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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.

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
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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

Page No : 91-94

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.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2 G
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Table 1: Electrodeposition of VO thin films

Page No : 91-94

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

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



Volume 9 - Issue 2 - Publishel :Aprill0, 2021

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

Page No : 91-94

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

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

Page No : 91-94

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

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

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

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,
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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.
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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

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

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

Page No : 115-120

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

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

Mg [-.gn-l.icra F.Z.k ol

Intesity (arb. units)

Y .|\. .i\ A
20 4 60 80
20 (Degree)

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 constant  decreases.

content X, lattice
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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 | cm3

0.0 8.381 | 4.6987 | 10.9 | 108. | 3.91 | 16.62
1 91 77

0.2 8.375 | 4.6919 | 18.1 | 65.3 | 3.97 | 15.22
7 5 77

0.4 8.368 | 4.6862 | 26.4 | 449 | 4.01 | 14.36
5 2 32

0.6 8.360 | 4.6822 | 27.2 | 43.5 | 4.04 | 13.58
6 8 63

0.8 8.355 | 4.6730 | 27.2 | 43.5 | 4.09 | 12.41
7 6 30

1.0 8.348 | 4.6670 | 54.4 | 21.8 | 4.12 | 11.68
6 1 18

Fig. (2a) TEM image of Mg 08Zno2Cr<Fe2x Os with
X=0.8

Page No : 121-126

Fig. (2b) TEM image of Mg 0sZno2Cr<Fe2x Os4 with
X=1.0

From the diameter of the particle(D) in nanometers
the ( P ) the

specificsurfacearea(S) was calculated using the

anddensity  of particle

following relation [23].

Table 1.shows the valuesofsurfacearea. Fig.3 shows
that withincreasing Cr3* content, the specific surface
decreases.

area Duetotheincreaseincrystallitesizeof

ferrite powder thespecific surface area S decreases.

—-—
-
8385 . Y : - T
- 4.700
8.380 - 5 g i
—Latfice constant a’ (A") L 4. 695 ._l’
S 83754 —X-ray density 'dx'|gm.-’cm3; L 0
< L 4.690 "%
T 8.370 - &
€ L 4.685 E
7] [ 16502
= - 4.680 2
S 8360+ - =
fal
8 4675 _-
= 8.355- L L]
ﬁ \-uml E
8.350 - - &
- 4.665 E,.
8.345 . - T - =

T ¥ T v
02 04 06 [15:] 1.0

Cr Content x

e
=

Fig.3 Variation of lattice constant ‘a’ and X-ray
density ‘dx’ with Cr content x.

Byusing theArchimedes'methodthebulkdensity‘dB’of
thespecimenswasdetermined.The

Table 1.
WithincreasingCrcontent x,thebulkdensity of ferrite

valuesofthebulkdensityareshownin
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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
—a=Bulk density 'dg’ (gm-’cm3 17
~ BTN
[} —a=Porosity 'P' (%)
E 4.10 1 L 16
[ g
2 105 \ F15 %
" 2.
) L1a<d
e 3
13 f':
g "R
= 3.95- —
% \— 12
m 3.90 T T T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 10

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.

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

128



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

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

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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