manganese oxide is mostly

studied as electrode material in transition metal oxide
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family due to their excellent electrochemical
properties such as, non-toxic, cheaper in cost, easy
synthesis and variable oxidation states.It is used in
catalysis, sensors, supercapacitor, rechargeable
batteries and water waste treatment [1-5]. Manganese
oxide electrode have been synthesized by various
physical and chemical methods. Different synthesis
methods gives different microstructures of manganese
oxide. In and

supercapacitor nanocrystalline

hydrophilic  electrode is mostly wused for
supercapacitor application. It provide higher surface
area, more interaction of ions from electrode to
electrolyte interface and shorten the diffusion path
length which strongly improve the supercapacitive
performance.

In the present work, efforts have been taken to
synthesize = manganese oxide electrode by
There

supercapacitive performance was tested by using

potentiostatic  electrodeposition method.

cyclic voltammetry, charging-discharging studies.

II. EXPERIMENTAL

2.1.Synthesis of Manganese Dioxide (MnO:2) Thin
Films:
Manganese Dioxide (MnOz2) thin filmwas carried out
using a two-electrode system. Graphite sheet was
served as counter electrode. Stainless steel substrate
was used as working electrode. For synthesis of
Manganese Dioxide (MnO:) thin film, the aqueous
bath contain 0.2M MnClz aqueous solution. The Prior
to deposition the stainless steel (SS) was used as
substrate and it is well polished with zero grade polish
paper rough to finish and rinsed with double distilled
water and acetone. The MnO: thin film was deposited
by using potentiostatic electrodeposition method by
keeping potential of 1.8 V for 15 minutes, manganese
hydroxide was formed. Further oxidation of Mn, the
film was annealed at 300°C for one hour. The colour
of Mn changes from yellowish to black brown. Then

oxidized film was used for further characterization.

Page No : 87-90

2.2. Characterization techniques:

The as synthesized MnO:2 thin film was characterized
by using different characterization techniques. The
crystal structure and surface wettability study of
MnO:z thin film was carried out with help of by X-ray
diffraction (XRD) techniquesusing Bruker axes D8
Advance Model with copper radiation (Ko of A = 1.54
A”’) in the 20 range between 20° to 80° and Rame-
The

electrochemical performance of MnO: thin film was

Hart contact angle meter respectively.
studied by using cyclic voltammetry and charging-
discharging study. An electrochemical cell consists of
three electrode systems, MnOzthin film as a working
electrode, graphite as a counter electrode and
saturated calomel electrode (SCE) as a reference
electrode. All electrochemical measurement was
carried out using aqueous 0.5 M NaxSOselectrolyte

solution.

III. RESULTS AND DISCUSSIONS

3.1. Structural study:

X-ray diffraction (XRD) is an important tool to
the
synthesized thin film. Fig (1) shows the XRD spectra

analyze crystal structural information of
of potentiostatically deposited MnO: thin film
within20 range between 20° to 80°. The XRD pattern
of MnO:z2 thin film electrode shows tetragonal crystal
symmetry. The lattice parameter observed in these
case are a= b=94.815 AU and c=2.847 AU. The peaks
observed in the XRD spectrum of MnO: thin film
electrode were well matched with JCPDS data (Card
No 72.1982). The additional peaks indexed (SS) in the
XRD spectra is due to the stainless steel substrate only.
Thus, XRD study confirms the crystalline structure of

deposited MnO: thin film.

3.2. Surface wettability study

The surface wettability study of film determines its
ability to interact with ions when dipped into
electrolyte, which is determined by measuring the

contact angle with liquid electrolyte. If contact angle
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is less than 90°, then the film surface is said to be
hydrophilic, and for greater than 90°, it is said to be
hydrophobic. For more interaction of electrolyte ions
with electro active site on the surface of thin film, the
contact angle must be as low as possible. Wettability
of MnO: thin film is studied by measuring contact
angle. Fig. (2) shows the images of contact angle with
film surface. The observed value of contact angle for
MnO:z thin films is found to be 76°. Thus, wettability
study shows hydrophilic nature of MnO: thin film.
The hydrophilic nature of electrode is feasible for
supercapacitor, which allows more interaction of
electro active sites of MnO: thin film with electrolyte

[6].

3.3. Supercapacitive Study:
3.3.1. Cyclic Voltammetry (CV) Study:
Cyclic voltammetry (CV) is a most important tool to

give the qualitative information about redox process

and specific capacitance associated with electrode. Fig.

(4) shows typical cyclic voltammogram of MnO: thin
film at 10 mV/s scan rate within potential range of
+1.2 V to -1.2 V in 0.5 M Na2SOs electrolyte solution.
The nature of CV curve is nearly rectangular in shape
indicating the ideal pseudocapacitor behaviour of
deposited MnO: thin film. The specific capacitance of
the MnO: thin film was calculated by using following
formulae,

Specific capacitance (Cs) = C/W
Where, C — capacitance in farad and W — the mass of
active electrode materials in gm. The active mass of
MnO: thin film in gm. The calculated value of specific
capacitance of MnO:2 thin film is 430 F/gat 10 mV/s
scan rate. The greater value of specific capacitance in
present case is nanocrystalline and hydrophilic nature
of MnO: thin film.

3.3.2. Charging-discharging study:

The electrochemical supercapacitor parameter such as
coulombic efficiency, specific energy and power of
the electrode was carried out with the help of
study. Fig. (4) the

charging-discharging shows

Page No : 87-90

charging-discharging (CD) study of MnO: thin film at
10 mA current density. The nature of charge and
discharge curve is triangular in shape. There is a small
voltage drop at the starting of discharge curve is due
to internal resistance present between the MnO: thin
The

supercapacitor was calculated by the following

film and electrolyte. electrochemical

formulae:

Coulombic Efficiency=TaTx100 (2)
Specific power =(V X La)/W 3)
Specific energy=(V X Ia X Ta)/W (4)

Where, Ta and Tc is discharging and charging time in
sec, V is voltage window volt, Ia is discharging
current in A and W is the weight of active material in
gm.

The coulombic efficiency of MnO: thin film was
found to be 94% whereas the specific power and
specific energy were observed to be 7.40 kW/kg and
3.20 Wh/kg, respectively.

IV.CONCLUSION

In summary, we have synthesized MnO?2 thin film by

potentiostatic ~ electrodeposition =~ method  for
supercapacitor application. The XRD study show the
tetragonal crystal structure. The wettability study
shows MnO2 thin film is hydrophilic in nature. The
MnO?2 thin film gives maximum specific capacitance
of 430 F/g. The MnO2 thin film shows values of
specific energy and specific power isbe 7.40 kW/kg
3.20 Wh/kg Thus

potentiostatistically deposited MnO2 thin film is

and respectively.

suitable material for energy storage devices.
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Fig. (2) Surface wettability of MnO:z thin film
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Fig. (4) Charging-discharging study of MnO: thin film
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ABSTRACT

The Electrodeposition of Vanadium oxide (VO) thin films are of great interest because of numerous
applications in the field of electrochemical devices. Varieties of chemical and physical methods are available
for synthesis of VO thin films. In the present mini review we are focusing on the synthesis of VO thin films
by Electrodeposition methods and properties. We have studied the comparative study of structural and
morphological properties of VO thin films. As per literature it is evident that as deposited VO thin films are
amorphous in nature while upon annealing treatment VO thin films changes to crystalline nature. As
deposited VO thin films have showed smooth nature but upon in-situ or ex-situ treatments morphology of

VO thin films changes to nanostructures, nanoplates, inverse opal like structures etc. Also, we tried to

compare the supercapacitive study of electrochemically deposited VO thin films.

Keywords: Electrodeposition, Vanadium Oxide, Thin Films, Supercapacitive Study, etc.

I. INTRODUCTION

Recently, researchers are trying to find the easy way
for synthesis of thin films for suitable applications.
Generally, the thin films are prepared by some
physical methods and lots of thin films are prepared
by chemical methods. The physical methods requires
sophisticated instruments for preparation of thin films,
also they require some ideal conditions such as
pressure inside the instrument, vacuum, particular
environment, temperature etc. So, these things waste

time and other efforts. Other methods are chemical

methods such as chemical bath deposition, Successive
Ionic Adsorption and Reaction (SILAR) method,
Electrodeposition, Sol-Gel method, Co-precipitation
method, Solid State Reaction method etc. These
methods have some advantages such as they do not
require highly sophisticated instruments, precursors
for synthesis easily available, not necessary to achieve
ideal condition etc. But amongst of all chemical
methods Electrodeposition is a unique chemical
method for synthesis of various methods and
deposited films have various applications such as

supercapacitor, gas sensor, solar cell etc.
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Figure 1: Schematic representation of

Electrodeposition process having three electrode
configurations.

In case of Electrodeposition, the depositing system
consists of a deposition bath, three or two electrodes
ie. working electrode, counter electrode and
reference electrode, and a power supply which
provide electric field. Sometime, Electrodeposition
process is mentioned as electrochemical process
because materials are deposited from liquid phase (in
deposition bath) to solid phase (on working electrode)
field. In

Electrochemical synthesis, each component has its

by application of proper electric
special role for making chemical change in material.
Fig 1 the

Electrodeposition process.

shows schematic presentation of

As per requirement, researchers have made some
the

Electrodeposition. There may be modification in bath

modifications  in basic  structure  of
such as making complex in the solution instead of just
source solution. Also, there may be modification in
bath temperature (i.e. at various temperatures), etc. So,
Electrodeposition has variety of parameters through
which we can get the proper thin film of suitable
properties.

Many researchers have taken efforts to synthesis
metal oxide thin films by Electrodeposition method
such as NiO [1], Cu20 [2], ZnO [3-4], molybdenum
oxide [5], Manganese and Molybdenum Mixed Oxide
(6], [7], (8],
Vanadium Oxide/Manganese Oxide Hybrid [9] etc.

Cerium Oxide ruthenium oxide
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Basically, electrochemical synthesis is preparing metal
oxide based thin films at room temperature or as
deposited films are not in oxide forms. So for proper
phase or metal oxides post deposition treatments are
necessary, such as annealing, sintering etc.

In the literature, we found that the VO thin films
have been formed by various methods such as sol gel
method [10], sputtering method [11], spray pyrolysis
method [12], electron beam evaporation method [13],
vacuum evaporation method [14], electrodeposition
method [15], hydrothermal synthesis method [16], etc.
In this review, we are focusing on the aspect of
electrochemically synthesized VO thin films. Because
it has some advantages over other methods, such as
this method can be extended to industrial scale, even
at low temperature ease of synthesis, this method is
non-toxic i.e. environmentally friendly and the

deposition set up requires low cost etc.

II. RESULTS AND DISCUSSIONS

A) Electrochemical synthesis of VO thin films:

The VO thin films can be electrodeposited by three
different modes such as potentiostatic mode (by
keeping constant applied potential across working and
counter electrode), galvanostatic mode (by keeping
constant applied current density across working and
counter electrode) and potentiodynamic mode (by
varying potentials across working and counter
electrode). In the Electrodeposition of VO thin films,
it is evident that every parameter is important to
control the film quality. Here it is found that
deposition mode, precursors and its concentrations,
electrolyte either aqueous or non-aqueous, working
electrode i.e. substrate, deposition time or deposition
cycles etc., these parameters are very important to
study the Electrodeposition of VO thin films. Here we
have summarized few reports for Electrodeposition of
VO thin films in Table 1.
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Table 1: Electrodeposition of VO thin films
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Sr. No. | Mode of | Parameters Precursors Substrate Reference
deposition
01 potentiodyna | from +0.2 NH4VOs3 150 stainless | [17]
mic to -0.7 V (SCE) at 50 steel mesh
mV/s for several hours
02 Galvanostatic | current density of 10-12 | oxovanadium sulfate | stainless  steel | [18]
mA/cm? solutions 18H12X9T
(0.2 mole/L, pH 1.8- | plates
2.0)
03 Potentiostatic | 2.5 volt for 0.05 M NH4VOs | ITO-coated [19]
5 min aqueous solution glass substrate
04 Potentiostatic | 2 V vs SCE 0.25 M VOSO4+.xH20 | ITO/FTO coated | [20]
solution in 1:1 (v/v) | glass
mixture of deionized
water and
ethanol
05 Potentiostatic | 0.7 V vs. SCE 0.1 M VOSO4 a piece  of | [21]
carbon cloth
06 potentiodyna | the potential 20 50 mM VOSO+H20 Ptlr wire [22]
mic times between 0 mV and | solution dissolved in
2000 mV at a rate of 50 | 1.0 M H3POs
mV/s
07 Galvanostatic | 3 mA cm2for 1800 s 1 M aqueous polystyrene (23]
Vanadium sulfate | sphere (PS)
oxide hydrate | template
solution  containing
50% wt.
ethanol

B) Structural study:

The electrodeposited vanadium oxide thin films have
been characterized by x-ray diffraction (XRD) study.
From the literature, it is found that the deposited
films are in amorphous nature. After annealing,
electrodeposited vanadium oxide film becomes
crystalline in nature. Ghosh and et al have been
reported that the deposited V20s samples annealed at
200

characteristic peak ambient condition of V20s and

°C under ambient conditions show no

after annealing at 500 °C reveals polycrystalline
nature of V20s samples [24]. Raj and et al have

reported the calcinations of vanadium oxide thin
films for better crystallinity. They have reported the
orthorhombic phase with the lattice parameters of
a=11.54A, b=4.383A and c=3.571A. The calculated
value of crystallite size was reported to be 18 nm [25].
Tsui and et al have reported the partial reduction of
V205 by annealing in air. According to their study, it
is evident that the as deposited films are amorphous
in nature while upon annealing the films showed
monoclinic crystalline structure, possibly intermixed
with nanocrystalline/amorphous phases [26]. Yu and

et al have been reported that as deposited vanadium
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oxide thin films are hydrated in nature and growth is
along (001) direction, upon annealing at 500 °C
vanadium oxide thin films were completely
dehydrated and transforming to orthorhombic phase.
Also, after annealing crystallite size changes from 4.2
nm to 32.1 nm and interlayer distance changes from
1094 A° to 4.23 A° [27]. Aamir and et al have
reported XRD pattern of the sample annealed at
350 °C for 4 h. They have reported orthorhombic
V20s having two layers comprising of stacks of
distorted VOs square pyramids that share edges
forming zigzag double chains [28]. Le and et al have
reported o and 3 two phases V205 films [29].

C) Morphological study:

The morphological study provides the basic structure
of materials, also with the help of morphological
study it’'s easy to correlate with other study for
analysis of results. The morphological study is made
with the help of SEM images.

Aamir and et al have reported the compact and
agglomerated V20s with no specific morphology as
they undergo irregular growth with larger particles
by potentiostatic mode of electrodeposition. Also,
they have reported that formation of well-defined
nanoplates like morphology having particle size 200-
300 nm with voids prepared by Galvanostatic mode of
So, here we found that the
the

vanadium oxide films [28]. The post deposition

electrodeposition.

deposition method alters morphology of
treatments such as annealing also have influence on
the morphology of vanadium oxide thin films. Le and
the

temperature on morphology of vanadium oxide thin

et al have reported effect of annealing
films. They have reported that as deposited vanadium
oxide thin films shows smooth surface due to
amorphous nature and upon annealing at 500 °C or
above temperatures the nanorods are formed and as
the

nanorods increases this is may be attributed to the

annealing temperature increase length of
high diffusion rate in the surface of the film [29].
the

during

Some researchers have tried to control

of vanadium oxide films

morphology
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electrodeposition, like use of template. Armstrong
and et al have reported the use of opal template for
control of morphology of vanadium oxide thin films.
They have reported that morphology without opal
template is undulating film-like structure, while with
the help of opal template it becomes inverse opal like
structure [20]. In case of electrodeposition, various
parameters can be controlled for getting particular
morphology, such as electrodeposition time. Lu and et
al have reported that electrodeposition time increased
from 40 seconds to 60 seconds, the morphology
changed from smooth to typical sea-island like
morphology [30]. Lu and Zhou have reported the
combination of in-situ and ex-situ treatment on
vanadium oxide thin films and they have been
reported that morphology of vanadium oxide thin
films without in-situ or ex-situ or both treatments are
featureless. They have found that upon in-situ and ex-
situ treatment, morphology changes from non porous
nano-particles to nano-rods [31]. All these reports are
summarized in Table2.

Table2: Effect of in-situ and ex-situ treatments for

electrodeposition and its effect on morphology

Sr. | Effect Morphology Refe

No renc

. e

01 | By changing | No specific | [28]
mode of | morphology to well
electrodeposition | defined nanoplates

02 | By increasing | Smooth surface to | [29]
annealing nano-rods with
temperature increasing length

03 | By use of | undulating film-like | [20]
template structure to inverse

opal like structure

04 | By increasing | smooth to typical | [30]
electrodeposition | sea-island like
time morphology

05 | By using | non porous nano- | [31]
template and | particles to nano-
annealing rods
treatment
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D) Supercapacitive study:

Here we have summarized the supercapacitive study
of electrodeposited vanadium pentoxide thin films.
Supercapacitive study will be analyzed with the help
of cyclic voltammetry, Galvanostatic charge-discharge
(GCD) study and electrochemical impedance study.
Here we are comparing the values of specific

capacitance either it may be calculated from the
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cyclic voltammetry study or it may be calculated from
GCD study. Table 3 shows the comparative study of
values of specific capacitance. From this comparative
study, other researcher can get the information about
electrolyte, potential windows, value of specific

capacitance etc.

Table 3: Comparative study of specific capacitance of electrodeposited vanadium pentoxide thin films

Sr. Technique from which | Parameters Electrolyte Specific Ref.
No. | specific capacitance capacitance
calculated
01 Cyclic Voltammetry | Scan rate: 2 mV.s™! with respect | 2 M KCl | 214 F.g! [24]
study to a Ag/AgCl reference | electrolyte
electrode
Potential window: from - 0.2 V
to 0.8V
02 Cyclic Voltammetry | Scan rate: 10 mV.s™! vs SCE 05 M KiSOs4|279F.g! [32]
study Potential window: from - 0.2 V | electrolyte
to 0.6 V
03 GCD method Current density: 1 A.g! 0.5 M LiClO+ in | 657 F.g! (28]
PC
04 Cyclic Voltammetry | Scan rate: 5 mV.s™! vs SCE 1 M KCI 608 F.g! [33]
study Potential window: from -1.3V
to-0.1V
05 Cyclic Voltammetry | Scan rate: 5mV.s! vs Ag/AgCl | 3 M KCI 350 F.g'! [34]
study Potential window: from - 0.2 V
to 0.8V
III.CONCLUSION films are amorphous in nature, so for crystalline

The VO thin films will be electrodeposited by three
like

galvanostatic mode and potentiodynamic mode. The

different  modes potentiostatic mode,
working electrode would be any conducting substrate
used in electrodeposition of VO thin films. The role of
precursor and its concentration is important in
electrodeposition because the oxidation potentials
may be differ for precursors and its concentrations.

The structural investigations showed that as deposited

nature it is necessary to anneal the samples at 500 °C.
So annealing of sample are prime requirement for
good crystalline nature of samples. From
morphological study, it is evident that the as
deposited films are smooth in nature i.e. they are
featureless in nature, for further use it is necessary to
modify the samples by the use of in-situ and ex-situ
treatments such as  Electrodeposition time,
Electrodeposition mode, use of template, annealing of

samples etc then samples changes to nano-plates or
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nanostructures etc. In supercapacitive study it is
evident that the specific capacitance can be calculated
either from cyclic voltammetry or galvanostatic
charge-discharge study. It is evident that different
for VO
potentials windows (for CV study) and different loads

electrolytes thin films have different
of current density (for GCD study). So, this mini
review will help to new researcher to get proper idea
of Electrodeposition of VO thin films and its
structural, morphological with

study along

supercapacitive study.

IV. REFERENCES

[1]. A. C. Sonavane, A. I. Inamdar P. S. Shinde, H.
P. Deshmukh R. S. Patil P. S. Patil, Efficient
electrochromic nickel oxide thin films by
Electrodeposition, Journal of Alloys and
Compounds, 489(2010) 667

[2]. Y. Tang, Z. Chen, Z. Jia, L. Zhang, J. Lj,
Electrodeposition and characterization of
nanocrystalline cuprous oxide thin films on
TiO2 films, Materials Letters, 59(2005)434

[3]. G. Machado, D. N. Guerra, D. Leinen, J. R.
Ramos-Barrado, R. E. Marotti, E. A. Dalchiele,
Indium doped zinc oxide thin films obtained by
Electrodeposition, Thin Solid Films, 490(2005)
124

[4]. T. Yoshida, D. Komatsu, N. Shimokawa, H.
Minoura, Mechanism of cathodic
electrodeposition of zinc oxide thin films from
aqueous zinc nitrate baths, Thin Solid Films,
451-452(2004)166

[5]. R.S. Patil, M. D. Uplane, P. S. Patil, Structural
and optical properties of electrodeposited
molybdenum oxide thin films, Applied Surface
Science, 252(2006)8050

[6]. M. Nakayama, A. Tanaka, Y. Sato, T. Tonosaki,

K. Ogura, Electrodeposition of manganese and

molybdenum mixed oxide thin films and their
charge storage properties, Langmuir
21(2005)5907

[7].

[11].

[13].

[14].

Page No : 91-94

T. D. Golden, A. Q. Wang, Anodic
Electrodeposition of Cerium Oxide Thin Films:
II. Mechanism Studies, Journal of The
Electrochemical Society 150(2003)C621

V. D. Patake, C. D. Lokhande, O. S. Joo,
Electrodeposited ruthenium oxide thin films for
supercapacitor: Effect of surface treatments,
Applied Surface Science, 255(2009)4192

D. Rehnlund, M. Valvo, K. Edstrém, L. Nyholm,
Electrodeposition of Vanadium
Oxide/Manganese Oxide Hybrid Thin Films on
Nanostructured Aluminum Substrates, Journal
of The Electrochemical Society, 161 (2003)D515

. L. Li, S. Peng, H.Y. Chen, X. Han, F. Cheng, M.

Srinivasan, S. Adama, S. Ramakrishna, J. Chen,

Polypyrrole-coated hierarchical porous

composites nanoarchitectures for advanced
solid-state flexible hybrid devices, Nano Energy,
19(2016)307

N. Ozer, CM. Lampert,
performance of sol-gel deposited WO3-V205

films, Thin Solid Films, 349(1999)205

Electrochromic

. JK. Lee, G.P. Kim, LK. Song, S.H. Baeck,

Electrodeposition of mesoporous V205 with
enhanced lithium-ion intercalation property,
Electrochem. Commun. 11(2009)1571

S. Papaefthimiou, G. Leftheriotis, P. Yianoulis,
Study of electrochromic cells incorporating
WO3, MoO3, WO3-MoO3 and V205 coatings,
Thin Solid Films, 343(1999)183

C.E. Patil, N.L. Tarwal, P.S. Shinde, H.P.
Deshmukh, PS. Patil, Synthesis of
electrochromic vanadium oxide by pulsed spray
pyrolysis technique and its properties, J. Phys.
D, 42(2009) 025404

. S. Capone, R. Rella, P. Siciliano, L. Vasanelli, A

comparison between V205 and WO3 thin films

as sensitive elements for NO detection, Thin
Solid Films, 350(1999)264

. J. Zheng, Y. Zhang, X. Jing, Q. Wang, T. Hu, N.

Xing, C. Meng, Improvement of the specific

capacitance  of V205  nanobelts  as

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2



[21].

. E.  Andrukaitis,

. J. A. Bennett,

Volume 9 - Issue 2 - Publishel :Aprill0, 2021

supercapacitor electrode by tungsten doping,
Materials Chemistry and Physics, 186(2017)5
Lithium intercalation in

electrodeposited vanadium oxide bronzes,

Journal of Power Sources, 119-121(2003)205

. R. Apostolova, B. Markovsky, D. Aurbach, E.

Shembel, Effect of Superhalogen Anions on the
Electrochemical Behavior of V205 Electrodes
in Redox Reactions with Lithium in EC-
DMC/Li-Salt Solutions, ECS Transactions, 95 (1)
183-200 (2019)

. E. A. A. Arbab, G. T. Mola, V205 thin film

deposition for application in organic solar cells,
Appl. Phys. A 122 (2016)405

. E. Armstrong, D. McNulty, H. Geaney, C.

O’Dwyer, Electrodeposited Structurally Stable
V205 Opal High
Performance Thin Film Lithium Batteries, ACS
Applied Materials & Interfaces, 7(2015)27006

M. H. Bai, L. J. Bian, Y. Song, X. X. Liu,

Electrochemical codeposition of Vanadium

Inverse Networks as

Oxide and Polypyrrole for High Performance
Supercapacitor with High Working Voltage,
ACS Applied Materials &
6(2014)12656

Interfaces,

J. E. Pander III, M. A.
Neiswonger, Investigating the viability of
electrodeposited vanadium pentoxide as a
material for in vivo
sulfide
Journal of Electroanalytical Chemistry, 654

(2011) 1

suitable electrode

amperometric detection,

hydrogen

. M. Chen, X. Xia, J. Yuan, J. Yin, Q. Chen, Free-

standing three-dimensional continuous
multilayer V205 hollow sphere arrays as high-
performance cathode for lithium batteries,

Journal of Power Sources, 288 (2015) 145

. A. Ghosh, E. ]J. Ra, M. Jin, H. K. Jeong, T. H.

Kim, C. Biswas, Y. H. Lee, High
Pseudocapacitance from Ultrathin V205 Films

Electrodeposited on Self-Standing Carbon-

[27].

[30].

Page No : 91-94

Nanofi ber Paper, Adv. Funct. Mater. 21(2011)
2541

. D. V. Raj, V. Nandhinidevi, D. Mangalaraj, C.

of V205
nanorods on current collector substrate, AIP
Conf. Proc., 1447(2012)435

Viswanathan, Electrodeposition

. L. Tsui, H. Hildebrand, J. Lu, P. Schmuki, G.

Zangari,  Metal-insulator  transition  in
nanocomposite VOx films formed by anodic
electrodeposition, Letters,
103(2013)202102

D. Yu, Y. Qiao, X. Zhou, J. Wang, C. Li, C.

Chen, Q. Huo, Mica-like vanadium pentoxide-

Applied Physics

nanostructured thin film as high-performance
cathode for lithium-ion batteries, Journal of
Power Sources, 266(2014)1

. A. Aamir, A. Ahmad, Y. Khan, Z. U. Rehman,

N. U. Ain, S. K. Shah, M. Mehmood, B. Zaman,
Electrodeposited thick coatings of V205 on Ni
foam as binder
supercapacitors, Bull Mater Sci, 43(2020)273

free  electrodes for

. T. K. Le, M. Kang, S. W. Kim, Room-

temperature photoluminescence behavior of a-
V205 and mixed a-f phase V205 films grown
by electrodeposition,
Semiconductor Processing, 94 (2019) 15-21

Y. R. Ly, T. Z. Wu, C. L. Chen, D. H. Wej, J. L.
Chen, W. C. Chou, C. L. Dong, Mechanism of

electrochemical deposition and coloration of

Materials Science in

electrochromic V205 nano thin films: an in situ
x-ray spectroscopy study, Nanoscale Research
Letters, 10 (2015)387

. Y. Lu, X. Zhou, Synthesis and characterization

of nanorod-structured vanadium oxides, Thin
Solid Films, 660 (2018) 180

. M. A. Sutar, M. S. Pawar, M. K. Rendale, S. K.

Kandalkar,

capacitive

Effect of annealing on super-
performance of electrodeposited
vanadium-nickel oxide thin film electrode,
Imperial Journal of Interdisciplinary Research

(IJTR), 2(5)(2016)595

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2



Volume 9 - Issue 2 - Publishel :Aprill0, 2021 Page No : 91-94

[33]. R. S. Ingole, B. J. Lokhande, Electrochemically
synthesized  mesoporous architecture  of
vanadium oxide on flexible stainless steel for
high performance supercapacitor, ] Mater Sci:
Mater Electron, 28(2017)10951

[34]. J. D. Xie, H. Y. Li, T. Y. Wu, J. K. Chang, Y. A.
Gandomi, Electrochemical energy storage of
nanocrystalline vanadium oxide thin films
prepared from various plating solutions for
supercapacitors, Electrochimica Acta, 273
(2018) 257

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2



International e-Conference on Recent Trends in Nano-Materials and Its Applications-2021
In Association with International Journal of Scientific Research in Science and Technology
Volume 9 | Issue 2 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com)

Q
\I]SRST
Efficacy of Galvanostatically Deposited Cobalt Oxide Electrode for

Supercapacitor Application
Shubhangi Gavande!?, Shivani Gavande?, B. R. Karche?

!Department of Physics, Sangameshwar College, Solapur - 413003, Maharashtra, India
2Research Scholar, Functional Materials Research Laboratory, School of Physical Sciences, P.A.H. Solapur
University, Solapur- 413255, Maharashtra, India
3Department of Physics, Shankarrao Mohite Mahavidyalaya, Akluj, Dist. Solapur, Maharashtra, India

ABSTRACT

Cobalt oxide electrode was electrodeposited on stainless steel substrates at room temperature using Cobalt
acetate as the precursor solution by galvanostatic route. The as-deposited electrodes were annealed at 400°C,
500°C and 600°C. The structural analysis was done by X-ray diffraction technique, morphological analysis by
SEM and wettability studies were carried out by contact angle measurement. The electrochemical properties
of the deposited thin film electrode were done in aqueous 1M Na:SOs through cyclic voltammetry and
galvanostatic charge-discharge analysis. The thin film electrode showed maximum Specific capacitance of 295

Fglat 5mVs! scan rate, Specific energy 3.6Wh/kg, Specific Power 3 kW/kg and 56% Coulomb efficiency.

Keywords: Cobalt Oxide, Electrodeposition, Thin Films, Cyclic Voltammetry, Supercapacitor, Charge—

Discharge.

I. INTRODUCTION

Today the world urgently needs efficient and eco-
friendly energy storage device with long life, high
reliability and energy efficiency with high charge-
recharge capacity. One of such energy sources with
good storage mechanism is the Supercapacitor which
has high power density, high charge—discharge cycle
life and high energy efficiency. Now, these days
Supercapacitors have forced their way in to power
source applications such as hybrid electric vehicles,
telecommunications, particularly associated with
cellular phones for a reduction of the size of the

batteries and pacemakers [1].

The most extensively used active material for
supercapacitor electrode are TMO’s due to their good
chemical stability, capricious valence etc. [2]. C0304
has been widely investigated and can be considered as
a replacement for RuO:, due to its low cost, low
environmental hazardous impact, its number of stable
oxidation states and subsequent high theoretical
specific capacitance [3]. Cobalt oxide has been a most
tempting electrode material for
electrode due to its high theoretical SC (3560 Fg)
with good reversibility [4]. Cobalt oxide has excellent
The

capacitance of as-deposited Cobalt oxide thin film

supercapacitor

electrochemical performance [5]. specific

electrode is found to be greater than the reported
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values [6, 7], and the specific energy so obtained was

found to be greater than that reported [8].

II. EXPERIMENTAL DETAILS

2.1 Preparation of Cobalt oxide thin film electrode

Cobalt oxide thin films were deposited on stainless
steel substrates using aqueous 0.1 M Cobalt acetate
precursor solution by galvanostatic route of
The

deposition of the thin film electrode was carried out

electrodeposition ~ method. galvanostatic
in a three-electrode system with cobalt oxide as a
working electrode, a platinum electrode as a counter
electrode and saturated calomel electrode (SCE) as the
reference electrode. The galvanostatic deposition
resulted in accumulation of Cobalt hydroxide material
on the stainless steel substrates in the form of very
sticky, uniform, well-adherent and homogeneous thin
films. The deposited good quality films were then
annealed at 400°C, 500°C and 600°C annealing
temperatures, respectively to produce the necessary

Cobalt oxide material deposition.

III. RESULTS AND DISCUSSION

3.1 Structural elucidation studies and compositional
analysis
The structural investigation of Cobalt oxide thin film
was done using X-ray Diffraction technique. The
XRD pattern of galvanostatically deposited Co3Os thin
film at 5mAcm? current density and annealed at
400°C, 500°C and 600°C annealing temperatures is
illustrated in Fig.1. The diffraction pattern comprises
of characteristic peaks of Cobalt oxide at 20 values
20.05°, 31.03¢, 36.6°, 38.27°, 44.12¢, 50.81°, 59.21¢,
65.01°, 77.18° with (111), (220), (311), (212), (400),
(422), (511), (440), (533) planes of Cobalt oxide which
are equivalent to simple cubic crystal structure
(JCPDS No. 42-146). The diffraction pattern consists
of sharp peaks with the most prominent peak at 20 =
38.27°with (311) plane of Cobalt oxide crystal lattice.

The lattice constant at this prominent peak is a =

Page No : 95-99

6.802 A and inter planar spacing is d = 2.050 A.
Co0304

corresponding to CoO or Co phases are seen which

Except phases, mno diffraction peaks

thus approves the formation of pure cubic Co3Os

structure [9].

JCPOE NG et
()88

.
() s00°c

Intensity (a.u)

10 I'G :'G l'ﬁ l’% ('G 7 =
26(degree)

Fig.1. XRD of Galvanostatically deposited Cobalt oxide thin film
The average crystallite size of Co30Os was calculated
along the prominent peak of 20 = 38.27° with (311)
plane using Scherrer relation and were found to be

1.614 nm at optimized 500°C annealing temperature.

3.2 Surface Wettability study

In the surrounding of air, the wetting of solid with
water is dependent on the relation among the
interfacial tensions (i.e. water/air, water/solid and
solid/air). The

determines the contact angle ‘O’ between water

ratio between these tensions
droplets on a given surface [10]. A surface with water
contact angle 0° means complete wetting and greater

than 180° means complete non-wetting [10].

Fig.2. Contact angle of Coy0, electrode at 400°C, 500°C and 600°C annealing temperatures

The hydrophilic nature (0 < 90°) denotes the
supercapacitive property of the electrode material
surface to make close contact with the aqueous
electrolyte necessary for charge transfer between the
two. The measured contact angles of Co3Os electrode
were 879, 852 and 86° at 400°C, 500°C and 600°C

annealing temperatures respectively, as represented in
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Fig. 2. This shows that the hydrophilic Co30s
electrode material possesses high surface energy. It
may be due to cohesive force between water droplet
and hydroxide of Co3Os electrode material [11]. This
hydrophilic property of Co3Os electrode material
makes it feasible for supercapacitive energy storage

devices.

3.3 Surface morphological studies

The display in Fig.3.(a), (b) and (c) is the SEM images
of Co30s electrode annealed at 400°C, 500°C and
600°C, respectively. The SEM images comprise of
microspheres with highly porous network. The
microspheres are aggregated nano particles, uniformly
arranged in the form of columns with empty spaces
between, giving them a spongy appearance with canal
or ridges like structures throughout the sample
surface, resulting in an abundant porous structure.
The images clearly represent increase in annealed

temperatures, increases the dense layers of spongy

clusters caused due to agglomeration of nano particles.

These clusters of spongy nano particles are inter-
linked with each other forming a highly rough and
porous surface. Such type of porous structure resulted
due to the film formation based on the nucleation and
coalescence. Such surface morphology has attracted

increasing interest due to its large surface area which

is the key factor for efficient electrode in alkaline

3.4 Supercapacitive properties of Cobalt oxide
electrode
3.4.1.

Electrochemical analyzer was used to conduct Cyclic

Cyclic voltammetry

voltammetry (CV) with saturated calomel electrode
(SCE) as the reference electrode, a platinum wire as

counter electrode and stainless steel as working
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electrode. The specific capacitance was calculated

from Cyclic voltammetry.

3.4.1.1. Influence
supercapacitive behaviour of CozOs4 electrode

of annealing temperature on

The galvanostatically electrodeposited Cobalt oxide
thin film electrode was annealed at three different
namely 400°C, 500°C and 600°C,

respectively. The specific capacitance increased up to

temperatures

a particular temperature and then decreased. The
temperature at which the specific capacitance was

maximum i.e. 500¢C was taken as the optimized

temperature for the electrode. The cyclic
voltammetry curves for Co3Os electrode at different
annealed temperature in 1M aqueous Na2SOs

electrolyte are displayed in Fig.4. It is seen from Fig.4
that both cathodic and anodic current peaks decrease
with increase in the annealing temperature. This
infers that more Cobalt hydroxide constituent is
converted into Cobalt oxide leading to larger
the

annealing temperature increases, the cathodic and

capacitance of the deposited material. As
anodic peak currents continue to decrease until a
temperature is reached at which only non-faradaic

(capacitive) current exists [13].

0.0002

A

Current density (A/lem’)

ARRRR

08 06 04 02 00 02 o4
Scan rate (m\'s)

Fig.4. CV curves for Co3Os electrode at different
annealed temperature in 1M aqueous NaxSOy4 electrolyte

3.4.1.2. Effect of sweep rates on Specific capacitance.

The CV plot of Co3Os electrode at scan rates from
5mV to 100 mV in potential window from 0.2 V to -
0.7V in aqueous 1M Na:SO:s electrolyte are displayed
in Fig5. The rectangular CV plots indicate the

potential capacitive behaviour of electrodes.
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Fig.5. CV plot of The CV plot of Co;0, electrode at scan rates
from SmV to 100 mV in 1M Na,SO,

The current under curve is slowly increased with scan
rate, which reveals that the voltammetry currents are
directly proportional to the scan rates, suggesting a
signature of an ideal capacitive behaviour [14].
Increase in scan rates reduces specific capacitance due
to decrease in diffusion time of the electrolyte ions
from completely accessing the electrode surface. The
decreasing tendency of the capacitance suggests that
some part of the surface of the electrode material can

be available at high charging—discharging rates.

The detail findings are summarized in Table 1:
Table 1

Speci | Speci -
Anneal Specifi | Coul
S |. fic fic
ing c omb
r. energ | powe ) X
Temper | Electr capaci | effici
N y r
ature olyte tance | ency
° | (Wh/ | (kW/ Fgb) | %)
g 0
kg) |kg?) 8
1 | 400°C | Na:SO | 4.9 4 222 54
4
2 |500'C | Na:SO | 3.6 3 295 56
4
3 | 600C | Na:SO | 4.2 4 167 50
4

3.4.2. Charge-discharge study

The Charge-discharge study was carried out to
evaluate the supercapacitive parameters of CosOs
electrode like Specific Energy (SE) and Specific Power
(SP). Fig.6 displays the galvanostatic charge-discharge
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curves for the as-deposited Co3Os electrode in 1 M

Na2SO:s electrolyte.
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Fig. 6 . Charge discharge curves of Co;0, electrode at 500°C
annealing temperature in 1M Na,SO, electrolyte

The curves show the outcome of two mechanisms,
the internal resistance causing drop of potential and
then the consecutive leisurely and firm moulder of
potential indicating the capacitive property of the
deposited material. The discharging time of electrode
is greater than the charging time indicating good
the The

Supercapacitive parameters such as SE, SP and

performance efficiency of electrode.
Coulomb efficiency % were calculated and the
findings are tabulated in Table.l1 which shows
maximum value of supercapacitive parameters of

CosOselectrode at 500°C annealing temperature.
IV.CONCLUSION

Cobalt oxide (Co0304) electrode was deposited by a
simple cost-effective electrodeposition method by
galvanostatic mode. The X-ray diffraction analysis
revealed the as-deposited CosOs electrode material to
be nano crystalline in nature with simple cubic
crystal structure. The SEM investigation revealed the
spongy surface with highly porous morphology which
the the

supercapacitive performance of the CosOs electrode.

satisfies requirement to enhance
The Contact angle of the material deposited was
measured 879, 85° and 862 at 400°C, 500°C and 600°C
attributed Cobalt oxide electrode surface to be
hydrophilic in nature. The electrochemical analysis
manifested maximum Specific capacitance of 295 Fgl,

Specific Energy of 3.6 Wh/kg, Specific Power 3
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kW/kg in 1M NaxSOs4 electrolyte at 500°C optimized
annealing temperature. All these electrochemical
parameters depict that, Cobalt oxide electrode
material has excellent supercapacitive properties and

is a potential material for supercapacitor application.
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ABSTRACT

The polycrystalline aluminium substituted nano-particle sized copper cobalt ferrite samples CuxCol-xFe2-
2yAl2yO4 (where x= 0.0, 0.2, 0.4, 0.6, 0.8, 1.0; y = 0.05, 0.15 and 0.25) have been prepared by standard
ceramic technique. Phase formation is investigated using X-ray diffraction, Infrared absorption technique and
Scanning electron microscope technique. The lattice constants of the all samples are evaluated from x-ray

diffraction data. Curie temperature of samples goes on decreases with addition of aluminium and copper in

the host lattice of cobalt ferrite.
Keywords :

temperature
I. INTRODUCTION

In a way, every material utilized today is a composite.
Composite materials are a physical mixture of two or
more compatible micro or macro constituent particles
which differ in form and chemical composition and
are essentially insoluble in each other. Composite
materials are best suited for scientific applications
which could not be achieved by any one component
acting on its own. Ferrite / ferroelectric composites
are termed as magneto electric (ME) composites due
to the coupling between the electric and magnetic
fields in the materials. The conversion of magnetic to
electric fields in such ME composite originates from
the

ferroelectric subsystems [1]. In the presence of the

elastic interaction between ferrite and

magnetic field, the magnetostriction in the ferrite

phase gives rise to mechanical stresses that are

Polycrystalline, nanoparticle size, standard ceramic technique and Inverse cubic spinel, Curie

transferred to the ferroelectric phase, resulting in
electric polarization of the ferroelectric phase owing
to its magneto electric effect. ME materials find
applications as smart materials in actuators, sensors,
rectifiers,

solid

microelectronics and microwave devices [2,3].

magnetic  probes, phase inverters,

modulators, and transducers in state
Spinel ferrite nanoparticles are being intensively

investigated in recent years because of their
remarkable electrical and magnetic properties and
wide practical applications in information storage
system, ferro-fluid technology, magnetiocaloric
refrigeration and medical diagnosis [4]. Among the
spinels, mixed Zn ferrites and especially Ni-Zn
like

filters

ferrites are widely wused in applications

transformer cores, chokes, coils, noise

recording heads etc. [5]. While Ni-Zn ferrite posses

higher resistivity and saturation magnetization, cobalt

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
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ferrite possess high cubic magneto crystalline
anisotropy and hence high coercivity. The high
coercivity is driven by large anisotropy of the cobalt
ions due to its important spin orbit coupling. It is
ferromagnetic with a Curie temperature (Tc) around
520°C, [6] and shows a relatively large magnetic
hysteresis which distinguishes it from rest of the
spinels. The synthesis of ultra fine magnetic particles
has been extensively investigated in recent years
because of their potential applications in high density
magnetic recording and magnetic fluids [7]. Among
the current methods for synthesis of mixed ferrite the
combustion reaction method stands out as an
alternative and highly promising method for the
synthesis of these ferrites [8]. Magnetic properties
measured at room temperature by vibrating sample
magnetometer (VSM) reveal an increase in saturation

magnetization with increase in cobalt concentration

[9].
II. EXPERIMENTAL

Materials:

High purity starting materials are used as

Cobalt Oxide (CoO):- 74.9326 gm, Copper Oxide
(CuO):- 74.5454 gm, Ferric oxide(Fe203):- 159.6922
gm, Aluminum Oxide (A:O3):- 101.9612 gm

Preparation of ferrite:

Nano crystalline powder samples of CuxCoixFex-
2yAlyO4 (where x= 0.0, 0.2, 0.4, 0.6, 0.8, 1.0; y = 0.05,
0.15 and 0.25) were prepared by the standard ceramic
technique. Starting materials CuO, CoO, Fe:03 and
Al2O3 of AR grade obtained from Sigma — Aldrich,
India were used. These samples were heated at
ramping rate of 80 °C hr ! at 1000°C for 48 hours.
XRD and IR analysis revealed the cubic spinel
structure of the synthesized samples and functional
groups in the samples respectively. The absence of
any extra line confirms the formation of single phase
ferrite. The average particle size 'D' was determined

from line broadening (311) reflection using the Debye
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Scherer  formula  discussed elsewhere [10].
Calculations of lattice constant, physical density, X-
ray density, porosity, site radii and ionic bond lengths
on both sites were calculated by using formulae
discussed elsewhere [11] and graphically shown in
fig.4. Infrared absorption spectra of powdered samples
were recorded in the range 350-800 cm™ using
Perkin-Elmer FTIR spectrum and spectrometer by
KBr pellet technique and presented in (fig.2). The

scanning electron microscopes are shown in fig.3

III. RESULTS AND DISCUSSION

The X-ray diffraction patterns of the samples are
presented in (fig.1). Powder X-ray

diffractometer of the ferrite samples reveals the single
phase spinel structure, as well defined reflection is
observed without any ambiguity. The diffraction
peaks are corresponding to (200), (311), (400), (422),
(333/511), (440) and (533)

constants ‘a’ and ‘¢’ for all prepared samples are

planes. The Iattice
calculated by using prominent (311) XRD peak. The
calculated and observed values of inter planer
distance (d) are found in good agreement with each
other for all reflections. The physical density (dB), x-
ray density (dx), and porosity (p), are calculated from
the formulae given by Gadkari et.al [12].

From the calculations of lattice constants ‘a’ and ‘c’ for
all the prepared ferrites it is observed that ¢ >a and
tetragonality ratio (c/a) is found in the range of 1.03
to 1.07. This result is in good agreement with
[13-14].In

tetragonality ratio for copper ferrite is 1.06. It means

previous report this present report
70% copper resides on B site and it exhibits prorate
type distortions in the crystal lattice. The previous
report [15] well supports the present results reported
this communication. Both Fe? and Cu?* are John-
Teller ion which produces prolate type distortions on
(B) site and hence c¢ >a and (c/a) = 1.06. Therefore
copper ferrite exhibits tetragonal spinel structure in
host crystal lattice of cobalt ferrite. In addition of

copper content in tetragonality ratio is found

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2



Volume 9 - Issue 2 - Published & April 10, 2021

increasing but due to addition of aluminium
tetragonality ratio deceases. It means that Al** and
copper suppress the tetragonal prolate type.

The crystallite sizes (t) of all the prepared samples
were computed by Scherer rule utilizing the peak
width at one-half intensity of the maximum intensity

peak (311).

Cu,Co Fe, Al O, ferrite

19" V01 "4

Relative intensity

Cu,CoFe, Al O, ferrite

Relative intensity

Fig: 1 XRD patterns of system CuxCo1-«Fe2-2yAl2yO4
The Al (y = 0.05-0.25) doped copper cobalt ferrite
samples show a higher grain growth and the
crystallite size (t) lies in the extent of 52.53-94.4 nm.
The mean particle size calculated from diffractograms
is in the range of 50 to 100 nm. That suggest the
particles in the ferrites samples are fine and there is
continuous grain growth in all compositions. It gives
the confirmation of suitable microstructure formation
in all compositions. The width of the reflection peak
(311) for all the compositions is approximately the
same due to the nearly equal particle size.

The infrared absorption spectra are showing two
distinct absorption bands vi due to tetrahedral (A) site
interstitial voids near 600 cm™ and other v2 due to

octahedral (B) site interstitials voids near 400 cm.
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Our results in this present communication are well

supported by previous reports [16, 17].

kss 100

Cu,Co, Fe, Al O, ferrite

Transmission %

T T
500 400
Wave Number

| [ kss 510 Cu,CoFe, Al O, ferrite

Transmission %

500
Wave Number

Figure 2: Absorption spectra for system CuxCoi-xFex-
2yAlbyOs

The close inspection of all micrographs revealed that
there is continuous grain growth with well — defined
grain boundaries formed. The present system shows
multi domain behavior. No exaggerated grain growth
is observed in any composition. The average grain size
is found to decrease with increase in Al content in
copper cobalt ferrite. However in the present system
the grain growth shows generally a decreasing trend
with aluminum content, which is rather expected
because of multi-domain behavior of these
compositions in copper cobalt ferrite. Grain growth is
almost accompanied with grain size, which is
increasing with copper and aluminum content. So it
appears that copper and aluminum content favors the
grain growth. The scanning electron micrographs

shown below
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expected because addition of copper replaces Fe3* to B ' ' ' -
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site reduces the population of Fe3* on A site and hence

A site becomes magnetically weak, results in the

. . . . . Fig4: Variation of curie temperature with copper and
decrease in A-B interaction. Their Curie temperatures 8 P PP

. . aluminum content for CuxCoi-xFez-2yAlryOs
are determined by drawing tangent to the

L e ferrite system
paramagnetic tail on the temperature axis. Similar

. . . Curie temperature is the peculiar character of the
type of paramagnetic tail and Curie temperatures

L. ferromagnetic / ferrimagnetic materials. Curie
determination has been reported [18, 19]. & &

temperature is the temperature at which it undergoes

the phase transition from Ferro /Ferrimagnetic to

kss 100| Cu,Co Fe, Al O, ferrite

paramagnetic state. The magnetic material shows
spontaneous magnetization below its Curie point and
no magnetization above the Curie temperature. In
ferrites, Curie temperature is proportional to number
of active magnetic linkages. It is affected by A-B
distance and A-O-B angle. A-B interaction depends

upon these distances. As these distance increases,

T T T T
200 300 400 500

Temperature °c Curie temperature decrease as suggested by Gorter

and Neel [21-22] Curie temperature depends upon the
Fe3 ions participating in A-B interaction. When Fe3*
ions concentration per molecular formula unit is

decreased, then Curie temperature decreased. Figure4
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reveals the behaviour of Curie temperature in
aluminium doped copper cobalt ferrite which is found
decreasing with concentration of aluminium content

indicting the decrease in ferrimagnetic properties.

IV.CONCLUSION

Copper cobalt ferrite is partially inverse spinel
ferrite. Addition of AI®* ions replaces Fe®* on (B)
site resulting in increase of lattice constant a,
decrease in ionic radii(Ra) and bond length(O-A).
The lattice constant obtained from XRD data shows
increases. Curie temperatures of ferrite samples
estimated by above mentioned three techniques are
found in good agreement with each other. The
curie temperature of copper cobalt ferrite decreases
with aluminum and copper content.
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ABSTRACT

In present report, we synthesized CdS quantum dots (QDs) using facile chemical approach. The synthesized
product crystal structure, surface morphology, energy band gap and stoichiometry are studied by various
characterization techniques. X-ray diffraction (XRD) analysis shows that the confirmation of cubic structure
with crystal planes (111), (220) and (311) and QDs size 3-4 nm calculated by using Debye-Scherer formula.
UV-Vis-DRS spectra shows increase in energy bandgap due to quantum confinement effect. Fourier
transform infrared (FTIR) spectra were used to envisage the binding of the functional group thiol and Cd-S
bonding. Field emission scanning electron microscope (FE-SEM) exhibit a spherical shape of CdS QDs and
Energy dispersive X-ray analysis (EDAX) which confirm purity of sample which results a stoichiometry ratio

of approximately 1:1 without any impurity. Raman spectroscopy reveals the strong Raman bands 299 cm!

and 600 cm! which were associated with the of 1LO and 2LO modes.

KEYWORDS: CdS QDs, X-ray diffraction, FTIR, Antibiofilm and Candida albicans.

I. INTRODUCTION

Semiconductor nanoparticles that is quantum dots

QDs have been analysis over the past years due to

their specific optic, electronic and catalytic properties.

These properties arises from the high surface-to-
volume ratio present in QDs [1-3].Cadmium sulfide
(CdS) is a direct band gap semiconductor with energy
band gap E; = 2.42 eV [4,5]. The color tunability of
semiconductor QDs as a function of size is one of
CdS is a

promising material because of their applications in

their most attractive characteristics [6].

optoelectronics [7], photocatalysts [8], x-ray detectors
[9], nonlinear optical material [10] and as a window

material for hetro-junction solar cells [11]. Large-

scale synthesis of semiconductor QDs at room
temperature critically important not only for the
study of their physiochemical properties but also for
industrial applications point of view in the areas of
catalysis, photocatalysis and microelectronics as well
as it has numerous biological applications. CdS QDs
have applications as an excellent photographic
developer for detection of cancers and other diseases
[12,13] and treatment of cancer cells [14]. The
colloidal suspension of CdS QDs of size 3-5 nm are
useful in ophthalmology[15]. Since, there are various
methods available for the synthesis of CdS QDs such
as by chemical pyrolysis deposition method [11], sol-
gel method [25], chemical precipitation method [6, 4]

etc.where as in our present work, CdS QDs were
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synthesized by chemical method at room temperature.

Although, the wet chemical synthesis method has
relative advantages such as facile handling, non-
hazardous, good chemical stability, size dependent
optical properties, easy preparation and low cost
processing.

Candida species are among the most common
opportunistic pathogens that cause human fungal
infections. Colonization by these species is naturally
good in healthy humans but can also cause frequent
[16].
Although many research has found that 96% of

infection in immune deficient individuals
opportunistic fungal infections are caused by Candida
ablicans (C. albicans). Recent Studies made clear that
hyphae play an important role in the pathogenesis of
C. albicans because the hyphal form display stronger
adhesion, invasion of host cells and inflammation
than the yeast form [17]. C. albicans can form
biofilms on almost any type of medical device, such as
blood vessels, catheters, and joint prostheses [18].
Biofilm formation can improve the ability of C.
albicans to resist immunity and antifungal drugs, arise
in repeated infections [19-22]. Therefore, biofilm
formation is another important virulence factor of

C.albicans.

MATERIALS AND METHOD: Cadmium Chloride
(CdClLz), 1-thioglecerol (CsHsO:S), Sodium sulfide
(Na2S) and distilled water since all the chemicals were
of analytical grade and used without further
purification. Experiments were done in room
temperature. The distilled water was used as the
solvent and 1- thioglycerol was used as the capping

agent.

EXPERIMENT: Cadmium Chloride (CdCl.)

dissolved in 100ml of distilled water at concentration

‘was

2mM. Then the solution was placed in reaction vessel
followed by addition ofl18Mmol of 1-thioglecerol
(CsHsO2S) and further stirred for additional 5min,
subsequently sodium sulfide (Na:S) at concentration

of 2mM was rapidly added under ambient conditions

Page No : 105-110

with constant stirring CdS QDs are formed with
yellow color. After completion of stirring the solution
was kept at room temperature. The final solution was
centrifuged at 5000rpm and separated CdS QDs were
washed several times with methanol and distilled
water and kept for room temperature drying. The
obtained yellow color CdS QDs powder further used

for characterization purpose.

[ Crushea |

<=

Final CdS QDs
Powder

| €ds QDs dried at
room tcmp.

Fig. (1): Schematic diagram of CdS QDs.

MATERIAL CHARACTERISATION: The
diffraction pattern of as synthesized Ag NPs was

X-ray

recorded in the 20range of 10-80rat a scanning rate of

2°/min  using  Rikagu(Miniflex600, Japan).The
ultraviolet-visible (UV-Vis) spectroscopy study of CdS
QDs was carried out by SHIMADZU

Spectrophotometer in the range of 200 to 800 nm.
The
recorded by
Spectrophotometer (FTIR), SHIMADZU IRAffinity-1.
A drop of CdS solution was placed on freshly

Fourier transform infrared spectrum was

Fourier Transform Infra-red

prepared KBr disc and scanned between 500 -
4000cm'. The
images were captured by FESEM
NanoSEM- 450 instrument) EDS
(BrukerXFlash-6130). The spectrum was
recorded by Raman Spectrometer by RENISHAW
Spectroscopy.

scanning electronic microscopic
(FEI Nova
with  an

Raman

ANTIBIOFLIM ASSAY: In short, the procedure is
taken from [23], in short 100uL of 107 cells/mL of
C.albicans MTCC 227 (grown overnight in yeast

peptone dextrose broth) in water were added into 96
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well polystyrene plate and incubated for 3 hours for
adherence of cells. The un-adhered cells were gently
washed with phosphate buffer saline (PBS). 100pL of
Roswell Park Memorial Institute (RPMI) medium
containing different concentrations (0-100pg/L) of C-
dots were added to each well, and incubated for 24
hours at 37 C. After 24 hours of incubations, the
medium supernatant was removed, and the biofilm
formed was gently washed with PBS and further
incubated with 100pL of 5 mg/mL MTT (3-(4,5
Dimethylthiazol-2-yl)- 2,5

Bromide) solution. After 6 hours of incubations,

Diphenyltetrazolium

100uL of dimethyl sulfoxide was added into each well
and optical density.

X-RAY DIFFRACTION (XRD): XRD pattern of CdS
QDs pattern is shown in figure 2 below. The XRD
peaks found to be very broad which indicates
formation of very small size QDs. The peaks are
observed. These peaks positioned with 20 values of
26.48°, 43.94° and 51.50° which corresponds to the
miller indices for the crystal plane of reflection of
[111], [220] and [311]the crystalline structures of
synthesized CdS QDs, respectively, ( JCPDS Card
n0.00-010-0454). The average particle size was found
to be 4 nm which was estimated by using the Debye
Scherrer formula i.e. particle size (D) = (k A)/ (d cos0)
Where, D is the mean size of particle (nm), K is
crystallite shape factor a good approximation is 0.9, A
is the X-ray wavelength, d is the full width at half the
(FWHM) in radians of the

maximum X-ray

diffraction peak and 0 is the Braggs' angle (deg.)[1].

(111) cds

El

=

=

‘g (220) @1

=
* L} * L d L] v L} hd L} hd L

20 30 40 50 60 70 80

20
Fig.2: XRD of CdS QDs.
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FOURIER TRANSFORM
SPECTROSCOPY (FTIR):

FTIR is used to determine the functional group and

INFRARED

the type of bond present in the system. The FTIR
spectrum of pure Cadmium sulfide QDs as shown in
the (Fig.3). The peak at 3383cm in the higher energy
region is assigned to O-H stretching of absorption of
water on the surface of cadmium sulfide QDs. The
peak shift at 2358cm™ corresponds to S-H thiol group
and peak at 1406cm™ is due to presence of S=O i.e.
sulfide group. The C-O stretching vibration of
absorbed methanol gives its intense peak at 1064cm!.
The weak peak is observed at 879cm™ due to C-H
group. The alkene group which is observed at peak
1627cm . The small peaks at 642cm-'indicates the Cd-
S bond[2].

v ]

.....

T T T
3000 2800

4000 300
Cd-S nanoparticles. Vem

Fig.3: FTIR of CdS QDs.

UV-Visible  (UV-Vis) UV-  Vis

absorption spectroscopy is an efficient technique to

spectroscopy:

monitor the optical properties of quantum-sized
The
absorption peak at~480 nm which is considerably

particles. spectrum reveals a well-defined

blue-shifted relative to the peak absorption of CdS
indicating quantum size effect. The absorption peak
at~480 nm is assigned to the optical transition of the

first excitonic state as shown in the (Fig 4). The

energy band gap (Eg) determined by using formula

hv 1240 1240
=——(nm) = —— = 2.58eV

Eg (eV) = —
g (eV) X ~
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Hence, the higher value of band gap indicate that
quantum size quantum effect which is the larger

compared with the bulk band gap[1].

—CdS|

Absorbance

L) l L) l L l v ' L) ' L)
300 400 500 600 700

Wavelength (nm)
Fig.4: UV-DRS of CdS

200 800

Field Emission Scanning Electron Scanning
Microscope (FESEM) and Energy Dispersive X-ray
Analysis (EDAX):
QDs are further characterized by FESEM-EDX

analysis for the evaluation of their composition and

The synthesized samples of CdS

purity. As shown in (Fig. 5a) it’s observed that in

sample the particles are nearly spherical and
morphology with uniform size. The EDX pattern for
CdS QDs obtained which indicates the presence of Cd
and S elements without any impurities. (Fig.5b). The
atomic ratio of Cd: S is 52.61: 47.39 which can be
further translated into a stoichiometric ratio of

approximately 1:1.[2]

y
5 cps/e

(B)

kv
Spectrum: Objects 10310

EL AN Series unn, C norm, C Atom. C Error (1 Sigma)
(we.8] [wt.%] [at.}) [wt.%)

Cd 48 L-series 49.43 79,56 52.61 1.78
S 16 K-series 12,70 20.44 47.39 0.51

Total: 62.13 100,00 100.00

Fig.5: (A) FESEM of CdS QDs. (B)EDAX pattern CdS QDs
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RAMAN SPECTROSCOPY: The
molecules adsorbed on particle surface was confirmed
with Raman analysis, in (Fig.6).The CdS QDs

demonstrated a strong Raman band 299 cm! and 600

presence of

cm'which were associated with the of 1LO and 2LO
Raman modes of CdS [1].

30000 - —CdS

—~ 25000

CdS 1LO

u

. g
©
= 20000 = §

300 400 500 600
Raman Shift (cm'1)

Fig.6: Raman of CdS QDs.

100 200 700 800

ANTIBACTERIAL ACTIVITY: The schematics steps
of Candida biofilm formation referred from [24]
Figure (7) shows schematic model which indicates
multi-species biofilm formation and development of
Candida infections.1) Candida cell as a part of mixed
microbial community, 2) Attachment of the candida
to host surface, 3) Insufficient host defense leads to
proliferation of candida in multi- species bioflim
embedded in self- produced polymeric matrix and
with increase resistance to antimycotics C.albicans
occurs in different morphological forms, 4) Hyphal
cells in epithelial bioflims aid tissue invasion by C.
albicans, 5) After tissue invasion, yeast cell may be
disseminated in blood vessels and are expose to
immune cells.

The synthesized CdS QDs are explored for C.albicans
biofilms. CdS QDs shows inhibitionin Fig.:7 (B),
30x10° cells/mL, 40x105 cells/mL, 45x105 cells/mL and
50x10° cells/mL, were added 15.6 ug/mL, 51.5 pg/mL,
62.5 ug/mL and 125.0 pg/mL to each well of the 96-
well polystyreneplates respectively. It reveals about

30% inhibition of biofilm and also it slow down the
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biofilm formation which may perhaps contribute to

various applications in biomedical field [26].

(A)
60
W Thm |
4)
) /7 0
H\@ 156 312 625
ug/mL  ug/mL ug/mL ug/mL

CdS CHEMICAL (B)

1250

Fig.7: (A) Schematic model indicating multi-species
biofilm formation and development of Candida
infections.(B) Observed Inhibition of CdS QDs

II. CONCLUSION

In present study we used facile, room temperature,
eco-friendly wet chemical method for synthesis of
CdS QDs. From XRD, the average particle size was
found to be 4 nm and cubic crystal structure.FTIR
analysis reveals that small peaks at 642 cm-1 which
indicates the Cd-S bond. In UV —Vis absorption
spectrum shows a well-defined absorption peak
at~480 nm with corresponding energy band gap 2.58
eV higher value of band gap attributed to due to
FESEM and
elemental mapping shows the spherical shape of CdS

quantum size confinement effect.
QDs. EDAX which confirm purity of sample which
results a stoichiometry ratio of approximately 1:1
without any impurity. Raman spectroscopy reveals
the strong Raman bands 299 cm-1 and 600 cm-1
which were associated with the of 1LO and 2LO
modes.The synthesized CdS QDs are explored of
C.albicans biofilms it shows about 30% inhibition of
biofilm. The low temperature synthesized CdS QDs
can be explore for further several applications such
asbiomedical,solar cells, photographic developer and
SO On.

ACKNOWLEDGEMENTS: Authors would like to
thanks to the Principal Dr. ]J. D. Sonkhaskar and Head
of the Department, Dr. P. G. Loke, Department of

Page No : 105-110

Physics and Electronics, KSKW Arts, Science and
Commerce College, Uttamnagar, CIDCO, Nashik-
422008, for providing laboratory and instrumentation

facility.
III. REFERENCES

[1]. G. A. Martinez-Castaiién, M. G. Séanchez-
Loredo, H. J. Dorantes, et al. , "Characterization
of silver sulfide nanoparticles synthesized by a
simple precipitation method", Mat. Lett. 59
(2005), 529-534.

[2]. C. Li and N. Murase, "Synthesis of Highly
Luminescent Glasses Incorporating
CdTeNanocrystals through Sol-Gel Processing",
J. Surf. And Coll., 20 (2004), 1-4.

[3]. A. Schroedter, H. Weller, R. Eritja, W. E. Ford
and J. M. Wessels, "Biofunctionalization of
Silica-Coated CdTe and Gold Nanocrystals",
Nano Lett., 2 (2002), 1363-1367.

[4]. H. L. Lee, A. M. Issam, M. Belmahi, M. B.
Assouar, et al. "Synthesis and Characterizations
of Bare CdSNanocrystals Using Chemical
PrecipitationMethod for
PhotoluminescenceApplication",Hindawi
Publishing Corporation
Nanomaterials 10 (2009),1-9.

[5]. R. Banerjee, R. Jayakrishnan, and P. Ayyub,
"Effect of the

transformation on the band gap

Journal of

structural

in CdS
nanoparticles”,Journal of Physics: Condensed
Matter, 12 (2000), 10647-10654.

[6]. Rajeev R Prabhu and M Abdul Khadar,
“Characterization of chemically synthesized
CdS nanoparticles”, PRAMANA - journal of
physics °c Indian Academy of Sciences 65
(2005), 801-807.

[7]. R.AM. Hikmet, V. Talapin, H. Weller, "Study

of conduction

sizeinduced

mechanism and
electroluminescence in CdSeO~ ZnS quantum
dot composites", ]. Appl. Phys. 93 (2003), 3509-

3514.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2



[13].

[17].

Volume 9 - Issue 2 - Published: & April 10, 2021

W.V. Huynh, J.J. Dittmer, A.P. Alivisatos,
"Hybrid nanorod-polymer solar cells”, Science
295 (2002), 2425-2427.

R. Frerichs, sulfide X-ray
detector”, J. Appl. Phys. 21 (1950), 312-317.

"The cadmium

. L.O. Oladeji, L. Chow, C.S. Ferekides, V.

Viswanathan, Z. Zhao, "Metal/CdTe/CdS/ Cd1-
xZnxS/TCO/glass: a new CdTe thin film solar

cell structure", Sol. Energy Mater. Sol. Cells, 61
(2000), 203-211.

. Deokjoon Cha, Sunmi Kim, N.K. Huang, "Study

on electrical properties of CdS films prepared by
chemical pyrolysis deposition", Mater. Sci. Eng.
B106 (2004), 63-68.

. RekhaGarg Solanki, PoollaRajaram, "Structural,

optical and morphological properties of CdS
nanoparticles synthesized using hydrazine

hydrate as a complexing agent', Nano-
Structures & Nano-Objects 12 (2017), 157-165.

A. Balandina, W.L. Wang, N. Kouklin, S.
Bandyopadhyay, "Raman spectroscopy of
electrochemically self-assembled CdS quantum

dots", Appl. Phys. Lett. 76 (2000), 137-139.

. W. Jiang, A. Singhal, ]. Zheng, C. Wang,

W.C.W. Chan, "Optimizing the synthesis of
red- to CdS-Capped
CdTexSel-x alloyed quantum dots
biomedical imaging", Chem. Mater, 18 (2006),
4845-4854.

near-ir-emitting

for

. N. Kozhevnikova, A. Vorokh, A. Rempel,

"Preparation of stable colloidal solution of CdS
using ethylenediaminetetraacetic acid", Russ. J.
Gen. Chem. 80 (2010), 391-394.

. FanzhiKong .JiayingWang .RuiHan .Shuaiqii,et

al., "Antifungal Activity of Magnesium Oxide
Nanoparticles: Effect on the Growth and Key
Virulence of Candida
Mycopathologia,185 (2020), 485-494.
Nicholls S, et al. "Activation of the heat shock

Factors albicans",

transcription factor Hsf1 is essential for the full

virulence of the fungal pathogen Candida

[22].

[26].

. Lo H],

. Jacobsen

Page No : 105-110

albicans". Fungal Genet Biol, 48 (2011), 297-
304.

et al. "Nonfilamentous C albicans
mutants are avirulent", Cell. 90 (1997), 939-49.
ID, et al. "Candida
dimorphism as a therapeutic target". Expert Rev
Anti Infect Ther, 10 (2012) 85-93.

albicans

. Kojic EM, Darouiche RO. "Candida infections of

medical devices", ClinMicrobiol Rev, 17 (2004),
255-67.

. Ranita Roy , Monalisa Tiwari , Gianfranco

Donelli , Vishvanath Tiwari. "Strategies for
combating bacterial biofilms: a focus on anti-
biofilm agents and their mechanisms of
action",Virulence, 9 (2018), 522-54.

Helena Sztajer , Szymon P Szafranski , Ju“rgen
Tomasch , Michael Reck, et al. "Cross-feeding
and interkingdom communication in dual-
species biofilms of Streptococcus mutans and

Candida albicans", ISME J, 8 (2014), 2256-71.

. Asiya F. Shaikh, Mohaseen S. Tamboli, Rajendra

H. Patil, AshitaBhan, et al, "Bioinspired Carbon
Quantum Dots: An Antibiofilm Agents",Journal
of Nanoscience and Nanotechnology, 19 (2019),
2339-2345.

. J M ten Cate , F M Klis, T Pereira-Cenci, W

Crielaard, et al,"Molecular and Cellular
Mechanisms That Lead to Candida Biofilm",

Formation, ] Dent Res 88 (2009), 105-15.

. R. K. Sonker, B.C. Yadav , Vinay Gupta, Monika

Tomar, “Synthesis of CdS nanoparticle by sol-
gel method as low temperature NO2 sensor”,
Materials Chemistry and Physics 239 (2020),
121975.

Humberto H. Lara, Dulce G. Romero-Urbina,
Christopher Pierce, Jose L. Lopez Ribot, et al,
“Effect of silver nanoparticles on Candida
ablicans biofilms: an ultrastructural study”,Lara
et al. ] Nanobiotechnol, 13 (2015), 91.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2



International e-Conference on Recent Trends in Nano-Materials and Its Applications-2021
In Association withInternational Journal of Scientific Research in Science and Technology
Volume 9 | Issue 2 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com)

'\
NiJsrsT
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ABSTRACT

Structure of Photocatalytic materials play an important role in the field of renewable energy such as artificial
photosynthesis, solar cell etc. Hence, to improve photocatalytic performance via optical property is one of the
challenging points in these days. Iron oxide (Fe203) with direct and indirect band gap has been extensively
studied by many researchers in past years due to its excellent physical properties. However, in the field of
photocatalysis this material is being ignored because of fast electron-hole recombination rate. This problem
can be overcome by doping with suitable and appropriate amount of dopant material. In this report oval
shaped Mn doped Fe2O3 nanoparticles have been successfully synthesized by simple hydrothermal method.
Different (1, 2 and 3) mol% Mn were doped into Fe203 and its existence was confirmed by EDAX and XPS.
The effect of dopant on crystal structure and morphology was studied by X-ray Diffraction and SEM, TEM
respectively. The optical properties of synthesized Mn doped Fe203 nanoparticles were measured by diffuse

reflectance spectra.
I. INTRODUCTION

Structuralstudy  of  nanoparticles = which s
intermediate between the bulk and atomic/molecular
system. Nanoparticles show different properties than
the bulk and atomic system which are very useful in
various fields like medicine, healthcare, engineering,
agriculture, electronics, defense etc. Hence the study
of those properties of nanoparticles such as optical,
mechanical, thermal, catalytic and magnetic is very
interesting and exciting[1-2]. Various well established
physical and chemical methods have been used to
synthesis nano materials in different shape and size.
Here nanoparticles are simple
method. Artificial

replicate the natural process of photosynthesis that

synthesized by
hydrothermal photosynthesis
converts water and carbon dioxide into carbohydrates

and oxygen using sun light as the energy source.

Photocatalytic material play an important role in the
field of

photosynthesis, solar cell etc. Hence to improve

renewable energy such as artificial
photocatalyticperformance via optical property is one
of the challenging points. Iron oxide (Fe203) with
direct and indirect band gap has been extensively
studied by many researchers in past year due to its
excellent physical properties [3-6]. Fe2O3 has wide
applications such as ferrofluide, refrigeration,
magnetocaloric and biomedical fields. Metal doped
nanostructure FE203 crystal is highly desirable.
These dopant play important role to improve the
optical absorption coefficient, donor density,
electrical conductivity and flat band potential. In this
work Mn is doped in Fe203 which is synthesized by
hydrothermal method. The prepared samples were
characterized for structure

crystal by X-ray

diffraction, surface morphology by Scanning Electron
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(SEM) and Transmission Electron
Microscopy (TEM) and optical properties by Diffuse

Reflection Spectra (DRS).

Microscopy

II. EXPERIMENTAL DETAILS

Chemicals

Ferric chloride hexahydrate( FeCls.6H20, ~97%,
Sigma Aldrich ), Manganese chloride tetrahydrate
(MnCl2.4H20, >98%, Sigma-Aldrich) and sodium
hydroxide ( NaOH, beads, 20-40 mesh, reagent grade,
97% ). All chemicals were used as received without
further purification. For this experiment deionizes
water is used and Millipore water purification system
was used for Deionized (DI) water. These chemicals
were used to synthesizes pure and Mn doped Fe203

samples.

Synthesis

Mn doped Fe:03 nanoparticles were prepared by
simple hydrothermal method, slightly modifying the
procedure by earlier reported paper [7]. In this study,
four different samples were prepared by this method
among them one is pure Fe:03 and remaining three
are (1, 2, and 3mol %) Mn doped Fe203 nanoparticles.
Initially, 2mmol of FeCls dissolved in 10 mL of DI
water and then MnCl: with different mol percentage
(0, 1, 2 and 3 mol %) was inserted in a preliminary
solution. ~The mixed solution was continuously
stirred for 1 h at room temperature. After that,
4mmol of NaOH solution (in 10 mL of DI water) was
added drop wise in resultant solution with vigorous
stirring and kept continuous stirring for next 2 h. At
the end final solution was transferred to 30 mL
volume of Teflon-lined stainless steel autoclave and
180°C for 8 h. Finally,

nanoparticles were collected by centrifugation and

kept at synthesized

washed several times with DI water.
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III. CHARACTERIZATIONS

Rigaku X-ray diffractometer with CuKa radiation was
used for crystal structure identification of prepared
Fe:O3 nanoparticles. The size and morphology of
obtained nanoparticles weremeasured by field
emission scanning electron microscopy (FE-SEM,
Hitachi S-4300) and field emission transmission
electron microscopy (TEM, JEOL JEM 2100) equipped
with elemental mapping, selective area electron
diffraction (SAED) as well as HRTEM. An elemental
composition of Fe203:Mn nanoparticles confirmed by
X-ray Photoelectron spectroscopy (XPS) from VG
(England)  Multitab 2000

photoelectron spectrometer. A diffuse reflectance

Scientific X-ray
spectrum (DRS) has measured with the help of Varian
Cary 5000 UV-vis-NIR spectrophotometer. Barium
sulfate was used for baseline correction and obtained
DRS treated by Kubelka-Munk

formalism. Photoluminescence study has done by

spectra were
Hitachi F-7000 fluorescence spectrophotometer at

room temperature using 250 nm excitation

wavelength of a Xenon lamp.

IV. RESULT AND DISCUSSION

XRD pattern shown in Fig.(1) of synthesized pure and
doped samples. Different peaks of the patter show
well matching with pure sample in crystal structure
form. Major peaks (012), (104), (110), (113), (024),
(300) and (220) gives crystallinity of Mn doped
Fe203.Molar concentration of Mn increased then
well aliened structure shown in Fig.(1). InFig.(2) SEM
images of synthesized Mn doped Fe203 nanoparticles
with different concentration of Mn (a) without Mn,
(b) 1 wt% (c) 2 wt% and (d) 3 wt% clearly shows
different crystal sizes for different Mn doping. SEM
shows oval and cube like structurewith proper grain
size and grain boundaries. In Fig.[2 c] sample are well
grown as uniform oval and cubic shapes with high

density grains.
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2Theta

ynthesized (a) pure Fe,O, and Mn doped Fe,0, nanoparticles

with different conce f Mn (b) 1mol%, (¢) 2 mol% and (d) 3 mol%.

Figure 2:- SEM images of synthesized Mn doped
Fe:O3 nanoparticles with different concentration of
Mn (a) without Mn, (b) 1 wt% (c) 2 wt% and (d) 3
wt%.

In Fig.(3) (c) and (d) HRTEM images of synthesized
2mol% Mn doped Fe:03 nanoparticles. TEM images
show uniform Mn doped cubic crystal at 2 mol%. Fig.
[3(c)] shows the selected area electron diffraction
(SAED) patterns of sample 2 mol% of Mn as single
cube crystal structure.Fig. [3(d)] gives the HRTEM

image of clear lattice fringe of nanocubes.

(a)”” ‘ (b)
k.

Figure 3:- TEM (a) low and (b) high magnify images,
(c) SAED and (d) HRTEM images of synthesized 2mol%
Mn doped Fe20s nanoparticles.
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Figure 3:- TEM Elemental mapping of single particle
of Fe203:Mn synthesized by 2mol% Mn doped Fe:03
(a) Oxygen, (b) Iron, (c) Mn and (d) combine
Fe:03:Mn.

In Fig.(3) shows TEM Elemental mapping of single
particle of FexOs:Mn synthesized by 2mol% Mn
doped Fe203 (a) Oxygen, (b) Iron, (c) Mn and (d)
combine Fe:O3:Mn which is oval and cube like in
shape. Figure 4 shows XPS survey spectra (a), small
range spectra (b) of Fe2p, (c) Ols, and (d) Mn3s
of doped Fex0Os
nanoparticles with different concentration of Mn
(black) without Mn, (red) 1 wt% (blue) 2 wt% and
(green) 3 wt% . In the spectra Fig.[4(b)] there are two

elements synthesized Mn

peaks of binding energies of 710.4 ev for Fe2p3/2 and
723.7 ev for Fe2p1/2 i.e. distinct peaks are observed in

the spectra at binding energy.
(a)

)

85 20
Binding Energy (eV)

Figure 4:- XPS survey spectra (a) and small range
spectra of (b) Fe2p, (c) Ols, and (d) Mn3s elements of
synthesized Mn doped Fe:03 nanoparticles with
different concentration of Mn (black) without Mn,

(red) 1 wt% (blue) 2 wt% and (green) 3 wt%.
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V. CONCLUSION

In this work pure and Mn doped Fe20O3 samples were
successfully synthesizes by hydrothermal method.
Structural, morphological and optical Characteristic
properties were studies by XRD, SEM, TEM, SAED
and XPS of prepared samples. XRD study gives
crystallite structure with oval and cubic in nano
shape.Molar concentration of Mn increased then well
aliened structure shown. Surface morphology of Mn
doped Fe203 were uniform, oval and cubic shaped
nano particles with proper grain size and grain
boundaries. TEM of the samples were performed at
low and high magnification, SAED gives single cubic
structure of 2 mol% of Mn. Optical property related
to XPS survey spectra (a), small range spectra (b) of
Fe2p, (c) Ols, and (d) Mn3s elements of synthesized
Mn doped Fe203 nanoparticles with different
concentration of Mn which measure binding energy

of samples.
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ABSTRACT

A simple sol-gel spin-coating technique is used for the synthesis of Al-doped ZnO (AZO) thin films. Then,
the structural, optical,electrical,andH2S-sensing properties of the AZOthin filmsare investigated.A structural
analysis confirmed the formation of a crystalline zinc oxide thin film. Moreover, the gas-sensing performance
of the AZO thin films for H2S gas areinvestigatedat 250°C.Our results reveal that the ZnO thin film doped

with 2 at% Al demonstratesgood sensitivity and selectivity and shows excellent reproducibility forH2S

gas,therebyexhibitingasignificantenhancement in the gas-sensing properties of the Al-doped ZnO lattice.

Keywords : Selectivity, Sensors, Reproducibility, Thin Films;Sol-Gel

I. INTRODUCTION

Various natural and industrial processes around the
world are known to produce colorless, extremely
noxious, and flammable hydrogen sulfide (H:S) gas
H-S is

generallyproduced during natural gas manufacturing,

with a  carious-egg-like  smell.
at crude petroleum refineries, and from automobile
exhausts [1]. Thelong-term lower-level exposure of
HoShas been known tocause headaches, irritability,
dizziness, fatigue, poor memory and
concentration,and even death[1l, 2].In light ofthese
effects,it becomes important to develop and fabricate
devices for the detection of H2S gas, especially at
lower concentrations.A number of factors have to be

considered for gas sensor fabrication, out of which

quick gas response, stability, and selectivity are the
three major requirements foragas-sensing device.In
based

onnanocrystalline ZnOhave been intensively studied

the past few years, metal oxide films
as suitable materials for a gas-sensing deviceasthey
havea higher surface-area-to-volume ratio, display
higher

temperatures,andare cheaper compared with other

electrical and thermal stability at
oxide materials [3].Furthermore, the creation ofan
electronic defect in a ZnO film improves the
influence of the partial pressure of oxygen on the
conductivity ofthe film; this type of defect can be
created wusingan appropriate dopant[3].Various
metallic dopantmaterials such as Al, Cu, Co, Sn, Fe,
and In can bedoped in ZnO filmsto improveits gas-

sensing performance [3, 4].The present work reports
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the doping of Al in a ZnO lattice using the sol-gel
fabrication of thin films and the H:S gas-sensing

properties of these films.

II. EXPERIMENTAL PROCEDURE

A synthesis procedure similar to that used in our
previous study [5] was adopted forthe synthesis of Al-
doped ZnO (AZO) thin films atl-4 at%. The
the AZO thin films
Bruker D2 phaser

diffractometer.The optical absorption spectra of the

structural analyses of

werestudiedusing a X-ray
synthesized AZO filmswere recorded using a UV-Vis-
NIR V-770 Japan). the
DCconductivity of the synthesized AZO thin films

(Jasco, Moreover,
was studiedusinga locally designed two-probe system
in the temperature range 27-300°C.The gas-sensing
properties of the AZO sensor films werestudied at
250°C.The AZOsensor film resistance was measured
and recorded at 250°C in the presence of a test gas and
ambient air by using a Keithley electrometer (6514
USA). The gas (Rs)
determinedusing Ra. /Ry forH2S gas, where R. =

model, response was
resistanceof the sensor in air,and Rg=resistance of the

sensor in the presence of a test gas.

III. RESULTS AND DISCUSSION

A typical XRD pattern of 2 at% AZO filmat 26 = 20to
90° is shown in Fig.1.The figure inset shows the
diffraction peak (002). No effect is seen on other
diffraction planes (except 002).The doping of Al
the

crystalline with c-axis (002) plane orientation and

confirmsthat synthesized AZO films are
possesshexagonal crystal structure as per JCPDS card
No. 01-079-0205.In addition, it is observed that the
peak intensity of (002) increases with the Al
concentration up to 2 at% and reduces for higher at%
doping (3 and 4 at%), whereas shifting of the peak
toward a higher 20 anglewithhigherAl concentration

confirms the growth of the Al atom in the ZnO lattice.

The crystallite size of the synthesized AZO films
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wasdetermined usingtheDebye—Scherrer formula [5].
The crystallite sizeswere found to be 32, 34, 35, 33,
and 35 nm for 0, 1, 2, 3, and 4 at% AZO films,
respectively.

The optical absorption of the sol-gel spin-coated AZO
films was carried out with a wavelength range of 300—
1000 nm. Figure 2 depictsthe plot of (ahv)? versus
photon energy (hv) for the AZO filmsaccording to Al-
doping concentration (1-4 at%). From these plots, the
opticalbandgap values were calculated using theTauc
relation.The optical band gapvalueincreases from 3.21
to 3.26 eV as Al-doping concentration increases from
0 to4 at%, respectively.The increase inthe optical
band gap with the Al doping concentration exhibits a
goodcorrelation with the increase in the blueshift,
which can be explained based onthe Burstein—-Moss
effect [6-7].

The DC conductivityof the AZO thin filmswas then
measured in the temperature range 300-573K using a
locally designed two-probe system.Figure 3shows
thevariation in DCelectrical conductivity
(0)according to the temperature for theAZO thin
films.The DCconductivity of the AZO filmsincreases
exponentially with increase intemperatureand Al-
doping concentration. The DCconductivity at room
temperature is found to be between 4.85 x 107 S/cm
and4.41 x 107 S/cm, which further increases and
reaches a value between5.47 x 10# S/cm and 9.19 x
104 S/cm at 300°C for 0—4 at% AZO thin films, which
confirms the semiconductor behavior of the AZO
films [8].The plot of Ino versus 1000/T for AZO thin
filmsisshownin the inset of Fig.3.The activation
energy was calculated from the slope of the Ino versus
1000/T curve using the following equation:

0 = 0oexp(-E+/KT) 1)

where E.= activation energy,co = proportionality
constant, K = Boltzmann constant,andT = temperature
[9].The the AZO

filmsdecreases from 0.43 to 0.39 eV with increase

activation energy of thin

inAl-doping concentration.These activation energy
values illustrate that the excitation of thermally

activated electrons from donor levels to the
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conduction band is due to increase in temperature
[10].

The gas response—recovery mechanism for the metal
oxide sensor involves two key reactions: adsorption
and desorption of Oz, O-,and O* molecules by the
sensing layer;these absorbed oxygen molecules trap
the electrons from the conductance band and play a
vital role in gas sensing.As a result,variations in the
resistance of the sensor filmare observed [3].To
determine the optimized Al-doping concentration in
ZnO, the H»S gas-sensing performance of AZO thin
films is studiedas a function of gas concentration fora

certain period oftime at 250°C.The gas response

curves of the AZOfilms toward a fixed 50
ppmconcentration of H»Sgas at 250°C are shown in
Fig.4(a). Here, the 2 at% AZO sensor film

demonstratesthehighestgas response compared with
other films; therefore, 2 at% AZO is selected for
theH:Sgasresponse at variousconcentration
levels.Figure4(b) shows the dynamic gasresponse of
the 2 at% AZOfilm toward H2S gas, which clearly
shows that the sensor response improves (1.06 to 3.8)
with increase in the gas concentration(5 to 50 ppm).
The lower value of sensing response at lower levels of
gas concentration can be attributed to HaS gas
molecules covering the sensing layer toa lesserextent,
whereas at higher gas concentrations, H:S gas
molecules cover a greater part of the sensing layer
area, thus resulting in maximum sensing response [4].
In general,the sensing consistency of a sensor mainly
depends on the reproducibility demonstrated by the
sensor material. To study the reproducibilityof the
optimized Al-doped ZnO film for 2 at% doping, the
gasresponse was assessed4 times at50 ppm HaS gas
concentrationat250°C,as shownin Fig.4(c).After four
consecutive scans, the gas response of the 2 at%
AZOfilm toward H2Sgas remained nearly constant,
which confirms the reproducibility of the as-
synthesized Al-doped ZnO films for H:Sgas
sensing.The selectivity studies of the optimized 2 at%
AZO film are performed at 250°C and 50 ppmfixed
gas various such as

concentrationfor gases,
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C2HsOH,CH30H, CH3COCHs3, LPG, Cl2, NHzandH-S,
as shown in Fig.4(c). From the figure, we can observe
that the 2 at% AZO sensor film was comparatively
higher

coefficient,and showed higher gas response toward

sensitive,selective with selectivity
H>S gascompared with other analyte gases.This higher
sensitivity and selectivity of the Al-doped ZnO film at
2 at% makes it a promising material for the

fabrication of gas-sensingdevices.

IV.CONCLUSION

AnH2Sgas sensor based on Al-doped ZnO thin films
was fabricated using the less-expensive sol-gel spin-
coating technique. The doping of a smaller amount of
Alin a ZnO lattice results in changes in structural,
optical, electrical,and H2Sgas-sensing properties. Gas-
sensing studies ofa 2 at% Al-doped ZnO thin film at
250 °Crevealedthat it exhibited high gasresponse (3.8)
with excellent reproducibility; it can also detect the
low concentration of H2S gas with a realistic response
(1.06). Therefore,weconclude that 2 at% Al-doped
ZnO film is agood sensing material for H2S gas

detection.
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ABSTRACT

Particle size optimization is indispensable in many aspects for improving the properties of the materials. Here
in nanoparticles of Mg o0s8Zno2CrxFe2«x Os ferritewere synthesized by the sol-gel auto-combustion method.
Through the optimization of various parameters, the dimensions of the nanocrystalline ferrites are achieved
within the range of 11- 54 nm. The structural changes with the substitution of Cr were analyzed using X-ray
diffraction (XRD). The diffraction pattern confirms the formation of the single-phase spinel structure with
cubic symmetry.The effect of particle size on parameters such as specific surface area, density, and porosity

are discussed with the help of diffraction patterns. It is observed that replacing Fe3* ions with the Cr3 ions

results in enhancement of the nanocrystalline size.

Keywords: Nanocrystalline ferrites; x-ray diffraction; sol-gel method

I. INTRODUCTION

High entropy oxide (Co,Cr,Fe,Mn,Ni)3Osbased spinel

structure and its microstructure was studied

[1].Single-phase spinel structure nanoferrites of
MgosZno2CrxFe2xO4 were prepared by citrate—nitrate
methodstructural,

auto-combustion humidity

sensing,impedance,conductivity =~ and  dielectric,
properties of Cr3 -substituted Mg—Zn ferrite cubic
spinel structure was studied [2-3].Thechanges in
Mg-doped

ZnOnanoparticlesanditsimpactonphotocatalyticefficie

structuralandopticalproperties of

ncyinalprazolam degradation [4] The fact of decrease

in magnetization of ferrite materials is due to the

increasing concentration of nonmagnetic Cr*ions that
replaces magnetic Fe3 ions,this results in decreasing
thevalue of saturation magnetization of the Mg-Zn
ferrite [5].The measured electrical properties of ferrite
samples show a compositional dependencefor the AC
conductivity and these materials also indicated
semiconductingbehavior[6].Grain and grain
boundariesof the sample will affect the conductivity
of materials, at low-frequency grain boundary
resistance and capacitance are contributed while at
high frequency grain resistance and capacitance is
[7].The

maintained for all the samples of Mg-Zn ferrites by

contributed cubic spinel structure is

doping chromium, the crystal size increases with an
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increase in doping materials[8].In the respective
systems, the length between the magnetic particles of
the constituent ions is decreased by increasing Al
and Cr® substitution [9].As the Cr? substitution for
Fe3* increases for Li-based ferrites, it will decrease
the

compensation temperature Tx [10].Due to the spin

curie temperature Tc and approaches
disorder in the surface layer of the particles,a decrease
of magnetization was observed by increasing Cr
doping  concentration in  lithium  ferrite
nanoparticles[11].Increasing Cr contents in Co-Fe
ferrites will decrease the magnetic hyperfine fields
and the Neel temperature, with further increase in
the concentration of chromium ions contents size of
particle will also decrease [12].Due to the smaller
ionic radiiof the doped cation Cr3,the lattice
parameter and hence saturation magnetizationof
cobalt ferrites decreases with the increase of the
[13].The tetrahedral (A) and

octahedral (B) stretching vibrations decrease with

Crsubstitution (x)

increases in Zn concentrations of Mg--Ni-Ferrites
[14].TheSingle-phase

magnesium ferrite

cubic spinel structure of

was determined by x-ray
diffraction pattern and its hopping length, tetra edge,
and octal edge, etc. structural parameters were also
determined [15].With increasing Cr concentration in
Li ferrite,X-ray density, coercivity,and porosity are
increasing whereas particle size bulk density and
Lattice parameter, are found to decreaseand alsothe
saturation magnetization decreases linearly with
Cr3+ content[16].The

magnetization of lithium ferrite was studied and was

increasing saturation
found to decreases monotonically with increasing Cr-
substitution content, with increasing frequency the
real and

imaginary parts of permittivity and

permeability values decreased gradually

[17].Structural and electrical properties of lithium
nano ferrites were shown to be a function of
composition and doped

the

paramagnetic behavior and also it is observed that

temperature[18].Copper

Lithium Ferrite Nanocompositeshows

nanocomposites of ferrite exhibit the higher specific
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[19].P. Kharbanda et al

homogeneousness of ferrite magnetic materialand also

capacitance reported
reported that different grain size distribution, of
ferrite materials, is due to thedifference in the growth

rate of individual phases in the samples [20].

II. EXPERIMENTAL

Nanocrystalline powders of Mg 08Zno2Crx Feax
Oswere prepared by the sol-gelauto-combustion
method. The A.R. grade citric acid (CsHsO7-H20),
Magnesium nitrate Mg(NOs3)2.6H20, Zinc nitrate
7Zn(NOs)2.6H20, chromium nitrate (Cr(NOs)3-9H20)
and ferric nitrateFe(NOs)-9H20 were used as
preparatory materials. Synthesis was carried out inthe
air atmosphere without protecting by any inert gases.
The molar ratio ofmetal nitrates to citric acid was
taken as 1:3. The metal nitrates weredissolved
together in a minimum amount of double distilled
water to get aclear solution. An aqueous solution of
citric acid was mixed with metal nitratessolution,
then ammonia solution was slowly added to adjust the
pH at 7. Themixed solution was kept on a hot plate
with continuous stirring at 90 °C.During evaporation,
the solution became viscous and finally formed a
veryviscous brown gel. When finally all water
the

viscous gel began frothing. After few minutes, the

molecules were removed from themixture,

gelautomatically ignited and burnt with glowing
flints. The decompositionreaction would not stop
before the entire citrate complex was consumed.
Theauto-combustion was completed within a minute,
the

precursor. Prepared powder was then annealed at 600

yielding brown-coloredashes termed as a
°C for 6 h. Finally, a fine powder with brown color

was obtained.

III. RESULTS AND DISCUSSION

X-ray diffraction:
The X-ray diffraction pattern of Mg o0sZno.2 Crx Feax
Ouspinelsis shown in Figure 1. All Mg-Zn ferrite
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samples show clearXRD reflections from the plains
(220), (311), (400),(421), (422), (511), (440), and (533).
The formation of the single-phase cubicspinel
structure with the Fd3m space groupis in good
agreement with JCPDS card number 01-071-1254.
Someofthe phasesrelatedtoFe:04Zn (ref. number 01-
073-1963) and Cr:0s(ref. number 01-084-0312) are
alsoobservedintheXRDpattern

atthehighersubstitutionofCr3* ions.
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Fig. 1 XRD pattern of Mg 0.8Zno2CrxFe2xOs4

These reflectionsagree quite well with powder
reflections of the majority ofthe spinel systems [21].
By indexing the observed reflections of the XRD
patterns the parameters of unit cell ie. lattice
constant were determined. The noticeable change in
the calculated lattice constant(a) with an increase in
in Tablel.The lattice

constant(a) of all the samples was determined by

Cr substitution is shown

using the following equation [21].

azi{(hz K’ +|2)2}
2 sing

where o is the angle of diffraction corresponding to
the (hkl) plane and (hkl) are the Miller indices.The
values of lattice-constant were obtained for every
Mg-Zn ferrite sample using XRD data and are shown
in Table 1. Variation of lattice constant ‘a’ and X-ray
density ‘dx’ with Cr content x is shown in Fig.3.From
the figure, it is observed that with an increase in Cr3
the lattice decreases.

content X, constant
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Thedecreaseinthelatticeconstantisrelated
tothedifferenceinionicradiiofCr3*and

Fe¥ Inthepresent ferrite system Fe3+ions having ionic
radii,0.67 A~

smallCr3*

arereplacedbythe comparatively
0.64 A”.

Usingthefollowingexpression the X-ray density ‘dX’

ions having ionic radii

was calculated

8M

dx =

where isthelatticeconstant, M’
isthemolecularweightand'N’ istheAvogadro’s number.
Table

withincreasingtheCr3 content

From litcanbeseenthat

x,theX-ray
densitydecreases.Thisdecrease in X-ray density may
beduetothedecreaseinmolecularweightof the ferrite
sample whichresults in
thedecreaseofvolume.Thebroadening in
diffractionlinesreflected
bytheferritepowderisindicativeofthefineparticlenature
oftheferrite.Usingthelinebroadeningofthemostintense
(311)diffraction peak,the average crystallite size(t)
was determined by usingtheDebyeScherrerformula
[21,22].

0.94

where f is thefullwidthathalfmaximumintensity

measured inradian,\ is thewavelength, and e is

theBraggangle.Table 1 shows
thevariationofthecrystallite sizewithCrcontentx.
Thecrystallitesize of ferrite powder
increasedfrom10.91nmto

54.46nmwithincreasingCrcontent ~ x.The  above

resultindicatesthattheaveragecrystallitesizeoftheferrit
e powdersismuch moredependentonthechromiumion
concentrationandincreases withan increase in Cr
ions,whichindicatesthatthe grain growth of ferrite
powder is promoted by theadditionofchromium
ion.Fig. (2a) and (2b) are the transmission electron
micrographs (TEM) of x=0.8 and 1.0,respectively.It is
evident from the graphs that all the synthesized
particles do not have a specific shape.Both the figures

confirm that most of the particles are of size about
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10-54 nm. This is in close agreement with the average
crystallite size obtained from XRD (Table 1).

Table 1

Lattice constant (a), X-ray density (dx), particle size
(t),specific surface area(s),bulk density (ds), and
porosity(P) of Mg 0sZno2CrxFe2-x O4

Com | a dx t s ds P
p- (A9 | (A9 nm |m?% |gm/ | %
X gm | cmd Sl
0.0 | 8381146987109 | 108. | 391 | 1662 | o (9b) TEM image of Mg 0sZno:CrFerx Os with
1 91 77
X=1.0
0.2 8.375 | 4.6919 | 18.1 | 65.3 | 3.97 | 15.22 From the diameter of the particle(D) in nanometers
7 > 7 anddensity of the particle ( # ) the

0.4 8.368 | 4.6862 | 26.4 | 44.9 | 401 | 14.36 specificsurfacearea(S) was calculated using the

> 2 32 following relation [23].
0.6 | 8360 |4.6822 |27.2 | 435 | 4.04 | 13.58
6000
6 8 63 S=—_-
Do o )
0.8 | 8355 |4.6730|27.2 | 435 | 4.09 | 1241
7 6 30 Table 1.shows the valuesofsurfacearea. Fig.3 shows

1.0 8348 | 46670 | 54.4 | 218 | 412 | 11.68 that withincreasing Cr3* content, the specific surface

6 1 18 area decreases. Duetotheincreaseincrystallitesizeof

ferrite powder thespecific surface area S decreases.

J——
——C

8"385 L) T T L]
i - 4.700
8.380 I
| [-m—Lattice constant ‘a’ (AQ) - 4.695 ?
o: 8.375 4 La—X-ray density 'dy"(gm/cm3) g
< - 4.690
™ 8.370 g
= ) - 4.685 2
3 8.365

0.0 0.2 04 0.6 o8 1.0

Cr Content x
Fig. (2a) TEM image of Mg 08Zno2Cr<Fe2x Os with

Fig.3 Variation of lattice constant ‘a’ and X-ray
X=0.8

density ‘dx’ with Cr content x.

Byusing theArchimedes'methodthebulkdensity‘dB’of
thespecimenswasdetermined.The
valuesofthebulkdensityareshownin Table 1.

WithincreasingCrcontent x,thebulkdensity of ferrite
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powder wasfoundtoincrease. Fig.4 shows the variation
of bulk density ‘dB’ and Porosity ‘P’ with Cr content

X.

4.15 T T T T T T T T
—a-Bulk density 'dg' (zm/t cm3) 17

—a-Porosity 'P' (%) /
_\ 16

\ 15

14

N
-
o

~
g

»
3
.

13

\_12

T T T 11
0.2 04 06 08 10

(%) .4, L1sorod

Bulk density 'dg' (gm/cm?)
2

w
&

Cr content x

Fig.4 Variation of bulk density ‘dB’ and Porosity ‘P’
with Cr content x

Theporosity ‘P
oftheferritenanoparticlescanbedeterminedusingthe

followingrelation [24].

IV.CONCLUSION

NanocrystallineMg-Zn ferrite powder particles are
successfully synthesized by a simple sol-gel auto
combustion method.The Single-phase formation of
spinel structure with cubic symmetry was confirmed
by XRD. The effect of particle size on parameters such
as specific surface area,
isstudied.The

crystallite size of the ferrite powders is much more

density, and porosity

result indicates that the average
dependent on the chromium ion concentration.With
the increase in Cr3 content x, the lattice constant
decreases. The decrease in the lattice constant is
related to the difference in ionic radii of Cr3and Fe3*.
In the present ferrite system Fe*ions having ionic
radii, 0.67 A’

small Cr3+ ions having ionic radii 0.64 A°.

are replaced by the comparatively

[1].

[3].
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ABSTRACT

x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0)

nanoparticles were synthesized by sol-gel auto combustion method. The effects of chromium ions on the

In this study, spinel magnesium zinc ferrite (Mg 0s8Zno2 Crx Fezx Os :

functional group and magnetic properties of spinel Mg-Zn ferrites nanocomposites were investigated.
Characterization methods such as Fourier transform infrared (FT-IR) spectroscopy and vibrating sample
magnetometer (VSM) were used to study functional group determination and magnetic properties of ferrite
materials. With the help of FTIR, the nanoregime effect on parameters such as vibration frequency, bond
length, and force constant is estimated. Using the Vibrating Sample Magnetometer (VSM), the M—H loop of
Mg 0.8Zno.2 Crx Fe2x O4 has been traced and saturation magnetization (Ms), coercivity (Hc), and retentivity (M)

studied.

Keywords: Mg-Zn ferrites; sol-gel synthesis; FTIR; VSM.

I. INTRODUCTION

Doping of Sm and Co in bismuth ferrite will influence
the properties like magnetic, structural, dielectric,
ferroelectric, and leakage current density [1]. Spinel
structure formation and cation distribution of ferrite
powder are confirmed by using Fourier transform
infrared spectroscopy with the proposed data using
XRD [2].

dissociate water molecules has been exploited to

The ability of nanoporous ferrite to

develop a green electrical energy cell, which is a
combination of electrode chemistry and material

science [3]. Lithium-nickel ferrite nanocrystalline

particles were synthesized by a low-temperature
citrate gel auto combustion method and its structural
parameters like lattice parameter, X-ray density, bulk
density, and porosity has determined [4]
Magnetization Mg-doped lithium ferrite decreases
with increases in doping percentage of magnesium
and it vanishes above the comparatively high Curie
temperature Tc of 900 K [5]. By using the laser
diffraction technique the dispersity of the synthesized
lithium ferrite powder was investigated, it is seen that
there are slight decreases in the average particle size
of the ferrite powder by an increase in the mechanical
time [6]. cobalt ferrite

milling Copper-doped
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nanoparticles show a decrease in crystallite size with
an increase in doping materials, while VSM results
showed that the final materials are ferromagnetic and
there is a decrease in magnetization due to the
decrease in the value of magnetic moments of
Cobalt doped spinel MgFe20s4

ferrite nanocomposites with improved magneto-

octahedral sites[7].

optical and photocatalytic properties of transition
metal are seen, as cobalt content increases bandgap of
ferrite material goes on increases [8]. Dye-sensitized
solar cell based on FeO nanorods shows conversion
efficiency of 0.43%, under the light radiation of 1000
W/m?, which is enhanced than FeO nanoparticles [9]
By increasing heating rate, the average crystallite size
of sintered ferrite samples decreases, during the
heating period the specific surface of nanosized Mn-
Zn ferrite powder strongly enhances while the
density of ferrite decrease [10] The coordinates of
atoms, the dimensions of the unit cell, the occupation
factors of the atom, isotropic temperature factors, as
well as the interatomic distances of copper doped Mg-
Zn ferrite have been determined.[11] The dielectric
constant of prepared spinel ferrites decreases
gradually as the concentration of rare-earth ions
increases in the ferrites, this is due to the exchange of
electrons between Fe? and Fe® [12] By controlling
the size and composition, contrast agents of Iron
oxide has been developed as T: or T2 for magnetic
resonance imaging (MRI), they show significant
interactional T1 and T: contrast effects [13] Multi
ferroic samples of bismuth ferrite shows the change of
rhombohedral structure to a tetragonal structure after
doping of Sm and CO, further it shows an increase in
the symmetry and decrease in phases, Furthermore,
the dielectric properties bismuth ferrites enhance
with co-doping.[14] To fabricate a magnetite-based
Hydroelectric Cell a chemical method is used to
synthesis mesoporous magnetite nanoparticles and its
ionic diffusion of dissociated ions has been confirmed,
furthermore, it is observed that due to less Ohmic loss
in magnetite cell current increases [15] Mn-Zn ferrite

was synthesized by simple one-pot microwave
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combustion method, it was observed that the
magnetization values of Mn-Zn ferrites increased
with increasing Mn?* cation, this increased values of
magnetization is due to the replacement of Zn?* by
Mn? in the ZnFe:Os lattice and also due to the
distribution of cations at tetrahedral and octahedral
sites [16] By solution combustion method single phase
Cobalt copper ferrite nanopowders with increased
particle size were synthesized, with an increase of
Cu? ions concentration in cobalt ferrite X-ray density

increase due to increase in electron density [17]

II. EXPERIMENTAL

Nanocrystalline powders of Mg 0.82n0.2 Crx Fe2-x
O4 were prepared by the sol-gel auto-combustion
method. The A.R. grade citric acid (C6H807-H20),
Magnesium nitrate Mg(NO3)2.6H20, Zinc nitrate
Zn(NQO:s)..6H20, chromium nitrate (Cr(NO3)3-9H20)
and ferric nitrate Fe(NO3)3-9H20 were used as
preparatory materials. Synthesis was carried out in
the air atmosphere without protecting by any inert
gases. The molar ratio of metal nitrates to citric acid
was taken as 1:3. The metal nitrates were dissolved
together in a minimum amount of double distilled
water to get a clear solution. An aqueous solution of
citric acid was mixed with metal nitrates solution,
then ammonia solution was slowly added to adjust the
pH at 7. The mixed solution was kept on a hot plate
with continuous stirring at 90 °C. During evaporation,
the solution became viscous and finally formed a very
viscous brown gel. When finally all water molecules
were removed from the mixture, the viscous gel
the

automatically ignited and burnt with glowing flints.

began frothing. After few minutes, gel
The decomposition reaction would not stop before
the entire citrate complex was consumed. The auto-
combustion was completed within a minute, yielding
the brown-colored ashes termed as a precursor.
Prepared powder was then annealed at 600 °C for 6h.

finally, a fine powder with brown color was obtained.
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III. RESULTS AND DISCUSSION
FTIR spectroscopy:

Fig. 1 shows the FTIR spectrum of as-synthesized
powder of Mg o0sZno2 Crx Fezx O« in the frequency
range of 800—400. The positions of the ions in the
crystal through the vibrational modes of a crystal can
be studied with the help of an infrared absorption
spectrum. It is known that the normal cubic spinels
have two IR bands representing the fundamental
absorption bands.

From Fig. 1 and Table 1 it is observed that there are
two main frequency bands, namely, the high
frequency band(1) is observed at 529-549 cm'!
whereas the lower frequency band (%) is observed at
422-466 cm. The intensity of the high frequency
band("1) and frequency band(%2) appears to increase
with the addition of Cr® ions. These two observed
frequency bands "1 and % are the characteristics of all
the ferrite composites and they correspond to the
intrinsic vibrations of tetrahedral and octahedral
Fe®" — O} complexes, respectively. It explains that
the normal mode of vibration of the octahedral
cluster is lower than that of the tetrahedral cluster.
From FTIR data it is seen that the normal mode of
vibration of the tetrahedral cluster (529 cm) is
higher than that of the octahedral cluster (422 cm).
This can be due to the long bond length of an
octahedral cluster than the tetrahedral cluster[18].
This presence of a long shoulder for the A-site is
indicative of the presence of other ionic states in that
site. By increasing the Cr? content in ferrite powder,
the vibrational frequencies "1 and "2 of all the
compositions change. Due to the changes in bond
lengths Fe*" — O}~ within octahedral and tetrahedral
sites, the difference in frequencies between "land "2 is
observed. The metal-oxygen vibrational energies
increases due to the decrease in the Fel" —OZ

intermolecular distance, which arises from the

increase of the number of Cr* —O? complexes
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caused by the decrease in the number of Fe* —0Z

complexes and the formation of Mg?/Zn? [19].

Transmittance (%)

T T T ;
800 700 600 500 400

Wavenumber (cm'1)

Fig.1 The FTIR spectrum of as-synthesized powder of
Mg 0.8Zmno2 Crx Feax O4

Comp. Ll ) Kox 104 K:x 104

X (cm?) | (cm?) | (dyne/cm) | (dyne/cm)
0.0 529 422 9.7603 8.5091

0.2 532 443 10.8399 8.6814
0.4 539 457 11.2090 8.6919
0.6 540 458 11.4719 8.7496
0.8 546 465 11.7285 8.8317
1.0 549 466 11.7445 8.8848

Table.1 Band position (v,and v, ), force constant (Ko
and K:) of MgosZno2CrxFe2xOs.

The increasing force constant and shortening of
metal-oxygen bonds of the octahedral unit is
attributed to the increase in vibrational frequency (%)
with an increase in Cr® content in ferrite material.
The force constant is the second derivative of the
potential energy concerning the site radius with the
other independent parameters kept constant. The
force constant for the octahedral site(Ko) and
tetrahedral site(K:) were calculated by employing the
Waldron method [20]. According to Waldron the
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force constant K: and Ko for respective sites are given
by
K, =7.62M,/x10~° dynes/cm---------------------- (1)

K, =10.62 % vZX10™ dynes/cm------------------- )

where M1 and M2 are the molecular weight of

cations on the A and B sites respectively.
IV. MAGNETIC STUDIES

Substitution of Cr3* ions into magnesium ferrite
significantly affects the magnetic properties of ferrite
materials. Fig. 2 shows the plots of hysteresis loops for
Mg 08Zno2 Crx Feax Os4 samples. This Fig.2 indicates
that the magnesium ferrite is a soft magnetic material,
which revealed minimal hysteresis. The shape and the
width of the hysteresis loop depend on factors such as
the porosity, grain size, and chemical composition of
the compound, etc. From the field dependence of
magnetization, ferrimagnetic behavior for all the

samples has been observed.

Magnetization (emu/g)

Applied field (Oe)

Fig. 2 Variation of magnetization with applied field
measured at 300K,(a) x= 0.0, (b) x=0.2, (c) x= 0.4, (d)
x=0.6, (e) x= 0.8 and(f) x= 1.0 of MgosZno2CrxFe2xOx

From these magnetization curves (Fig. 2) the observed
magnetic moment per formula unit,(Mos.) Wwas
determined, by extrapolating the high-field part of
the curves to zero fields. In a spinel ferrite, each ion

at the A site has 12 B-site ions as nearest neighbors.
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According to Neel’s molecular field model [21], the
A-B superexchange interactions dominate the intra
sublattice A—A and B-B interactions. The difference
of the magnetic moments of the A and B sublattices

gives the net magnetic moment.[20,22]

The coercivity field, Hc reflects the coercivity for a
ferromagnetic or ferrimagnetic material. This value of
coercivity refers to the strength of the magnetic field
required to reduce the magnetization of the ferrite
magnetic sample to zero after the magnetization of
the ferrite sample has reached saturation. The
coercivity was observed to be significantly affected by
Cr3 substitution in the magnesium ferrite. It can be
seen from Fig. 3 and Table. 2 that the coercivity
increases with increasing Cr® content. According to
the one-ion model, the anisotropy field in the ferrites
depends on the amount of sum of effects of the
different magnetic ions [23]. Values of saturation
magnetization(Ms) and coercivity determined from

hysteresis loops are presented in Table 2.

Comp. x Ms (emu/g) Hc (Oe)
0.0 1.1454 16.24
0.2 1.001 41.46
0.4 0.833 44.88
0.6 0.6415 56.95
0.8 0.608 61.57
1.0 0.1003 88.34

Table.2 Shows the values
(He), of MgosZno2CrxFe2xO4

of magnetization(Ms),
coercivity with

composition
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Fig. 3. Variation of saturation magnetization(Ms) and
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coercivity (Hc) with Cr content x.

V. CONCLUSION

The Infra-Red analysis supports the currently
accepted cation distribution. With the increasing Cr3
the

magnetization decreases linearly. The decrease in

(x) content in ferrite materials, saturation

saturation magnetization is attributed to the fact that

the increasing concentration of nonmagnetic Cr® ions.

These nonmagnetic Cr? ions replace magnetic Fe3*
ions results in decreasing the value of saturation

magnetization of the Mg-Zn ferrite.
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ABSTRACT

Structural and microwave properties of Aurivillius-Type Structure Ceramic composition of Caa-
xSrxBi2Nb209 (where x = 0, 0.2, 0.4, 0.6, 0.8 and 1.00) were investigated. The samples were prepared by co-
precipitation method and the precipitate obtained is converted into thick film on alumina substrate by using
screen printing method. The samples were characterized by XRD and SEM. XRD shows well defined
diffraction patterns which confirm formations of compound investigation. The structure is found to be
orthorhombic. The grain structure and chemical composition were examined by a scanning electron

microscope (SEM). The SEM micrograph shows uniform nature of the particles. Microwave absorbance was

found to be 95%, hence the material is highly useful in commercial shielding application.

Keywords: Calcium Bismuth Strontium Niobium oxide, co-precipitation method, XRD, SEM

Microwave property, thick film

I. INTRODUCTION

Strontium based ferroelectric with Bismuth layered
structure which is used in various electronic and
technical devices. Aurivillius-type structure ceramic

the high

temperature piezo-electrics because of their high

compounds are materials used as

ferro-para electric phase transition temperature.
These

applications

family materials are used in different

like

electromechanical tuneable microwave device and

electronic, electro optical,

system. The materials are lead-free and new
candidates for substitution of widely used lead-based
ceramics, owing to their environmental friendly
character throughout the preparation process. Sr-
based BLSFs such as SrBi2Nb20s (SBN), SrBi2Ta20s

(SBT) and their solid solutions have been considered
as one of the most promising candidates for non-
volatile random access memory (NVRAM) devices [1].
The attempts have been made to improve properties
of the SBNT materials by doping have been reported
recently [3-6]. Many works have been focused on the
improvement of the properties by appropriate
substitutions [2-3], doping of the structures [4] or by
non-stoichiometry [5]. Chemical methods like co-
[6-8] sol-gel [9]

confirmed to efficiently control the morphology and

precipitation and have been
chemical composition of prepared powder. The
properties of these materials are significantly affected
by particle size, morphology, reactivity, purity and
chemical composition. The chemical method is found

to be effective for preparation of ultrafine ceramic
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powder with narrow particle size distribution. The A-
site sublattice of the perovskite unit of the Aurivillius
compounds is occupied by bismuth in BisTi3O12 and
by lead in PbBi:Nb20s,
SrBi2Nb209, Dorrian et al[10] have suggested that A-

site cations

but by strontium in
with one-pair electrons can have

considerable influence on ferro electricity in
Aurivillius compounds.

In this communication the results microwave
the of Caq-

0SrBi2Nb209 under investigation are presented.

properties of prepared samples
The wet chemical route is employed for the
preparation of powder of the sample. The precipitate
into thick film screen
Caq-

03rxBi12Ni20Q9 Powder has been investigated using

obtained was converted

painting method on alumina substrate.
different analysis techniques such as X-ray diffraction

(XRD), SEM and microwave properties are reported.

II. EXPERIMENTAL

2.1.Synthesis of Cau-xSrxBiz2Nb20s, ceramics:

The Cagq-xSrxBi2Nb209 ceramics were prepared by
co-precipitation method. The chemicals used were
calcium chloride (CaCl2), strontium chloride (SrCl.),
bismuth chloride (BiCl2), and niobium chloride
(NbCl2). The all the

chemicals was mixed together in aqueous solution.

stoichiometric amount of

The solution is heated at 80°C for 1 hour and with
constant stirring the ammonium oxalate was added.
The solution is converted into precipitate. The
precipitate was filtered and dried in air. The mixture
was homogenized by grinding it up to 4 hours in
agate mortar. The mixture was heated to phase
formation temperature of about 900 °C for 4 hours by
making use of Muffle furnace. The sintered powder of
Caa-xSrexBi2Nb209

diffraction to ensure phase formation

was characterised by X-ray

2.2, Preparation of Thick Film:
The sintered Caa-xSrxBi2Nb209 powder was then

mixed with binder in agate mortar to form paste of
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proper viscosity for thick film delineation purpose.
By screen painting method the thick films were
formed on alumina substrate. ~The prepared films
were finally sintered at 900 °C to remove binder and
The

prepared Caq-xSrxBi2Nb20y films were found to be

improve adhesion of film with substrate.

strongly adherent to the alumina substrate. The films

appeared to be yellowish in colour.

III. RESULT AND CONCLUSION

3.1.Structural characterization

The typical X-ray diffraction pattern of ferrite
samples having general formula Cau-xSrwBi2Ni2O9
where x = 0, 0.2, 0.4, 0.6, 0.8 and 1.00 is shown in
Figure 1. The XRD pattern was indexed using the
JCPDS data for calcium strontium bismuth niobium
oxide. The well defined diffraction patterns confirm
the completion of chemical reaction. They show the
formation of orthorhombic structure without any

impurity phase.

SEM analysis

The SEM micrograph studies were carried out using
SEM Model JEOL-JSM 6360 at Department of Physics,
Shivaji University, Kolhapur. SEM image of
CaSrBi2Ni2Osthick film is shown in Figure 2. The
micrograph shows uniform nature of the particles
with some agglomeration. The average grain size is
found to be 0.27um and 0.30pm for the samples with
x=0 and x=1. The grain growth in chemical methods
depends upon particle size and their distribution,
porosity, homogeneity in chemical composition and

the sintering process.

IV. MICROWAVES PROPERTIES

4.1 Reflection Loss:

Reflection Loss (RL) study has been carried out in the
frequency range 12 -18 GHz. to compare and evaluate
the microwave absorption properties of CaSrBi2Nb20s

thick film deposited on alumina substrate. For the

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2



Volume 9 - Issue 2 - Published : @ April 10, 2021

measurement of RL value, samples were assembled in
the Ku- Band waveguide connectors and joined to
Gunn power supply. RL value of CaSrBizNb20s¢ thick
film was calculated from the complex scattering
parameter (S*11) as,

RL =20 log | Su | e (1)

Figure 3 illustrates the variation of reflection loss
with dB as the measuring unit with frequency. From
this figure, it was found that CaSrBi2Nb20s thick film
shows maximum RL value up to -24.5dB at 12.5 GHz.
In this range of frequency the absorption of
microwave power is greater than 95 %. The sample
under investigation shows good microwave
absorption properties in Ku- Band region. It was
found that the thickness of absorbent plays a vital role
to enhance the microwave absorption phenomena
and frequency position of microwave absorption [8].
RL value is relatively high with matching thickness ~

20 micrometre.

4.2 Shielding Effectiveness

EMI Shielding

The total shielding effectiveness can be conveniently
express in term of the S- parameters as,

SEr=2010g | Sa1 | coovvveerrieerrienriiinnee. )

Shielding is conductive obstruction enveloping circuit
or device to provide isolation. The SE is measure of
the materials ability to attenuate the intensity of EM
waves. The sample having greater SE value in decibel
lowers the energy passing through that sample. EMI
shielding mechanism primarily depends on the
absorption of EM energy, reflection from the
materials surface and multiple internal reflections of
the EM radiation. For having good shielding behavior
it is necessary that material should possess electrical
conductivity in the range 10 to 10! S/m [6]. Typical
graph of total shielding effectiveness (dB) SE with
Frequency is presented in Figure 6. From the graph
it is seen that CaSrBizNb20s thick film shows good
shielding properties. The SE value observed is -15.1
dB at 13.8 GHz while at 15.7 GHz the observed SE
value is 716 dB which is sufficient for suppressing EM
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The electrical conductivities of the
CaSrBi2Nb20sy thick film is found to be 3.15x103 S/m.

waves.

V. CONCLUSION

The samples of Caa-»SrxBi2Nb20s thick film prepared
by co-precipitation method followed by screen
printing technique. The XRD pattern was indexed
using the JCPDS data for calcium strontium bismuth
niobium oxide. The well defined diffraction pattern
confirmed that the chemical reaction is completed.
The structure of the sample was found to be
orthorhombic. The SEM micrograph shows uniform
nature of the particle. The average grain size is found
to be 0.27ym to 0.30um for without and with
substitution of Strontium. Microwave absorbance is
about 95% so formed material can be useful in

commercial shielding application.
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ABSTRACT

In this study InOs nanocrystalline powder has been synthesized by simple, cost effective and ecofriendly
route using Aloe Vera barbadensis Miller species available in our region having orange colour flowers. The
In20s nano powder was characterized by X-ray diffraction (XRD), and transmission electron microscopy
(TEM).XRD observation showed that average crystallite size 10 nm with cubic phase.Morphological
observation showed a uniform size distribution of spherical particles. From TEM particle size varies from

20 to 27nm. FTIR study reveals that nano powder of In:0s is single phase cubic structure. UV—visible

absorption spectroscopy was utilized to deduce band gap of In:Os nanocrystalline synthesized powder.

Keywords: Aloe Vera, nano crystalline, XRD, FTIR

I. INTRODUCTION

Among various semiconducting oxides In:0s has
attracted remarkable attention due to its interesting
properties such as wide band gap (73.6 eV), good
electrical conductivity and high transparency in the
visible and near infrared region [1]. It has been
widely used in organic light emitting diode, solar cell,
gas sensor, batteries and transparent thin films
[2] .The core hindrance in the usage of this material is
its cost. The various methods have been reported for
the

focused on

formation of such oxides. Researchers have

development of economical and
environmental friendly methods for synthesis of

nanoparticles (NPs), like Green method, which

provides the cost effective solution for the synthesis
of nanoparticles by using plant extract [3].

Although there are various methods [4, 5] reported
for preparation of In:0s, but use of plant in synthesis
of nanoparticles is novel, leading to truly green
chemistry that technologist are looking for. Aloe Vera
plant is used in the synthesis of oxide nanoparticles,
which exhibits a super magnetic, antibacterial, anti-
inflammatory, UV protective, immunomodulatory
and burn healing promoting properties. Aloe Vera is
used in cosmetics, drinks, detergents, as well as in
stockings, diet foods, toothpaste and clothing. It is
marked as a remedy for atherosclerosis, allergies,
AIDS, prevention of radiation-induced dermatitis,

wound healing, psoriasis, insomnia, cancer, and
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several other diseases [6]. Among 400 different species,
A. Vera barbadensis Miller is most popular and
biologically most active

al.[7] of CuO

nanoparticles in monoclinic phase with average

Kumar et reported synthesis
particle size of 20 nm using Aloe Vera plant extract
which exhibits enhanced anti-bacterial activity

against fish pathogens. Elizabeth Varghese and Mary

George [8] studied photo degradation and
antibacterial activity of ZnO  nanoparticles
synthesized using Aloe Vera plant extract.

Renugadevi and Ashwini [9] reported the synthesis of
silver NPs using Azadirachta indica leaf extract using
microwave irradiation method. Ayeshamariam et
al.[10] reported novel synthesis of In20s and ZnO NPs
with particle size ranging from 10 nm to 30 nm using
Aloe Vera extract solution with Indium nitrate and
[11]
synthesized In203 NPs of particle size 5 to 50 nm by

Zinc nitrate respectively. Maensiri et al.
simple method using Aloe Vera extract solution and
Indium acetylacetonate.

The main goal of the paper is to present synthesis of
In2O3 nanocrystalline powder using simple eco
friendly route using Aloe Vera barbadensis Miller
species available in our region.

the

experimental procedure used for the synthesis of the

The following section of paper discusses
nanoparticles followed by results and discussions.

Finally, conclusions are highlighted.

II. EXPERIMENTAL

In typical synthesis Indium (III) acetyl acetonate (Alfa
Aesar, 98%) was used as starting chemical material for
In20s. Aloe Vera leaves of Aloe barbadensis Miller
species were collected and thoroughly washed with tap
water. The 35 gm pulp of leaves were finely cut and
boiled in 100 ml of de-ionized water. These forms Aloe
Vera extract solution.lg of Indium (III) acetyl
acetonate was first dissolved in 10 ml Aloe Vera extract
solution under vigorous stir at 60°C for several hours,

until dried using constant temperature magnetic stirrer
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cum heater. The dried precursor (brownish color) was
crushed using mortar and pestle and calcined in muffle
furnace at 450 °C for 2 hours in air. The dried
precursor turns into yellowish colour In20s
nanocrystalline powder.

Information about the crystallinity and crystal phases
of the calcined powder was obtained using X-ray
diffraction (XRD, Bruker D8, Advance) spectroscopy
with Cu-Ka Radiation (A =1.542 A) for the Bragg
angle ranging from 20° to 80°. The grain size was

determined by using Scherrer formula

0921 (1)

- Bcosb

Where, D is the average grain size, A = 1.541 A, the

Wavelength of X-ray radiation used and f is the
angular width of the diffraction peak at the half
maximum (FWHM) for diffraction angle 20.

An optical property of the calcined material was
studied using UV-Visible spectroscopy (JASCO V-
670). The morphologies and dimensions of the
powder were observed by transmission electron
microscopy (TEM) (Technai G20-Stwin) operated at
200 kV.

III. RESULT AND DISCUSSION

1)  Fig.l shows XRD pattern of In:0s calcined
powder at 450°C. The XRD reflection can be indexed
to cubic In20s (JCPDS card number 06-0416), no
other peaks can be observed, revealing their phase-
pure cubic structures. In203 is grown in body
cantered cubic (BCQC) (222)

orientation. The average crystallite size calculated

phase with plane

using Scherrer formula was 10 nm.

m)
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= =
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"
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Fig.1: XRD of nanocrystalline In203 powder calcined
at 450°C
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The morphology and structure of calcined In:0s
samples were investigated by TEM. The TEM bright
field image of In20s is depicted in Fig.2.It shows that
In203 sample calcined at 450 °C contains uniform
distribution of spherical nanoparticles ranging in 20
to 27 nm in diameter. Fig.3 depicts the corresponding
selected-area electron diffraction (SAED) pattern of
nanocrystalline powder calcined at 450°C which
shows spotty ring without any other diffraction spot

and rings of second phases, revealing their crystalline

cubic structure. Measured interplanar spacing (d nx1)
(SAED)
pattern in Fig.3 are in good agreement with values in
standard data (JCPDS:06-0416).

from selected-area electron diffraction

Fig.2: TEM image of In20s nanocrystalline powder
calcined at 450°C

b 2.00 1/nm

Fig.3: SAED pattern of In203 nanocrystalline powder
calcined at 450°C.
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Fig.4 elucidates the UV-Visible spectra of calcined
powder, where a symmetric peak is seen easily. An
absorption peak is observed at 317 nm corresponding
to the typical absorption value of In203 material. Band
gap values have been estimated from the UV-visible
spectra using Tauc plot method. The value of direct
band gap was deduced to be 3.26 eV for In20s sample
calcined at 450°C which is less than reported value
[12].

Absorbance

400 600 800 1000

Wavelength(nm)

200

Fig.4: UV-vis-NIR spectra of nanocrystalline In203
powder calcined at 450°C

IV.CONCLUSION

In this study we have reported green approach for
In203 was synthesis using Aloe Vera plant extract.
This method is simple cost effective and eco-friendly.
XRD confirmed that synthesis is viable and complete
and average crystallite size 10 nm. TEM analysis
showed that In203 samples are cubic in nature.
TEM

nanocrystalline particles with size 20-27 nm. The

shows wuniform spherical distribution of
optical band gap was 3.29 eV. We were successful in
achieving In203 nanocrystalline powder for its

potential in gas sensing applications.
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ABSTRACT

Zn055Cdo4sO films were grown on glass substrate at 673K using zinc acetate and cadmium acetate as precursor
with different molar concentrations varying from 0.03M to 0.09 M. The effect of precursor concentration on
structure, surface morphology, optical and electrical properties are studied by X-ray diffraction, Scanning
electron microscope, UV-Vis spectroscopy and four probe Hall measurement. All deposits have shown
mixed phase of hexagonal and cubic crystal structure . The crystallite size increases with increase in the
molarities of the solution. The SEM observation reveals that the spheroid structure of ZnossCdosO grown
thin film. The optical transmittance increases with a decrease in the precursor concentration and the

maximum transmission in the visible region is about 80% of the film prepared with 0.03 M. The optical

energy band gap and resistivity of the deposits has found to decrease with increase in molarity.

Keywords: Thin film, Molarity, Crystallite size, Resistivity

I. INTRODUCTION

ZnO and ZnO-based semiconductors have attracted

considerable attention due to their potential
application in the light emitting diodes (LED), blue
and ultraviolet (UV) semiconductor lasers and other
optoelectronic devices [1].It has a wide direct band-
gap of 3.3eV, a hexagonal wurtzite structure and an
even larger excitonic binding energy of 60meV [2].
To design ZnO-based devices, one of the crucial issues
is the realization of band-gap engineering. CdO is II—-
VI compound semiconductor with a direct band-gap
of 2.3eV with a cubic structure [3]. The addition of
Cd into the ZnO lattice results in an improvement of
the characteristics of the ternary ZnCdO to be used
as transparent conducting oxides(TCO), due to its

better transmittance and lower resistivity of the films

[4]. Both characteristics are of crucial importance in
photovoltaic solar cells where incoming photons
have to be efficiently harvested by the absorbent
layer located below the TCO layer. So the maximum
fraction of photons has to be transmitted through the
TCO layer to reach the absorber. Further, any
increase of the serial resistance results in a drop of the
device efficiency, therefore high conductivity is
essential for TCO layers.

ZnCdO thin films can be prepared by a variety of
techniques including pulsed laser deposition(PLD),
electro deposition, hydrothermal synthesis, sol-gel,
magnetron sputtering, spray pyrolysis technique,
[5-11].

techniques, spray pyrolysis is a simple, versatile and

thermal co-evaporation Among these

cost effective method for the preparation of

polycrystalline and amorphous thin films of oxides.
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Thin film solar cell fabrication, post-deposition TA is
of the

compositional profile, structural, morphological, and

one important steps which optimize
optoelectronic properties of devices. The precursor
concentration is one of the key factors in deciding the
physical, chemical and other properties of any thin
films. In this work we study the effect of precursor
concentration on the structure, surface morphology,
electrical of pyrolized

optical and

Z1n055Cdo.4sO thin films in detail.

properties

II. EXPERIMENTAL

The borosilicate glass is ultrasonically cleaned and
used as a substrate to deposit 45% cadmium doped
ZnO thin films using the chemical spray pyrolysis
method. The substrate was preheated at 673K. The
pyrolytic decomposition of the solutions results in the
formation of good, adherent, transparent ZnossCdo.sO
thin films onto preheated substrate. Parameters like
nozzle to substrate distance, gas pressure and solution
flow rate were kept constant which are depicted in
table 1.

These samples
diffraction (XRD) using a Rigaku Miniflex 600,
diffractometer with CuKaradiation (1.5405A) over the
The

surface morphology and film thickness were studied

were characterized by X-ray

range 20 =20°to80° at room temperature.

using Scanning Electron Microscopy (Zeiss EVO 18-
15-57) . Optical transmission measurements were
carried out in the range 350-800 nm using Shimadzu-
1800  UV-VIS

characterization of deposit sample was studied using

spectrophotometer.  Electrical
Hall measurement set up with Keithly source meter
6220 and magnetic field of 0.5Tesla.

Table 1: Optimized deposition condition used to

prepare ZnossCdo.ssO films:

Solute Cadmium acetate dehydrate
and Zinc acetate dehydrate

Solvent Double distilled water

Concentration 0.03M, 0.06M and 0.09M

of solution

Page No : 142-146

Carrier gas Compressed air 5kg(f)/cm?
Solution  spray | 10 ml/min

rate

Substrate 673K

temperatures

Substrate to | 24cm

nozzle distance

Film thickness | 400-450nm

III. RESULT AND DISCUSSION

Structure properties

Intensity (a.u)

20 (degree)

Fig. 1. XRD patterns of ZnossCdossO thin films of

different molarity

Fig. 1 shows the X-ray diffraction patterns of the
Znos5Cdo4sO samples. The presence of diffraction
peaks shows a polycrystalline nature with mixture of
hexagonal and cubic crystal structure. The XRD peak
intensities of (1 1 1) and (2 0 0) reflections were
relatively higher than those of other reflections. The
peak intensity has found to increase with molarity of
the solution. This implies that the film grows along (1
1 1) and (2 0 0) directions which is the cubic phase of
polycrystalline CdO. With the increasing of precursor
concentration was found to give the common trend
for all the other planes. Similar peaks were also
observed by Caglar et al [12]. As seen from these
results, it can be said that the crystallinity of films
increases with molarity. Beevi et al [13] also found
the increase of crystallinity with molarity for CdO
films.

The crystallite size of the films was calculated using a

well-known Scherrer’s formula [14],
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0924
= deass e 1)

where, constant factor K is used 0.94 for this

nanostructure, f3 is the broadening of diffraction line
measured at half of its maximum intensity (FWHM)
and A is the wavelength of the X-ray used (1.5406 A).
The

supporting the assumptions on the mechanism based

crystalline size increased with molarity
on growth. In addition, to have more information on
the amount of defects in the films, the dislocation
density (8) has been calculated by using the formula
below [15]

6=% ............................. 2)

Where, n is a factor which equals unity giving
minimum dislocation density. The calculated & values
(Fig.2) indicate that the dislocations per unit volume
of unit cell decreases with increase in molarity, it
means with increase in molarity the defects decreases

and improves the crystalline quality.
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Fig. 2. Crystallite size and dislocation density versus

molarity

Surface Morphology

The high magnification surface morphological study
of ZnossCdo4sO nanostructures grown by chemical
spray pyrolysis technique as a function of precursor
concentration has been carried out using SEM
micrograph shown in Fig.3. The surface morphology
of the films was smooth and uniform in nature. SEM
image show that all the films consist of nanoparticles
and the particle size continuously increases with

increasing molarity.
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Fig. 3. SEM images of ZnossCdosO thin films of

different molarity (a)0.03M, (b) 0.06M and (c) 0.09M

100 EHT = 1500«

WO = 8.0mm

In the films of low molar concentration the density of
clusters on the substrate will be low and the film
exhibited an open structure. Film (b) has shown the
The

accumulation of grains was observed on the surface of

well  distributed spherical morphology.

the film (c) with high density of clusters randomly
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distributed on the film surface, confirming the faster
nucleation. Hence, with increasing the molarity,
there is a lower probability of rearrangement of the
arriving material and the in homogeneity increases
inducing the formation of small heaps and clusters
[16].Several authors have reported the similar
nanoparticle nature of the films[17-19].Therefore, it
can be interpreted that crystallite structure of
Zno55Cdo.4sO

concentration and shows symmetric change in surface

thin films are function of precursor

morphology
Optical properties:
100
[@®
80
=
S 604
g
-E 40 4
=
=
=
20 4
0 - T T T T
400 500 600 700 800
‘Wavelength (nm)
(a)
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Fig.4 (a) Optical transmittance versus wavelength and
(b) energy band gap versus molarity forZnossCdossO
thin films.

Fig. 4(a) shows the transmittance of film as a function
of wavelength. It is observed that the transmittance
is lowest in visible region about 65% for 0.09 M.

Transmittance of 0.03M film is highest 80% in the

Page No : 142-146

visible region with compare to other films deposited
using higher molarity. The dependence of a with the
photon energy hv is fitted to the relationship for the
allowed direct transition

(ahv) = A( hv - Eg)12
Where, A is an energy-independent constant and Eg is
the optical band gap. The consecutive shift in the
transmission edge towards higher wavelength
indicates a narrowing optical band gap. The band gap
of all films varies from 2.64 to 2.46 eV. The variation
of band gap may be due to the variation of strain.
Strain changes inter spacing between atoms of

semiconductors which affects the energy gap [20].

Electrical properties
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Fig. 5. Room temperature resistivity and carrier

concentration versus molarity

A Hall Effect study was carried out for all the films in
order to identify the type of electrical resistivity of
the deposited material. The electrical resistivity was
found to decrease with increase in molarity of spray
solution. The deposited films were more crystalline
with increasing molarity and it is well known fact
that the thin film possesses relatively low resistivity
when it is highly crystalline in nature [21]. The
increase of grain size with molarity reduce the
electron grain boundary scattering. Thus electrical
resistivity decreases with molarity due to good
crystallinity and large grain size. This results in

increase in its free carrier concentration.
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IV.CONCLUSION

The structure, surface morphology, optical and

spray
Zno55Cdo4sO thin films were investigated as a function

electrical ~ properties of deposited
of precursor concentration. The structure analysis
Zno055Cdo4sO

polycrystalline with a mixture of hexagonal-cubic

indicated that the films were
phases. Spherical grain morphology was observed
with uniform nature of the deposits. Optical energy
band gap was decreased from 2.64 to 2.46 eV with
increase of molarity. A slight increase in carrier
concentration has been observed with increasing
molarity. These results indicate that the Cd doped
ZnO

applications in the UV and visible regions.

thin films are wuseful for optoelectronic
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Sodium Dodecyl Sulfonate Assisted Sol-Gel Synthesis and

Characterization of Co304 Nanoparticles
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ABSTRACT
The current work reports the synthesis and characterization of cobalt oxide nanoparticles. Stabilized Co3Os
nanoparticles were prepared by Sol-Gel method using Co(NOs )2.6H20 as a metal precursor. The synthesis of
the Co3O4 nanoparticles was performed in the presence of anionic surfactant sodium dodecyl sulphate (SDS)
The nanoparticles thus formed were characterised by powder Fourier transform infrared spectra, X-ray

diffraction(XRD), scanning electron microscopy, energy-dispersive X-ray spectroscopy and transmission

electron microscopy .

Keywords :-Co304 nanoparticles, Sol-Gel method, Sodium dodecyl sulfonate, XRD, SEM, TEM

I. INTRODUCTION

Nanotechnology is a field of science includes research

and innovation concerned with production,
utilization and manipulation of novel materials and
devices on subatomic level [1]. Nanoparticles are

fundamental fragment of  nanotechnology.
Nanoparticles include different types of inorganic
nanoparticles like metals and metal oxides. In recent
years,  synthesizing  different metal oxide
nanoparticles have drawn significant amount of
attention as they possess unique chemical, electronic,
mechanical, magnetic and optical properties which
are considerably different from those of
corresponding bulk ones [2-6].

Transition metal oxides shows a broad structural
variety due to variable oxidation states so being
considered as promising materials for many
applications [7].Cobalt oxide Co0304 is an important
transition metal oxide as antiferromagnetic p-type
semiconductor with excellent properties such as
magnetic, gas-sensing, catalytic and electrochemical
C0304

nanoparticles have been utilized applications in field

ones. On account of these properties

of research and industry include as anode materials
for rechargeable lithium batteries, solid-state sensors,
heterogeneous catalysts, electrochromic and magneto
resistive devices [8—12]. Thus incredible efforts have
been focussed in current years to the production and
exploration of properties of Co3O4 nanostructures
Many physical and wet chemical techniques has been
applied for the synthesis of cobalt oxide nanoparticles.
Now days, researchers focused on wet chemical
techniques includes bottom—up approach such as sol-
gel, hydrothermal, surfactant-mediated synthesis, co-
precipitation, polyol, combustion, spray-pyrolysis,
micro emulsion and mechanochemical methods [13-
17]. Out of them Sol gel method was proved as a best
process to attain the CosOs nanostructures since this
method is sintering at low temperature and provides
better homogeneity in addition to phase purity [18].
This research work attempt to synthesize the cobalt
oxide nanoparticles with cobalt nitrate as metal
precursor and SDS surfactant via the sol-gel method.
This method is a more easy and low-cost process that
generates nanoparticles with low sintering time. The
aim of research to develop knowledge in the synthesis

methods of cobalt oxide nanoparticles.
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II. EXPERIMENT

Materials
Cobalt (Co(NOs3)2.6H20)
(C2H204.2H20) and Sodium dodecyl sulfonate (SDS)

were analytical grade and all were purchased from

nitrate oxalic acid

Sigma-Aldrich. Double distilled water was used as a
solvent in all the experiments. All the solutions were

prepared in double distilled water.

Preparation of Co3O« Nanoparticles

The Co304 nanoparticles were synthesized by the sol
gel method using Cobalt nitrate Co(NO3)2.6H20 (1M)
used as precursor and SDS as surfactant was dissolved
in 100 ml double distilled water . The oxalic acid (1M)

was slowly added drop wise under continuous stirring.

The light pink coloured precipitates of cobalt
hydroxide was obtained. The precipitate obtained was
treated in a teflon-lined autoclave at 110°C for period
of 24 hours. The subsequent gel was separated via
filtration and repeatedly washed by deionized water.
Afterward, the washed precipitate was dried at 80 °C
for 16 h. Finally, precipitate was calcined at 550°C for
4h.
III. RESULT AND DISCUSSION

Fig. 1 shows FT-IR spectrum of Co3O4 nanoparticles.
The absorption band at 524.64 cm™ was assigned to
Co-O stretching vibration mode and 648.08 cm™ was

assigned to the bridging vibration of O- Co-O bond.
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Fig 1: FT-IR spectrum of Co3O4nanoparticles.
XRD patterns of the prepared Co3Os nanoparticles

predict that produced sample is amorphous in nature.
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The XRD of the Co3Os nanoparticles is shown in Fig.
2. XRD pattern shows the cobalt oxide has cubic
phase structure. The peak positions 20=18.93°, 31.33°,
36.93°, 38.66°, 44.93°, 55.79, 59.39° and 65.33°
correlated to the plane of (1, 1, 1), (2,2,0), 3, 1, 1), (2,
2,2), (4,0, 0), 4, 4, 2), 5, 1, 1) and (4, 4, 0)
respectively and relative intensities obtained for the
Co0304 nanomaterial match well with the JCPDS card
No: 74-2120.
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Fig 2: XRD pattern of Co3O4 nanoparticles.

SEM image of the CosOsnanoparticles shows that the
particles are agglomerated at the surface due to the
magnetic induction between the particles and evenly
sized with spherical in morphology (Fig. 3a). (Fig. 3b)
shows EDX spectra of cobalt oxide nanoparticles. EDX
analysis confirmed that the Co304nanoparticles were

in pure form as no extra peaks were perceived.

Fig 3: a) SEM image of Co3O+nanoparticles b) EDX of

Co304nanoparticles.

Fig 4: TEM image of Co3O«nanoparticles.
Fig.4 shows TEM image of Co030s inform size and
morphology  of

synthesized  particles.Co30Os
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nanoparticles have average size 50nm with spherical
morphology.
IV.CONCLUSION

Co304 nanoparticles were prepared by using sol-gel
technique assisted with anionic surfactant Sodium
dodecyl sulfonate. The cobalt oxide nanoparticles
were characterized by using FT-IR, XRD, SEM, EDX
and TEM .The characterization confirms the uniform
and pure cubic crystal structure of the Co304
nanoparticles with an average size of 50 nm. The
present synthesis method of nanoparticles can be
functional for large scale industrial fabrication of

Co304 nanoparticles.
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ABSTRACT

Today due to increased work load on various electromechanical and nuclear systems a huge amount of heat is
generated. To extract the heat efficiently a novel material the nanofluid has been synthesized. The synthesis
is carried out using chemical route. The Silver nitrate is reduced using Trisodium with water as a base
medium. The high heat absorbing property has been demonstrated by conducting an experiment in which

hot water sample is cooled by nanofluid and plain water. The hot wire transient method has been used to

measure thermal conductivity of nanofluid.

Keywords : Silver Nanofluids, Thermal Conductivity, Coolants, Hot Wire.

I. INTRODUCTION

Nanofluids (NFs) are opening up a new era of
integrated fundamental research of heat transfer at
nanoscale, covering enormous applications and
enabling research activities in long term. There has
been extensive interest in thermal transport study of
nanofluids in recent years because of its wide use as a
high  heat

microelectronics and nuclear technologies [1], [2].

coolant material in generating
This application oriented research based on an idea
that using matter at nanometer dimensions it is
possible to create new materials with smart flexibility
with improved physical properties. Much of the
experimental effort has been oriented toward
understanding effects of volume fraction [3], [4], [5]
shape of nanoparticles (NPs) [6], [7], temperature 8],
[9] cluster size [10], [11] aggregation [12], [13], [14]
[15], pH [16] on

enhancement of nanofluids. There have been several

surface tension thermal

recent reports in the literature, both by the authors
and by other workers, of synthesizing various liquid
suspensions containing nano-entities and utilizing
them for heat transfer enhancement [17], [18]. The
actual increased interest in the nanofluids is in the
search of theory which can explain the anomalous
increase in thermal conductivity (TC) [19], [20], [21],
[21], [21]. Traditional questions connected with the
classical nature of heat conduction in nanofluids
cannot directly explain the appearance of anomalous
increased thermal conductivity [22]. From a historical
perspective, Maxwell first proposed the enhancement
produced in the thermal conductivity of a fluid by the
colloidal

Nanofluids can be considered as a fluid containing

presence of suspended particles  [6].
nanometer sized entities. These fluids typically
consist of a base fluid phase containing nanoparticles.
The advantage that nanofluid is that they offer useful
thermo physical and rheological properties compared

to conventional coolants [12]. All of these analysis
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helps directly in the search for nanofluids with
desired thermal and rheological properties.

The practical problems associated with the handling
of these suspensions, such as undesirable effects of
the

exploitation of this promising feature in industrial

sedimentation, abrasion, etc. prevented
heat transfer applications. The possibility of using
nanometre sized particle dispersions, with suitable
dispersant that should favour stability, avoid clogging
effects in micro-channels and abrasion, together with
enhanced thermal conductivity, appeared suddenly as
a feasible solution to circumvent these problems, and
attracted an extraordinary research interest, as shown
by the large number of references listed in the
reviews [17], [22]. Whenever we want to cool certain
materials (hot) or systems (heat generating) we use
The

water absorbs the heat from such systems and gives it

the conventional coolant the water to cool it.

to sinks (atmosphere). However the heat absorbing
property of water can be greatly increased with
addition of nanoparticles. The metal silver is having
very high thermal conductivity. But we cannot
directly insert this material into water for the two
reasons: 1. Silver in ordinary form settle down in to
water because of its weight. 2. Low surface area
available to absorb heat. Particles of silver in nanosize
can overcome this problem because of its small size
and low weight.

In this study, Trisodium-protected Ag water-based
nanofluids have been synthesized by chemical
reduction [23]. For preventing particle aggregation
and controlling particle size, Trisodium has been used
in the weight ratio of 1:5 and 1:10 (AgNOs to
Trisodium). The nanofluids have been characterized
by UV-vis spectroscopy (uses spectrophotometer and
deals with the measurement of absorbance of energy),
energy dispersive X-ray spectroscopy (EDX), and
scanning electron microscopy (SEM). The prepared
nanofluids are systematically investigated for thermal
conductivity for different polymer concentrations.

II. EXPERIMENTAL TECHNIQUES
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Synthesis of nanofluids

Heat-assisted chemical reduction of silver nitrate has
been done with water as base fluid using Trisodium as
stabilizing and reducing agent. In order to prepare Ag
nanocolloids of different particle size, different
weight ratios of metal salt-to-Trisodium have been
selected and experimental parameters are reported in
Table 1. The nanofluid with AgNOs to Trisodium
weight ratio of 1:10 is denoted by “H”, AgNOs to
Trisodium weight ratio 1:5 by “L” hereafter.

Characterization of nanofluids

UV-vis absorption spectrum has been recorded on
Nanodrop 1000 wunder the
of 300-900 nm at room

temperature. The particle size has been evaluated

1-mm column in

wavelength range
with scanning electron microscopy (JEOL ASM
6360A) technique.

Estimation of thermal conductivity

A transient hot wire (THW) method in which the
resistance of wire (usually platinum) can be changed
with an applied voltage has been used to measure

thermal conductivity of nanofluids [24].

Cooling effect

Two samples of water are heated up to 70 °C. To cool
these samples we have used the water in first case and
silver nanoparticle solution in second case [Fig. 1].
The temperature readings are noted for every five
seconds and the graph is plotted as temperature versus
time [Fig.2]. From the Graph it can be seen that the
temperature of the water decreases faster in
nanoparticle solution case as compared to water. The
high surface area of nanoparticles absorbs much heat
from the sample and gives it to the walls of beaker

which further pass out in to the atmosphere.

III. RESULTS AND DISCUSSION
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The dark yellow to dark brown colour in different
solutions indicates the presence of silver nanoparticles
in the solutions [24]. Strong absorption is observed at
408 nm for samples H as shown in Fig. 3 indicating
the particle size dependence and presence of silver
particles in water. The slight shift of curve at 406 nm
(Fig. 3) shows further reduction in particle size at
temperature 323 K. Stabilization of nanofluids has
been studied at room temperature and it has been
found that the obtained nanofluids are stable for more
than 1 month in the stationary state and more than 10
h under centrifugation at 3,000 rpm without
sedimentation. Excellent stability of the obtained
nanofluid is due to the protective role of Trisodium as
the
nanoparticles by steric effect [23]. Figure 4 shows the

it retards growth and agglomeration of
SEM and EDX micrograph recorded from the silver
nanoparticles deposited on a glass substrate [25]. EDX
analysis also showed five peaks located between 2 kV
and 4 kV. Those maxima are directly related to the
silver characteristic lines K and L. The carbon and
oxygen spots in the examined samples confirm the
presence of stabilizers composed of alkyl chains.
Observation of Fig. 4 shows that Ag nanoparticles are
spherical in shape and embedded in Trisodium
polymer. Average particle size is about 60 nm for
sample H (Fig. 4).

Measured and reported thermal conductivity of water
with temperature are presented in Fig. 5. There is a
close agreement between the observed and reported
values of water as can be seen from the figure. It is
observed that the thermal conductivity of water
slightly increases with temperature as reported [26].
Measurement system has been calibrated, before use,
by measuring the thermal conductivity of deionized
water, benzene, and glycerol and measured thermal
conductivities are 0.56, 0.16, and 0.289, respectively,
at room temperature, exhibiting standard deviation
from the literature values by 0.035, 0.071, and 0.050,
respectively. Measurements have been recorded ten
times for each sample and results have been averaged.

These results demonstrate that the experimental setup
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used in the present study can provide reliable thermal
conductivity measurement.

Figure 6 presents the thermal conductivity ratio for
Ag nanofluid (thermal conductivity normalized by
that of base fluid) with temperature. At temperature
323 K, thermal conductivity enhancement greater
than 1.55 has been observed for sample H. With
increase in temperature, nanoparticles diffuse through
the polymer matrix. Thermal vibrations cause
polymer to lose its structure allowing greater surface

area of nanoparticles to take part in heat transfer. This

also adds to increase in Brownian motion of
nanoparticles causing convection to increase
significantly with temperature causing thermal

conductivity enhancement [27].

Figure 6 also shows estimated thermal conductivity
values of silver nanofluids using Maxwell model [28].
It clearly indicates that the experimental results are
significantly higher than that predicted by Maxwell
model and enhancement in thermal conductivity of
nanofluid cannot be explained by classical models, as
this model is developed for millimeter- or
micrometer-sized particle colloids without taking into
account the possible influences of particle size,
Brownian motion, interfacial layer at the particle—
liquid interface and clustering of nanoparticles, and
polymer ligand binding which are considered
important mechanisms for enhancing the thermal
Similar differences

conductivity of nanofluid.

between the experimental and classical model
estimation has been reported earlier by many

researchers [29].
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Fig.1. Experimental setup to observe the cooling
effect

Fig.2. Temperature vs time curve for cooling of hot
water sample

Fig.3. UV-vis absorption spectra for Ag NFs

Fig.4. SEM and EDX image of Ag nanoparticles

Fig5. The temperature dependent thermal
conductivity of water
Fig.6. The temperature dependent thermal

conductivity enhancement in Ag NFs

Table.1 Parameters for synthesis of silver nanofluids

AgNOs  to | Description Heating
Trisodium time and
weight ratio temperature
1:10 0.2 g of AgNOswith | 15 min at
2g 341 K
of Trisodium in 100
ml of water
1:5 0.2 g of AgNOs with | 15 min at
lg 341 K
of Trisodium in 100
ml of water

Digital thermometer

Testtube containing hot water
sample

Water or silver nanoparticle solution

L Silver nanoparticle

Fig.1. Experimental setup to observe the cooling

effect
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Fig.3. UV-vis absorption spectra for Ag NFs
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ABSTRACT

Sol-gel spin coating method was adopted for preparation of Manganese doped Ruthenium Oxide thin films. In
aqueous solution of M RuCls solution, the doping percentage of Mn has been increased as 0.1, 0.2, 0.5,1 and
2at percentage. Orthorhombic structure of Crystalline RuO2 has been revealed from XRD. Formation of
Nano-porous material on the steel substrate was observed from SEM. EDAX revealed successful doping of Mn
in RuOz. Changes in structural and morphological features with increasing doping of Manganese admired for

supercapacitor applications. Maximum specific capacitance of 475 F/g at 10mV/s was observed for a 2% Mn

doping in 0.1 M KOH electrolyte which proved its applicability in supercapacitor.

Keywords : Mn doped RuO: thin films, Sol-gel spin coating, Nano-porous , Cyclic voltammetry

I. INTRODUCTION

Ruthenium oxide (RuO:2) thin films have exposed
great promise in variousapplications [1-3]. It is well
known that the capacitance of RuO:2 electrode results

the

currentresponse resembles an ideal capacitor, which

from redox pseudocapacitance. However,
is a“rectangular” shape under cyclic voltammetry. It
has been widely used in supercapacitor because of its
good catalytic properties [4]. Even though RuO:has a
great advantage interms of a wide potential range of
highly reversible redox reactions with high specific
capacitance, it is expensive. Therefore, it is desirable
to develop a processfor the preparation of thin film
RuO: electrodes to reducetheir cost as capacitor
electrodes [5].Another metal oxide Manganese oxide
is of considerable importance in technological

applications due to its natural abundance coupled

with  environmental compatibility and also

intensively investigated as promising electrode
material in electrochemical capacitors [6-8] .

Here attempts are made for the synthesis of Mn doped
RuO: thin films so as to minimize the quantity of
Ruthenium material and to achieve the required
results. For this, sol-gel spin coating deposition
technique was used which allows the uniform
deposition of the gel on the substrate. Also the
structural, morphological properties were studied

with increasing doping concentration of Mn in RuOa.

II. EXPERIMENTAL

The crystalline RuO: thin films were grown on
stainless steel substrate by sol gel spin coating method
by RuClz:xH20 and Mn(II)Cl> precursors. Before

starting the deposition, the substrates were cleaned

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,

©

distribution, and reproduction in any medium, provided the original work is properly cited


http://www.ijsrst.com/

Volume 9 - Issue 2 - Published : @ April 10, 2021

with detergent, washed with double distilled water,
then rinsed with acetone and dried. Six different
solutions were prepared with increasing doping
percentage of Mn as 0 %, 0.1 %, 0.2 %,0.5%, 1% and
2%. For the preparation of gel, isopropyl alcohol was
added to the solution and stirred for 5 to 6 hours.
Then the solution was settled for 24 hours for
the

substrates were spinned in aspin coater unit at 3000

formation of gel. For uniform deposition,
rpm and annealed at 900°C. The process was repeated
upto 4 deposition layers. The films were structurally
characterized by X-ray diffractionin the range of
scanning angle 20°-80° using diffractometer D2
PHASER using CuKo radiation (A= 1.54 A°).The
surface morphology of the film was studied by
scanningelectron microscopy (SEM) (Model: JEOL
JSM-6360).Electrochemical
electrodes was performed in 0.1 M KOH electrolyte

characterization of

solution in a three — electrode cell employing Pt
auxiliary electrode and a SCE reference electrode.

Potential values are reported against SCE.
III. RESULTS AND DISCUSSIONS

3.1 Physical Properties

As deposited films were grey in color, uniform and
well adherent to the substrate. The thickness of the
films was measured in terms of their weights before
and after the deposition by an electronic balance
model Contech Analytical balance with 0.1mg

sensitivity. The substrates were of 3 cm? area.

3.2 Structural Properties

The X-ray diffraction pattern of as deposited RuO:
and Mn doped RuO:z thin films thin films is shown in
Fig. 1. The experimental data showed the crystalline
nature of RuO:2 with orthorhombic structure (JCPDS
Card No.-88-0323) having lattice constants of a=4.59
A, b=4.43 A°, c= 4.07A° with d=2.52, 2.21 and 1.70°
corresponding to Miller Indices [011] , [020] and
[211]respectively which are in good agreement with

JCPDS card. Similarly orthorhombic structure of
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MnO:2 film (JCPDS Card No.-82-2169) with lattice
constants a=9.31A°, b=4.67A°, c=2.78A° with d=2.06,
1.61, 1.30A°coresponding to  Miller
[410],[401]and [131] respectively.

indices

Fig. 1. X-ray Diffractogram of RuO2 and Mn doped
RuO2 thin films with increasing doping

concentrations.

The peaks which are not labelled correspond to
stainless steel. It was observed from XRD that there is
a shift in 2 theta to lower values for every observed
dominant peak of RuO: and the intensity of
corresponding peaks has also been decreased with
increasing doping concentration of Mn. The change
in intensity in RuO: as well as MnO: peaks with
increase in doping concentration of Mn for respective

2 theta values is shown in Figure 2
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Fig 2. Intensity variation for RuO2and MnO: peaks at
different 2 theta with increasing % doping of Mn.

Usually on doping, the peak intensity decreases which
might be due the change in electron density or might
be due to point defects.Adsorption on surface is
related to intensity change and inter-layer change is
indicated by change in theta value. Shift of Bragg
peaks to lower values of the diffraction angle,
increases lattice parameter. Similar results are
observed for both RuO: and MnO: for every
concentration.The variations in lattice constants are

given in table 1.

RuO2 MnO2

Pure | 4.48 | 443 | 3.07 | 9.31 | 438 | 2.
thin 78
films
Mn 458 | 443 | 3.07 | 949 | 4.69 | 3.
dope 10
d

RuO2
thin

films

Table 1. Increase in lattice parameters in RuO2and

MnO:due to increase in doping percentage of Mn(2%)
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3.3 Morphological Properties

The two-dimensional surface morphological study of
thin films has been carried out from SEM image for
0.12 mg/cm? film thickness.Figure 3 shows the surface
morphological images of Mn doped RuO: thin films
with increasing doping concentration of Mn for
higher magnification . The morphology showed that
the substrate is well covered with RuO: material. The
particles are well connected to each other and yet
provide porosity. Macropores are distributed non-
uniformly over the substrate. Diameter of pores

increased with doping concentration of Mn.

Figure 3. SEM images of Mn doped RuO2 thin film
[a]0.1 % [b] 0.2 % [c]0.5% [d] 1%Mn concentration.

Fig. 4 shows the SEM image of 2 % Mn doped RuO:2
substrate at 5,000 X

magnification and 40,000X magnification. It showed

thin film on the steel
mud-cracked morphology giving rise to high surface
roughness at lower magnification. The large cracks
are attributed to the presence of inner stress in
forming a crystalline RuO: film during the high
temperature preparation step. Such porous structure
of electrode is desirable for efficient supercapacitor

applications [9].
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Figure 4. SEM images of 2% Mn doped RuO:2 thin
film

3.4 EDAX

EDAX is a characterisation technique that provides

elemental composition of various constituent
elements in a material. In EDX spectrum of Mn doped
RuO2films as in figure 5 it shows the incorporation of
Mn in RuO2.There was increment in the weight

percentage of Mn with increase in doping percentage.
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Figure 5. EDX Spectrum of Mn: RuOz thin film
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3.5 Electrochemical Properties

Cyclic Voltammetry was used to determine the
electrochemical properties of the spin coated Mn
doped RuO: thin films. The electrode potential was
scanned between 0 to 0.8 V in both anodic and

cathodic directions and current response was
measured indicating the typical pseudocapacitive
behaviour. Figure 6. Shows the CV plot of 2% Mn
doped RuO:2 thin film. An ideal capacitive nature of
electrode includes a rectangular type of
voltammogram, symmetric in anodic and cathodic
directions and a large magnitude of the current. It was
found that the current under the curve slowly
increased with scan rate. This indicates that the
voltammetric currents are directly proportional to the
scan rates, indicating an ideal capacitive behaviour

[10].

—— 10 mV/Sec
———20 mV/Sec
——— 50 mV/Sev
——— 100 mV/Sec

0.006
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0.002 4
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Figure 6. Cyclic voltammogram of 2 % Mn doped
RuO2 Thin Film Electrode.

The specific capacitance of the electrode was obtained
dividing the capacitance by the weight dipped in the
electrolyte. Specific capacitance increased with
increasing the doping percentage of Mn and
decreased with scan rate. The reason for decrease in
capacitance with scan rate is given elsewhere [11].The
doping concentration and specific capacitance values

are detailed in table 2.
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Table2. Specific capacitance values for increasing

doping concentration of Mn for different scan rates.

Mn doping Concentration

scanrate 0.1% 02% 05% 1% 2%
(mV/Sec) (F/g) (F/g) (F/g) (F/g) (F/g)
10 256 265 295 364 475

20 219 219 260 335 398

50 191 183 213 299 313
100 169 159 182 273 257

It showed maximum specific capacitance of 475 F/g. It
is noteworthy that the maximum specific capacitance
value obtained in this study is comparable to that
obtained for ruthenium oxide thin films by other
methods [12-14] . This suggests that doping of Mn is
the

a cost-effective sol-gel

beneficial so as to achieve betterspecific

capacitance values with

method.

IV. CONCLUSION
The crystalline, nano-porous Manganese doped
ruthenium oxide(RuQO2) thin films have been

successfully synthesized using sol-gel spin coating
method on stainless steel substrate. The doping
percentage of Mn was increased. The films showed
high porosity with increase in percentage doping of
Mn. The thin film electrode of 2 % doped Mn showed
of 475 F/g

Capacitance increased with doping percentage of Mn

maximum specific capacitance
and decreased with scan rate. It may be assumed that
pore structure for 2 % Mn doped thin films is suitable

for supercapacitor applications.
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ABSTRACT

The nickel oxide (NiO) thin films were prepared from nickel chloride precursor by sol-gel dip coating
method. The films were characterized in support of their structural, compositional, morphological, and
optical and electrochromical measurement using X-ray photoelectron spectroscopy, Field effect scanning
electron microscopy, and cyclic voltammetry. XPS measurements discovered that the films exhibited
existence of NiO phase. FESEM images showed porous micro granules nature of NiO thin film. The

pseudocapacitive properties are tested using cyclic voltammetry, charge—discharge and electrochemical

impedance Spectroscopy. The maximum value of specific capacitance obtained is 152Fg"'.

Keywords : Nickel Oxide, X-Ray Photoelectron Spectroscopy, Field Effect Scanning Electron Microscopy,

Cyclic Voltammetry

I. INTRODUCTION

Corresponding to the double-layer capacitor of
electrochemical capacitor technology is that based on
redox pseudo-capacitance concerning oxidation state
changes in metal oxides[1], such as amorphous phase
of hydrated ruthenium oxide (RuO) [2], MnO2[3],
NiO [4], Cos3Os [5], are regularly reported with their
relatively different microstructures. Conducting
polymers such as polypyrrole [6], polyaniline [7], and
polythiophene [8] are reported as the electrode
The RuO2 is

outstanding electrode material, exhibits exceptional

materials in pseudocapacitor.

electrochemical properties such as high conductivity,

a variety of oxidation states and superior

electrochemical stability. Since the toxicity and price

of RuO2 hold back its potential application in
pseudocapacitors. The metal oxides like MnOz, MoO,
CuO, NiO and Co3Os have good electrochemical
properties with low cost and abundance in nature.
Amongst these metal oxides; NiO is reported with
greater values of electrochemical parameters. In fact,
the values of specific capacitance of NiO are mainly
recognized to the morphology and Corresponding
surface area of the material. The fine nanoparticles of
NiO have been reported by Yeager et al. [10] as a
pseudocapacitive electrode with the value of specific
capacitance 243 Fg'l. The single- crystalline NiO
nanoplatelet arrays as supercapacitor electrodes have
[11].

nanoflakes of NiO for supercapacitors have been

reported by Li et al The loose-packed

reported by Lang et al. [13].Nickel oxide has been
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expansively prepared by thermal treatment of
electrodeposited [12] and sol-gel derived [13] NiO
thin films for pseudo-capacitor applications. There are
number applications of NiO thin films collectively
with LCD, LED, and memory devices and in energy
conversion systems like solar cells, Li-ion batteries
and supercapacitors [14, 15]. There are various
methods to synthesize NiO thin films, in general
deposition(PVD),

electrodeposition,

electron beam

spray  pyrolysis,
chemical bath deposition, Successive ionic layer

physical vapor

evaporation,

adsorption and reaction (SILAR), and Sol-Gel dip
coating are used [16].Sol-Gel method is preferred
because of its advantages such as low cost, possibility
for large area deposition[17]. It offers a low-
temperature method for deposition of materials on
large area that both inorganic and organic in nature.
Sol-gel deposition of NiO.

In the present work, NiO thin films were synthesized
using sol-gel dip coating method from nickel chloride
precursor and structural morphological properties and
electro chemical properties were studied and are

reported in this paper.
II. Experimental details

2.1 Synthesis of NiO thin film electrode

The Nickel Oxide (NiO) thin films were synthesized
by sol gel method using Nickel Chloride (NiCl2.6H20)
as a precursor of Nickel oxide and isopropyl alcohol as
a starting material and reagent respectively.

A 0.1 M precursor solution was prepared by mixing
nickel chloride and 50ml double distilled water and it
was stirred well using magnetic stirrer until it became
transparent solution, then isopropyl alcohol was
added slowly [18]. The prepared solution was stirred
again for 6 hours at temperature 50° C and then aged
for 24 hours to the gel in the viscous form and the gel
is deposited on SS substrate by spin coating unit.
Before deposition the steel substrate was mirror
polished by zero grade polish paper and then kept in

ultrasonic bath for 10 mins. The deposited sample was

Page No : 167-173

the rotated at 2000rpm for 2min and the film were
annealed at 500°C for 30mins.

2.2 Material characterizations

The XRD pattern was carried out using X-ray
diffractometer A D2 PHASER diffractometer with
source CuKal with A =1.54184, the 20 angle is varied
from 30° to 80°. The surface morphology has been
carried out from FESEM image using FESEM: FEI
NoavaSEM 450 Instrument. The XPS measurements
were carried out by a Thermo K alpha+ spectrometer
using micro focused and monochromated Al Ko
1486.6 eV. The

electrochemical supercapacitive performance of the

radiation with energy
NiO electrode was studied with the help of cyclic

voltammetry (C-V) plots.
III. Result and Discussion

Fig-1 shows the XRD patterns of NiO thin film. The
deposited films were uniform and well adherent to
the substrate. The main peaks present at (20) 37.25
(111), 43.23 (200), 62.83 (220), reflections which are
matched with the standard diffraction pattern of NiO
cubic structure (JCPDS 47-1049) [19].

3500
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2000

[111]

1500 4

INTENSITY(AU)

[220]

1000 ~
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0 . : . : . T .
30 40 50 60 70
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Figure 1 XRD pattern of NiO Thin Film electrode.

IV. Surface morphological studies
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Surface morphology of NiO thin films deposited on
stainless steel substrate (SS) substrates by sol-gel spin
coating method. The resultant morphology observed
under microscopy is shown in Fig 2. It is observed
that the SS substrate is well covered with NiO
material with smooth and porous micro granules
which are advantageous for electrolyte penetration
into the film structure which increase the electro
chromic performance. In supercapacitors, increased
amount of charge can be stored on the highly
extended surface area created by large number of
pores. Nanocrystalline and porous materials as
electrode material exhibit good electrochemical
performance because these materials possess both a
high surface area and pores [20,21]. EDS demonstrates

that Ni, O elements were contained, indicating the

formation of NiO, which is reliable with the XPS data.

The average weight percentages of O (83.36%) and Ni
(16.64%) elements.

27 708,
< ) [ e
SEMHV: 200KV | WD:14.92 mm MIRA3 TESCA
View field: 2.77 pm Det: SE

SEM MAG: 50.0 kx SM: RESOLUTION SUK-PHY

SEM HV: 20.0 KV
View field: 2.77 pm Det: SE

WD: 14.92 mm

SEM MAG: 50.0 kx SM: RESOLUTION
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Full Scale 2423 cts Cursor: 0.000 ke\f

(b)

Fig 2: (a) FESEM image, (b) EDS of NiO Film

V. X-ray photoelectron spectroscopy
X-ray photoelectron spectroscopy (XPS) technique is
used to investigate the chemical state of elements
present in NiO nanoplatelets as shown in Fig. 3a The
Ni 2p spectral peaks in XPS were deconvoluted by

way of Gaussian curves.

The Ni2p signal could be deconvoluted into four
peaks in the range of 850 to889 eV. Figure 4b shows,
the peaks centered at 857.34 and 862.94 eV are
featured to Ni2p3/2, and the peaks located at 874.89
and 882.75 eV are featured to Ni2pl/2. This shows
highly determined Ni 2p core level spectrum of NiO.
The peak of Ni (2p3/2) at a binding energy of 862.94
eV with their associate shake-up satellite peaks at
882.75 eV showed the presence of Ni** cations. This
observation confirmed the NiO pores compiled of
pure NiO phase [18]. The Ni (2p3/2) and Ni (2p1/2)
peaks are separated by 17.55 eV, which furthermore
confirms the formation of only NiO relatively than

any additional phase of nickel oxide [22].
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Fig. 3 (a) Survey XPS spectrum of NiO nanoplatelets

grown on SS substrate,(b) Ni 2p core- level spectrum.

VI. Surface wetabillity

Surface wettabilities were evaluated by water contact
angle measurements, Surface wettability test which
involves the interaction between a liquid and a solid
in contact, (sagar bhise). Wettability measurement
was carried out for investigating electrolyte/nickel
if the
wettability is high, contact angle (6) will be small and

oxide electrode interaction. In general,
Fig shows the digital photograph of water contact
measurement on NiO electrode surface is considered
as hydrophilic. As water contact angle is75 ° (less than
90° means more wettability), the Nickel oxide films
are hydrophilic in nature. This was because of the

strong cohesive force between the oxide present in

Page No : 167-173

the nickel oxide compound and water droplet.
the

Generally, low contact angle increases

electrochemical performance [23].

Fig.4 Contact angle image of NiO film electrode

VII.Electrochemical measurements

The elctrochemical performance of sol-gel deposited
NiO thin film electrode was tested using cyclic
voltameterry measurement. The capacitance (C) was
calculated using following relation

C=1/(dv/dt) (D)

Where I is the average current in ampere and dV/dt is
the voltage scanning rate.

The SC of NiO electrode was calculated using
following relation;

SC=C/W n(2)

Where W is the mass of NiO film dipped in

electrolyte.

VIII. Effect of scan rate

The CV curves of NiO electrode in 0.1M KOH
electrolyte at different scan rates within voltage range
of -0.8 to 0.8 are shown in Fig 5. The measurements

were performed with NiO thin films as working
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electrode and platinum wire as counter electrode and
Saturates Calomel Electrode (SCE) as a reference
electrode in 0.1M KOH electrolyte. From the cyclic
voltametery (CV) curves, the area under curve
increased gradually with the scan rate. This indicates
that the current is directly proportional to the scan
rate, representing an ideal capacitive behavior [24].
The maximum specific capacitance of 152 Fg!
obtained at minimum scan rate of 10mVs-'.

Obtained results are better than the value previously
reported by Wu et al (138 F g!' in 0.5M KOH by
electrochemical deposition) [25], Zheng et al (131.6 F
g! in 2M KOH by Hydrothermal method and
followed by thermal decomposition) [26].

0.003
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0.001

0.000

-0.001

Current(mA)

-0.002

-0.003

-0.004

-0.005 +— . .
08 06 -04

T T T T 1
-0.2 0.0 0.2 0.4 0.6 0.8

Potential

Figure 5: Cyclic voltameterry of NiO electrode in
0.1M KOH electrolyte

IX. Galvanometric charge—discharge studies

In addition, the electrochemical performances of the
annealed NiO thin films were studied by galvanostatic
charge—discharge cycles (GCD), as shown in Fig. 6.
The GCD study was performed at 1 mAcm™ current
density between -1.2 to +0.6 V potential windows in
0.1 M aq. KOH. The quick drop in the potential at the
starting of the discharge cycles is due to the small
equivalent series resistance (ESR) of NiO. The
electrochemical parameters such as specific
capacitance, energy, and power density of the
materials are calculated from the curve by using the

equations below [26].
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_ 1gXxTq
CSP_ mxdV (3)
2
ED = 0.5% C3$}6)><dV (4)
PD- E.DXx3600 (5)
Tq

Csp is the specific capacitance of the material, l4 is the
discharged current density, Ta is the time required for
discharging the device, m is the mass of deposited
active material, and dV is the potential window.

The specific capacitance is calculated of energy
density, and power density from GCD is 165 Fg!, 50
Whkg, 0.72 kWkg' at ImAcm™.

0.6 I=1mA
0.4:
0.2:
0.0:
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Figure 6: the charge—discharge measurements of NiO
electrode in 0.1M KOH electrolyte

X. Conclusion
In this work, we have successfully synthesized NiO
thin film electrodes using Sol-Gel method and studied
electrochemical supercapacitor application. The XRD
pattern confirmed cubic nature of NiO. It was found
from the FESEM image that NiO film surface was
well-covered with spherical micro granules. The
presence of characteristics bonds of NiO were
confirmed by XPS

measurement revealed the hydrophilic nature of NiO

analysis. Contact angle
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surface as surface water 75° contact angle was smaller
than 90°. The NiO electrode exhibited specific
capacitance of 152 F g-l. Energy density and power
density from GCD 50 Whkg, 0.72 kWkg! at ImAcm-

1

These results reveal that sol gel deposited NiO thin

film can be a good candidate as electrode material for

electrochemical supercapacitor.
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ABSTRACT

The (Sn-Ru)O2 composite electrode material was synthesized through Sol-gel spin coat method from SnCl2-2H20
and RuCls-2H20 solutions. The obtained products were characterized using X-ray Diffractometry, Scanning
Electron Microscopy (SEM), Cyclic Voltammetry (CV) and Chronopotentiometry (CP). XRD revealed the
crystalline structure of thin film electrode by exhibiting peaks of both SnO2 and RuO2 corresponding to different
planes. Porous morphology has been observed from SEM micrographs. Electrochemical studies were carried out
to examine the specific capacitance of (Sn-Ru)O: electrodes in 0.1 M KOH electrolyte at various scan rates. The
estimated electrode specific capacitance was determined to decrease with an increase of scan rate. The
maximum specific capacitance of 1574Fg! was obtained at scan rate of 10mVs.

Keywords : (Sn-Ru)Os, Spin Coating, XRD, SEM, CV, CP

I. INTRODUCTION [5-8].

Even though RuO: is more promising material for
Electrochemical capacitors or supercapacitors have supercapacitors, it has some drawbacks of very high
the considerable attraction in recent years due to the cost and toxic nature, which limits its commercial use.
growing demand of power sources. Supercapacitors Therefore, several studies are carried out by
have the wide range of applications in various areas = combining RuO: with other materials such as VOx,
such as hybrid electric vehicles, telecommunications, TiOz, NiO, WOs3, SnO: etc., to minimize the use of Ru
digital communication devices particularly associated = precursors and hence to decrease the cost of the
with cellular phones for a reduction of the size of the  precious metal. It is observed that addition of SnO:2 in
batteries, electrical tools, pulse laser technique, RuO: matrix increases the utilization of Ru species

uninterruptible power supplies etc. [1-4]. and enhance the electrochemical stability [9-13].

Recently, extensive research is focused on the In the present study we have adopted Sol-gel spin
supercapacitor behaviour of metal oxide electrodes. coat method which has various merits of deposition
Among the various metal oxides, the hydrous form of of metal oxides such as simple and inexpensive,

RuO: has shown excellent supercapacitive behaviour =~ excellent material utilization, efficiency, good control

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
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distribution, and reproduction in any medium, provided the original work is properly cited


http://www.ijsrst.com/

Volume 9 - Issue 2 - Published : & April 10, 2021

over deposition process etc. [14]. In the present
investigation, we report on the synthesis of (Sn-
Ru)O:2 composite film and its structural and

electrochemical properties.

II. MATERIALS AND METHODS

Preparation of (Sn-Ru)O2 composite film

The (Sn-Ru)O: mixed thin film is deposited on
stainless substrates by Sol-gel Spin Coat method. The
cationic solutions of 0.05M were prepared by using
chloride (SnCl2:2H20O) and ruthenium
trichloride (RuCls-2H20) with a complexing agent

stannous

isopropyl alcohol. Equal proportions of both solutions
were mixed continuously on magnetic stirrer for 6
hours by keeping the magnetic stirrer temperature at
50°C.

III. CHARACTERIZATIONS
3.1 Structural Analysis by XRD

Structural analysis was carried out by D2 PHASER
diffractometer with steps one degree per minute
using source CuKol with A =1.54184 A. The 26 angle
is varied from 10° to 90°. The fig.1 shows the XRD
pattern for (Sn-Ru)O:2 composite thin film. XRD
exhibited
orthorhombic structure for both SnO: and RuO:
phase [15, 16]. The XRD pattern showed peaks of

both oxides and dominating peak is observed for

pattern crystalline  nature  with

RuO:2 phase. The details of all the peaks, planes and
and 2

respectively. The values of lattice parameters were

lattice constants are given in table.l

calculated by the XRD data, which are in good
agreement with the standard data as in JCPDS cards

[15,16].
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Fig.1 XRD pattern of (Sn-Ru)O:thin film electrode

Table. 1 Observed and standard ‘d’ values for

different peaks
Phase Plane Standard _ Observed
. d » id!

202
(210) 2.00z

"l

k

RuOz

Table. 2 Standard and observed Lattice constants

from XRD analysis
Lattice constants
Phase
o
O
=
O

3.2 Morphological Analysis by SEM

Surface morphological study has been carried out by
Scanning Electron Microscopy (SEM) using a JEOL
JSM-6360 instrument.

The SEM images revealed the formation of thin film
which is well adherent to the substrate. Fig-2 shows

SEM micrograph of (Sn-Ru)O: at x10,000
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magnification and an enlarged insight image. From
the SEM image the irregularly arranged agglomerates
forming a rough surface with porous morphology is
observed. The porosity prompts possibility of better
electrochemical supercapacitor behaviour of (Sn-
Ru)O:> thin film electrode [17].

Fig. 2 SEM morphology of (Sn-Ru)O: thin film

electrode

3.3 Compositional Analysis by EDAX

The compositional analysis of the as deposited (Sn-
Ru)O:2 composite thin film electrode was carried out
using EDAX technique by Quanta 200 ESEM
instrument. The typical EDAX pattern given in fig. 3

shows the formation of (Sn-Ru)O2 on the substrate.

From the obtained data it was found that the Sn and
Ru were present in the sample. EDAX analysis
showed that the atomic and weight percentage of Sn

and Ru are approximately in the same proportions.

0 2 4 ] e 10

Full Scale $295 cts Cursor. 0.000 ke
(o} Ru Sn
Weight % 89.32 5.73 4.95
Atomic % 77.92 11.26 10.82

Fig. 3 Atomic and weight percentage of elements by
EDAX
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3.4 Electrochemical Analysis by Cyclic Voltammetry
(CV)

The electrochemical properties of the (Sn-Ru)O2
composite thin film electrode were determined using
cyclic voltammetry. The measurements were
performed with (Sn-Ru)O: composite thin film
electrode as working electrode and platinum wire as
counter electrode and SCE as a reference electrode in
0.1 M KOH electrolyte. Fig. 4 shows the cyclic
voltammograms with potential window -1V to 1V at
various scan rates 10, 20, 50, 80 and 100mV/sec. From
CV analysis, the electrode exhibited maximum
specific capacitance of 1574Fgm! at 10mVs!scan rate.
S. N. Pusawale et al. obtained specific capacitance of
1010F/g for SnO2-RuO2 mixed thin films prepared by
SILAR method [9]. Hu et al. used the modified sol-gel
process for deposition of ruthenium—-tin oxide
composites with a maximum specific capacitance of
690 F/g [10]. Wang and Hu adopted a mild
hydrothermal process to synthesize hydrous
ruthenium oxide-tin oxide composites (Ru—Sn)O2
nH>O where a maximum specific capacitance is 830
F/g [12]. A composite tin oxide-ruthenium oxide
supercapacitor electrode synthesized by cyclic
voltammetric plating of RuO2 onto a porous and
highly conductive SnO2 showed a specific capacitance
of 930 F/g [13]. A specific capacitance of 150 F/g was
SnO2-RuO2

prepared by chemical bath deposition [14]. As

observed for composite thin films
compared to the previous research done on (Sn—
Ru)O: oxide, our present work obtained maximum

specific capacitance of 1574Fgm-!.

Scan Rate {(mV/is)
10

20

&0
80
100

Fig. 4 CV curves of (Sn-Ru)O2 thin film electrode
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The electrode exhibited a common trend of
decreasing specific capacitance value against an
increasing scan rate. It is well known that for very
low scan rates, the specific capacitance values are
higher because the ions have a much longer time to
penetrate and reside in all the available electrode
pores and form electric double layers, which are
needed to generate higher capacitance [18]. Despite
(Sn-Ru)O:2

electrode displays higher specific capacitance values

this common trend, the composite
throughout the whole scan region, clearly indicating
its superiority over the pure electrodes. This is in

good agreement with the values shown in table.3

Scan Rate Specific Capacitance
(mV/s) (F/gm)
10 1574
20 1066
50 653
80 496
100 430

Table. 3 Specific capacitance values for different scan

rates
3.5 Charge-discharge Analysis by
Chronopotentiometry (CP)

Chronopotentiometric charge-discharge is the most

reliable and accurate method for evaluating

supercapacitor properties of electrodes. Typical
charging and discharging curves for (Sn-Ru)O:
composite electrode was measured between the
voltage range of -0.6V to 0.4V in 0.1 M KOH

electrolyte as shown in fig. 5.
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Fig. 5 Charge — discharge curves of (Sn-Ru)O:

composite electrode

From CP, the supercapacitive parameters such as
specific energy, specific power and coulombic

efficiency were calculated using,[19]

VXIgXTgq

Specific energy S.E = (1)
Specific energy S.P = V:/Id, and (2)
Coulombic efficiency n (%) = %X 100 (3)

Where, Is and Ta are the discharge current and
discharge time, respectively. The W is the mass of the
film. From calculations, the electrode exhibited
specific energy 2.61Wh/kg and specific power
20KW/kg. The columbic efficiency was fond to be

88.7%.

IV.CONCLUSION

The present study shown a successful synthesis of
(Sn-Ru)O:2 composite thin film electrode as confirmed
by the different characterizations such as XRD, SEM,
Cyclic Voltammetry and Chronopotentiometry. XRD
revealed the formation of (Sn-Ru)O:2 metal oxide
which is crystalline in nature and orthorhombic
structure, the XRD pattern include dominating peaks
of both metal oxides. SEM image revealed irregularly
arranged agglomerates forming a rough surface with
porous Voltammetry and

morphology. Cyclic
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Chronopotentiometry techniques revealed that (Sn-
Ru)O: oxide electrode exhibited good electrochemical
1574F/gm
capacitance. The electrode exhibited specific energy
2.61Wh/kg, specific power 20KW/kg and columbic
of 88.7% by

behaviour by contributing specific

efficiency chronopotentiometric

behaviour.
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