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Policy on Publication of Research Papers

1. Introduction

This policy document outlines the guidelines and standards for publishing research papers in journals listed
under the University Grants Commission (UGC) Consortium for Academic and Research Ethics (CARE).
The objective is to ensure the quality and integrity of research publications and to support researchers in
meeting the requirements set forth by UGC CARE.

2. Purpose
e Ensure high standards of research and publication ethics.
e Provide clear guidelines for researchers regarding the publication process.
e Promote transparency and accountability in scholarly publications.
¢ Facilitate the recognition of quality research through UGC CARE listed journals.

3. Scope
This policy applies to all researchers, including faculty members, doctoral candidates, and students,
affiliated with the institution who wish to publish their research findings in UGC CARE listed journals.

4. Guidelines for Publication
4.1 Journal Selection
e Researchers should choose journals that are listed under UGC CARE. The latest UGC CARE list
should be referred to for selecting appropriate journals.
e The seclected journal should be relevant to the research area and have a good reputation for
publishing high-quality research.

4.2 Manuscript Preparation
e Manuscripts should be prepared according to the guidelines provided by the selected journal.
e Authors must ensure that their manuscripts are original, free from plagiarism, and not submitted
elsewhere for publication.
e Proper citations and references must be provided for all sourced information.
e Adherence to ethical guidelines, including obtaining necessary permissions for human or animal
subjects, is mandatory.
4.3 Authorship
All individuals who have made significant contributions to the research should be listed as authors.
The order of authorship should reflect the level of contribution made by each author.
Any disputes regarding authorship should be resolved amicably and in accordance with institutional policies.



4.4 Plagiarism

The institution has a zero-tolerance policy towards plagiarism. All manuscripts must be checked for
plagiarism using recognized tools before submission.

Any manuscript found to have significant plagiarism will be rejected, and the authors may face disciplinary
action.

4.5 Peer Review
e Researchers should submit their manuscripts to journals that follow a rigorous peer-review process.
e Authors must respond to reviewers' comments and suggestions in a timely and respectful manner.
e Transparency in the peer review process should be maintained.

4.6 Ethical Considerations
e Researchers must adhere to ethical standards in all stages of their research, including data collection,
analysis, and reporting.
e Any potential conflicts of interest must be disclosed at the time of manuscript submission.
e Ethical approval for studies involving human or animal subjects must be obtained and documented.

9. Conclusion

By adhering to this policy, researchers will contribute to maintaining the integrity and quality of academic
publications and uphold the standards set by UGC CARE. This policy serves as a comprehensive guide to
ensure that research outputs are recognized and respected within the academic community.
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1 Prevelence of suicide ideation among college students
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indicate that high ra
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behaviour. I “ Im-“ﬂl m ble. This study is
shicide behaviour I8 Pmmnlf‘ P wl
n the prevalence of the suicide ideation am

:hr qudents. A Sample of 120students (t\l_:‘c
group 19 10 21) was collected form the collvfg‘s
in Kalamb. Suicide ideation was examined
through the questionnaire which is developed by
Devendra Singh Sisodia and Vibhut iBhatnagar
(2011). The result of the study shows the 48. 33%
of the prevalence of suicide ideation among the
students. The statistics such as percentage of the
suicide Keation clearly indicate and alarm to the
health service providers, policy makers and
counsellors to aware people those who are
trapped in this suicidal thinking process or
problem of self- harm in the socicty.

cause of

Keyword: suicide Ideation. prevalence of suicide
ideation, suicide prevention

INTRODUCTION :

‘ Afconl ing to World Health Organizationsuicide
ajc:ftlun is the global mental health issue and
India’s population is victim of suicide at highe,
levelthan other countries, The carliest data sh :
12.?0% of the to1al deathy js due 1o suicj u“';s
Ind::-u World Health Organization 2014 oo U'I
I:as Just initiated the Nationa| bulcndn P, 4 ll'lfilﬂ
Strategy (NSPS), wh - revotion

ich aims
number of suicides in 1k, 0 drag down the

¢
2030. Suicide ideation ha mumry by 10% by

D
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Assistant Professor
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e
as decp rooted tendency in which the indivig,
tend to harm onesell and is not Willing 4,
continue his or her life(Londhe Dattg & D
Kandde M D, 2019).Suicide id“‘hﬂnndaq@
attempts are related (o several demographe,
{rails arc discussed. (Rudd, 1989). The SUicide
cluster is another 1ype of suicide behavigy
whichis defined byUS’s Centres for Diseas
Controland Prevention like that a suicide cluster
as a group of suicides, suicide attempls, or self.
harm events that occur closer together in time
and space than would normally be expected in
given community. The suicide cluster are
uncommon; Kota is an example, 26 cases are
seen only within a year. Suicides are preventable
and need public health approach, rather tha
Knee-Jark quick fixes. The causes of the causes
are rooted in the competitive education that
millions of young people are facing(Rema
Nagrajan, 2023).

A cross-sectional study on college students
of Delhi explore the region-specific prevalenc
and determinant of suicidal behaviour. AgS
education level, state of origin, social catcgo™
religion and family income etc. are included
inthis study. It shows IS.()[%pn:vl!iel"‘:‘i""'c
suicide participants (Gangipogu et al» 2023)
Moreover, the researchersindicates the P
correlation between youth problem and U<
ideation. It shows significant correlt’®
between four areas namely Family proble™
school/Colleges problem, Social Pf_"b
personal problem and oversensitivity .
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(Parisa Bahramian & Alpana Vaidya
20.1?).Thc reasons behind the lccnngc}r‘;
suicide or attempts to suicide can complex and
there are so many things nceded for better
understand this issue.

SUICIDE IDEATION :

Suiciflc ideation, suicide attempts, suicide
completion and over intention can comes in to
the category of snicide behaviour. According to
Beck: suicide ideation often emerge in individual
or individuals who are su ffering severe
depression,the severe state of demoralization and
overwhelming hopelessness. According 1o
American psychiatric association Suicide
ideution is thinking about or plaining it does not
include the final act of suicide.

THEORIES OF SUICIDE IDEATION :

Joiner’s Interpersonal theory of suicide:
According t0 this theory suicide is the result of
thwarted belongingness and perceived
burdensomeness attached with the capability 10
suicidal behaviour. Thwarted

engage in
belongingness occurs when person’s
fundamental needs not met. The perceived

burdensomeness refers individual’s perception
of being 2 purden to others, including family

member and friends.

3ST:Three Steeps Theory proposed that an

“ideation 10 action"fmmework should guide

suicide theorY, rescarch and prevcmion. It offers
scparat¢ explanation of the dcvelopmcn.t 'ol‘

suicide ideation @

jdcation 10 attempls. This is a relatively
parsimonious in that suicide jdeation a!\d
attempls are explained in term of ;lm'm.
connccledncss. suicide

i y(Klonsky & May, 201 5).
DE IDEATION

eriencing ©F could

who is €XP
Person = hought may

xperiencing {he suicidal thinking

Feeling or appearing to feel trapped or
hopeless. Having mood swings, either happy or
sad.. Talking about suicide or dying. revenge
guilt, or shame. Experiencing changes in;
personality, routine, or sleeping patterns.
Engaging in risky behaviour, such as driving
carclessly, taking alcohol & drugs. Getting hold
of a gun, medications, or substances that could
end a life. Expericncing anxiety, depression,
panic attacks and impaired concentration.
Increased isolation. Saying goodbye to others
as if it were the last time.

ORJECTIVE OF THE STUDY :

To study the prevalence of suicide ideation
among college students.

RESEARCH QUESTION &

What is the prevalence of the suicide ideation
among college students in the kalambtahashil of
the Yavatmal District?

SAMPLE :

The College going under graduate student
population in kalamb was the target population

of this study. 120 students from 3 Arts,
colleges in

Commerce and science

KalambTahshil were randomly selected to this
study.

TOOL USED :

n scale is developed bY
Dr.Devendra Singh sisodia & Dr.Vibhuti
Bhatnagar, 0N basis of Likert technique -five
point scale. The scale is consisted of 24 items.

Suicide ideatio

are negative (item

and reliable measure.
was determined by test-retest method 0.78 &

internal consistency method -0.81- Besides face
validity 0s all the i he scale arc
d with the variable under focus, the
scale has high content validity. The.sca'lc was
validated against the external frllenn .n.“d
coefficient obtained Was 0.74. Scoring - positive

concerne

ing signs and symptoms:

¢
show the follow
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RESULY :

prevakonoe ofthe soicide Meatva given
nik u."l: s 1 which mdxate 48,33 percent
($£120). The resuk shows 58 audonts haveg
saicide thought cut of the sampke 120 stadents.
kamumsmmtnmmmu
suicide ieation scake. On the basis of the data &

E—"
be sate that suicide Weation o Q

conunn among the college Mudenyy
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‘.a:::lncc of the suicide ideation M
P eges in kalsmblahasil. It denate e """k
pervesd (44) ofthe population comes hu., -%
of 28-30 score which is very joy .
eation. Which is negligible according |, i,
scale standand so that they are not h‘""h‘!
group of suicide idcation cascs, In the Rl
with extremely high suicide ideation TINGE theyy
is no any case found.. This study is ine wig i g
previous study has been conducted by by Baw,
A& P!mmﬁl"o")-ooﬁll\hh
and Rathi (2012) who reveakd in their
52 33% & 53.62% suicide ideation in
school in Ananthang district of Jamme ;
Kashmir, and another study conducted cq
government schools adolescent studying in 1
standard of the Delhi.

Table 1. The prevalence of the suicide ideation among the college students

Takashil Total Numbvr of the | Number of students | Percentage
. Students w ith suicide ideation
___Nalamb 120 38 48.33

Table 2. The prevaleace of the suickde ideation among the college students

Gender Toeal Nember of the | Number of students Total
Make * with suicide ideation | Percentage |
Female if ﬁg 4833

Table 3 Frequency and percent Streties of

The score Level of senide
- . Mcation Number of students | Percentage
3148 Low SI m 52
o 17 13.16%
o H
0 %
(vv)
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CONCLUSION

The purpose of the present study wis 1o
determine the prevalence among the colkege
studeats, In connection with the aim, cemrent
study revealed that sukcide ideation is commoa
i the college students, S8 out of 120 studenis
were found to show suicide thought and
Weation.
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Abstract :

Human have to be strong in body and mind
to achieve their desired goals. Many factors affect
human health. Many factors threaten human
health. Internet is a sophisticated and cffective
medium that has been widely used in educational
and social fields in recent times. But some people
are using it wrongly. Its improper use has led to

health problems from multiple sources of
information. So can excessive use of the Internet
be an addiction? Since many faculties are related
to the Internet, if the use of the Internet becomes
natural, can it unknowingly make the student
addicted? Does sexuality influence internet
addiction? Due to this curiosity, we undertook
the research work.

Information collected from primary and
secondary sources provided. In order to measure
the translation in a scientific way, we Dr.
Kimberly Yung's Internet Addiction Test (1T) was
used to obtain intermit addiction test information.
Measured Internet Addiction. Art, Science,
Engincering, Law, medical College. A sample of
150 students including15 boys and 15 girls were
selected from each group of five levels such as
mcdical collcge and solved the test. And onc way
of numerology to analyze the data obtained from
it. Two way ANOVA and Post Hoc test analysis

methods were used. and studied the interaction
between the Internet and academic ficlds. How
does the same ratio affect internet addiction?

Introduction:

Today’s age is information age. Radio, T.V,,
computer, internet, newspapers, magazines,

media arc modern means of information
transmission. Among these, the most popular and
cffective tool today is the Internet. We can send
information and pictures from one place to
another very fast. The Intemet is a vast network
of information. It is a software that is run by a
computer. It has become very easy for humans
to exchange information through this medium.
Any singer’s album you want can be downloaded
from the internet and you can enjoy the song you
want, Similarly, we can put any video, audio, on
the internet. Various social needs and hunger for
knowledge are easily satisfied by this. Every
sphere of life has been connected with the
Internct. Whatever your need is like buying goods
from a grocery store, getting information about
market price, reading newspaper, it is easily
possible today through the internet. This magical
city of internet has enthralled everyone from kids
to young adults. Everyone uses the internet
according to their needs. Children use games,
chatting, messages, Face book, c-way, internet
for entertainment. Messages and emails have
greatly facilitated various offices in their work.
It has become a secret and safe way for lovers to
express their love. That is why social networking
sites like Face book have started to be used on a
large scale.

Today it is impossible to find a single person
who is not registered on Face book. Internet
requires a computer, but new technology has
removed this requirement and made the internet
accessible through mobile phones. This has
brought the internet closer to everyone. Mobil
reached from the upper class to the lower middle
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natural. can it unknowingly lead to student
addiction? Does sexuality influence internet | Variables:
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For this we measured internet addiction. A
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Research Mcthod:
2x5 Factorial Designs
Gender Arts Science | Engineering Law Medical Total
Male 15 15 15 15 15 75
Female 15 15 15 15 15 75
Total 30 30 30 30 30 150

Statistical Methods:

One way, Two way and Pro Hoe Test alt
intermnct Addiction Test allowed the researc

Result: From the present rescarch we got the following results.

ernative techniques to analyze the data collected through
her to study the gender difference and faculty separately.

Table no. 1.1
Mean and Standard Deviation of Internet Addiction by Gender and Faculty
Faculty Gender Mean Std. Deviation N
Male 29.2000 16.63130 15
Arts Female 32.8667 15.5196 15
Total 31.0333 15.91461 30
Male 42,4000 12.16435 15
Science Female 45.0000 12.43268 15
Total 43.7000 12.15744 30
Male 42.4000 17.72596 15
Engineering Female 45.0000 19.04806 15
Total 43.7000 18.76228 30
Male 29.2667 9.94604 15
Law Female 19.4000 8.68222 15
Total 24.3333 9.48374 30
Male 20.0667 16.60551 15
Medical Female 15.3333 17.81733 15
Total 17.7000 16.93018 30
Male 284267 16.59060 75
Total Female 26.5600 18.40919 75
Total 27.4933 17.48969 150
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ABSTRACT

A polyindole-MnOy (PIn-MnOy)/reduced graphene oxide (RGO)-based ternary composite system
has been assembled by an In-situ polymerization, In this system, the concentration of RGO has
been varled by the Interval of 0.25 wt.% In fixed quantity of PIn-MnO; system, The mean crystallite
size of RGO was observed to be 664 nm calculated by using Debye—Scherrer formula, This study
demanstrates the dispersion of RGO nanoparticles in Pin-MnQ; system to optimize the super-
capacitive properties. As expected, the supercapacitive properties of PIn-MnO,-RGO composites
were influenced by the addition of RGO nanoparticles and it is optimized for 05 wt.% of RGO
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concentration. The 0.5 wi.% RGO-loaded PIn-Mn0,-RGO composite shows specific capacitance of
the order 1750 Fg~' at a scan rate of 50 mV 5. The main accomplishment of present work Is that
the 0.5 wt.% RGO-loaded composite shows long-term stability, which is capacitance retention up
to 6000 cycles. Similarly, galvanostatic charge/discharge curves of 0.5 wt.% RGO-loaded composite
show long and nearly symmetric behavior, which is suitable for range of practical applications.

1. Introduction

Materials available on our planet Earth are the backbone
of today’s modern society. The carbon-based materials
are very prevalent, and these materials play an important
role in human refinement. In today’s situation, we can say
that, on Earth, human life is unbearable without these
materials. In an arena of science and technology, one of
the most brilliant attainments is graphene material'l.
Graphene is 2D monolayer sheet of sp* carbon atoms
with honeycomb structure having remarkable properties
like exceptional electrical conductivity due to the pre-
sence of two pi-electrons in hexagon of the graphene
sheets,”!  molecular  barrier abilitie_s,“" liquid
lubricants,”” high mechanical strength,”*! etc; hence,
polymer-based nanocomposites were synthesized by
many researchers by incorporating graphene into
pol},rrners.l's‘r Electrochemical and micromechanical exfo-
liation, chemical oxidation and reduction of graphite are
the most common techniques for the synthesis of gra-
phene with certain problems and limitations like yield,
production step and time."”! Reduced graphene oxide
(RGO) can be prepared by using several reduction meth-
ods with the help of reducing agents from graphene oxide
(GO) which is obtained by chemical exfoliation from
graphite powders.["{ The electronic; thermal and

magnetic properties of RGO are tailored by doping het-
eroatom which is widely used material in the study of
supercapacitors as potential electrode.™'™ The mechan-
ical and electrical properties of the polymer can be point-
edly improved by introducing graphene into host
polymers.""!

Worldwide, we are facing a huge problem of energy
shortage due to the rapid development of economy and
increasing depletion of fossil fuels."" Hence, there is
acrucial need for the development of new energy sources.
Nowadays, supercapacitors as high-performance devices
for energy storage offer a great promise in a region of
energy storing technology due to its remarkable proper-
ties such as high charging and discharging rates, excellent
power density, good stability and excellent long-term
cyclability."™" Nevertheless, to meet the requirement
of budding applications like electric vehicles, energy den-
sity of supercapacitor still needs some improvement.
Increasing the window working potential, which is pri-
marily related to the employed electrolyte, is a cogent way
to increase energy density of supercapacitor as energy
density of it is proportional to the square of operating
potential window and specific capacitance. In supercapa-
citors, active materials show a vital role in an electroche-
mical perfurmauce.[ 15l Recently, more devation has been
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given on the evolution of electrode materials of super-
capacitor. It is a crucial component which determines the
performance of supercapacitor. The carbon materials,
metal oxides and conducting polymers have been most
commonly used for the growth of electrode as they exhi-
bit such supercapacitor behavior.'*'7!

Among these metal oxides, MnO), is considered a most
auspicious one due to its characteristics like higher specific
capacitance, environmentally {riendly, natural abundance
and economical. """ Despite this, it has some drawbacks
like poor ionic and electronic conductivity, less specific
surface area and partial dissolution in the electrolyte dur-
ing cycling, which limit the practical applications of MnO,
in supercapacitors.”” Hence, for researcher, it is
a noteworthy task to overcome these disadvantages of
MnQ,. Conducting polymers are fascinating materials for
fundamental and applied researches because of their 1D
intrinsic properties and remarkable applications such as
FET, displays and rechargeable batteries. ™! Among var-
ious conducting polymers, comparatively polyindole (PIn)
has been less studied as it has low polymerization effi-
ciency. Recently, PIn has received enormous attention
because of its good environmental stability and electrical
ct.mdun:ti\rity.[2 It is well known that PIn has benzene and
pyrrole ring, and also these polymers have high thermal
stability, little degradation rate and high storage
capacity.mj Due to good electrocatalytic activity of Pln, it
has been reported in mediated-based biofuel cell 22

Polymer-metal oxide nanocomposite synthesis is
incipient research as it has a remarkable technological
applications like rechargeable batteries, fuel cells and
supercapacitors.*! PIn and its byproducts attract the
researcher to take curiosity in the arena of nanocompo-
sites due to their interesting properties. Nanoparticles of
metal oxides such as copper and silver when doped in
PIn show good antibacterial acti\ri‘ry.lml

By considering all above motivating reports in litera-
ture, we planned to investigate the role and influence of
RGO concentration in supercapacitive properties of PIn-
MnO,-RGO composites. In this work, we studied the
supercapacitive properties like cyclic voltammetry (CV)
curve, cycle stability performance and galvanostatic
charge/discharge (GCD) curves of composite materials.
The main accomplishment of present work is to achieve
considerable values of specific capacitance, cycle stability
and charging/discharging time.

L

2, Experimental
2.1. Materials

Graphite rod, indole, manganese dioxide, ferric chloride
and ethanol (analytical reagent grade, 99% purity, SD Fine

Chemicals Ltd.,, Mumbai, India) were procured from local
chemical supplier. Throughout the synthesis, double dis-
tilled (DD) water was used to prepare the solution.

3. Synthesis of Pin

Oxidative polymerization method was preferred for
the preparation of PIn from indole in which ferric
chloride used as oxidizing agent in aqueous medium.
The synthesis process was completed by taking
indole monomer and ferric chlorvide 1:1 M ratio.
The 1 M solution of indole monomer with water
was taken in a beaker and kept under magnetic
stirring at room temperature for 45 min. The ferric
chloride solution (1 M) was added dropwise manner
to indole solution and stirred for 180 min and then
kept this mixture for overnight. The mixture was
turn into dark brown which confirms the formation
of Pln. This mixture was filtered, and to remove the
impurities, precipitate was repeatedly washed with
double distilled water. The obtained PIn was dried
out at 60°C for 4 h, and by using mortar and pestle,
the product was crushed.

4. Synthesis of MnO, nanoparticle and RGO

The nanoparticle of MnO, was prepared by sonication.
A horn type 20 kHz sonics sonifier with a tip diameter of
13 mm was used. Typically, 5 g of MnO, was dissolved in
100 ml of double distilled water and kept for continuous
stirring for 20 min and then this mixture was ultrasoni-
cated for 30 min. A brown color precipitate was formed.
This precipitate was filtered, washed in double distilled
water and then washed by ethanol and dried out in an air
aven at 100°C for 4h. RGO was synthesized from few
layered GOs, which was prepared by modified Hummer's
method.”™® The aqueous colloids of few layered GO were
prepared by dispersing 5 g GO into 100 mL of distilled
water by rigorous ultrasonication and centrifugation for
15 min to remove any unexfoliasted GO. Subsequent to
this step, final product was dried at 45°C for 24 h. The
RGO was prepared by adding 2 g of GO into 100 mL of
distilled water and 5 mL of nitrobenzene while stiring
and heating at 150°C for 2h. The method is simple and
low risk, which can easily be executed in laboratory.

5. Synthesis of PIn-MnO,-RGO composites and
characterizations

PIn doped with MnO, and RGO nanoparticles was
synthesized by using an ethanolic solution of Pln,
MnO, and RGO by varying concentration of RGO
with fixed Pln and MnQ, using ex-situ technique in




wt.% stoichiometry with the interval of 0.25 wt.%.127
The composite preparation range was fixed from 0.25
to 1 wt.%. The as-such prepared Pln-MnO,-RGO com-
posites were nomenclature as 0.25wt.% RGO as PG1,
0.5 wt.% RGO as PG2, 0.75 wt.% RGO as PG3 and 1 wt.
% RGO as PG4,

All the electrodes were fabricated on stainless steel
(5S) substrate. SS of grade 304 was used as current
collector. Before use, the S8 substrate was cleaned by
using detergent and dipped in 4 N HNQ; about 10-15
min, washed alternatively by acetone and double dis-
tilled water, and finally dried in oven. The samples as
electroactive material were loaded (mass 0.14g) on SS
substrate following the standard procedure protocol
used for supercapacitor measurement by mixing 85 wt.
% sample, 10 wt.% activated carbon and 5wt.% polyte-
trafluoroethylene with acetone as a binder were mixed
and ground in mortar results a homogenous mixture.
This mixture further dispersed in dimethyl formamide
to form a slarry. This slurry was coated on pre-treated
SS substrate using doctor blade and dried at 60°C.”2"
The geometric surface area of electrode was 1.em”.

By using Bruker D8 advance with Cu Ka radiation,
the phase purity and structure of as-prepared samples
were confirmed in which the pattern recorded with step
height of 0.02° with scan rate 6.00 in the range 10°-80°.
Maorphologies of all samples were studied by using
JEOL-6390LV scanning electron microscope (SEM).
The FTIR was taken in the KBr medium at room tem-
perature in the region 4000-500cm ™. A PerkinElmer
STAG000 thermogravimetric analyzer was used to detect
the thermal-oxidative stability under nitrogen atmo-
sphere. The supercapacitor property measurements
such as CV, cycle stability performance and GCD were
carried out by using CHI 660D electrochemical work-
station forming an electrochemical cell comprising fab-
ricated electrode as working electrode, platinum wire as
counter electrode and Ag/AgCl as a reference electrode
in 6 mol/L KOH aqueous solution.

6, Results and discussion
6.1. XRD analysis

XRD patterns of MnO, nanoparticles, RGO, pure Pln
and PIn-MnO,-RGO composites were recorded at nor-
mal temperature in two theta range 10°-80°. Figure 1
depicts the diffractogram of MnO; nanoparticles
(Figure 1a), RGO (Figure 1b) and pure Pln
{Figure 1c). All diffraction peaks of undoped MnO,
nanoparticles corresponded well to tetragonal crystal
symmetry of MnO, (ICDD: 9011396). Diffraction
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Figure 1. XRD pattern of (a) undoped Mn0, nanoparticle mate-
rial, (b) RGO and (c) pure Pin.

peaks were observed at 28.79°% 37.83% 42.66°% 56.73°
and 72.42°, and these values correspond to (310),
{211), (301), (600) and (312) plancs.[w'm] The mean
crystallite size of MnO, was found to be 60.89 nm cal-
culated by using Debye-Scherrer formula:

kA

= in cos m

where & is the Scherrer constant, A is the wavelength of
X-ray, f8 is the full width at half maxima and @ is the
Bragg’s angle. The XRD spectra displayed in Figure 1b
for RGO show intense peak at 26.17° corresponds to
(002) plane. This indicates that crystal phase (002)
arranges randomly as compared to crystallized structure
of graphite, which is due to the formation of few layered
RGO from GO. The less intense peak at 44.79° corre-
sponds to (100) ﬁ:lane attributed to band of disordered
carbon materials.*'** The mean crystallite size of RGO
was observed to be 6.64 nm calculated by using Debye-
Scherrer formula (Eq. (1)). In Figure 1c, the broad peak
that appears between 15° and 30° is the characteristic
peakl n:' the amorphous PIn, indicating the presence of
PIn.*

Figure 2a-d depicts the diffractogram of PIn-MnO,-
RGO composites. This diffraction peak observed at
26.41° corresponding to (002) gives the presence of
RGO, similarly, small peaks at 37.17° and 56.43° corre-
sponding to (211) and (600), respectively, show the
existence of MnO, in Pln-MnQ,-RGO composites.
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Figure 2. XRD pattern of (a) PG1, (b) PG2, (c) PG3 and (d) PG4 composites.

7. SEM and EDAX study

The SEM proposed an external morphology of prepared
samples. Figure 3 shows the SEM of PG2 composite
which exhibits an agglomeration of semispherical
particles.*! The PG2 composite mostly consists of few-
layered RGO sheets. SEM images also show nearly uni-
form dispersion Mn nanoparticle on the surface of RGO
sheets. Figure 4 depicts the EDAX spectrum of PG2

composite, which gives the confirmation about the pre-
sence of manganese (Mn), oxygen (O] and RGO (C).
Also, some impurities found during the preparation of
composites were removed by annealing process. The
peak due to oxygen in EDAX confirms the oxygen
storage capacity of prepared composites. As EDAX
shows the existence of small amount of Mn, only two
pealks of Mn were detected by XRD.

Figure 3. SEM image of PM4 compaosite.
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Figure 4. EDAX spectrum of PM4 composite.

8. FTIR study

The FTIR recorded for PIn-MnO,-RGO composites is
shown in Figure 5. The key references drawn from the
FTIR data are as follows:

(1) A strong peak at 609 em" indicates the stretch-

ing collision of O-Mn-0O, which confirmed the
existence of the MnO, in the sample.!*3"
A small peak at 530cm " was assigned with
Mn-O stretching.”*”!

(2) The strong peak at 746 and 1479 cm ™t is attrib-
uted to benzene ring, which indicates that

benzene ring was not involved in the
polymerization.****!

(3) The peaks at 1430, 2856 and 3247 cm* ascribe to
the bending and stretching vibration of C-H
bond, respectively.""! Also, peak at 3091 cm™'
corresponds to C-H stretching of alkene.

{4) A small peak at 1587 cm ' corresponds to C=C
stretching in graphite ring. Peak at 1635 cm ™
corresponds to C=C to form aromatic ring."'lE

(5) The peak observed at 1020 and 1333 cm ' shaws
the stretching mode of pyrrole ring of C-N
bond.**! The peak located at 1108cm ' is

(d)

(<)

%T

(b)

ey, T .

4000 3500 3000 2500 2000 1500 1000 S00
Wavelength (cm'!)

Figure 5. FTIR spectra of (a) PG1, (b PG2, () PG3 and (d) PG4 composites.
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induced by different stretching frequencies of
aromatic ring in the polymer chain, which corre-
sponds to the stretching mode of C=N bond./*?!
The peak at 3442 cm ™ can be ascribed to N-H
bond stretching vibrations, which shows that
nitrogen species are not the polymerization
sites; hence, the possibility of polymerization is
through 2 and 3 position

|43,44)

of indole

MOonomer.

9. TG-DTA analysis

Thermogravimetry Differential Thermal Analysis (TG-
DTA) of Pln-MnO,-RGO composites are shown in
Figure 6a-d, and their thermal decomposition data are
listed in Table 1, which were carried out at a heating rate
of 20°C/min under nitrogen atmosphere in temperature
range 40-700°C. These plots show the three steps of
decomposition. In step I, PIn-MnO,-RGO composites
decomposed to 29% up to 279°C, 300°C, 309°C and
280°C associated with DTA endothermic peak at 79°C
for PG1, PG2, PG3 and PG4, respectively, and it is due

s
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to the removal of water/oxygen containing functional
groups_ll?' S Step 11 decamposition occurs in tem-
perature range 279-527°C, 279-554°C, 279-441°C and
279-560°C associated with DTA endothermic peak al
411°C, 453°C, 441°C and 418°C for PG1, PG2, PG3 and
PG4, respectively, in which composites decomposed
approximately 15% and it is caused due to the elimina-
tion of more stable oxygen group.!® Then, in step IIL,
the weight loss is about 42%, 37%, 56% and 36% for
PG1, PG2, PG3 and PG4, respectively, which is due to
the decomposition/burning of carbon and the break-
down of the chains in PIn.""!

10. Supercapacitive study

Electrochemical energy storage capacitance of PG1,
PG2, PG3 and PG4 composite as electrode of electro-
chemical capacitor was evaluated from CV curves,
Figure 7 illustrates the CV curves of PG, PG2, PG3
and PG4 composite recorded at a scan rate of 50 mV s~
in a potential range of 0-0.8V, which show quasi-
rectangular graphs indicating a psendo-capacitive beha-
vior and reversible doping/dedoping reactions. ! The

Weight (%)
DTA (% /min)

40 40 30 440

Temperature (°C)

540

n

Weight (%)
DTA {%/min}

440
Temperature (*C)

240 340

Figure 6. TG-DTA curve of (a) PG, (b} PGZ, (c] PG3 and (d) PG4 composites.




POLYMER PLASTICS TECHNOLOGY AND MATERIALS (&) 7

Table 1. TG-DTA data of Pin-MnO,-RGO composites.

Composi Step I range Tom [Endo.) Weight loss (%)
PG1 I 40-279°C e 29
Il 279-527°C 411°C 15
1} 527-7007C 504°C 42
PGz | 40-300°C ' 29
Il 300-5547C 453°C 16
1] §54-700°C 600°C 37
PG3 | 40-309°C 79C Ell
Il 3094417 441°C 13
1] 441-700°C 582°C 56
PG4 I 40-280°C 7l 9
Il 280-550°C 418°C 16
Il S60-700°C 6127°C 36

Current Density (mA.cm')

(] (L8]

03

Figure 7. CV curves of PG1, PG2, PG3 and PG4 composites.

CV plots clearly show the doping of RGO nanoparticles
in PIn influence supercapacitive properties of compo-
site. The superior supercapacitive properties of Pln-
MnO,-RGO composite can be attributed to oxidation/
reduction of surface hydroxyl groups.*® The curve
shape of PIn-MnO,-RGO composites is more rectangu-
lar, which shows a good capacitive behavior. S#veciﬁc
capacitance has been estimated using the relation ol

) i .

ik m x k{Fg )

where T is the average current during anodic and catho-
dic scan (A), mis the mass of the electrode (g) and k= v/
t is the scan rate {\")_l;“"_'” In our case, the highest value
of specific capacitance was found to be 1750 Fg ' at
a scan rate of 50mV s ' for PG2 composite which is
higher than PG1 (1620 Fg "), PG3 (1538 Fg ') and PG4
(1362 Fg Y. The dissimilarity in the value of specific
capacitance with addition of nanocomposites RGO is
attributed to variation of the electrolyte ion exchange in

0.2 0.4 a5 06 0.7 0.8
Potential (V) vs. AgiAgCl

the interface of the electrode material. The result
reported here is in good agreement with the result
obtained from CV curves and noticeably higher than
the earlier reported.

Particle size and topography strongly impact the
electrochemical characteristics of the materials by influ-
encing their active surface area, but the influence of the
particle size of the sample has become noticeable when
discharge capacity Is tested at high current density.
Further, smaller particles increase the shift of conduc-
tion and valence band leading to a greater charge
separation. Considering all these aspects, further exten-
sion of present work is to explore the effect of particle
size on supercapacitive properties of PIn-MnO./RGO-
based ternary composite system.

Figure 8a shows that the PG2 compasite exhibits
considerable long-term stability, which is capacitance
retention up to 6000 cycles. The decent capacitance
capability of PG2 composite is recognized to boost elec-
trical conductivity and vastly stable surface redox




8 |« R.V.BARDEET AL

100 0.9
@ 08 1 ()
_ 99s 7
2 0.
22‘ 0.6 4
: ™ € 05
- —
& =
z T 04 1
= 985 =
z & 034
2
o] 08 02 9
0.1
91,5 y o T r T
] 1000 2000 3000 LIl 5000 G000 0 10 20 30 40 50 60 70
Cycle Number Time (s)

Figure 8. (a) Cycle performance of the PG2 composite and (b) galvanostatic charge/discharge curves of the PG2 composite.

reaction, and it is more suitable for electrode applica-
tions. Figure 8b shows the GCD curves of PG2 compo-
site at current density of 10mA cm™* within potential
window of 0-0.817 V. This curve is nearly symmetric
and considerably lengthy for practical application. The
characteristic pseudocapacitive performance was indi-
cated by nonlinear GCD curves, which may be due to
the reversible redox reaction with insignificant loss of
voltage, and it suggests that electrolyte has excellent
electrical conductivity between the current collector
and active materials,

11. Conclusions

In summary, we have successfully prepared RGO
nanoparticle and used it in PIn-MnO,/RGO compo-
site system for supercapacitor application. We have
successfully demonstrated and concluded that con-
centration of RGO nanoparticles in PIn-MnO,-RGO
composites has significant influence. The 0.5 wt.% of
RGO (PG2) composite has specific capacitance of the
order of 1750 Fg ' at a scan rate of 50 mV s ' which
is higher than PGL, PG3 and PG4 and also shows
long-term stability, which is capacitance retention up
to 6000 cycles. This dissimilarity in the value of
specific capacitance is attributed to variation of the
electrolyte ion exchange in the interface of the elec-
trode material. The GCD curves depict that PG2
composite also has long and nearly symmetric beha-
vior which is suitable for a range of practical
applications.
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Supereapacitive properties copacitive properties of MnO, Pl posites. As expected, the supereapaci properties of MnO,-Pln com-
Folyindale

posites influenced by the adedition of MO, nanopasticles and it is optimized for 1wt of MnO, concentrtion,
The 1 Wt% MnD, loaded Pla compogite shows specific eapacitanee of the ordar 1558 Fg ' at 4 sean mte of 50
m¥s ! The main accomplishment of present work is that the 1 Wt.5% Mn0, loaded Pln compaosite shows long-
termn stabiity that is capacitance retention up to 6000 cyeles Galvanestatic chargerdischarge curves of 1 Wit
MnO: loaded Pin composite shows long nearly symmetric behavier which is suitsble for range of practical

Mu0: nanoparticic
Optical band gap

applications.

Introduction

Globally, we we faeing nhuge problem about energy shorge due
rapid development of economy aml nereasing depletion of fossil fuels
[1]. Henee, there s a ermeial need for development new enpigy sources,
Now a days supercapacitors as high-performance energy storage de-
vices offer & great promise in the field of energy storing technology
because of its remarkable propecties thar is high charging and dis-
charging rates, excellent power density, good smbility and exeellent
long-texm eyelability (7 4], Nevertheless. to meet the requirement of
budding npplications like electric vehicles, energy density of super-
capacitor still nead some improvement. Increasing the window warking
potential, which primarily related with the emplayed electrelyte is a
cogent way to increose energy density of supercapaciter as eneigy
density of it s proportional 1o the square of operating potential window
and specific capacitance. In supercapacivars, active matecials play a vital
role inan elecrrochemical performance (51, Recenily, more devotion hos
been given on the growth of eleciiode materiols of supercapucitor and it
is & eruelal eomponent which derermines the performance of super-
capaciter. The carbon materials, metal oxides and condueting polymers
have been most commonly wsed for the growth of electrode as they
exhibir such supereapacitor behavior (671

Ameng these metal oxide MnO., is eonsidered to be the most
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awspreious one because of its chasacteristics like highes specilic pac
itonee, environmentally fiendly, notwnl abundanee and economical
[5-97. Despite of this, it has some drowbacks like poor lonke and elee-
uonie conduetivity, less specific surface area and partial dissolution in
the electiolyte during eveling which limiring the practical spplications
of MnO. in supercapacitors | 10]. Hence for researcher it is a significant
task to owercome these disadvantages of MnO.. Dai et al reported
nanobelr-stroetired Mno, films which were prepared by the electro-
chemical deposinon method under various deposition tine to explore
the effects of slectrodeposition time change on the mierostrueture and
electrochemien| properties of this material Result show that the opti-
mum sample deposited for 50 5 hns a specific copacitance of 201.9F g !
atthe ewrrent density of 1 A g~ ! 1111, Inaddition, Zhanga et al reported
the structure and eleciochemical performance of MnO; and MnOz/ve-
duced gaplene oxide electiode materials which shows the capacitancs
of 467 Fg ' [12].

Gondueting polymers are fascineting materlals for fundamental and
applied researchies due o thelr 1D inoinsic properties and remakable
applicartons such as field effect rransistor (FET), displays, rechargeable
batteries, ere, | 179, Among varions conducting polymers, compararively
pelyindale has been less stadiad as it has low polymenization fficiency
Recently polyindol (Pin) has received enormous attention becanse of its
good environmental stability and eleetnieal conduetivity [141. As it is
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well known that Polyindele has benzine and pymrol ring, also these
polymers have good thermal stability, low degradation rate and high
storage eapaeity [15]. Due good electroeatalytic activity of Polyvindole it
has been reported in mediated based biofuel cell [ 14]. Polymer-metal
oxide nanocompasite synthesis is incipient research as it has a remark-
able terhnologienl applications like rechargeable batteries, fuel cells,
and super capacitors |16, Polyindole and its deni attract the
researcher to take curiosity in the field of nanocompesites due to
interesting properties. Nanoparticles of metal oxide such as copper and
silver when doped in polvindele shows good antibacterial activite [17].

In the light of above discussion, we planned to investigate the
supercapacitive properties of MnGQg-Pln compasites. In this work, we
studied the supercapacitive properties such, cyelic voltammetry [(CV)
curve, eyele stability performanee and galvanostatie charge /dischorge
curves of composite materials. The main accomplishment of present
work is that we achieved considerable values of specific capacitance,
eyele stability and charging/diseharging time.

Experimental
Materials

Indole, manganese dioxide, ferric chloride and ethanel (AR grade,
99% purity, SD Fine) were procured from loeal chemical supplier
Throughout the synthesis double distilled (DD) water was used to pre-
pare the solution,

Synthesis of polyindole (PIn}

Oxidative palymerization method was preferred for the synthesis of
polyindole (Pln) from indole in which ferric chloride used as oxidizing
agent in aqueous medium. The aqueous solution (1M) was taken in a
heaker and kept for continuously stirred on magnetic stirrer at normal
tempernture for 45 min. The ferrie chloride solution (1M} was ndded
dropwise manner to indole solution and strred for 180 min. ond then
lept this mixture for overnight. The mixture was turn into dark brown
which confirms formation of Pln. This mixture was filtered and to
remove the impurities, precipitate was repeatedly washed with double
distilled water. The obtained Pin was dried cut at 60°C for 4 h and by
using mortar and pestle the produer was erushed.

thesis of MnO2 particle

The nanoparticle of MnO,; was prepared by sonication. A hom type
20 kHz Sonics senifier with a tip diameter of 13 mm was used. Typically,
5 gm of MnOa was dissolved in 100 ml of double distilled water and kept
for eontinuous stirring for 20 min. and then this mixture was ultm-
sonicated for 30 min. o brown color precipitate was formed. This pre-
cipitate was filtered, washed in double distilled water and then wash by

ethanol and dried out in an air oven at 100° C for 4 h,
Synthesis of Pin/MnO composites and characterizations

Plo doped with MnO; nanoparticles was synthesized by using an
ethanolic solution of Pln and MnO, by varying concentration of MO,
with fixed PIn using Ex-situ technique in wt.% stichometry with the
interval of 0.25 wt4 [15]. The composites preparation range was fixed
from 025 to 1 wt%. The as such prepared composites were nomen-
clature as 0.25 wt.% MnOy, as (PM1), 0.5 wt.% MnO, as (PM2), 0.75 wt.
% Mn0O; as [PM3) and 1 wt.% MnO, as (PM4). This prepared samples
were used for further study of supereapseitor and ultravioler—wisible
spectro-photometer,

By using Bruker D8 advance with Cu Ke radiation the phase purity
and structure of as prepared samples were confirmed in which the
pattern recorded with step height of 0.02° with sean rate 6.00 in the
range 10°-80°, Morphologies of all samples were smdied by using
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Fig. 1. XRD pattern of (a) MnO, nanopartcle material, (b) Pure Pln, () PM1,
() PM2, (&) PM3 and (f) PM4 composites.

JEOL-6390LV scanning electron microscope. Ultraviolet-visible spectro-
photometer was used to record the complex optical properties of all
prepared samples, from which the values of optical band gap was
caleulnted. The FTIR was taken in the KBr medium at room temperatire
in the region 4000500 cm ! at scan rate 16. Supercapacitor property
measurements such as evelic voltnmmetry (CV) eurve, eyele smbility
pexf e and gal tic charge/discharge curves were carried
out using three-electrode cell systems (CHI 660 D, CH Instruments). The
composites systems under study were used as the working electrode,
platinum wire as counter eleetrode and Ags/AgCl as the reference

electrode,

Results and discussion
XRD analysis

KBD patterns of MnO. nanoparticles, Pure Pln and Pln/MnGy comr-
posites were recorded at nommal temperature in two theta range
10°-80°. Fig. | depicts the diffractogram of MnO; nanoparticles (Fig. |
a), Pure Pln (Fig. | b} and Pln/Mn0; compesites (Fiz 1 ¢, d, e and £). all
diffraction peaks of undoped MnO; nanoparticles corresponded well to
tetragonal crystal symmetry of MnO, (IGDD: 44-0141). Diffraction
peals observed ar 28,817, 37.45°, 42,957, 56.73", 65.36" and 72.70° and
these values corresponds to (310), (211), (201}, (60O), (002) and (312)
planes [ |9-201. The mean crysmllite size of MnO, was found to be 23.45
nm calculated by using Debye-scherrer formula:

where k is Scherrer constant, 4 is wavelength of X-may, [}is full width half
maxima and ¢ is the Bragg’s angle.

In Fig. 1(b), the broad peak appears in between 15° to 30° is the
characteristic peak of the amorphous Pln, indicating the presence of Pln
[21]. No evident penks for MnO, were observed in XRD patterns of
MnQ;/FIn composite. This could be a part of distortion in crysml
structure of MnO; and also may be that MnO, particles were covered by
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Fig. 2. SEM and EDAX imnge of PAM4 compesite
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Fig. 3. FTIR spectra of (a) PML, (b) PM2, (<} PM3 and {d) FM4 composites.
Pln. Fig. 2 shows the SEM and EDAX image of PM4 composite. SEM shows
that eomposites have an ivegulir shape partiele [22]. The EDAX spee-
tum of PM4 conposite gives the confirmation about the presence of
SEM and EDAX study Manganese (Mn} and oxygen (). Also, some impurities found during
the preparation of com posites which was removed by annealing process.
The SEM proposed an external morphology of prepared samples.
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Fig. 4. Tauc plots of (a) My, (b) PMs, (¢) PMy and (d) PML compesites.

The peak due to oxygen in EDAX confirms the oxygen storge capacity of
prepared composites. As EDAX shows the existence of small amount of
Mn and due to this reasen MnO, was net detected by XRD.

FTIR study

Fig. 3 depict the FTIR spectrum of PIn/Mn0; for all composites. A
small peak at 530 cm ! was assigned with Mn-0 stretching [23]. Also,
the peak at 600 e ! indiestes the characteristic stretehing eollision of
O-Mn-0, which confirmed the existence of the MnO; in the sample
[24-25]. A strong peak observed at 742 and 1467 cm ' are corre-
sponding to the benzene ning, which indicates that the benzene ring did
not involve in the polymerization |26-27 1. The penk located at 1100
em ! is induced by different stretching frequencies of aromatic ring in
the polymer chain, which comresponds to the stretching mode of C=N
bond [26]. The penks observed at 1336 and 1010 em ' shows the
stretching mode of pyrrole ring and vibration mode of C-N bond [27].
The peak near 1236 cm ! shows the surface OH groups of Mn—OH [24].
The peak 1559 em ™' together with 3436 em ' can be aseribed to N-H
bond strerching and deformation vibrations shows thart nitrogen species
are not the polymerization sites, hence the possibility of polymerization
is through 2 and 3 position of indole monomer [29 30]. The peaks
appear at 1630 em ' ean be atributed C=0 swetehing vibrations (511

Optical properties

The optical band gap gives iden about the energy to excite the
electrons from outermost band to conduction band. The optical band

gap of all PIn/Mn: composite was ealeulated from UV-visible spec-
toscopy ranging from 200 to 800 nm are shown nTig. 4 (o, b, ¢ and d).
Taue plots were drawn to caleulate band gap from following relation

ahit = A(hd — E,)

where A is an energy dependent constant, Eg is optical band gap of
material, m is constant that depends on the semiconducting materials,
which can be expected to have values of 1/2, 3/2, 2 and 3 depending on
the nature of the electronic transition respansible for absorption; 1/2 for
allowed divect wansitions, 3/2 for direct forbidden transitions, 2 for
allowed indirect wansitions and 3 for indirect forbidden transitiens | 221,
Bandgap value of all samples was estimated by drawing (aho)® on y-axis
and (he) on x-axis. ho was ealeulated simply using the relation;

1240
Almm)

The band gap was found out by extra plotting the straight line of
graph. The point where extra plotting intersects the hv axis (x-axis) gives
band gap value. The highest band gap value was observed tobe 4.50 eV
for PM4 composite where as lowest band gap value was observed m be
4.33 eV for PM1 composite. The highest band gap was probably due to
quantum confinement [24-35]1.

Supercapacitive study

Electrochemieal energy storge enpacitanee of PM1, PM2, PM3 and
PM4 composite as electrode of electrochemical capacitor was evaluated
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Fig. 5. [a) CV curves of PALL, PM2, PM3 and PM4 composites recorded at a scan rate of 50 mVs ', (b) Cycle perf e of the PM4 G000 cycles and (c]

Galvanestatic charge/discharge curves of the PM4 composite recorded at a cument density of 10 jjAcm ~,

from eyclic voltametrc (CV) curves. Fig 5 (a) illustintes the eyclic
voltamertric (CV] eurves of PM1, PM2, PM3 and PM4 composite recorded
ata sean rate of 50 mVs ! in potential range of 0 to 0.8 V, which shows
quasi-rectangular graphs indicating a pseudo-capacitive behavier and
reversible deping/dedoping reactions [35]. The CV plots elearly shows
the doping of MnC: nanoparticles in Pln influence supereapacitive
properties composite. The superior supercapacitive properties of
Pln/Mn0; compesite can be attributed to axidation/reduction of surface
hydronyl groups |27, The curve shape of Pln/MnOs compaosites are
more rectangular, which shows a good capacitive behavier. Specific

capacitance has been estimated using the relation [22]:

I

Tmxv

Cy (Fe™")
where 1 is the average ewrrent during anedie and eathodic sean (A), mis
the mass of the electrode (g) and v is the sean rate (V). In our case, the
highestvalue of specific capacitance was found to be 1556 Fg ! at a scan
rate of 50 mVs ' for PM4 composite which may be due to the porous
structure of PIn/Mn0O; composites enhonees specific capacimnee,
5(b) shows the PM4 composite exhibits considerable long-term
stability that is capacitance retention up to 6000 cycles. The decent
capacitance capability of PM4 composite is recognized to boosted
electrienl conduetivity and vostly stable sifare redox reaction and v is
more suitable for electrode applications.

Fiz. H(e) shows the galvanostatic charge/discharge (GCD) curves of
P4 eomposite at current density 10 paem * within potential window
0 to 0.8 V. GCD curves of PM4 composite is nearly symmemic and

considerably lengthy for practicsl application. The charactedstic pseu-
doeapacitive performance was indieated by nonlinear GCD eurves,
which may be due to the reversible redox reaction with insignifieant loss
of voltage and it suggest that electiolyte has excellent electrical con-
duetivity berween the enrrent collector and active materials.

Conclusions

In summary, we have suceessfully demonstrated and eoncludes that
concentration of MnO, particles in Pln comp have significant
influence. The PM4 composite have specific capacitance of the order
1558 Fg ' at ascan rate of 50 mVs ! and alse shows long-term stability
that is capacitance retention up to 6000 cyeles. The galvanostatic
charge/discharge curves depicts that PM4 composite also have long and
nearly symmettic behavior which is suitable for range of practical ap-
plications. The obtained results in this work attributed to the porous
structure of Pln/MnO, composites.
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ARTICLE INFO ABSTRACT

Heywards: In the present work, modified Datta and Das Type siicon based lateral spin-Field Effect Transistor (MDD Type s
Alumina FET) is presentsd with alumina as tunnel contact. The insertion of alumina enhances the spin injection ability of
Tunpel contacts . . Co-Graphene h based fer tic electrode [FM) and also resolves the conductivity mismatch
Spla-field effect transistor, splationles problem. The main accomplish of present wouls is that fabricated MDD Type sFET with alumina as tonnel

contact exhubits ﬁ]e nen-rectifying curent-voltage characteristic with sufficiently large value of MR which is an
Indisp ble reg: of devices. Also, in present work 2-dimensional electron gas was used as a

channe! which can control MR through gate voltage Similarly, the control on MR through gate voltage snables
the switching action in sFET,

1. Introduction

For the fabrieation of spintronies deviees, electrical spin injection
and its detection have exmaordinary importance [1]. Recently, few re-
ports have explored that the insertion of tunnel bartier between ferro-
magnet and semiconducting channel increases the spin injection
efficiency of elecrode [2-41.

I case of spin-Field Effect Transistor (s-FET) the important thing is
that spin-—orhit coupling mst be large enough for the tmusfer of spin
and small enough to maintain spin relaxntion between source and drain.
In 5-FET, mansistor action can be achieved by two approaches, (i) first is
the electrical control of the spin injection process [5] and (i) second is
the spin transport efficiency along the channel [60.

The major challenge in the realization of s FET are,

=

. Efficient spin injection from ferromagnetic source electrode into
semiconductor channel.

2. Transfer of spin-polnrized signal withour changing spin through
semiconductor channel.

. Detection of spin-polarized signal by ferromagnetic drain electrode.

o

dad

To resolve these chall sufficient | ge of charge transfer
process from ferromagnetic materials to semiconductor is needed. 1t is
well known fact that ferromagnetic materials eomprise an excess of
electrons having one sided spin, which gives the magnetization
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direction.

By simply applying the potential difference to FM material, it is not
possible to inject quality spin-polarized signal into semiconductor. This
difficulty arises due to the huge difference in conductivity of FM mate-
rial and semiconductor which is also known as conductivity mismatch.
To overcome the conductivity mismateh problems, many reports in
literature suggest that the insertion of thin laver of insulater between FM
and semiconductor enables the spin-dependent tunnel resistance [7 91,
This results in efficient spin injection into the semiconductor.

In the literature, few teports support o the fabrication deviee with
tunnel contact for efficient spin injection and detection. Erve et al
demonstrated graphene as tunnel barmrier to resolve the conductivity
mismatch problem. Study of Hanle model, this study shows that spin
lifetime does not depend on the tunnel barrier materinl. The main
accomplishment of this work is using graphene as tunnel contact stop-
ping metal jon diffusion from the FM electrode 1. Schmidt et al
suggested that in the diffusive transport region strictly use small polar-
ization current from FM to 2DEG, which results in long spin-flip length

1. Cubukeu et al reported significant spin transpert in graphene-
based lateral spin valves using FM contacts, This study shows that
insertion of alumina ns tunnel barrier improves spin mansfer efficiency
by many folds [12].

Min et al reported that spin injection from ferromagnet to silicon
charaeteristies using Al 05 as tunnel eontacts, This study coneluded that
thickness of runnel contner that is AlOs and doping concentration of
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Fig. 1. Typical structure of spin valve with Co-Graphene nanosheets based FM
electrodes separated bytunnel contacts (TC). Dotted red color line indicates
active region of device. (For interpretation of the references to color in this
bgure legend, the reader is refermred to the web version of this article.)

2 Dimensional Electron Gas

b
() Source
Aburing
Tuanel Contact
al :
2DEG Gate Insiiator
Silicon Layer 2um

Fig. 2. [a) Schematics of MDD Type silicon based laterals FET with mnnel
contact and (b} Scanning electron micrograph of MDD Type s-FET.

Fig. 3. 5EM image of Co-Graphene nanosheets with ek

I X4ay
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Fig. 4. XRD pattern of [a) alumina, (b} MgOD and (c) Co loaded Gra-
phene nancsheats.

barrier in the process of spin injection and detection. 5tudy concluded
that width of the Schottky barmrier resulted in nondegenerate silicon,
which preduces an anomalous sign change of spin signal [ 14].Svinsoy
et al reported the tunnel field effect transistors based on graphene
channels, The proposed transistor shows that tunnel gap in the channel
opernted by gate, which shows ON and OFF state cwvent in semi-
conductor channels [15].

Motivated by the above findings, this paper modified Datta and Das
Type silicon based lateral spin-Field Effect Transistor (MDD Type s-FET)
i presented with mnnel eontact that enhances the spin injection ability
of Co-Graphene nanosheets based ferromagnetic electrode (FM). The
main accomplishment of present wark is that both the key requirements
of good s-FET that is non-linear/non-rectifying 1-V characteristic and
lnrge MR value satisfied by the fabrieared device. In spin-transisror
techneology, high value of MR is an indispensable requirement |16, In
this work, n-type silicon was used as a channel which can control on MR
through gate voltnge. This is the beauty of present work that MR can be
tunable using gate volmge, which enables the swirching action in s-FET.

2. Experimentation
2.1. Materials preparation and characterization

In the present study, cobalt anchored graphene nanosheets (Co-
Graphene nanoshhets) were prepared by ex-situ appronch. In the process
of preparation of nanosheets the graphene was used as previously re-
ported niethod (171, To prepare the Co-Graphene nanoshhets, 15 g of
graphene sheets were dissobved in 100 ml of acetic acid under constant
mngnetic stirring for 15 min.

Then solution was subjected to probe-sonication for 30 min. simul-
taneously, the separmte solution of 0.5 g of ColNQy); was prepared with
20 ml of aeetic acid. The second solution of Co(NO3)s was added in

of elements (inset],

silieon plays o very crueial role |130. Dankert et al validated the pro-
duction of large spin polarizations in n-type and p-type oxidized silicon
asa mnnel barrier. In this paper, author explained the role of Schotthy

phene solution under magnetic stirring at room temperature for 60
min. Lastly, the solution was filtered and washed two times by deionized
water. So obtained final product is deied at 100 “C in oven. Next, the
dried product was kept for heating from 100 to 500 °C with an interval
of 100 “C for 50 min. Then the sample was permitted to cool at 400, 300,
200 and 100 °C each for 60 min,
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Fig. 6. (a) Non-linear ewrrent-voltage curve of Co-Graphene/MgO/Co-Graphene junction indicating Mg0O works like a tunnel contact in charge transport. Inset
shows general schematic of Co-GrapheneMgO/Co-Graphene junction. [b) Negative magnetoresistance of Co-Graphene/ Mg/ Co-Grophene junction.

The X-ray diffraction (XRD) (Rigalu Miniflex-XRD; Wavelength -
15406 A) technique was employed to study structural properties of
prepared sample, To analyze the morphology of sample was subjected to
field emission seanning electron microscopy on SEM insorument, Model:
ZEISS SIGMA. Elemental analysis wos completed using an energy
dispersive X-ray analysis instrument (Model: EAG AN461).

2.2, Device fabrication and measurements

In this fabricadon process, the Co-Graphene/Alumina/Co-Graphene
junction and Co-graphene/Mg0O/Co-Graphene junction were prepared
on Si/S§i0; substiate by ebeam evopomtion technique The Co-
Graphene nanosheets were used as top and bottom ferromagnetic elec-
trode with thickness of 50 nm by sandwiching the tunnel contaets (inthe
present work Ala05 and Mg0) having thickness of the onler of 5 nm.
Fig 1 depicts the schematics of complete spin valve device.

To fabricate the modified Datta and Das Type silicon based later-
alspin field effect transistor (MDD Type s-FET), all necessary compo-
nents like heavily doped ntyvpe silicon wafer and insulator were
procured from India-Mart. The n-type silicon wafer used for MDD Type
s-FET fabrication have thickness of the order of 500 pm. The details of =
type silicon waferare resistivity = 10 £.m, conductivity = 0.1 §/m,
dopant concentration = 448 = 10°%m® amd mobility =
0.1351m”v's !, Firstly, the n-type silicon wafer was cleaned to remove
the grease, adsorbed water molecule and air borne dust using mild-

detergent solution (Labolene)} and then with distilled warer. After
cleaning step, using atomic layer deposition technique the two layers of
alumina with separation of ~ 0.8 pm was transferred on n-type silicon
wafer having thickness - 5 nm. The alumina was transferred on n-type
silicen wafer, to reselve the issue of conductivity mismatwch between
ferromagnetic electrode and semiconductor,

In deposition process, the substiate temperature was maintained at
120 °C. The remaining aren of substrate was masked with Kapton tape
(as it withstands temperatures up to 260 “C). Subsequent to this step, Co-
Graphene nanosheets based ferromagnetic (FM) electiodes were also
deposited on both alumina mnnel contacts. Afrer removal of masking
tape, the area between the channel of FM electrodes was coated with
polyvinyl acetate using spin-coating technique. The aluminum of
thickness 5 nm was transferred as gate on the top of insulating layer of
polyvinyl acemte.

As fabricated MDD Type s-FET has channel length of the order of ~
1.8 ym and channel width ~ 2.3 pm. Fig 2 (a) shows the schematic
dmwing of MDD Type silicon based laterals-FET with tunnel contact and
Tig 2(b) shows the seanning electron micrograph of MDD Type silicon
based laterals-FET with alumina as tunnel contact and all components of
device displayed on SEM image with eircuitry armngement. In the
fabrication of MDD Type s-FET with MgO as runnel barrier, the same
proeess was adopted.

The transport measurements of MDD Type s-FETs with tunnel con-
tact aluming and MgO tested on Physical Properties Mensurements
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Fig. 7. Gate controlled magnetoresistance in MDD Type silicon based laterals-FET with alumina as tunnel contact at (a} —0.5V, (b} 025V, (c) 0V, (d) 0.25 V, (e)

0.5V ond () 0.75 V.

System (PPMS) made by Quantum Design. The current—voltage curves of
both junctions Co-Graphene/AluminasCo-Graphene junction and Co-
graphens,/Mg0/Co-Graphene junction were recorded to study the
tunneling behavior of junction. The performance of both MDD Type s-
FETs with tunnel contact was analyzed by measuring the magnetore-
sistance (MR) as a function of magnetic field. Similarly, the switching
action in MDD Type s-FETs with tunnel contaet alumina was revesled in
the form of change in amplitude of MR [ ARy, ). MR curves were recorded
at 298 K for different values of gate voltages. Magnetoresistance (MR) is
defined as, MR%=[(Rap-Rp)/Rp] = 100, where Rap is magnetization
vectors of two electiodes ave antiparallel and Rp is the magnetization
vertors of two electrodes are parallel

3. Results and discussion

The surface morphology of Co loaded gmphene nanosheets prepared
by ex-sim approach was investigated. The SEM image of Co loaded
graphene heets with el | X-ray mapping of cobalt (inset) is
shown in Fig 2 SEM image shows smooth and flat surface with islands
of cobalt nanoerystals. The temperature eonditioning of Co loaded
graphene nanosheets between 100 and 500 °C, results in diffusion of Co
and O atom [12]. This diffusion with limited number of crystal seeds
available on graphene surface results in the formation of islands. Hence,
the SEM imnge of Co loaded ginphene nonosheets have conrse surface
due to the presence of islands on graphene. Inset image shows that Co
was detected in elemental X-ray mapping.

The quality of the tunnel bartier is very erucial, as the present study
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5. Data availability

The raw/processed data required to reproduce these findings cannot

be shared ar this time as the data alse forms part of an ongoing study.

™

The authors declave that they have no known competing financial
that could have appeared to influence

of Competing

arp 1 vulattonehi

the wark reported in this paper.

Data availability

Mo data was used for the research described in the article.

Acknowledgments

Prof. (Mrs.} Neetu Gyanchandani is very much thanldful to the
management and Principal of JD Coﬁegedmwmngnm Mannge-

L 4
ment, Nagpur for p a4 bLelp.
References
[1] X Lou, €. Adelmoan, SA. Ceooker, E.5. Gardid, 4 Zhang, K.S.M. Reddy, 5.

21

3 ¢
4] ¢

51

a1

[71

e}

19

[l

[l

D, Flexner; G.1. Palmstrom, P.A, Growell, Electrical detection of spin tmesport in
Internl forromagner-semiconduetor devices, Mok Phys, 3 (2007) 197-300.

ot Mater, 11 (5) (20127 400- 408,

. Sichith, 1, Bostgenrd, 0., Weiss, Blectrical spin
injection into ligh mobiliby 5 5. Rev. Lert 113 (2004), 236602

. &, Sharman, B.5. Patel, M P, de long, B Jamen, Elertricsl creation
ature 462 (T272) (2009) 491 40‘

apb-polaylzed muoneling from sfllvon
Ilmd ‘I.l( Mater. 3 IE_:. (201 IJ'] 138,

-r-.'-'.nL‘.llLle In silleos af soom temperaty
R Jansma, L

Spin- m‘._l&nr attion \Ll nu...;%z Lundnu -Eaner
012 324327,

1} runned coarses m o solution of the
Rev. B 62 (2000) 16267

EL Rechba, Theoev of elec
confctvity mismateh probl

Phys.

AM. Boy, D.E. Nikemov, KRG, Saramvat; Conduct i oo voleage
penilemes of ane in a4 sEmirone njectinn tlevive, J, Appl

Phys: 107 (20100, LIG'JJ"*

S.A. Crooher, M. Puri Lou, € Adel DL Seith, CJ. Pal P

A Growell, Tmaging manspart in latesal ferromognet/zemicondoctor

structures, Science 359 (20053 2191,

QM.J, van't Erve, A.L. Friedman, E. Cobas, C.H. Li, AT, Hmbl.ckl. K.'M M!C(eaqr
LT, Bobi B.T. Jonker, A h solution to d Spin
injectian from ferramagnetic metal/graphens tnnel contacts into silicon, J. Appl.
Phyn. 113 (20133 170502,
Schmidt, O Fervand, LW, Malenk
ctfon from & ferromu,
2000) -4

na

131
[14]

[15]

18]

nr

s]

s

[20]

121]

122]

123]

124]

1231

125]

127

28]

129]

130]

Materinls Setenca & Engincering B 286 (2022) 115977

M. Cobubew, M.B. Martin, P, Loczkowehl, €, Vers L A Marey, P Armne,

P. Seneor, A Anone, C Demnlon A, Fert 5. Auffrer, © Dueuet, L Nots, L, Vils,

M. Jamet, Faomagnetle wonsl contae s to grogpdene: Contaet resfeinnee and spln

ol J; Appl. Phys. 117 (20153, Da3o0.

B.G. Min. 4,6 Lodder, 1. Jansen, Cobalt-A1203-ilicon tinnel contat & for decarical

spin injecdan into slican, J. Appl, Phys. 99 (2006] 085701-15.

A Dankest. RS, Dulal, 5.P. Duch, BEffi

of the Schotthy Barziss, Sci. Rep, 3196

B.A. Svintsov, V.V, Vyumkow, V.F. Lu AAL Ordikovsky, A. Burenkow,

R Oechmer, Tunnel Fleld Effect Transtorors with Graphene Chonnels,

Semicondvetoes 47 (21 (2013} 279-254,

8, Sugahora, MA Tasaka, pin metal oxide seniiconductor feld-eff=ct

stor uxing holf

Letz 84 (2004)

K.R. Nemods, 5.4 \«l‘1""‘|l|9, Chemiresisrive gns sensing by fwv-layerald grophens

L. Eleenon, Mater. 42 (10 € 3857-2868.

51, Park, ¥_ Tchoe, H. Baek, J. Hen, J 1. Hyun, 0. Jo, M. Kim, N1 Kim, G.-C. Yi,

Grawth and opeical characteristics of high-quality Za0 thin films on graphens
APL Mater. 3 (1) (2015) 016103, hetpz: /) dai.org/ 10.1063/1 4305458,

~ferromagnel contncts for the source and domin, Appl

KR Nemode, 3.A, Waghuley, Lew temperatue synthesls of ssuléonducting
#-AL203 guonrun dots, L= WL I.u -IQ [4) [2014) G102-6113,

KR Nemade, BV, Barde, 5./ Pt brtic study of ok zireonia
ceramic nanocompasits oo By s apray pyrolysiz, Ceram Int 41 [3) (2015)

ARI6-F4D,
H.5. Kim, N, Park, T.J. I.BE..M Um, M. Kang, Preparation of Nancekzed o-A1203
Particles Using a Mi at Mild Te Adv. Mater. Sci.
Eng, 2012[2m2)md=m92mns[5pn3m)

8, Gava, SM, Tebch L LA- Souza, 5.4; Pionare, G.A. Patkocimas. B 'I..'\nyn. &
A. Varela, Struerurnd characss n of angdtion of A0S F
wbtak by polymeric precumor methed, Mater. Chem, P 103 [2-3) [2007)

3945992

M. Mehea, M. Mu khnm-"hv.w R. Christian, N. Mistry, Synthesis and
rhameterizatdon of Mgl nenoarystmls aning srong and wenki bases, Powiler
Technel 226 (2012] 213-221,

KR, Nemade, 5.4, Waghulsy, &
Speay Pyrelysis Techuique for Dptical Investigation, Int. J, Metal: 2014

sthesin of M0 Nanoparticles by Snivent Mized
(20143

X Wang, L Seng, H: Yang, W. Xing, H Lua, ¥. Hu, Cobalt oxide/graphe
eowpesite for highly efficlent :_u onfdation and je u,Jplu:n[JLL ln reducing
Hazards of aliphatic paby 2

M.Z. Igbal, & Hus
magnetoa
3942,

B. Diubak M -B. Martin: B8, Weatherop, H. Yang, C. Demniot, B. Blums,
H Schloegi, A. Fert. A. Anone, & Hofmann, P, Seneor, 1 Hobertoon,
Gmphenepazshared mickel a3 nn axidation reslstant electeod = for spintron
Nano 6 | (2012) 10G3D- 10934,

F. Loeskowshi L VWiln, VI Nguyen, A Marey, JF. Armm
#. Fext, Enhancement of the spiry slgnalin permialloyijol
nan ices by laternl confinement, Phys. Rev. B85 (32
T.A. Paterson, S.0. Paml, C/C Geppert, K.0. Chrinde, A. Rath, Spin Injection and
detection up to room tempermure in Heusler alloy/n-Ganp spin vnlves, Phys Rev.
B 94 (3016), 335300

2017

ACS

H. Jaffres. J.01. George,
old mrultierminal

e and spin ot 3

v. B 37 (100 (1988)

wwwmavnmic matal Interface, Phys,

5313-5325.




Investigation of optical
loaded polyaniline in uv and visible region

properties

of sodium

@ ——
PRINCE orF
SONGKLA
UNIVERSITY

Songldanakarin J. Sci. Technol.
44.(6), 1467-1472, Nov. — Dec. 2022

VSIST

Bt ww gpat. peu s th

Original Article

Investigation of optical properties of sodium superoxide loaded
polyaniline in uv and visible region

Rajesh Barde'', Kailash Nemade?, and Sandeep Waghuley®

! Department of Plyvsics, Governmtent Vidarbha Instttute of Science and Humaniies, Amravatt, 444604 India

2 Department of Physics, Indira Mahavidyalaya, Kalamb, India

| Department of Physics, Sant Gadge Baba Amravan University, Amravati 444602, India

Received: 5 November 2021; Revised: 19 January 2022; Accepted: 30 October 2022

Abstract

The PANINaO: conposites were prepared using an ex-situ technique in 520 wt.% range. The NaO:» was prepared ina
single step by heating sodivm nitrate in oxygen rich environment. Ultraviolet-visible spectroscopy was emploved to extract
optical parameters like direct band gap, refractive index. complex dielectric constant and optical conductivity. The refractive
index increased with NaO: content for 5 and 10 wt. %, and then decreased possibly due to non-bridging oxyzen (NBO) atoms.
The composite with 10 wt. ® NaO: showed the largest refractive index. On increasing the concentration of Na(hz. the band gap
decreased from 2.538 to 2,307 eV and became narrower. Bevond 225 mm wavelength the extinction coefficient increased
linearly, indicating that light trapping was proportional to wavelength. Both parts of the dielectrics follow the same pattern and
the real dielectric constant is higher than the imaginary dielectric constant. The optical conductivity inereased with hu due to a
change in density of localized states in the band gap, and also possibly due to the electrons excited by photon energy.

Keywords: chemical synthesis, sedium superoxide. optical conductivity, direct band gap. dielectric constant

1. Introduction

Conducting polyimers are pursued with a view to
applications. With long-comugated structures. these polymers
have exclusive properties such as flexibility, thermal and
electrical stability, ease of synthesis, and durability (Cabulka &
Gunduz, 2017). With the help of a series of simple anionic or
cationic species. the conductivity of such polymers is
approached through chemical oxidation or reduction reactions
(Chen, 2003}, The conducting polymers behave like
semiconductors with small charge carrier mobility, and their
conductivity approaches the ranze of metals on doping with
suitable dopants (Khairy, & Gouda, 2015). The wransporm,
optical and mechanical properties of these polymers can

*Corresponding author
Email address: rajeshbardel 976/@ gmail com

changed with the addition of dopant agents (Vadukumpully,
Paul, Mahamta, & Valiyaveettil, 2011). The most common
conducting polymer is polyaniline (PANi) becanse it is
environmentally stable, easy to synmthesize. has vanable
conductivity, and remarkable chermical, electrical and optical
properties  (Mini, Archana, Raghu, Sharanappa., &
Devendrappa, 2016). 1t has industrial applications in
electrochromic devices, sensors, conductive paints, drg
delivery. rechargeable battery electrolytes, and solar cells
(Stenicka ef al., 2008: Yilmaz, Akgoz, Cabuk, & Karaagac.,
2011). The PANi can be synthesized from acidic aqueous
solutions chemically or electrochemically. The chemical
method is useful for large scale production of PANI, as it is
very affordable. Oxidative polvinerization is widely vsed for
the preparation of PANi with an oxidant like ammonium
persulfate ((NHip5:0n) (Mathew, Yang, & Mattes, 2002).
Nowadays, sodium-ion batteries appear to be most
promising for electrical energy storage, to address the energy
crisis and the pollution from fossil fuels (Li ef ol 2019 Xu,

superoxide
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Hui, Dinh, Hud, & Wang, 2019). The NaO: battery that takes
advantage of superoxide chemistry differentiates itself from
current  energy-storage techniques (Rem, & Wu, 2013)
Sodium superoxide has more feasible cell chemistry than
Lithivun oxide, due to the discharge products (Hartmanm ef af..
2013). The preparation of stable superoxide is a complicated
task for researchers. Nemade ef al. reportad a novel synthesis
approach for stable NaOno The nanoparticles of MNaO: are
synthesized by spray pyrolysis while maintainimg high-density
oxygen environment, so that a higher purity of the superoxids
phase is achieved. These batteries can be cycled forming
sodiim superoxide as the lone discharge product with
improved cycle life (He e7 al., 2016). Peled er al. reported that
on using sodium as the anode and oxygen as the cathode,
these batteries ran several cycles at the temperature of 105°C
(Peled, Golodnitsky., Mazor, Goor, & Avshalomov, 2011).
The 0.2 V ;.har\ne polarization of sodium supemxlde baneu'
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2.2.2 Synthesis of NaO:

The sodium superoxide (NaO3z) was prepared using
spray pyrolysis i an oxygen rich environment at a
temperature of 673 K. Sodinm nitrate and hydrogen peroxide
were used as precursors in the preparation of NaO:. The
suspension for spray pyrolvsis was prepared by adding 1 M
sodilun nitrate in 20 ml H2Op under strong magnetic stirring,
Subsequently, this suspension was emploved for spraying
under constant oxygzn flow on 5i0o heating substrate. The
stmucture and phase purity of NaOy were confirmed throngh
XRD analysis that was published in our previous work (Barde,
2016).

2.2.3 Preparation of PANI'NaO; composites

'Ihe PANINaC2 compounes were synthesized m

iy Ga1 fhe T

sygen batleries,
These ﬂesuilts show the formation of NaO: crystals in a one-
electron allocation step as a solid discharge. This suggests
replacing lithinm-ions by sodiom in batteries, with an
unexpected owlcome of metal-air batteries (Hartmaun ef af.,
2013). These batteries have garnered lots of attention because
they exhibit the highest theorstical enersy density and also
offer the benefits of using abundant rare earth elements and
potential cost efficiency (Park er af., 2018).

In this study, we plan to examine the optical
properties of NaO: doped polyaniline in U and wisible
regions at room temperature. Several parameters like band
gap, refractive mdex, complex dielectric constant, and optical
conductiviry were investigated,

2. Materials and Methods
2.1 Materials

AR grade chemicals (992 purity, SD Fing) were
used to prepare PANYNaO: Conposites. Sodium nitrate was
used for the synthesis of sodium superoxide (NaO2). For the
synthesis of polyaniline (PANI) aniline monomer and
ammoninm persulfate was used. As such synthesized PANI
was washed with hydrochloric acid. Doubled distilled (De-
ionized) water was used in all experiments.

2.2 Methods
2.2.1 Synthesis of PANi

By using oxidative polyvmerization, PANiI was
chemically synthesized at room temperature. Ammordwm
persulfate ((NH:)25:0s) (45.34 gm) was dissolved in doubly
distilled water (100 ml) and mixed with magnetic stiming for
00 min. Again, with constant stirring for 90 min, aniline
monomer (18 ml, for better yield) was added drop by drop
from a burette, in an ammonium persulfate solution. The
resultant product appears greenish black and was kept for 12h
at room temperature. To wash the product, 1M hydrochloric
acid solution was used. The product was filtered and washed
until the filtrate become coloriess. and then dried at 45 “C
ovemight (Tbrahim, 2017).

aad SR &
good dispersion of NaC: in the

matrix, using an ex-sitn technique with the quantity of NaO:
varied in 5 wt.% steps in the range from 5 to 20 wt.%. The
composites were labeled for pure PANI as (Po), 5 wt.% NaOn2
as (P1), 10 wi.% NaQ:> as (P2), 15 wi.% Na0» as (P:) and 20
Wi.% NaD: as (P4}, The satmples were subjected to an optical
smdy using ultraviolet-visible spectro-photometer on samples
of equal thickness (2 = 0.1 mm) to record the optical
properties of all prepared composites. The samples were also
tested by XRD, SEM and FTIR as published in ow previous
worl (Barde, 2016).

3. Results and Discussion

The optical absorption spectmum allows estimating
the optical energy band gap of crystalline and amorphous
materials. The absorption corresponds to electron excitation
from the valance band to the conduction band, and is vsed to
verify the character and value of the optical band gap (Cabuk,
& Gunduz. 2017). The absorption spectra of PANINaO:
composites were obtained over the range 200-700 nm. The
absorption coefficient (o) was calculated using (Fox, 2001 )
23034

i
where [ is the sample thickness in cm and A is defined by A =
log (To/T) where To is the intensity of the incident beam and T
is the intensity of transmitted beam.

Figure 1 shows a penetrating absorption dip in the
region from 210 to 220 nm and a broad hump in the region
300—600 nm. The absorption bands in the regions 200- 400
nm and 400-600 nm are attributed to the ligand-to-metal
charge transfer (Lian ef al., 2009; Li ef al., 2008) and to the
pair excitalion processes (Wang ef al.. 2014) respectively. The
wide absorption band in 250-600 mm may be a charge wansfer
transition from O to Na™ in NaOz.

The refractive index (n) is another significant
parameter in opto-electronic parameters. Refractive index (n)
and extinetion coefficient (k) are the real and imaginary
components of the complex refiactive index N=n—ik. These
components represent the optical properties of the prepared
composites. The refractive index has a substantial role in
optical communication as well in designing antireflection
coatings (Chopra. & Kaur, 1969). The refractive index is
calculated by using the relation:

ald) =
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Figure 1. Absorption spectra of purs PANI and PANY I¥a0:
composifas
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where % T is transmission throngh the sample.

Figure 2 shows the plot of refractive mdex ws
wavelength. Due to the mtense absorption by composites in
the ultraviolet region, there iz a sharp decrease in refractive
index around 215 nm. Also, on the lower wavelength side the
PANI/ NaO; composites have a low refractive mdex, whereas
its value inereases up to 370 nm. and bevond this decreases
gradually. Initially. the refractive index also mereases for 5
and 10 wt, % NaO2, and then decreases possibly due to non-
bridging oxygen (NBO) atoms, The composites with 10 wt, %
Na0; show the largest refractive index.
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Figure 2. Vanation of the refractive index as a function of
wavelemgth

Extinction coefficient can be estimated by (Gedia ef
al., 2015)
al
Y
where o is % absorption and A is the wavelength.

Figure 3 shows that beyond the wavelength 225 nm,
the extinction coefficient of undoped PANI and all PANY
NaO: composites increases linearly, indicating light trapping.
From this, we conclude that light trapping is proportional to
wavelength (Barde, 2016: Barde. Nemade, & Waghuley,
2015). On other hand. the wavelengths between 200 and 225
nm are nof trapped by the samples as the extinction coefficiant
is nearfy constant between 200 and 225 mm. The largest
extinction coefficient was found for the 10 wt. % case of
PANINaO; composite.
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Figure 3. Vanation of extnction coefficient as a function of
wavelength

Analysis of absorption spectra is the most valuable
means for explaining the optical transition and electronic band
stmeture of materials. The band gap is also a very important
property for photovoltaic device applications. The basic
principle 1s that an electromagnetic wave mferacts with the
electron i the valance band and a photon having higher
energy than the band gap will be absorbed as the electron is
transferred across the findamental gap to the conduction
band. The expression of the absorption coefficient. (), to
determmine direct band gap (Eg) was given by (Song, Wang,
Yuan, Yao, & Jing, 2015):

ahd) = A(ht — ;)"
where A is an energy dependent constant. Eg is the band gap
of the material, and the index m is a constant with discrete
values 1/2, 3/2. 2 or more, depending on whether the
transition 1s direct or mdirect and allowed or forbidden.
respectively (Slmmaila er al. (2011)).

Figure 4 shows the Tauc plots between (ahid ¥ and

hi) for all compositions of PANiNaD: composites. By

extrapolation of the linear part of the plot, the band zap energy
was estimated. It was found that on inereasing NaO:, Eg
decreased from 2.538 to 2.307 eV and became narrower, The
doping of NaO: may increase localized electrons due to an
merease of the donor centers, which decreases the band gap.
and this is responsible for the red shift of the absorption edge
(Shailajha, Geetha. Vasantharani. & Sheik Abdul Kadhar,
2015). This band gap namowing is predictable and important
to applications in photocatalysis.
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Figure 4. Tauc plot of (ahw ¥ versus photon energy.
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The dielectric function comprises (i) its real part
(&r). which signifies the capability of materials to decrease the
spead of light; and (ii) its imaginary part (&), which represents
absorption of energy fom an electric field due w dipole
motior. Both these parts have direct relations with refractive
index and extinction coefficient (Equations (3) and (4))
(Abdullah, 2013: Barde, Nemade, & Waglmley, 2015),

£ =71% — %

£ = 2nk
whete k is the extinction coefficient and n the refractive index.

It was found that the real dielectwic constant (&)
moastly depended on refractive index (n%) because of low
values of extinction coefficient (k). while the imaginary
dielectric constant (g) mostly depended on extinction
coefficient (k) which is related to the variation of absorption
coefficient. Fignre 5 shows the variation of the real dielectric
constant with wavelength. The real dielectric constant
increased linearly with wavelength. The 10 wi. % of NaO»
sample shows the largest real dielectric constant. hence this
sample exhibits the highest ability to slow down light
(Sharma, & Katyal, 2007).

10000
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— ™
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Figure 5. Variation of real dielectric constant

The plots of the imaginary dielectric constant
against wavelength are shown in Figure 6. The imaginary
dielecirie constant inereased lnearly with wavelength, and the
10 wi. %0 case of NaO: in sample had the largest energy
absorption from an electric field due to dipole motion (Bakr er
al., 2011). Both the real and imaginary parts show the same
pattern and the real dielectric constant was larger than the
s gnary dielectric constant.
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Figure 6. Variation of imaginary dislectric constant.
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Optical response is  explained by optical
conductivity (e} and its dimension is similar to frequency,
which is valid only m a Gaussian system of wmits. It is
caleulated by using following relation (Barde, Nemade, &
Waglmley, 2015},

acn

Topt = T
where ¢ is velocity of light, o is absorption coefficient, and n
the refractive index.

The plot of oo verses hw is shown in Figure 7. In it
Gopt Increased with photon energy. Initially as NaO: content
increases, the optical conductivity first mcreases and then
decreases. The increase in optical conductivity is due to
increases in both absorption coefficient and refractive indsx
with Na(n. and may be due to the change m density of
localized states in the band gap (Yakuphanogln. Colurovali,
& Yilmaz, 2005) and alse may be due to the electron
excitation by photon energy,

ASOO001H)

- M
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& arsm000

L2 1% 1R 31 B4 2T EF 33
huteV)

Vanation of optical conductivity as a function of photon
ene1gy

Figure 7

The optical study of Sodium Superoxide Loaded
Polyaniline composites indicates that this material system
potentially has applications in terahertz devices. flexible and
thin electromagnetic  shielding, and electromic
components. The characteristics, such as being lightweight,
resistant, and stable, enable these composites to be used in
electromagnetic shielding applications. Easy control of the
electrical conductivity of these composites makes them an
important research domain for reliable industiial development.

In the context of environmental impact, polyaniling-
based composites exhibit high water dispersibility. In addition
to this, polyaniline is considered most promising due to its
easy synthesis, environmental stability. low toxicity. and
thermal and radiation stability.

4. Conclusions

This work successfully demonstrated PANI/NaO:
composites prepared by using an ex-situ technique, The NaO»
was prepared in a single step by heating sodium nitrate in an
oxygen rich emvironment. The optical absorption spectra of
PANINaO: composites show an intense abserption dip in the
region from 210 to 220 nm and a bread hump in the region
300700 nm. The prepared composites show trapping of light
with extinction coefficient proportional to wavelength, These
composites have a low refractive index on the shorter
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wavelength side, whereas on the longer wavelength side it
increases up to 360 nm; and beyond this the refractive index
decreases gradually. The direct band gap was estimated for
soditin  superoxide loaded polyaniline composites. The
dielectric constant measuwrements show Hoear behavior as a
function of wavelength. Optical conductivity increases with an
increase of photon energy due to the change in density of
localized states in the band gap.
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Abstract

Sodium superoxide loaded phosphovanadate based glass systems were prepared from a mixture of
vanadium pentoxide (V20s), phosphorus pentoxide (P:0s) boric acid (H:BOs) and sodium superoxide
(NaO:) using a melt-quenching method. Amorphous phase of as-prepared glass system confirmed using
XRD technique. Surface morphology of glass system studied using scanning electton microscope.
Ultraviolet-visible spectroscopy was employed to extract complex optical parameters like direct and
indirect optical band gap, Urbach energy, refiactive index, complex dielectric constant and optical
conductivity. The absorption bands in the region 200 - 400 nm are recognized to the ligand-to-metal chargs
mansfer. The region of 400 - 600 mmn is ascribed to the pair excitation processes. The refractive index
increases initially and then decreases for 15 and 20 mol % of NaO: due non bridging oxygen (NBO) atoms.
The 25 mol % of NaO- sample shows maximun value of extinction coefficient and refractive index. The
direct and indirect band gap energies vary in between 2.067 to 1.824 eV and 1.869 to 1.495 eV, respectively.
With increase in concentration of NaO», the effective band gap of NaO: decreases because band edge shifted
mto forbidden gap due to increase in defect levels below the conduction. This primary report on sodium
superoxide loaded phosphovanadare based glass systems opens wide avenme for battery and supercapacitor
applications. Tailing in the bandgap was observed and found to obey Urbach nule.

Keywords: Optical properties, Sodium superoxide, Phosphovanadate glass, Optical conductivity, Urbach
energy. Direct band gap, Dielectric constant

Introduction

Conducting glasses are potential candidate for solid state batteries due their admirable conductivity
and chemical stabilitv against atmospheric changes. In this caregory. V>0s glasses has a great potential due
to its advantages like gencrating various structural groups [1,2]. showmg clectrical and optical propertics
and mostly its competence as a host for different metallic ions [3]. These properties usually used in
fabrication of electrochemical batteries [4], memory switching devices [S] and supercapaciter [6]. The
electrical properties of vanadate glasses are determined by the transition metal ions which existing in V+
and V" states and the conduction mechanisw is conguered by small polaron hopping between them [7.8].
One of the greatest imperative glass forms is Borate glass as it 1s often appropriate, optical and dielectric,
it also insulates materials that are extremely transparent, have a low melting point and have a high thermal
stability. Tt can also be wtilized in many applications [9.10]. The B;03-P205 glasses are more popular for
their low refractive index and exrracrdinary optical properties [11]. These glasses exhibit excellent chemical
durability when doped with transition metals due to formation of BO4 tetrahedral, which transforms
metaphosphate chain info 3-dimensional network [ 12]. Hence, they are useful as une able solid-state lasers
[13], optical materials [14]. memeories [15], luminescence materials [16]. converters for solar energy [17]
and fiber optic cormmumication devices [18].

Now a days, sodium-ion batteries have been explored as the most promising power sources for
electrical energy storage due 1o energy crisis and pollution from fossil fuels. [19.20]. The NaO: battery that
takes advantage of the superoxide chemistry differentiates itself among current energy-storage techniques
[21]. The sodium superoxide is feasible to the cell chemistry than lithivm oxide cells, due to easily
noticeable discharge products [22]. The preparation of stable superoxide is a complicated task for the
tesearchers. Nemade er al. reported the novel synthesis approach for stable NaOn. The spray pyrolysis
technique is emploved for preparation of NaO: nanoparticles in which high density oxygen environment is
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maintain to achieve higher degree of purity in superoxide phase [23]. These batteries can be cyveled forming
sodium superoxide as the lone discharge product with inproved cyele life [24]. Peled ef 4l reported that
using sodium as the anode and oxygen as the cathode, these batteries ran several cycles at the temperature
of 103 °C [25]. Hartmann e! a/. reported that a sodium superoxide battery with 0.2 V voltage polarizations
upon charge, which makes this teclmology as optimistic competitor to lithiwm oxygen batteries. The results
of the study show that sodium superoxide crystals forms in a one-electron allocation step as a sohid
discharge. This work opens the way for the replacement of lithivm-ion by sodium for batteries, which offer
an mnpredicted owtcome as metal-air batteries [22]. These batteries have engrossed preat attention because
they exhibit the highest theoretical energy density while also offering the advantages of elemental earth
abundance and potential cost efficiency [26]. The photochromic effect enticed many researchers. The main
defect found in the glasses arenNegative electron-centers (EC) and positive hole. This defect was
investigated by optical spectroscopy to inspect their electronic transitions that cause high absorbance in the
UV-VIS region [27]. Thakur ef al. studied the optical, struchural, and dielectric spectroscopic properties of
B203-Bi203 glasses glasses doped with Zr02, and SeO2 which confirms the ionic character of the studied
glass samples [28].

In this we plan to investigate the complex optical properties of sodium superoxide doped vanadate
glass system in UV and visible region. Several parameters like as optical band gap. Urbach energy.
refractive mdex, complex dielectric constant and optical conductivity were iovestigated at room
temperature.

Materials and methods

NaO: was synthesis from AR grade, SD fine sodium nitrate (NaNO;) by heating in oxygen rich
surrounding [29]. For the preparation of glasses 99 % Purity, 5D fine vanadium pentoxide (V.0s),
phosphorus pentoxide (P20s) and boric acid (H:BOs) along with a prepared NaO: was used. The samples
of compositions 60V :0:—35P0:—(35-K) B20:-xNaOz, X = 3, 10, 15, 20 and 25 mol % were prepared by
usual melt-quenching method as described in our previous work [30]. By using Bruker D8 advance with
Cu Ko radiation the phase purity and structure of as prepared NaO» and glasses were confirmed with scan
rate 6.00 in the range 20° - 80°. Morphologies of all prepared samples were studied by using JEOL-6390LV
SEM. Ultraviolet-visible spectro-photometer was used to record the optical properties of all prepared
glasses, from which the optical band gap, Urbach energy. refractive index, Complex dielectric constant and
optical conductivity were calculated.

Results and discussion

XRD pattern of NaO» 1s shown in Figure 1. The peaks (200), (220), (311) and (222) appear n XRD
accurately index to NaO: according to JCPDS reference card No. 01-077-0207, which confimus the
formation of NaO: [22, 29]. In XRD pattern of prepared glass samples depicts in Figure 2. there was no
characteristic peak which corresponds to any crystalline phase pointed out the formation of glasses.

= NaO
: 2
=)
<
[ -
-4 =
E =)
g8
I\ A
26 30 35 40 45 50 655 60 65 70

20 Position
Figure 1 XRD of Sodium Superoxide (Na02).
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Intensity (AU)

20 Position

Figure 2 XED of 60V205—5P:105(3 5-x)B20:-xNaO: for (a) 5 mol %. (b) 10 mol %, (c) 15 mol %, (d) 20
mol % and (e) 25 mol % of NaO.

From Figure 3 it is shows that, the grains are high apglomerated having pood interconnectivity
between the particles, which helps the transportation of charge particles [31]. From the image it is clear that
sample exhibit an iregular granular morphology.

- o' VN
EHT = 3.00 kv Signal A = InLens
WO = 24 mm Meg= 1800 KX

Figure 3 SEM image of 20 mol % of NaO: doped glass sample.

The absorption spectra were recorded at room temperature by using UV-Visible spectrophotometer
in range of 200 - 600 nm. From the absorbance, the optical absorption coefficient (o) was calculated. After
correction for reflection losses. o may be find out by using the relation [32]:

a(ﬁ) _ 23034

1 (1

where / is the sample thickness in cm and A is defined by A = log (Io/T) where To and I are the intensity of
the incident and transmitted beams.
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From these spectra, displayed in Figure 4, shows an intense absorption dip in the wavelength region
220 to 230 nm and a broad hump in the wavelength region of 300 - 430 nm. The absorption bands in the
region 200 - 400 nm are recognized to the igand-to-metal charge transfer [33]. The region of 400 - 500 nm
1s ascribed to the pair excitation processes [34]. The broad absorption band between 250 - 450 nm may be
due to the charge transfer transition from O» to Na” in NaOs.

% Absorbance (a.u.)

200 300 400 500 €00
Wavelength (nm)

Figure 4 Absorption spectra of the glass systems.

The optical properties of as such prepared glass system may be represented by the refractive index
(n) and extinction coefficient (k). which are the real and imaginary components of the complex refractive
index ¥ = n—ik, respectively. The extinction coefficient can be estimated by using the relation [35]:

i
k=0 2)

where, o is % absorption and 2. is wavelength.

From Figure 5{a) shows that, in the region 225 - 500 wn, extinetion coefficient of all glasses increases
linearly and it is measure of captoring of light, which concluded that light trapping is proportional to
wavelength. The extinction coefficient curve becomes almost linear beyond 525 nm. [36,37]. Which is
favourable with absorption behavior of glass system. The 25 mol % of Nalh sample shows maximum value
of extinction coefficient.

Refractive index has an important role in the search for optical materials, in optical comnumication and in
designing antireflection coating [38]. The refractive index was estimated using the formula Eq. (3) [36];

=1 3

1
n= et T %t

where 0T is transmission through sample.

Figure 5(b) shows the plot of refractive index with wavelength, which shows that samples have
jagged reduction in refractive index around 225 nm due to strong absorption in UV region. Also, samples
have small value of refractive index on shorter wavelength side, whereas on longer wavelength side its
value mcreases up to 340 nm and beyond it. refractive index decreases gradually. With the concentration
of NaO», refractive index also increases initially and then decreases for 15 and 20 mol % of NaO» due non
bridging oxygen (NBO) atoms. The maximum value of refractive index is detected for 25 mol % of NaQ:.
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Figure 5 (a) Variation of extinction coefficient and (b) Variation of refractive index of the glass system as
a function of wavelength,

Amnalysis of absorption spectra is one of the most valuable means for explaining the optical transition
and electronic band structure materials. The band gap is also very important properties for photovoltaic
device application. The basic principle is that, electromagnetic wave interacts with the electron in valance
band and photon having higher energy than the band gap will be absorbed. There are 2 categories of optical
transitions direct and indirect and in both cases, due to interaction of electromagnetic waves with electrons
in the valence band, it raised across the fundamental gap and goes to the conduction band The expression
of the absorption co-efficient, (@) to determine direct and indirect band gap (Eg) was given by Davis and
Mot [39]:

aht = A(h9 — E,)" @)

where A is an energy dependent constant, Eg is the optical band gap of the material, m is a constant that
depends on the semiconducting materials, which can be expected to have values of 1/2, 3/2, 2 and 3. The
value of m depends on the type of the electronic transition responsible for absorption: 1/2 for allowed direct
transitions, for direct forbidden transitions it 1s 3/2, for allowed indirect transitions it is 2 and for indirect
forbidden transitions it is 3 [23] For glassy materials indirect transitions (m = 2) are valid according to the
Tauc’s relations. The indirect oplical energy band gaps (Eg’) of samples can be found by plotting (whu)®
verses hv and extrapolating it to (ahv)'® = 0.

Figures 6(a) and 6(b) shows the Tanc plots for indirect and direct band gap energy of different
composition of Na(Q; loaded glass system, respectively. The direct and indirect band gap energies vary in
between 2.067 to 1.824 eV and 1.869 to 1.495 eV respectively. The band gap of the glasses became more
and more narrower along with the concentration of NaO-. Also. due to increase in NaO: in the glasses
creates a large number of donor centers and growth of new polaronic can lead to a considerable reduction
in the band gap which suggests the conversion of the bridging oxygen (BO) atoms in to non-bridging
oxygen (NBO) in the glasses. The band gap of glasses are effectively impacts as NBOs have higher energies
than the BOs. The addition of NaO» may increases localized electrons due to increase of donor center in the
which decreases the band gap and it is accountable for the red shift of the absorption edge [40]. It indicated
that NaO: doping successfully extended their solar response spectra.
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Figure 6 (a). Tauc plot of (ahv)® versus photon energy and (b) Tauc plot of (cchu)'? versus photon energy
of various glass samples.

The width of the defect bands formed in the band gap of NaO: as an intermediate state which create
a band tail known as the Urbach tail on both sides of the top of the valence band and bottom of the
conduction band and the energy associated with this tail is referred as Urbach energy explained by following
equation;

a(d) = ayexp (%) (5)
where o is a constant, hu 1s the photon energy and Ev 15 the Urbach’s energy [41,42].

The Eyis caleulated from the plot of Ln o vs. hu, i.e., from the slopes of the linear portion, below the
band gap and the source of it is considered as thermal wibrations in the lattice, Urbach energy for each glass
samples are as shown in Figure 7 which varies in between 0,432 10 0.574 eV, The defect energy increases
with decrease in band gap, which abviously supports the creation of sub-band states in between the valence
and conduction bands consequence in the reduction of the band gap. With increase in concentration of
NaQ;, the effective band gap of NaO: decreases because band edge shifted into forbidden gap due to
increase in defect levels below the conduction [43. 44]. The relationship of the band gap with Urbach energy
for different samples are shown in Figure 8{a). The pictonial representation of formation of Urbach fail in
NaQ: doped V205-P20s-B20: glass is shown i Figure 8(b). Table 1 displays the estimated values of
direct, indirect band gap and Urbach energies for various NaO» contents.

L L1 Y
035
=028
=
2021
©
— 0.14
=} —— S mol %
- 007 — 15 mol %
—— 20 mol %
0.00 - —— 15 mol %
1.5 1.8 21 2.4 2.7 3.0
hu (eV)

Figure 7 Plot of Lo(o) vs. b for the deternmnation of Urbach energy.
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Figure 8 (a) Variation of band gap and Urbach energy for different mol % of NaO:. and (b) Formation of
Urbach tail for NaO: doped V20:—P205-B:0: glass,

Table 1 Direct. mdirect band gap values and the Urbach energies for various NaO» contents.

Direct band gap Energy Indirect band gap TUrbach Energy (Ev)

Suiiple (€ (V) Energy (Fs) (¢V) ()
5 mol % 2.067 1.869 0.433
10 mol % 2407 1.771 0.456
15 mol % 2.008 1.762 0.459
20 mol % 1.912 1.618 0.497
25 mol % 1.824 1495 0.575

The optical dielectric function is complex quantity which consists of real part (g;) which represents
the ability of materials to reduce speed of light and imaginary part (&) represents absorption of energy from
an eleciric field respectively. Both part of dielectric constant shows direct relation with refractive index (u)
and extinction coefficient (k) [43.46].

(6)

— 22
g =n"—k

g =2nk M
Tt is found that g; mostly depended on n® becanse of insignificant values of k%, while &; mostly depends
on k values which are related to the change of absorption coefficients.

The plots of real and imaginary part of dielectric constant verses wavelength at room temperature are
shown in Figure 9(a) and 9(b), respectively. The value of & increases linearly with wavelength from 225
nm up to 490 nm. The 25 mol % of NaO: sample shows uppermost value of &, hence it exhibits highest
ability to slowdown light, as real dielectric constant is measure of slowdown of speed of light [47]. The
curve of & increases linearly from 225 nm upto 500 nn. In this, due to dipole motion, 25 mol % of NaQ-
sample have the highest strength to absorb energy from an electric field. [48]. In this both real and imaginary

parts follow the same pattern and & are higher than the «;.




Trendr Sci. 2022; 19(23): 2077 Bofll

— 5mol %

30004 — &mol % —, 1054 — 10 mol %
— 10 mol % —15mol %
2500 —— 18 mol % —20mol %
— 20 mol % 90 __ 25 mol %

20004 —— 25 mol %

Real Dielectric Constant

Imaginary Dielectric Constant

(a) (b)

200 300 400 500 600 200 300 400 500 600
Wavelength (nm) Wavelength (nm)

Figure 9 {a) Variation of real dieleciric constant and (b) Variation of imaginary dielectiic constant as a
function of wavelength.

Optical conductivity denotes the optical response of a material and the dimension is same as that of
frequency which is valid solitary in a Gaussian system. The optical conductivity { o) has been calculated
by using the relation [37].

acn
o—opt = 7y (3)

s
where ¢, o and n are speed of light, absorption coefficient and the refractive mndex respectively. The plot of
oy With photon energy is shown in Figure 10. It shows that @,y increases with photon energy as well as
NaCh, which may be due to the increase of both absorption coefficient and refractive index with NaO» also
due to the change in density of localized states in band gap [49,50], and electron excited by photon energy.

| —— Smol %
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o | =——15mol %
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Figure 10 Variation of optical conductivity of glass samples as a function of photon energy.
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Conclusions

The present work successfully reports the preparation of sodivm superoxide loaded phosphovanadate
glass system by melt-quenching method. The prepared glass system has good quality amorphous phase,
confirmed through XRD study. The absorption spectra show intense absorption dip in the wavelength
region 220 to 230 nm and a broad hump in the wavelength region of 300 - 450 nm. The prepared plass
system shows capturing of light that is extinction coefficient is proportional to wavelength in range 225 -
500 mm. Prepared samples have small value of refractive index on shorter wavelength side, whereas on
longer wavelength side its value increases up to 340 nm and bevond it, refractive index decreases gradually.
The values of diect and indirect band gap. and Urbach energy were successfully estimated for the prepared
glass system. The dieleciric constant measurements show linear behavior with wavelength. The defect
energy increases with decrease in band gap, which obviously supports the ereation of sub-band states in
between the valence and conduetion bands consequence in the reduction of the band gap. With increase in
concentration of NaOs, the effective band gap of NaO: decreases because band edge shifted into forbidden
gap due to merease in defect levels below the conduction.
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1. Introduction

The energy requirement of world is rising day by day
and it is estimated that energy requirement will be
double by 2050.'"" A photovoltaic or solar cell is used
to convert the light energy into electrical energy. The
electric power generation from renewable energy
sources is the need of time. Among renewable energy
resources used for generation of electricity, solar photo-
voltaic technology is rapidly gmwing.'z""

The interesting characteristics for the replacement of
traditional energy sources by photovoltaic technology are

e Fossil fuels are limited and their cost is
increasing day by day on the other hand solar
energy is abundant & free.

Fossil-fuels pollute the environment & solar PV's
does not release pollutants.

Fossil-fuels create global warming & solar PV's does
not.

As compared to other renewable energy sources,
solar PV’s provide the highest power density.
Solar PV's has low operational costs &
maintenance.

There are more than 100 countries in the world
where the work on solar PV technology is topic of
intense research.*™"!

1.1. Metal oxide/polymer composites

Polymer solar cells work in the following four stages for
photocurrent generation:

(1) Excitons formation by absorption of light by the
activated layer.

(2) Free charges formation by excitons at electron
donor/acceptor interface.

(3) Transter of the charged species in presence of
electric field.

(4) Collection of charge by electrodes.'"!

One of the popular methods for charge separation in
organic films is the addition of electron acceptors like
TiO;nanomaterial.l[2""’Palymerﬁiuc:rganic composite is
topic of interest in research due to the synergetic effects
which lead to better electrical properties. The direct
interfacial interaction of the polymers &inorganic com-
ponent in composite improves electronic properties. In
composite, the polymeric material acts as donors and
inorganic component are acceptors.

In this study, Titanium dioxide (TiO.) is n-type semi-
conductor with mechanical flexibility, and its conduc-
tivity can be modified by doping with PANi (p-type) to
obtain high current by exciton separation at TiO,
/PANiinterface." "] Polyaniline is one of the most
studied material because of its eco-friendliness, good
electrical conductivity, low cost, rigidity, unique rever-
sible protonic dupability etc. PANI is widely used in
nanoelectronic devices.

The high efficiency of composites of PANI&TIO,in
photovoltaic devices can be explained on the basis of
following:

1. The band-gap energies of PANI (2.8 &V) &TiO,
(3.2 eV) are nearly same which facilitates the separation
of charges and the transfer of electrons.
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2. The photo-generated electrons get excited by light
which increases the conductivity as well as photoelec-
trochemical response.

Another reason for enhanced photosensitivity of
PANI/TIO, film depends on energy level When
PANI/TIOsfilm irradiates withlight, boththeTiO, and
PANI shows absorption of photons & charge separation.
As the conduction band of TiO, and the LUMO level of
the PANI are nearer to each other, it facilitates the
charge transfer."!?!

2. Experimental

In present work, Polyaniline (PANi) was prepared by
Chemical oxidative method by Ammonium persulfate as
oxidant. Both aniline and oxidant in stoichiometric ratio
were dissolved in aqueous medium. The greenish black
ppt was obtained and it was kept for 24 hours at room
temperature to achieve complete polymerization. The
product was washed with distilled water and then dried
in an oven.” For preparation of Polypyrrole(PPy),
FeCl; was used as oxidizing agent. The suspension was
kept at room temperature for 24 hours to get complete
polymerization. Finally, the black ppt. of polypyrrole
was washed with Acetone and dried in an oven.™"!

Polyindole(PIn) was synthesized by Chemical oxida-
tive method wsing FeCl, as an oxidizing agent and 0.1 M
Hydrogen peroxide was added to enhance the rate of
reaction. The reaction mixture was stirred for 12 hours
at 30°C."**! Polythiophene (PTh) was obtained by mix-
ing thiophene with ferric chloride. Hydrogen peroxide
was added to increase the rate of reaction. The complete
polymerization was obtained by constant stirring for
24 hours at 30°C. Then, concentrated sodium hydroxide
solution was added to get the product. The product was
washed with distilled water and dried in oven.**!

The Titanium dioxide (TiO,) was obtained using 10%
titanivm chloride (TiCl,), 15% HCl and ammonia solu-
tion in aqueous solution at alkaline pH. 3% H.O,was
added to increase oxidation rate. The resulting solution
was kept at room temperature for 24 hours and probe
sonicated. The product was washed with distilled water
and dried in oven.*"'The Polymer/Metal oxide compo-
sites were prepared by ex-situ approach. During pre-
paration of composite, Polymer (1 g) and Metal oxide
(0.1 g) were added to the organic media.

The X-ray diffraction (XRD) patterns of as prepared
materials were recorded on Rigaku Miniflex-1T X-Ray
Diffractometer. The morphology of samples was inves-
tigated using scanning electron microscope (SEM)
images obtained from JEOL JSM-7500 F. The ultravio-
let—visible (UV-VIS) absorption spectra of composites
were acquired using Agilent Cary 60 UV-VIS

Aluminum

Figure 1. Side face of fabricated PV cell.

spectrophotometer. The Bruker RFS 27 Raman spectro-
meter was used for Raman analysis. Electrochemical
study of prepared samples was carried out using three-
electrode cell systems (CHI 660 D, CH Instruments).
As-prepared materials were used as the working elec-
trode, platinum wire as counter electrode and Ag/AgCl
as the reference electrode. Photoluminescence (PL)
spectra recorded using fluorescence spectroscopy (FL
spectrophotometer model F-7000; Hitachi).

2.1. Fabrication of photovoltaic cell

The PV cells were prepared by doctor blade technique.
The composite material was present as sandwich
between ITO layer of plate and aluminum (Figure 1).
The foil of aluminum acts as metallic electrode. The
temporary binder was used to deposit the compasite
material on ITO coated plate and on that layer alumi-
num foil was kept. Then, it was dried at 40°C in order to
remove the volatile organic components. The thickness
of deposited layer was controlled by using transparency
in doctor blade technique.

The current-voltage, that is, I-Vstudy of Photovoltaic
cell was done by using an incandescent light bulb having
power 0.2956 Watt/m®. The parameters like short circuit
current (Ise), fill factor (FF), power conversion efficiency
(n) & open-circuit voltage (V) were measured using
these conditions. The Fill Factor of Photavoltaic cell was
measured using following equation,

 Dax % Vi
HE= Ise % Ve

The power conversion efficiency, that is, %n of
Photovoltaic cell was calculated by following relation,

o Veoose B
Yig = (I_":X_I‘HE. 2. H) % 100

The FF and %n are the very important parameters for
study of any PV cell. By using these parameters, it is
possible to study any photoveltaic cell and its
performance.




3. Result & discussion
3.1. XRD

Figure 2 indicates XRD pattern of (a) TiO, (b)
Polyaniline (PANi), (¢) Polythiophene (PTh), (d)
Polypyrrole (PPy), (e) Polyindole (Pin), (f) TiO.-

Polyaniline  composite  (Ti-PANi), (g) TiO,-
Polythiophene  compasite  (Ti-PTh), (h) TiO,-
Polypyrrole  composite  (Ti-PPy) and (i) TiOz-

Polyindole composite (Ti-Pin).

The experimental XRD pattern of TiO;matches with
the JCPDS card no. 21-1272 (anatase Ti0,). Strong
diffraction peaks at 25°,38% 48°, and 54° indicates TiO,
in the anatase phase. The intensity of XRDpeaks indi-
cates that the formed nanoparticles are crystalline_m"“bl
X-ray diffraction of PANI shows peaks in the 26 range
15 to 307, The sharp and well-defined peaks indicate
semi-crystalline nature of PANL The crystalline nature
of PANI is because of its nano fibrous nature and pla-
narity of Benzenoid and Quinoid functional groups.*”!
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XRD spectra of Polythiophene with only one broad
peak centered at near 20 value of 35° This diffraction
peak is due to m-m stacking structure in polythiophene
chains. Thus, spectrum indicates the semi-crystalline
nature of polythiophene.” The XRD pattern of
Polyindole (PIn) shows a broad hump which indicates
an amorphous structure which is the characteristic of
Polyindole.!*! It is observed from the XRD of polypyr-
role indicates its amorphous nature, as there is no sharp
peak in the diffraction pattern. But a broad peak at about
24% of 20 value is the characteristics peak of amorphous
PPy polymer,lz"';

Further the absence of broad diffraction peak of PANi
at 20 = 25 in the PANYTIO, composite is due to the
presence of PANi in the polymerization system which
strongly affects the degree of crystallinity of Ti0..""!
Similarly, crystalline behavior is found to be decrease
with composite formation. Thus, the XRD pattern of
TiO,-Polyaniline  composite  (Ti-PANi),  TiO,-
Polyindole  composite(Ti-PIn),  TiO,-Polypyrrole

30

G 7 B0

T T T T T 5

1y e

RS LR B2 B

P

h. Ti-PPy

LY

T i
g. Ti-PTh|

S I G |
Bienon
L i | - L

TFTETTT

f. Ti-PAni
1

140f

| N e R TN

aoo [

a0 |
200 L

Intensity (A.U.)

600

400

T7TTT

2 Theta (degree)

Figure 2. XRD pattern of (a) Ti0y, (b) Polyaniline (PAMI), (c) Polythiophene (PTh), (d) Polypyrrole (PPy), (€] Polyindole (Pin), (f) TiOx-
Polyaniline composite (Ti-PANi), (g} Ti0;-Polythiophene composite (Ti-PTh), (h) TiO-Palypyrrale composite (Ti-PPy) and (i) Ti0,-

Polyindole compasite (Ti-Fin).
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composite(Ti-PPy) and TiO,-Polythiophene composite
(Ti-PTh) indicates amorphous nature as there is no
sharp peak.

Particle size of TiO,, Polymers and their composites
calculated by Scherrer equation are shown in Table 1.

Table 1. Particle size of Ti0;, polymers and their composites.
Observad particle size calculated by Scherrer

Compound equation Dinm) = KNpCosg™"
1. Ti0z, 92,74

2. Palyaniline(PANI), B4

3, Pelythicphene PTh), 108.51

4. Palypyrrale (PPy), 108.13

5. Palyindola{Pin), 10.28

6, Ti0z-Polyaniline 165
composite(Ti-PANi),

7. TiOFolythiophene 90.67
composita(THPTh),

&, Tid-Palypyrrale S0.67
composite(Ti-PPy) and

9, Tidx-Polyindole 8

compasite(Ti-Pin).

3.2. SEM

SEM images of (a) TiO,, (b) Polyaniine (PANi), (c)
Polythiophene (PTh), (d] Polypyrrole (PPy), (e)

Polyindole (Pin), (f) TiO:-Polyaniline composite (Ti-
PANI), (g) TiO,-Polythiophene composite (Ti-PTh), (h)
TiO,-Polypyrrole composite (Ti-PPy) and (i) TiO,-
Polyindole composite (Ti-Pin) are shown in Figure 3.

3.3. Raman spectroscopy

Raman Spectra of{a) TiOs, (b) Polyaniline (PANI), (c)
Polythiophene (PTh), (d) Polypyrrole (PPyl, (e]
Polyindole (Pin), (f) TiO,-Polyaniline composite (Ti-
PANI), (g) TiO,-Polythiophene composite (Ti-PTh), (h)
TiO.-Polypyrrole composite (Ti-PPy) and (i} TiO,-
Polyindole compasite (Ti-Pln) are shown in Figure 4.
Ti0, peak at 235 is due to rutile phase."*** Raman
spectra of Polyaniline indicates signal at 1140, 1230,1500
and 1582 cm™', 1100-1210 cm™' region is due to C-H
bending vibrations of benzene or quinone type rings.
1210-1520 cm ™" region indicates C-N stretching vibra-
tions and 1520-1650 cm™ ' region denotes C-C stretch-
ing vibration of benzene and quinone type rings.*!
Paolythiophene shows sharp signal at 1209,1379 and
1651 em . Peak near 1600 cm ™" indicates unquestionably
frequency dispersion with increasing chain length. Signal

c

f i

Figure 3. SEM images offa) TiOy, (b) Polyaniline(PANI), (c) Polythiophene (PTh), {d) Polypyrrole (PPy), (e} Polyindole (Pin), (f] TiO»-
Polyaniline composite (Ti-PANi), (g) Ti0;-Polythiophene composite (Ti-PTh), (h) TiO-Polypyrrale composite (Ti-PPy) and (i) Ti0,-

Polyindole compaosite (Ti-Pin).
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Figure 4. Raman Spectra of {a) TiOy, (b) Polyaniline(PANi), (c) Polythiophene (PTh], (d) Polypyrrole (PPy), (e] Polyindale (Pin), (f) TiOy-
Polyaniline composite (Ti-PANI), (g} TiO,-Polythiophene compasite (Ti-PTh), (h) TiO-Polypyrrole composite (Ti-PPy) and (i) Ti0,-

Polyindole composite (Ti-Pin).

near 1500 cm ' is a characteristic feature of the Raman

spectra of aromatic and heteroaromatic systems. It is
reported as very strong and dominating in the whole
Raman spectrum. While it shifts toward lower frequencies
with an increase in chain length. It shows somewhat varia-
tion in frequencies from one chemical series to another
within the class of oligo and polythiophenes, but within
individual class it is almost invariably strong and unshifted.
Some signals appearing at the lower frequency side shows
intensity enhancement with increase in chain length."™

Polypyrrole signal at 1330 ¢m™' corresponds to C-C
stretching in ring and antisymmetric C-N stretching, !
Polyindole signal 1102 is due to out-of-plane as well as in-
plane deformation of N-H, peak near 1594 is because of
C = C backbone stretching and peak at 1414 correspond
to ring stretching.*”** Ti-PANi and Ti-PPy composites
show the same peak as polymer. Ti-PIn and Ti-PTh show
shifting of peaks. Peaks observed in composites indicate
strong interaction between Ti0, and polymers.

3.4. UV spectroscopy

Figure 5 shows UV-Visible spectra of (a}) TiO,, (b)
Polyaniline (PANi), (c) Polythiophene (PTh), (d)
Polypyrrole  (PPy), (e} Polyindole (Pin), (f) TiO.-
Polyaniline  composite  (Ti-PANL, (g}  TiO»-

Polythiophene compasite (Ti-PTh), (h) TiO;-Polypyrrole
composite (Ti-PPy) and (i) TiO,-Polyindole composite
(Ti-Pin). Band gap and absorption peak values for TiO,,
Polymers and their composites are shown in Table 2.

In the present work, UV-VIS technique was used to
study the absorption wavelengths of materials and band
gap. The absorption study of samples under study was
recorded  using  Agilent  Cary 60 UV-VIS
spectrophatometer.

The energy band ga
using relations: E = he/k

Where Energy (E) = Band gap, Planks constant
(h) = 6:626 % 10" Joules sec,

Velocity of Light (c) = 2.99 x 10° meter/sec and
Wavelength () = Absorption peak value. Also,
leV=1.6x 10" Joules (Conversion factor)

of sample can be calculated
9]

3.5. Photo luminescence

Figure 6 shows Photoluminescence (PL) spectra of (a)
TiQ,, (b) Polyaniline(PANI), (¢) Polythiophene (PTh),
(d) Polypyrrole (PPy}, (e) Polyindole (Pin), (f) TiO,-

Polyaniline  composite  (Ti-PANi), (g] TiO,-
Polythiophene  composite  (Ti-PTh), (h) TiO,-
Polypyrrole composite (Ti-PPy}) and (i) TiO:-

Polyindole composite (Ti-Pin).
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Figure 5. UV Visible spectra of (3) TiO,, (b) Polyaniline(PANi), (c) Polythiophene (PTh), (d) Polypyrrole (PPy), (&) Polyindale (Pin), {f) TiO;-Polyaniline
cormposite (Ti-PAN), (g) TIO;-Polythiophene compesite (Ti-PTh), th] TiO-Polypyrrole composite (Ti-PPy] and (i) TIO>-Polyindole composite (Ti-Pin).

Table 2. Band gap and absorption peak values for TiO,, polymers

and their composites.

TiO, shaws PL signal near 490 nm.""~*¥ Polyaniline
shows peak at 367 nm, due to T — transition. *!
Polythiophene shows absorption peak near excitation
wavelength 325 nm.*" PL signal for polyindole comes
from the recombination of electron in singly occupied
oxygen vacancies with photo excited holes.[*%!
Polypyrrole shows PL emission peaks near 400 nm.
However, agglomeration affects the PL intensity of the
polymer."”) This PL emission characteristics indicate the
promise of the synthesized materials for practical appli-
cations in ultraviolet and visible light emission devices.

Absarption peak
value Band gap
Compound gth in nm) (eV)
1.0, 350 354
2, Polyaniline (PANI} 30 399
4. Palythlophene PThy 265 457
3, Palypyrrale (PPy) 440 282
5. Polyindole(Pin) 249 498
&, Ti0z-Polyaniline composite(TH 450 18
PANI}
8, TiO-Polythiophene composite(Ti- 400 3.1
7. Ti0-Polypyrrole composite(Ti- 450 28
PPy}
9, Ti0=-Polyindole composite(Ti-Pin 400 3.1
>
400
4 5

W
3
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g

—Ti02
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—FPTh
—PPy
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Figure 6. Photoluminescence(PL) spectra of (a) Ti0,, (b) Polyaniline(PAN), (c) Polythiophene (FTh), (d) Polypyrrole (PPy), (e) Polyindole
(Pin), (A TiO,-Polyaniline composite (Ti-PANi), (a) TiO,-Polythiophene compasite (Ti-PTh), (h) TiO,-Polypyrrole compasite (Ti-PPy) and

(i) TiDy-Polyindole compasite (Ti-Fin).




POLYMER-PLASTICS TECHNOLOGY AND MATERIALS (e} 7

o [ = Imax = 30 mA ise= 1 2]
1 40 ma,

2530 mA - | 04
23t 254
g i I i
= 15+ =
B : H
2 8 | B
&% 3w | 34

5

4 | Voc= 0.8
“h ) 04 o6 on

Veltaga (V)

Current (mA)
a. 8 B 8

&

Current (mA)

e Imax =60 mA ]
i Ve = 0.2V

= an T
g I i |
£ £
£ | £ |
S 204 Q I

1 I 201

1 Voo=0.7V I Voo= 0.7V
[ 0z (] e a0 a2 04 (2]
Voltage (V) Voltage (V)

Figure 7. PV response of {a) TiO, (b) Polyaniline(PANi), (c) Polythiophene (PTh), {d) Polypyrrole (PPy), (&) Polyindale (Pin), () TiOy-
Polyaniline composite (Ti-PANI), (g) Ti0;-Polythiophene composite (Ti-PTh, (h) TiO.-Polypyrrole composite (Ti-PPy) and (i) TiOx-

Polyindole composite (Ti-Fin).

Table 3. PV parameters (where Pin = 0.25 W/m?),

Imax Venax lse Voo ’
Compound A ] (mAy W FF = bl vin = (=) « 100
fa) T, £l 0.2 30 08 0.25 24
{b) Polyaniline(PAN] 40 02 40 08 0.25 32
() Polythiophene (PTh} 35 02 35 08 0.25 24
(d} Palypyrrole (PPy) 29 0.2 29 0.8 0.25 232
(e} Polyindole (Pin) n 02 32 08 025 258
if) TiD-Polyaniline composite (TI-PANI) 129 02 129 o7 029 1047
1g) TDz-Polythiophene composite (Ti-PTh) 6l 0.2 A 0.7 0.2% 4872
{h} TiO,-Polypyrrole composite (Ti-PPy) 75 02 75 o7 022 609
i} TiO-Palyindole composite (Ti-Pin) 98 0.2 98 o7 0.29 7957
3.6. Measurements of photovoltaic characteristics Polyaniline  compaosite  (Ti-PANi), (g Ti02-

Figure 7a-1 represents Current-Voltage (IV) characteristics
of fabricated photovoltaic cell (a) TiOs (b)
Polyaniline(PANi), (c) Polythiophene (PTh), (d)
Polypyrrole (PPy), (e} Polyindole (PIn), (f) TiO,

Polythiophene composite (Ti-PTh), (h) TiO2-Polypyrrole
composite (Ti-PPy) and (i) TiO2-Polyindole composite
(Ti-PIn] respectively. The photovoltaic parameters of
these materials are listed in Table 3. It is observed that
TiO2-Polyaniline composite (Ti-PANI) shows higher short




8 (&) B.U TALEETAL

circuit current (Isc) ascompared to all other mentioned
materials.

The Current-Voltage (1-V) characteristics of PANI-
TiO2 heterostructure diode show a nonlinear behavior. It

indicates that a p-n heterostructure at PANI-TiO2
interface has been generated. The doping of TiO2 nano-
particles which facilitates the formation of a more effi-
cient network for charge transport. Consequently, the
conductivity of nanocomposites also increases with the
addition of TiO2. It also facilitates interchain conduc-
tion due to the formation of conducting pathways
between the chains. Thus, by the addition of TiO2,
there becomes a more efficient network for charge trans-
port in the PANI matrix which leads to higher conduc-
tivities. As a result, dispersion capacity of TiO2-
Paolyaniline composite (Ti-PANi) and charge transfer
phenomenon are significantly enhancing due to syner-
gistic effects in composite which leads to higher values of
Ise.! 1511 The significant enhancement in the value of %
1 is due to the addition of TiO2 in PANi in composite.
The maximum value of % 1 is found to be 10.47% for
TiO2-Polyaniline composite (Ti-PANI).

4. Conclusion

In summary, TiO, four Polymers (Polyaniline,
Polythiophene, Polypyrrole, Polyindole) and their four
composites  (TiO;-Polyaniline  composite,  TiO,-
Polythiophene composite, TiO,-Polypyrrole composite,
Ti0,-Polyindole composite) were prepared. PV perfor-
mance of all above compounds were studied. The sig-
nificant enhancement in value of % 1 takes place by the
addition of TiO, in PANI during preparation of compo-
site. The value of % n is found to be highest for TiO,-
Palyaniline camposite (Ti-PANi)i.e.10.47%.
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ABSTRACT ARTICLE HISTORY

Due to unique properties, ease of synthesis and functionalization, graphene-based nanccompaosites Recaived 13 August 2020
show great potential in energy storage and conversion. These hybrid materials have excellent  Revised 15 Ocober 2020
characteristics like high carrier mobllity, faster recombination rate and long-time stability. In this ~ Accepted 17 November 2020
review, the recent progresses in the synthesis and applications of graphene and its composites in KEYWORDS
the fields of energy storage (supercapacitors) and conversion (Solar cells) are ized. This aphene nan wposites:
article highlights the challenges of the practical applications of graphene-based materials in super- solar celb; supercaparitors
capacitors and solar cells. Future research to develop new methedologies for the design and the

synthesis of graphene-based nanocompasite are also proposed.

1. Introduction layer of graphene from graphite. This was
a milestone discovery in history of nanotechnology
as it practically demonstrates the concept of single
atom components from theory closer to reality. The
various events in the discovery of single-layer gra-

phene are as follows!*:

The energy requirement of world is rising day by day
and it is estimated that energy requirement will be
double by 2050. Besides that, the energy production
from conventional ways creates pollution of environ-
ment. So, renewable energy storage and conversion
materials as well as their devices are topics of intense
research.'! To make the effective use of renewable
energy, it is necessary to develop high-performance,
low-cost and eco-friendly energy conversion and sto-
rage devices. Carbon materials are of great interest in
research related to electrochemical devices due to
their abundance, stability and eco-friendliness.
Among different allotropes of carbon, graphene, is
emerged as an excellent candidate for energy conver-
sion and storage applications because of its unique 3. J. W. McClure proposed the equation of wave
properties, including high specific surface area  function for single graphite layer in 1956

{2630 m*/g), good chemical stability and excellent
electrical conduclivity.' 2l

» Simonio and Lyndiana Bernacotti developed the
first pencil in 1560,

» John Desmond Bernal described the layered struc-
ture of graphite in 1924.

® The theoretical study of electronic properties of
a single graphite layer was initiated by Philip
Wallace in 1947,

* In 1987, 5. Mouras used the term graphene for the
first time as a virtual expression of unit structure in
graphite instead of a realistic form of carbon

2. History of graphene nanomaterials.
Graphene appears frequently in our day to day life In 2004, Andre Geim and Konstantin Novoselov
and it is topic of intense research for more than six published very first article about the synthesis of

graphene by mechanical exfoliation method in the
Science magazine, For their groundbreaking experi-
; ments in the synthesis and characterization of this
Geim and Prof. Kostya Novosclov who successfully two-dimensional material Graphene, they received

carried out the cleavage of one atom thick single the Nobel Prize in Physics 2010,

decades, but the pioneer efforts were of two scien-
tists from the University of Manchester, Prof. Andre

CONTACT Bhagyashri Tale () bhagyashritale@gmail com ) Bajaj College of Science, Wardha 442001, India.
2020 Taylor & Francis
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Figure 1. Top-down and bottom-up graphene synthesis
approaches®™ (Adopted from Mahmoudi, T., Wang, Y. and
Hahn, Y. B. (2018). Graphene and its derivatives for solar cells
application. Nano Energy, 47, 51-65).
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Figure 2. Band structure of different materials (Adopted from
https://whitenoise kinja.com/graphene-miracle-material
-15759618411%7,

4. Synthesis of graphene

The amazing properties of graphene are mainly due to
the defect of less pristine graphene. structural defects
occur during growth and processing steps of graphene
which alters their properties. Several scientists reported
innovations in the mass and low-cost production of
graphene with minimal defects for various applications.
The approach for the synthesis of graphene is classified
into two types:

(1) In top-down approach, the stack of graphene
precursor (graphite) dissociates into individual atomic

Figure 3. Device structure of polymer solar cell™,

layer graphene sheet by overcoming Vander Waals
forces of attraction.

(2) In bottom-up approach, carbon molecules
obtained from various resources are used to develop
the honeycomb structure of graphene sheet.

Various methods reported worldwide by many
researchers for synthesis of graphene are given below:

4.1. Mechanical exfoliation

This is top-down approach to produce high-quality
graphene with minimal defects and high electron
mobility. It is a repeated peeling process used to
break weak Vander Waals forces present between the
stacked layers of graphite to produce individual gra-
phene sheets." 7!

4.2. Chemical exfoliation

Using this technique, good quality graphene suspension
can be obtained from graphite by using aqueous
electrolyteThis technique can be used for the production
of conductive inks, transparent conducting oxides and
electrodes for batteries and supercapacitors but cannot
be used to generate large sheets of graphene required for
device applications.”* ™!

4.3. Hummer's method

Synthesis of graphene oxide is reported by placing gra-
phite in concentrated acid in the presence of an oxidiz-
ing agent. In this process, potassium permanganate is
used in a solution of graphite, sodium nitrate, and sul-
furic acid to generate graphene oxide and the reaction is
terminated with the help of hydrogen peroxide. Many
modifications are reported to make it more efficient and
environmentally friendly.!" ')
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4.4. Chemical vapor deposition(CVD)

It involves pyrolysis of the precursor material to form
carbon which is used to form the structure of graphene.
This process is carried out in an inert environment by
passing the gases like N,/Ar, /115!

5. Properties of graphene

Major properties of graphene are as follows.! %17

® Graphene is considered as the first two dimensional
crystalline material developed in lab.

= Graphene is a zero-gap semiconductor and it shows
conductivity higher than copper.

¢ Graphene is a highly transparent material with
great flexibility and stretchability.

* Graphene can be stretch up to 120% of its length
and can recover its original shape.

* At room temperature, the thermal conductivity of
Graphene is found to be more than diamond, gra-
phite and any other known material.

This is a thinnest material and it can transmit up to 98% of

light.

* Graphene is very strong. Graphene is 200 times
stronger as compared to steel.

Graphene is a two-dimensional atomic sheet with spz-
hybridized carbon atoms arranged in a Hexagonal man-
ner. The s, p, and p, orbitals involve in o-bond forma-
tion with neighbouring carbon atoms while p, orbital
forms n-bond . This makes one electron free. The
C-C bond length is reported as 0.142 nm and the thick-
ness of single layer of graphene is found to be 0.35 nm.
The graphene is stable due to strong interatomic bonds
present in the material which helps to overcome the

thermal fluctuations and does not create dislocations
or other crystal defects even at high temperatures

5.1. Electrical and thermal properties of graphene

Graphene is a zero-gap semiconductor or semi-metal. Its
conduction band and valence band are same as semicon-
ductor with no band gap. Here, holes and electrons act as
charge carrier which leads to a very high electrical con-
ductivity (more than copper). The n-bonds have high
mobile pi (1) electrons that overlap together to form bond-
ing 7t (valence) and antibonding n* (conduction) bands.
The free maoving electrons show high mobility and hence
travel sub-micrometer distances without any scattering
(ballistic transport). The electron mobility in graphene is
found to be 15,000 cm®V "5 "and its theoretical potential
limits are 200,000 em™V ™ "s ' mainly due to the quality of
graphene and the substrate. Graphene also shows the high-
est value of thermal conductivity because of the highly
stable sp* bonding pattern and a two-dimensional nature.
The experimental values are found to be in the range of
3000~ 5000 Wm 'K,

5.2. Thermal and mechanical properties of
graphene

The study of mechanical properties of single-layer
graphene was done by atomic force microscopy tech-
nique and it is reported as strongest material ever
tested. Thermal conductivity was found in the range
of 3000-5000 Wm 'K™'. Graphene shows an extra-
ordinary tensile strength, i.e.,130 GPa which is found
to be higher than 0.4 GPa of A36 steel and 0.375 GPa
of Kevlar (Aramid) fibers. The values of Spring con-
stant and Young's modulus values were reported to
be 1-5 Nm ™" and 1TPa respectively.
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Table 1. Surmmary of Supercapacitor work based on graphene-based composite.

Material Capacitance Referance
Fluorographene iFg’ Leed
Cyanographene 87k g i
Graphene acid 86Fg 1
s-Ethynylpyrimidinegraphens 188 F g Ui
Glaﬂ'}ene dmlbnxylu: acid 326F g =
Graph amylic acid conjugatad with tetraaminophthalocyanine 936 F g' e
Inkjet-printed 21Fg HE
graphene/PANI @ 1D m‘u's‘l
PANI-GO 475Fg! i
@04 Ag
PANIGRAPHENE 25mFem™ e
(PG100:1) @5mys’
PANI-GO 25 mF em™ e
@ 5!
PANI-GO 355 Fg ' il
@ns Agr .
Graphens/PANI 408Fg from CV at a scan rate of e
sms ! )
Graphena/PANI 233Fg” 151
GO/PANI GO/PANI: 827 Fg 1 from CV at a scan am
RGO/PANI rate of 1 mis '
RGO/PANI: 1129 Fg™' from OV at a
scan rate of 1 ms ;
GO/PANIE 320Fg! atU1Ag b
RGO/PANI 480Fg! a(mﬁ.g o
Graphena/PANI 1046 Fg ' from CV at a scan rate L
of 1 mVs
RGO/PANI 361 Fg ' at03 nq i
Graphene/PANI 763Fg 7 at1 Ag o
Paper
RGO/PANI 257Fg ' ato. Ag”! e
GO/PAMI 448 Fg ' at0.5 A g
Crumpled graphene/ 456 Fg~' a0 Ag! [t
CNT/PANI )
RGO/PAN| 4388 Fg‘ at 0.5 Ag iR
Graphena/PPy 165Fg " at1 Ag” at and of el
1000th (vcle
GO/PPRy N7Fg from CV fscan rate: el
100 mVs ')
267 Fg~' from CV (scan rate:
100 m\-'s Iy "
RGO/PRY 249Fg”" at03Ag i
RGO/PPy 420Fg ' ato. Aq L
240Fg " at s Ag
RGOVPPY nanowire 728Fg ' at0.s Ag re
675 Fg at 25 Aq
Exfoliated graphane/ 351 Fg ' at] Ag o3
PPy
Graphena/PPy s14Fg! atu!ﬁ.q a4
Nanotubes 420Fg" atl Ag
RGO/PPy 440 chm at 0.5 mAcm ? i
Sulfonated 3oFg atod Ag' Lyl
graphene/PPy
Graphene/PEDOT HCl: 304 Fg ' from CV at a scan rate Fr
of 10 mis™
H50. 261 Fg ™' from CV at a scan
rate of 'ID mis-
RGO/PEDOT 108Fg"! aws.ﬁ.q i
Graphena/PEDOT 270Fy ' at1 Ag i
GO/PEDOT 213Fg”! amsAg 1
Hallow RGO/PEDOT 304.5 mFam 2 at 008 mAom 2 s
RGO/PEDOTPSS 367 Fg 'at1 Ag! il

5.3. Optical properties of graphene

In Graphene, there is no gap between the conduction
and valence band and it touches each other at Dirac
point which leads to strong interaction of Dirac

Fermions with electromagnetic radiation. Pristine gra-
phene layer has thickness equal to only one atom and it
can absorb 2.3% of the white light. The wide range of
spectral absorption of pristine graphene is due to the




Table 2. Performance summary of solar cells studied by different
research groups.

Cell structure Eff (%) Reference
Ti0y— graphene 6450 (1
Ti0.— graphene 645w A
Ti0,— graphene 15.6% 3
Ti0,— graphene sulfide 1eee 13
Sificon 7% n3s)
Organic molecules or polymers 5% i
Hybrid solar cell 1-23
Graphena nanoplatelets 5% nsn
rGO-PANI 6150 MW
TIO2/RGO 746 i
Dye-sensitized solar cells based on TiO, 481% 039
nanoparticles
Dye-sensitized solar cells based on PANKgraphene 770 s
Dye-sensitized salar cells based on PANFRGO 784 na

Dye-sensitized solar cells based on Ppy/RGO 645 [
Dye-sensitized solar cells based on PANVgraphens 609 s

dye-semsitized solar cells (DSSO) were fabricated 4.28% el
using graphene-TiD2compesite

20 graphene 6.97% 95]

Dye-Sensitized Solar Celis by using GrapheneTid),  6.86% (145
Compaositas

A dye-sensitized solar cell (D55C) based on 4 2804 nan
graphene-Ti0,composite photoelectrode

DS5C based on pure TiD; photoslectrode 3.11% nan

Dye-sensitized Solar Cell using Graphena-Tig, ERLY a2

. DS5Cs based on TI028RGO hybrid photoanodes 768%™
with a graphane content of 1.5 Wt %

DSSC based on Palyanikne/graphene (1 wit) &71 ney
complex

D55C based on Polyaniline/graphens (8 wit) 7.78 N
camp

D55C based on Polyaniline /graphene (15 wiss) 689 ¥
camplex

DSSC based on Polyaniline-graphene (10 wi%)/GO) 788 nso]
nn=10)

DSSC based on Polyaniine-graphene (10 wt)/G0) 661 [0y
n(h=5)

D55C based on Polyaniline-graphene (@ wik)/Gl) 783 R
=1

DSSC based on Polyaniline-graphene (8 wis/GOl 603 o
nin=5 :

DSSC based on Polyaniine-graphene (4 wis)/GO) 638 150y
nn=10)

DSSC based on Polyaniline-graphene (4 wik)/GO) 41 50
n(n=5

DSSC based on Graphene/Ti0, 9.2 ey

D55C based on Ti0u/graphene nanocomposite 54 053
(0.5 wit)

D55C based on Tio; only 411 o5

DSSC based on Ti0y/graphene nanocomposite 369 by
(16 Wit)

D55C based on Tidw/graphene nanocomposite 282 o=
(04 with)

DSSC based on TiO; only 249 =

DS5C based on Graphene (1.5 wish)/Ti0, 420 s3]

DSSC based on Ti0; only 117 Ay

1DS5C basad an TiOy/graphens composite 398 nes

DSSC based on Ti0; only 145 i

contribution from both interband and intraband optical
transitions. The optical absorption of single-layer gra-
phene in visible region takes place mainly due to inter-
band transitions which are independent of frequency.
The optical absorption in the far-infrared region is
mainly due to intraband transitions or free carrier
absorption.
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Hence, graphene shows excellent thermal manage-
ment applications especially in micro- and nano-
electronics.

6. Solar cells

A solar cell, or photoveltaic cell, is an electrical device
which is used to converts the energy of light into elec-
tricity. In electric power generation by use of renewable
energy resources instead of conventional fossil-fuels is
rapidly increasing. Among renewable energy resources
which are used for electric power generation, solar
photovoltaics  (PVs) are the fastest growing
resource."®! After hydro and wind energy, solar energy
is the third largest renewable energy resource of electric
power generation in the world."""!

The motivating factors for the replacement of con-
ventional fossil-fuels by solar PVs for electric power
generation are

Price of fossil fuels is increasing day by day and they are
limited while the source of solar energy is free and
abundant.!*"*"!

Use of Fossil-fuels pollutes the environment while solar
. 2223
PV's does not release any pollutant,#>%"!

Use of fossil-fuels contribute to global warming while
solar PV's mitigate this issue.

Solar PV's requires less maintenance and operational

costs. 2

Among renewable energy saurces, solar PVs provide the
195.26]

highest power density.'

More thanl00 countries in the world are using solar

PVs.H

In order to encourage investments, governments
declared financial assistance for solar electricity
gcneration.‘z"'""l] PV cell is the basic component of PV
systems. Basically, PV cell is a semiconductor diode in

which P-N junction is exposed to the light. ™!

Despite all the above advantages of solar PV systems,
there are some challenges.

PV systems do not create emissions during their opera-
tion, but these technologies are not completely emis-
sion-free. A lifecycle assessment (LCA) of solar PV cells
is found to be divided into three phases; manufacturing,
operation and recycling. Tt is observed that
Manufacturing phase is responsible for most of GHG
emissions (around 90 percent) while recycling phase
lowers GHG emissions'™!

Currently, the efficiency of solar PV cells is low, hence cost
of electricity produced from them is high. Hence, research-
ers are taking effort to increase the eficiency of solar cells
50 as to reduce the cost of produced electricity /"




Because of such drawbacks, they are generally combined
with carbon materials which are known as hybrid
supercapaci’rnrs_r“":';] In study the electrical properties
of a supercapacitor, three electrochemical measurement
techniques are generally used: cyclic voltammetry (CV),
galvanostatic charging/discharging and electrochemical
impedance measurements.**!

Some important characteristics of an EDLC which
should be considered to maximize the performance of
the device are:

The appropriate specific surface area of the electro-
des so as to increase the capacitance

The conductivity of the electrodes to minimize the
power density losses

The resistance to any oxidation/reduction at the
surface of the electrode to achieve good stability
and performance

Sufficient size distribution of the pores so that it
should match with the size of the electrolyte ions
Good electrochemical stability of the electrolyte
material in the voltage operating range of the device
Low interconnected resistance of the electralyte
material

Good wettability of the electrolyte material on the
electrode.”*!

8. Challenges associated with manufacture and
use of graphene

(i) Graphene is expensive and it is difficult to
manufacture.

(i1) Itis difficult to obtain monolayer graphene every
time during synthesis of Graphene. If thickness
of graphene is more than 10 layers of graphene,
the properties resemble graphite more than
graphene.

(iii) Because of above reasons, results of graphene
synthesis are not very reproducible.

(iv) Graphene is not suitable for its application as
a transistor since it does not have an off state and
it cannot be switched off completely.

(v} Graphene is a hydrophobic material and hence it
cannot be used in water-oriented applications
like in humidity sensor, water filters.

9. Applications of graphene

Graphene has wide range of applications. During the last
decade, graphene is a topic of interest in the field of
research due to their exceptional electrical, optical and
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mechanical properties. Graphene can significantly
improve the properties of existing products and to
develop new materials with novel functionalities. Some
of the applications are!™ =

9.1. Graphene - metal oxide/graphene - polymer
composites for supercapacitor study

Energy storage is the major topic of interest for
researchers and scientists. Graphene has extremely
high surface area of ~2600 m’g ' and it is an ideal
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lator material which is present in between the electro-
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area and high porosity can store more ions as com-
pared to activated carbon. The specific capacitance of
a Graphene-based supercapacitor is found to be five
times more than of the activated carbon-based super-
capacitor. Researchers are working for lightweight,
low-cost, elastic with high mechanical strength gra-
phene-based supercapacitors to reduce and ultimately
replace the use of fossil fuels for energy.

The performance of hybrid structures is found to be
better than those of pure graphene, GO, rGO, or pure
metal oxides due to synergistic effects of both graphene
and Metal-oxides. The graphene in the hybrid-structure
has various advantages such as high surface area, ultra-thin
thickness, excellent electrical and thermal conductivity,
mechanical lexibility, while metal oxides have high chemi-
cal functionality, and other electrachemical properties.
Consequently, graphene can be an ideal 2D membrane
for growing tiny nanoparticles with very distinct structures
and precious morphologies for constituting a three-
dimensional interconnected conductive porous network,
with enhanced the electrical conductivity and the charge
transport. The other advantages of using hybrid struc-
tures are:

It can prevent the velume change and particle agglom-
eration of metal-oxides during the process of charging-

discharging;

2) Oxygen-containing functional groups on GO, rGO
imparts gond interfacial bonding and electrical contacts
between graphene and metal oxides; and

3) Metal-oxide nanoparticles suppress the re-stacking
of graphene layers to get continuous, porous, intercon-
nected network structure is with highest achievable power
density and capacitance in supercapacitors. Thus, gra-
phene-metal oxide hybrid-materials with all remarkable
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properties turn it into a more efficient material for super-
capacitor electrode applications. [5#)

Hybrid nanocomposites obtained from graphene
and polymers also show excellent mechanical, elec-
trical properties and large specific surface areas are
particularly suitable for supercapacitor applications.
Polymers with a good electrical conductivity and
a high pscudo-capacitance are required to prepare
such nanocomposites. Such hybrid materials show
enhanced electrochemical performance in superca-
pacitor devices due to the synergetic effects of gra-
phene and polymers which combines the unique
properties of the individual components.!*™*""Thus
Along with energy conversion, energy storage (as in
supercapacitors and batteries) is also impaortant and
for many practical applications, high energy-storage
capability, high power-delivery capability, and long
cycle life are necessary. Due to the unique charac-
teristics of graphene, much effort has been taken to
study the applications of graphene in high-
performance supercapacitors and batteries, *#¢2 %!
Metal oxide shows high specific capacitance and
low resistance makes it simpler to construct super-
capacitors with high energy and power. A special
atlention was toward manganese dioxide MnO, as
an electrode material for supercapacitors because of
their low cost, excellent capacitive performance in
aqueous electrolytes and environmental benignity.
Different conducting polymers are widely used as
supercapacitor electrode material due to its ease of
production and low cost. Conducting polymers
shows a relatively high conductivity, capacitance
and equivalent series resistance as compared to car-
bon-based electrode materials. In conducting poly-
mers reduction-oxidation process stores and releases
charge.!""! So, graphene - metal oxide/graphene -
polymer composites are topic of interest for super-
capacitor study.

Researchers have been working on a pathway to

improve the performance of supercapacilors, and

meet that demand for increased storage capacity.

BRecently, Mojtaba et al suggested a new path to

develop further miniaturized on-chip energy storage

systems, which are compatible with silicon electronics
and can supporl the ?ower demand to operate inle-
grated smart systems,”"!

9.2. Graphene-metal oxide/graphene-polymer
composites for photovoltaic study

Inorganic semiconductor materials, such as amorphous
silicon, gallium arsenide, and sulfide salts, have been
widely used in conventional photovoltaic cells, where

free electrons and holes are generated directly upon
photon absorption. Although a power conversion effi-
ciency (PCE) of more than 40% is achieved by using
inorganic semiconductor materials in solar cells, the
widespread use of inorganic solar cells is still limited
due to difficulties in modifying the bandgap of inorganic
semiconductors and high costs associated with the ela-
borate fabrication processes including elevated tempera-
ture and high vacuun. These inorganic solar cells are
very much expensive than the conventional grid electri-
city. Alternative approaches with organic or polymer
materials have gained considerable attention due to
their low cost, light weight, flexibility, and solution
processability./! & 74

9.3. Dye-sensitized solar cells (DS5Cs)

As compared to other types of solar cells, DSSCs are
different. They consist of a semiconducting material {e.g,
TiO;) with a photosensitive dye as the anode which is
coupled with an electrolyte solution and a pure metal
cathode (e.g. Platinum). Graphene has a number of
favorable properties so that the loading efhiciency of
the dye molecules can be increased by increasing the
interfacial area and enhancing the conductivity of the
electrons. The proper ratio of graphene and TiO; is
necessary for achieving an efficient system. The valence
electrons from graphene get excited to the Ti(), conduc-
tion band through the Graphene-TiO; interface, so as to
separate the holes and the electrons. So, about 1% gra-
phene is needed for this separation and the introduction
of higher graphene concentrations into the matrix
reduces the transmittance. The use of graphene in
DSSCs increases the light scattering phenomenon at
the photoanode, provides an efhiciency that is 39%
greater than that of pure TiO, electrodes and efficiently
disperses the dye molecules.™ In the photovoltaic study
done by Morais et_al, the influence of different amounts
of RGO in the TiO, film was investigated and it was
compared to pristine TiO, films. The best solar cells
made up of TiOy/RGO films were obtained with 2.0 wt
% RGO. ™! At the national level, several national labora-
tories and universities have been working on PV cell
based on graphene-metal oxide nanocomposiles.lm'm']
Thus, Dye-sensitized solar cells have gained attention
in field of research because of their low production costs,
ease of fabrication, lighter weight property, eco-
friendliness and recyclable advantages, optical proper-
ties regardless of its low-efficiency output as compared
to conventional silicon solar cell.*” Dye-sensitized solar
cells containing TiO2 are found to be more eflicient. It
consists of a dye-sensitized nanocrystalline TiO; film, an
electrolyte with an I-/I3-redox couple and a Pt counter-
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electrode. In addition to practical applications as an
alternative energy source, these devices are also useful
from a scientific point of view, as it converts light in to
electrical energy through complex energy and charge
transfer processes. The overall energy conversion effi-
ciency depends on the individual properties of the con-
stituents of the cell. To enhance their performance
requires better understanding of processes in energy
conversion and controlling the properties of each
component.**! ICPs are organic polymers which con-
duct electricity. It may have metallic conductivity or can
be semiconductors. The advantage of ICPs is their pro-
cessability, mainly by dispersion.™  # g,
Graphene — metal oxide/Graphene — Polymer compo-
sites are topic of interest for Photovoltaic study.
Typical efficiency of Polyerystalline silicon solar
cells is 13% to 16%. Thin-Film solar cells (TESC),
are made by depositing one or several thin layers of
photovoltaic material onto a substrate. Different
types of TFSCs are categorized by which photovol-
taic material is deposited onto the substrate:
Amorphous  silicon  (a-5i), cadmium  telluride
(CdTe), copper indium gallium selenide (CIS/
CIGS), polymer solar panels and organic photovol-
taic cells (OPC). Thin-film modules have reached
efficiencies of 7-13%. Recently, researchers have
used graphene to develop a perovskite-silicon solar
cell - a promising new solar technology — with an
impressive conversion efficiency of 26.3%.""%

10. Conclusion

As discussed herein, the extensive study of graphene-
based nanocomposite with unique structure and proper-
ties offer a great opportunity to deal with challenges of
energy conversion and storage. Many of fundamental
properties of graphene are discovered, but there are still
much new discoveries to be made in properties of gra-
phene-based materials and in their applications. Due to
unique properties, ease of synthesis and functionalization,
graphene-based nanocomposites show great potential in
energy storage and conversion. These hybrid materials
have excellent characteristics like excellent mechanical,
electrical properties and large specific surface areas and
long-time stability. So, it is interesting to study the gra-
phene to open up new possibilities to produce graphene-
based nanocomposites and to better understand their
properties as well as related phenomenon.
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ARTICLEINFO ABSTRACT
Feywars; Two-dimensional gaphene 15 considered potent candidate for the develog of spi technology,
Ferromagnetic confacts Present work reports study of graphene-based spin-Field Effect Transistors.
Spintronics (s-FET} of o types namely, Top-Gated s-FET and Back-Gated sFET, The Ohmic contact behavior was
Graphene

analyzed as Co-Graphene nanosheers (OGNs) used as ferromagnetic electrode for both types of s-FETs. The

Spif ki ffect bransisti magnetoresistance (MR} study is conducted for both devices as a function of temperature and gate voltage, Study

shows that MR it

cally reduces as temp
device, spin-polarization values were estimated at d

increases. For greater msight into about the functioning of
itching actiem in both the devices

wias analyzed and fnally it s found that Top-Gated Type &[—‘T—.‘l“shuws appropriate switching action,

1. Introduction

Spin-field effect transistor (s-FET) is the new type of electronic de-
vice, which comes with additional feature of spin-based magnetoresis-
tance. In s-FET, switching action can be achieved by spin precession or
dephasing of spin-polarized carriers injected into the channel. The
concept of s-FET was first time coined by Datta and Das [ . After this
wide range of s-FEI's were osed by many researchers on the basis of
their operating principles [2,2]. In semiconductor spintronics, various
phenomenon such as spin—orbit interaction, coupling of electron spin to
external electric fields, spin transport through semiconductor channel
with spin-orbit coupling and spin-Hall effect plays very crucial role (4],
By employing magnetic field and controlling gate bias, the parallel and
antiparallel spin-state of electron and subsequently magnetization of
the ferromagnetic contacts can be achieved. In this way, cutput currents
depend on spin-state of electron and magnetization. The high current
state is associated with parallel spin stare of electron, however low
current is associated with anti- parallel spin state |5 6]

For s-FET operation, three major conditions must be satsfied. First
requirement is the injection of spin-polarized electrons from ferro-
magnetic source into 2-dimensional electron gas channel. Second re-
guirement is the transport of electrons through 2-dimensional electron
gas channel without losing spin state. Third requirement is the detec-
tion of spin-state electron by ferromagnetic drain [7]. Besides these
requirements, two main challenges are associated with s-FET, first is the

+Corresponding author.
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hittpis:/ doi.org/10, 1016/, jmu 1

leakage current in the off-state and second is the spin relaxation in the
channel. But these issues can be resolved by twe approaches, by
choosing materials with a long spin de-phasing length and strong spi-
n-orbit coupling [4],

The performance of s-FET is also affected by conductivity mismateh
problem between ferromagnetic electrode and semiconductor channel.
To resnlve the issue of conductivity mismatch, few reports suggested
that the use of graphene as wnnel barrier is appropriate option, because
the significant lateral transport and low out of-plane conductivity of
graphene [9-12].

Another reason for graphene appropriateness for spintronics appli-
cation is that it has unique characteristics related to spin-polarized
electrons. The spin-polarized electron in graphene can travel tens of
microns without losing spin orentation at room temperature. This
characteristic of graphene malkes it enable for long-distance spin com-
munication in future spintronic technologies | 13151,

In rthe present study, Cobalt-Graphene nanosheets are chosen as
ferromagnetic material for source and drain contacts due to long spin
relaxation distances of graphene than any other traditional metals and
semiconductors [16-15], In addition to this, another feature of gra-
phene is that, it can conduct spin current up to macroscopic distances
due to weak spin-orbit and hyperfine couplings in carbon materials

Here, two types of -FET namely Top-Gated s-FET and Back-Gated s-
FET are reported. In this study, Co-Graphene nanosheets (CGNs) were

Received 7 April 2020; Received in revised form 23 August 2020; Accepted 16 September 2020

Avallable online 22 September 2020
(1304-8853/ © 2020 Elsevier B.V. All rights reserved,




N Gpanchondant, £e al.

used as ferromagnetic contact for source and drain purpose. The Ohmic
nature of contacts are also discussed in this work. The magnetoresis-
tanece curves were recorded as the function of temperature and gate
voltage. Switching action for both the types of devices is also studied.

2. Experimentation

21 Pr

paration of Co-Graph heets

The necessary amount of Co-Graphene nanosheets (CGNs) were
prepared by ex-situ approach. The graphene for preparation was ob-
tained by using previously reported method [20]. To prepare the CGNs,
10 g of graphene sheets were dissolved in 50 ml acetic acid under
rigorous magnetic stirring for 30 min. After magnetic stirring, solution
was kept under probe-sonication for 1 h. During this step, separate
solution of 0.5 g of Co{NO, ), was dissolved in 10 ml of acetic acid and
kept for 30 min under magnetic stirng, This solution was added in
former solution in drop-wise manner under constant magnetic stirring.
Final solution was then filtered and washed several times by deionized
water. The black colored precipitate was collected and dred at 100 °C
in oven.

To form homogeneous magnetic system, CGNs were kept for heating
in the temperature range of 100 to 500 "C in stepwise manner with an
interval of 100 "C. At each temperature value, sample was heated for
60 min. Similarly, the sample was allowed to cool at 400, 300, 200 and
100 °G each for 60 min.

2.2, Matwrials characterization techniques

The structural study of CGNs was completed using X-ray diffraction
(XRD} technique (Rigalu Miniflex-XRD; Wavelength = 1.5406 A). The
surface study of CGNs was performed by field emission scanning elec-
tron microscopy (FESEM) on SEM instrument, Model: ZEISS SIGMA
operating at 5 kV ETH voltage. The elemental analysis was done using
an energy dispersive X-ray analysis (EDAX) instrument, Model: EAG
AN461. The magnetic behavior of CGNs was studied using Vibrating
Sample Magnetometer technique (Quantum Design Model- PAR 155)
having specifications as Range: 0.00001 to 10,000 emu and Magnetic
fleld: —10 to +10 kOe.

2.3, Deviee fobrication and measurements

2.3.1. Top-Gared s-FET

For the fabrication of Top-Gated s-FET, required heavily doped n-
type silicon wafer was procured from India-Mart of thickness 500 pm.
Before starting the device fabrication process, n-type silicon wafer was
kept for cleaning process to break the bonds between substrate and
contaminants present on substrate in the form of grease, adsorbed water
molecule and air bome dust.

In the cleaning process of substrate, firstly the substrate was washed
with mild-detergent solution (Labolene) and then with distilled water.
Subsequenr to this step, substrate was kept in NaOTT solution for the
removal of acidic contaminations and then again washed with distilled
water. Finally, the substrate was kept in aleohol vapors. After com-
pletion of leaning process, the substrare was kept for erching to pattermn
Co-Graphene based ferromagnetic electrodes. In this process, buffered
hydroflucric acid was used as etchants, The remaining area of substrate
was masked with kapton tape, The Co-Graphene based ferromagnetic
material was used as source and drain contacts on substrate.

The electrode material that is Co-Graphene and gate were deposited
by using photolithography technique. The electrode material Co-
Graphene was achieved by depositing cobalt on previously deposited
graphene, After deposition of FM contacts as source and drain, poly-
vinyl acetate was deposited on the channel between FM electrodes
using spin-coating technique. The fabricated device has channel length
of the order of 1.21 ym and channel width 14.25 pm. Fig 1(a] depicts
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the schematic drawing of Top-Gated s-FET structure and Fig. 1[b)
shows the scanning electron micrograph of s-FET, with all necessary
components displayed on SEM image with cireuitry arrangement.

232 Beck Goted s-FET'

All necessary components required for the s-FET fabrication pro-
cured from India-Mart. Before the fabrication of device, substrate was
cleaned aceording to the process discussed in the earlier section. To
fabricate the back-gate configuration type s-FET [21], the heavily
doped n-type silicon having 1 pm thick thermally oxidized Si0; layer on
the surface was used as the substrate, For the formation of 2-dimen-
sional electron gas condition, heavily doped n-type semiconducting
layer was fixed on thermally oxidized Si0; layer. The thermally oxi-
dized 810, layer of substrate was used as gate insulator, whereas the
heavily doped n-type silicon part of substrate was used as gate elec-
trode. The Co-Graphene based ferromagnetic electrodes as source and
drain were designed on 2-dimensional electron gas layer by photo-
lithography. The fabricated device has channel length of the order
1.2 ym and channel width 12.1 pm. Fig. 2(a) depicts the schematic
drawing of back-gated type s-FET structure and iz 2(b) shows the
scanning electron micrograph of s-FET, with all necessary components
of 5-FET displaved cn SEM image with circuitry arrangement.

2.3.3. Device characterization and measurements

The transport measurements for Top-Gated s-FET and Back-Gated s
FET were performed using Physical Properties Measurements System
(PPMS) made by Quantum Design.

The Chmic contact characteristics of devices were studied using
current-voltage (IV) curves. The performance of s-FET was analyzed by
measuring the electrical resistance as a function of magnetic field. It is
well known that electrical resistance can be tuned into the high and
low-resistance state by sweeping the magnetic field.

Magnetoresistance (MR) is defined as, MR% = [(R, — R/
R,] » 100, where R, is magnetization vediors of two electrodes are
antiparallel and R, is the magnetization vectors of two electrodes are
parallel. MR curves were recorded for different values of temperarure
and gate voltage.

3. Results and discussion
3.1. XRD, SEM and VSM snudy

Fly. 3(a) shows the XRD pattem of CGNs, comprised of two broad
peaks ar 26.3° and 44.2° with Miller indices (002} and (1 00), respec-
tively. These peaks are signature peaks of graphene [22]. No separate
peak was obtained for Co, which indicates that the orientation of gra-
phene layers is unchanged. Tig. 3(b) depicts the SEM images and ele-
mental X-ray mapping of CGNs. The SEM image confirmed that Co
nanocrystals are uniformly spread on graphene surface and elemental
analysis also conflrmed that Co nanoerystals are distrbuted over the
graphene surface. Actually, the pure graphene is a diamagnetic material
due to sp” hybridization. The graphene used in this study was synthe-
sized wsing electrochemical exfoliation of graphite, which certamnly
contains defects, which imprint magnetic features into graphene [23].
Many reports demonstrated that magnetic properties can be instilled in
graphene, by adding ferromagnetic metal in graphene [24-26). In
present study, magnetic properties imprinted in graphene by decomting
its surface with Co particles, Fig. 2(¢) shows the hysteresis loops of
CGNs recorded at room temperature (298 K). The good quality hys-
teresis loops of CGNs indicates that prepared CGNs comprises of good
ferromagnetic ordering. The values of cocrcivity, remanant magneti-
zation and saruration magnetization estimated from hysteresis loop
were 537 Gauss, 0.2002 emu/gm and 0.761 emu/g, respectively. It
shows that Co-graphene system comprise the ferromagnetic-like beha-
vior, which characteristically correlate with the existence of interaction
between graphene and Co Also, electronic structure modifications and




N Gpanchondant, £e al.

2 imensional Electron Gas

Journal of Magnestsm and Magnetic Marertals 517 (2021} 167410

Fig. 1. {(a) Schematic drawing of Top-Gated sFET structure and (b) Scanning electron micregraph of s-FET. For better understanding, all necessary components of s-

FET are displayed on SEM image with circuitry armangement.
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Fig. 2. (a) Schematic drawing of Back-Gated Type s-FET structure and (h) Scanning electron micrograph of 5-FET. For better understanding, all necessary components

of 5-FET were displayed on SEM image with circuitry arrangement.

symmetry breaking in Co-graphene system improves the magnetic
properties of system [27].

Fig. 3(d) shows the magnetocenductance curve of CGNs as a fune-
tion of the magnetic field at different temperatures. The magneto-
conductanee in CGNs is attributed to weak spin-orbit coupling.
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Magnetoconductance gives insight o study microscopic behavior of
ferromagnetc materials, This parameter also helps to identify scat-
tering centers in ferromagnetic materials (281, The positive value of
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any peak in low magnetic field. This indicates intrinsic impurities or
defects have negligible contribution in magnetoconductance The
magnetoconductance curve with no peak reflects that good quality in-
terfaces formed between graphene and cobalt.

3.2, Ohmic conrace study

Fig. 4 displays the current-voltage (V) curves of the device re-
corded at different temperatures (50, 100, 200 and 298 K) to study the
behavior of contacts between CGNs and 2-dimensional eleclron gas,
The linear nature of curve indicates that contact used in fabrication of
Top-Gated s-FET device has Ohmic nature. Inset of Fig. 4 shows that the
resistance increases with increasing temperature, indicates that 2-di-
mensional electron gas in device behaves like metal. The behavior of
curve also suggests that 2-dimensional electron gas channel works like
conducting thin film between two CGNs hased FM electrodes [20]. The
results obtained for Chmic study have good agreement with other re-
ports in literature, The researcher's team of Samsung Advanced In-
stitute of Technology studied critically the effect of graphene insertion
on the behavior of Ohmic contacts in metal-semiconductor. This work

concluded that metal deposited graphene has reduced the work
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Table 1
MR and spin-polarization values of CGNs based ferromagnetic electrodes used
ftor fabrication of Top-Gated s-FET and Back-Gated s-FET.

Temperature (K] ME % Amplitude of MR curve [£0) Spin-Pelarization
Top-Gaved s-FET

50 277 042 0374
100 276 023 D276
200 274 026 0.294
298 263 [(AE:) w24
Back- Geted 5-FET

50 195 014 0.216
mo L7 015 0223
200 125 013 D208
208 LID (N8 4191

function of graphene. In other words, it reduces the height of Schottky
harrier at the metal-semiconductor junction [31]. Another report on
graphene based Ohmic contact at metal-semiconductor junctions sup-
ports that insertion of graphene between metal-semiconductor reduces
the Schottky barrier height and enhances the Ohmic characteristics
[321.

w

3.3, Vanation af istanice with temy

Fig. Sla-d) shows a series of MR curves for Top-Gated s-FET at
different temperatures ranging from 50 K to 298 K. The highest value of
MR was found to be 2.77% at 50 K. Fig. 5(e) shows the variation of
MR% with temperature. Similarly, Fiy. 6(a—d) shows the MR curves for
Back-Gated s-FET recorded at different temperatures ranging from 50 K
to 298 K. For Back Gated s-FET, the highest value of MR% was found to
be 1.95% at 50 K. Fiy 6(e) shows the variation of MR% with tem-
peramure.

In both type of s-FETs, magnitude of the MR monotonically de-
creases as the temperature increases. This behavior of MR curve at-
tributed to inelastic scattering with phonons, surface swmtes, and
thermal smearing of energy distribution in the ferromagnetic material
33,341,

Whereas the highest value of MR for both devices at 50 K, attributed
to the higher value of spin-pelarization, For Top-Gated s-FET, the value
of spin-polarization was found to be 0.374 and for Back-Gated s-FET, its
value was 0.216, This study also discloses that spin-polarization in
ferromagnetic materials reduces by increasing wemperature.

In spintronics technology, spin polarization of ferromagnetic ma-
terial plays a very crucial role. Because, ferromagnetic materials are the
ideal foundation for spin polarized carriers because of their intrinsic
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268 K

spin polarization. Ferromagnetic marterials have an imbalance among
the number of charges having particular spin orientation at the Fermi
level. This imbalance in spin orientation at the Fermi level results in net
spin polarization of the conduction electrons. The spin polarization P of
a material is defined by (Eq. (1)),

R4 n (1)

where, n] and n| are spin orientation of charges in material.
The relation between the MR and polarization of ferromagnetic
electrode can be approximated as (Eq. (2)),

2P, Prels

MR = 2
1 — PiPeis @

where d is the length of the wajectores of the electrons. hs is spin
diffusion length. Assuming efficient spin transport, we could say sur-
viving probability factor [exp{ —d2.)] - 1.

In the present study, both contacts materials that is CGNs based FM
electrodes have been used, hence their spin-polarization value is as-
sumed as same (P1 = P2 = P). Thus, by using Eqgs. ( 1) and (2], the spin-
polarization values at different temperatures were estimated as listed in
Table 1. To the best of our knowledge, this is one of the first reports
which speaks about the spin-polarization of Co-graphene system for

spin-field effect transistor application. Dayen et al recently published
detailed report on two-dimensional van der Waals spin-interfaces and
magnetic-interfaces. This report discussed some 2D ferromagnets and
graphene-based materials with considerable value of spin-polarization
for efficient spin transmission and dymamic contral through exotic
heterostructures [45].

Therefore, comparison of these reports with other studies is not
appropriate. The study reported by Zhou et al and co-workers shows
that graphene-passivated cobalt as a spin-polarized electrode with po-
sitive spin polanzation properties |56

3.4 Gate controlled magnetoresistance

Fig. 7(a~f} shows the series of MR vanation with gate voltage mn-
ging from —0.5 V to 2 V for Top-Gated s-FET. The results reveal that by
increasing gate voltage the magnetoresistance monotonically reduces.
This wend indicates thar MR can be controlled by gate voltage. The
decrease in MR by increasing gate voltage ascribed to the localized trap
states in the intedayers [271.

Similarly, the Fig. §(a—f) shows the series of MR variation with gate
voltage ranging from —0.5 V to 2 V for Back-Gated s-FET. Here also,
the amplitude of MR decreases with increasing value of gate voltage. In
the case of both devices, around the gate voltage value of 2 V, ampli-
tude of MR disappears and MR curve shows noisy behavior, At the large
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Fig. 9. Switching (ON/OFF state} of (a) Top-Gated sFET and (b} Back-Gated s-FET based on AR of MR curve at room temperature 298 K.

value of gate voltage, the spin excitations localized at the interfaces
between FM electrodes. Unfortunately, we did not understand the
reason behind flat nature of the parallel state of the magnetization.

3.5, Switching of s FETs

Finally, we investigated the switching action in Top-Gated s-FET
(Fig. 9(a)) and Back-Gated s-FET (Fig. 9(b)) based on amplitude mod-
ulation of MR curve at room temperature 298 K. Here, the switching
action in both the devices is presented in the form of amplitude




N Gyanchondant, ee al.

modutation of MR curve {(Amplitude of MR curve |AR = Rap — Rp|).
Through this appreach, we successfully archive switching action in
Top-Gated s-FET in the gate voltage range —0.5 to 2 V, but un-
fortunately, appropriate switching action for Back-Gated Type s-FET is
not witnessed. To maintain the reproducibility of results, the value of
AR used in this study is the average of five sets of results.

The considerable variation and vanishing MR by the application of
gate voltage operates devices from ON to OFF state, indicates that CGNs
based ferromagnetic electrodes have an efficient electrical spin-control
operation at room temperature. This spin-control operation at room
temperature using gare voltage is arributed to efficient variation of
magnetoresistance in the semiconductor channel due to the on/off state
of the channel. This is the indication of healthier spin transport (58]

In our case, Top-Gated s-FET and Back-Gated s-FET shows different
sets of MR data for same temperature valies. In filed effect rransistors,
contact resistance and mobility in transistors is sensitive to gate voltage
and operating temperature. Urban et al demonstrated that increasing
the temperature lowers the carrier mobility and exhibits considerable
influence on the contact resistance as a function of applied gate voltage
|49]. Therefore, device with different architecture behaves differently.
In our case, it may be due to the moditications in the graphene density
of states due to the coupling of graphene to Co d-states, which results in
formation of electron-hole puddies (40,411

I

4. Conclusions

In conclusion, we have demonstrated Top-Gated s-FET and Back-
Gated s-FET with CGNs based ferromagnetie electrodes. The chmic
contact study of both the devices that is Top-Gated s-FET and Back-
Gated 5-FET shows that the contacts between CGNs based ferromagnetic
electrodes and 2-dimensional electron gas are Ohmie in nature.
Similarly, the electrical resistance increases with inereasing tempera-
ture, which indicates that 2-dimensional electron gas behaves like
metal

The MR study at different temperature reveals that MR decreases
monotonically by increasing the temperature for both devices. The
highest value of MR was obtained at 50 K, for both devices. This higher
value of MR ascribed to the greater value of spin-polarization found in
CGNs based ferromagnetic electrodes at lower temperature. The main
accomplishment of present work is that the MR of both devices shows
good dependence on gate voltage. In addition to this, switching action
found appropriate for Top-Gated s-FET. These results motivate and
provide a possible avenue for fulure spintronics applications such as
magnetic memory, spin-oscillators and logic devices.
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Abstract:
The plays of Mahesh Dattani touched the burning 13sue: of the contemporary Indian society.
The India 15 land of vaned cultures traditions, religions and customs. The disharmony
between the religion the major problem occwred in the soctety which disturbs the national
unity, economic strength. and image of state/ mation. This 1ssue is rendered from the
independence. The mutual understanding 1n such diversities 1z only the way to enjoy the
resources for the progress of nation. The cnsis or communal tension, the challenge like this
bas placed unique place in the Indian theatre/ drama. Such 1s5ues found the path in the plays
of Mahesh Dattamn The play ‘Fimal Solution’ [1992] throws hght on communahsm
simultaneously inhuman behavior disenmination based on the caste/ religion conventionally
formed the prejudices which can creates social distances among the society. The final solution
depicted community rot between Hindu and Muslim, its effects on the peace of society
dunng the period of post partition. The psychological changes, feeling of enemy causes the
brotherhood of naton. Mahezh Dattani pictured the communal unrest by family of three

generations happened wath it. The present research paper evaluates the condiions of muddle
urban hfe and communal stress in the Final Solution.

Key —words: not, marginalized, vegetananism, communalism, and demonization.
Introduction:

Drama 15 such an art form which deal wath social subjects. It murored the social problems
and made attempt to create future society which has base of existing society. This form of
literature enlightened the audience but gives number of thought' concept to think. So drama 15
partially sociological and Iiterary.
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Mahesh Dattani 15 well known dramatist In Indian drama In English. He has been
awarded by ‘Sahinya Academy Award’ for the sigmficant contnbution in the world of drama,
with his dramatic wntings. He was fond of Gujaratt and Kannad plays which inspired him to
the dramatic wntings. His interest in drama. pave the way to found ‘Playpen’ a theatre
company m 1984, Before that he performed in numerous plays as leading role in Indian
English plays and Bntish plays. His prolong expenence of acting provokes him for direchion
of plays. In his wnangs he dealt with current 155ues, marginalized sections of society and
handled the crying circumstances of soctety like child abuse homosexuality, the problems of
underestimation of Hijada community soc1al frame. The outstanding works of Dattan1’s final
solution was first performed at Bangalore in 1993. The play mamly highlighted the communal
violence. The religious scratches between communities took wild fire in the hearts of people
of both sides. So the attacks, fighting's happened in the comers of nation for religious
existence. Dattami had wntten his plays in the post colomal penod the play has recorded the
Indian society wath itz somow sufferings dreams and aspirations mcidents of wviolence
happened for the sake of relizious feelmgs. He 15 not only actor, wnter or director but he
played as active role of social activist. He strongly believed the people who lived in Indian
society were living 1n unexpected fear and anxiety. So Dattani med to cover the unanswered
concems through his commentaries and plays about the undwected laws which affect the
urban muddle class famulies with their habits of hiving and equalizing the conditions they have.
His maginative power captured the deep rooted 155ues of soctety which was totally voiceless.

The play Final Solution opens with the diary wnting, Diksha or Hardika
Newly mamed girl was wnhng her expenences with new people and house she had not in
good tune mn laws house. After the India’s Independence she was also free from the four walls
of her house. Now she has her own views and choices. She was fond of music especially she
loves to histen Shamshad Begum and Noor Jahan songs. She wanted to be a smger but her
family did not allow and support her to fulfill her dream. She planned to take the visit of Zarmn
ker good friend. their relation tighten the bond of friendship. The scene is now shifted to forty
years forward and Diksha's granddaughter Smita was taking phone call of Tasneem. Smita
was collecting the information regarding the bomb blast in her hostel. There was tension and
fearful atmosphere outside m Moholla. So Diksha advised her daughter-in-law Anna to be
sure to close the doors and windows. At thiz moment Javed and Bobby was running on the
street and Hindus were following them to kill as they belongs to Mushm community. At last
they knocked the door of Ramnik, Javed and Bobby entered and requested to save thewr lives.
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The mob threatened the family of Ramnik to hand over the Javed but Ramnik refused to do

50.
Communal Riot

The differences of two commumties were shown as Javed and Bobby was from
Mushm commumity. Before that, they attacked on the chanot and wanted to kill the temple’s
Pujan [worshipper of Temple]. This 15 the reason that, the people from Hindu community got
hurt and decided to take revenge of Muslhim people. Javed commutted this act on the name of
Jihad It was the poizon of caste’ commumity to prepare the young minds for the fighting on
the name of rehzion. Rammik asked Javed about his involvement in terronsm. Javed released
all the incidents happened with him mn his teenage and hoe his fammly was abused. Bobby was
good nature boy: he told all truth which was only the cause of rehgion Smuta was very
familiar with these two boys appeared m the family of Rammk She behaved fnendly with
two boys, Ramnik was so kind person and gave good treatment to them. He asked Javed about
his job. Diksha was watching all the discussion and mncidents and memonzing that she was
beaten by her husband for the fnendship with Zann. Rammk also did not forget the mncident
the burning of shop for the pwrpose to take at low pnice. The final Solution ends with
undefined solution.

The play final Solution handled the 135ue of communal cnsis in the different context.
It talked about the sufferings of Hindu and Muslims mutually. The character of Hardika,
Diksha and Jawed suffered mn the set-up of Indian community. This all distwrbed the normal
social life and day to day affairs, need, working etc. It directly affected the empowerment and
progress of nation. The scene of play took place mside and outside of Rammk Gandhi's
bouse. Though the ashes of partiion are not destroyed. the dispute between land and
nationalism 15 unsolved; even after the Indian society 15 celebrating the fifty six years of
independence. The required solution 1 based on estabhizhment of communal harmony in the
nation which depends on the communities of nation.

The whole play 15 full of memones, dialogues, images sudden shifts etc. In the
communal tension the youngster hke Jawed and Bobby were used to spread communal
violence. Such young people were not able to lead normal hfe m sociery. Society do not
support suck perzons to lead in better way and ready to look them as criminal of it, either
they end their lives or police department encountered them. In such circumstances zome
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talented minds are diverted from their aims which shall useful to develop the recourses for
national development.

Conclusion

Mahesh Dattam was keen observer of the society. He found that Indian soctety and
itz culture has impact of religion: and other religious custom:. Due to caste the
marginalization of some section: of society had been occurred, and the dominance of some
sections of society has been the different 15sue, he highlighted the hurdles which stood in the
welfare of society and break down to the progress of nation. Secondly he was sensitive about
the human relatonship and its vital role in development of society. Conflicts, ego, clashes mn
families shows that male centered nomms brought suffocation to the other members hving in
the famly /society and it 15 done by the leaders of particular groups or commumty. Such
conditions leads to communal tension aroused and the fellowmen mught suffer m ths
disputes. Dattani’s play are suwitable examples to justify the actual documentation of society n
the post partition period of India. Once in mterview he claimed that “Theater 15 reflection of
what vou observe’. At the same fime Dattani’s dramatic wnting projected the rapid changes
and alterations in the existed system more than that he offered the most challenging scenano
of Indian Society, which was not changed after the independence of India, with his own style
of descniption and namative technique. On this basiz Rakesh Sharma made documentary
entitled as FINAL SOLUTION, on the aftermath of the 2002 Gujarat riots — that left 2,000
dead, hundreds raped, and more than 2,00,000 people got homeless or displaced.
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In the present worl, we successfully prepared sodium superoxide [NaQ,) doped vanadium phosphate
borate glasses using normal melt quenching technique of composition G0V 05=5P05-{35-x) B.0y=
xMa0;, x =0, 10, 15 and 20 mol %. The foremost objective of this worle is to explore the ransport prop-
erties of sodivm superoxide doped vanadium phosphate borate glasses. The impedance spectroscopy was
employed to investigate transport properties of all glass systems under study. The AC conductivity for all
glass systems were investigated in temperature range 308-473 [, The Jonschers power law found to be
fit with conductivity data, which decrease with temperature and satisfies the criteria of the correlated
hopping model The activation energy (E,] estimated from the Arrhenius plot and it is observed to be
0.12 eV.

& 2021 The Authors. Publishing services by Elsevier BV, on behalf of KeAl Communications Co, Ltd. Thisis
an open access article underthe CCBY-NC-ND license { http: | /creativecommons.org/licenses/by-ne-nd/4.01,
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1. Introduction

Conducting glasses with superionic electrochemistry are poten-
tial candidate for solid state batteries due their excellent conduc-
tivity and chemical stability against atmospheric changes. In this
category of conducting glasses, V,0s glasses has an inordinare
potential due to its practical advantages like generating various
structural groups |1, providing wide range of structure |2 |, show-
ing optical as well as electrical properties and mainly its capability
as a host for different metallic ions [2]. These properties generally
used in fabrication of electrochemical batteries 4], memory
switching devices [5] and supercapacitor |6]. The electrical proper-
ties of glasses containing large amount of transition metal oxide
such as V05 are determine by the transition metal ions present
in two different valence states V** and V** [7]. The conduction
mechanism is such glasses is dominated by small polaron hopping
amaongst such ions [8].

Since long time, much attention is attracted by B.0,-P,0q
glasses for their low refractive index and extraordinary optical
properties [9]. These glasses show excellent chemical durability
when doped with transition metals than that of phosphate glasses
due to boron oxide in the glass network in the form of BO, tetrahe-
dral and it ransforms metaphosphate chain inte 3D network [ 10]
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which useful as tuneable solid-state lasers |11, optical [12] and
luminescence materials [13]. memaory devices [14], solar energy
converters [ 15] and fiber optic communication devices [ 16].

The better formation of NaOs at the oxygen side is mainly due to
the transport limitation of gaseous oxygen through the elecrrolyre-
filled cathode structure. It is recognized that, NaO. can be formed
as a stahle and solid compound which is the discharge product in a
MNa0; cell with a diglyme based electrolyte and it provides easier
access to the study of the cell chemistry as compared to LiO: cells,
because discharge products are easily noticeable due to the stron-
ger interaction of sodium with spectroscopic probes [171

For researchers it is very difficult task to prepared stable super-
axide, The spray pyrolysis technique is employed for preparation of
sodium superoxide nanoparticles in which oxygen rich environ-
ment is maintain to achieve higher degree of purity in superoxide
phase |18]. As discussed earlier, prepararion of stable NaQ, is the
key barrier in the realization of sodium-air batteries, This instabil-
ity is attributed to discharge product of sodium superoxide is
reversibly oxidized toward oxygen as compared to peroxide and
oxide [19]. The rechargeable room-temperature battery applica-
tion of Nal, was demonstrated by Hartmann et al. The results of
the study show that sodium superoxide crystals forms as a solid
discharge in a one-clectron transfer step. This work opens the pos-
sibility of the substitution of Li-ion batteries by sodium, which
offers an unexpected result as metal-air hatteries [20].

2589-2991/0 2021 The Authors. Publishing services by Elsevier BV, on behalf of KeAi Communications Co. Ltd.
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Some recent reports suggest that vanadates glass system is
appropriate for high temperature battery applications. Khan et al
reported the Li doped vanadates glass system useful for battery)/-
solid oxide fuel cell due to their good conductivity. The results of
the study shows that DC conductivity of the present samples is
increased from 0.08 to 0.12 Sem ' at 450 °C with Li;0 doping. Also,
the optical band gap decreases from 2.2 to 2.08 eV and Urbach
energy increases from 0.31 to 0.41 eV with the addition of Li,0.
These aspects make Li doped vanadates system useful for battery
application ar higher remperature [21].

Hailemariam et al studied the impedance spectroscopic of
lithium substituted niobo vanadate glasses using Nyquist plots
and electrical conductivity analysis. In this work, the DC part of
the electrical conductivity was studied using alkali ion distance
and alkali-oxygen distance method. The activation energy shows
the variation with lithium content, it decreases from 0.54 to
0.39 eV as lithium content increases. The mobility study of lithium
ions depicts that the decrease in lithium content increases mobility
[22].

Alves et al reported the bismuth-vanadate glass system based a
novel photochemiresistor sensor for the determinarion of chemical
oxygen demand. The thin film of bismuth-vanadate glass system
shows the monoclinic phase deposited on an FTO glass surface.
The thin film works efficiently and shows a good correlation
berween the charge transfer resistance and chemical oxygen
demand concentration in the electrolyte solution [23],

Sujatha et al reported the microwave based novel approach for
the preparation of Li-vanadate based glasses. This study concludes
that microwave-based preparation approach offers advantage of
efficient transformation of energy throughout the volume in an
effectively short time. Impedance and electron paramagnetic reso-
nance spectroscopic studies of as prepared Li-vanadate based glass
system shows the explicate the nature of conduction mechanism
[24].

Inspiring from above discussion and research gap identified
from literature of materials science, we plan to report first time
the transport properties of sodium superoxide lpaded vanadate
glasses. The main accomplishment of present work is that we suc-
cessfully prepared the superoxide based stable glasses for trans-
port properties measurement. Typically, the study of conducting
glass comprising parameters like frequency exponent and scaling
to modulus, The purpose of this work is to analyse the effect of
NaQ; addition in glasses on temperature and frequency of the
polarization by means of electrical conductivity, dielectric constant
and modulus in the frequency and temperature range 20 Hz to
1 MHz and 308 to 473 K respectively. The structural, physical
and topographical study of prepared glass samples were completed
using X-ray diffraction (XRD).

2. Experimental
2.1, Marerials

Na0; was prepared by using AR grade sodium nitrate {SD fine).
Glass samples were prepared by using vanadium pentoxide (V20s),
phosphorus pentoxide (P;0s) and boric acid (H3BO;) along with a
prepared NaO,.

22, Preparation of NaO, and glass samples

For the present work, sodium superoxide {Na0; ) was prepared
using spray pyrolysis executed with oxygen rich environment at
temperature 673 K. The sodium nitrate and hydrogen peroxide
were used as precursors for the preparation of NaO;. The suspen-
sion for spray pyrolysis was prepared by adding 1 M of sodium

m
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nitrate in 20 ml H20 under strong magnetic stirring. Subseguently,
this suspension was employed for spraying under constant oxygen
flow on Si0; heating substrate. Its phase purity and structure of as-
prepared NaQ, was confirmed through XRD study. The usual melt-
guenching method was used for the preparation of glass samples of
compositions 50V,0s-5P;0s— 35-x) B;0:—xMNa0,, x =0, 10, 15 and
20 mol %. The were weighed and mixed together. This mixture was
homogenized and melted in silica crucible in a furnace at 900 °C for
3 h. After melting, the mixture was poured out pnto a nonmagnetic
stainless-steel plate maintained ar temperature 15 °C and pressed
with another stainless-steel substrate so that the sheet sample had
a circular Shape and a thickness of about 4 mm. To aveid internal
strains, the sample was annealed at 200 °C for 1 h and then cooled
slowly to room temperature, [25-27]. The melts were three time
stirred during heating to attain homogeneous glasses and lastly
poured on an aluminum plate and pressed immediately by another
aluminum plate.

2.3, Charoclerizations

The powder samples were characterized at room temperature
by using Bruker D& advance with Cu Ko radiation with scan rate
6.00 in the range 10°-80° to studied morphologies of all samples.

2.4 Impedance study

The LCR meter, Agilent Technology, Singapore was used for
impedance study which directly gives the impedance (£), phase
angle (0), capacitance (C) and the resistance (R) in a frequency
and remperature region of 20 Hz to 1 MHz and 308-473 K respec-
tively. For these measurements, the samples were cut into circular
discs, polished and conducting silver paste was deposited on both
sides, The sample area was taken to be the area exposed to the
electrode surface. A firm contact was confirmed at the boundaries
of the sample/electmde interfaces. By using above parameter AC
conductivity was obtained. From the Z and 0 data the values of Z'
and Z" compured from |Z| cos @ and |Z| sin 8, respectively. The
results presented in this work are average of three trials of reading
to avoid errors measurement. During trials no significant deviation
was observed in reading.

3. Result and discussion
3.1. XRD analysis

XRD pattern of sodium superoxide (NaOz) is shown in Fig, 1 (i),
The four peaks positions (200), (220}, {311) and (222) appear in
pattern exactly index to NaQ, according to JCPDS reference card
No. 01-077-0207, which confirms the formation of NaG, [17].
XRD pattern of prepared samples (Fig. 1(ii}), confirms the forma-
tion of glasses {amorphous nature), as there was no distinguishing
peak corresponds to any crystalline phase. [26].

3.2 Impedance study

The experimental impedance data for 20 mol % of NaQ. glass
sample ar different temperatures as Nyquist plots is shown in
Fig. 2 (a), (b) and (c). It is ohserved that, with increase in temper-
ature, the inclined straight line disappears with the formation of
semicircle, It is observed thar, the center of completely formed
depressed semicircle and partially formed semicircle is positioned
below the real impedance axis, which reveals a non-Debye relax-
ation behavior with distributed relaxation time and the intercept
of semicircle with the real axis shift towards lower frequency at
distinct temperature. At higher temperatures this intercept shifted
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Fig. Z Nyquist plots of 20 mol % of NaQ; at different temperature.

towards origin and it gives the bulk resistance of the sample at var-
ious temperatures. In these glasses, the electrical relaxation is
purely a bulk phenomenon which is mainly due to the absence
of a low frequency electrode spike | 25, 29|, The double layer capac-
itance of these glasses confirms from the equivalent circuit of
dejected semicirele which is the parallel combination of bulk resis-
tance and constant phase element (CPE). The similar behaviour is
also observing for other glass samples. From the intercepts of the
semicircle of low frequency with real impedance axis, the DC con-
ductivity (o) is calculated using sample dimensions at various
temperatures [30]. Its value thus shows a gradual enhancement
with the increase in temperature that 15 with the increase in tem-
perature, bulk resistance of the sample decreases, which is acti-
vated conduction mechanism. The dc conductivity plot shewn in
Fig. 3 fitted to Arrhenius equation

The activation energy, E,, was calculated from the least square
straight-line fitting of plot. The lowest value of activation energy
was found to be 0.12 eV for 20 mol & of NaQ,. It is observed that

conductivity increases with increase in mol % of NaO,. The maxi-
mum in conductivity corresponds with minimum of activation
energy. The explanation for enhancemenr in conductvity is given
on the basis of the Anderson and Stuart model. According to this
model, as one of the glass former ion is substituted by another
glass former ion, the average interionic bond distance changes, It
becomes larger/smaller depending on substituting ion is larger/
smaller. Thus, with the addition of NaD; content, the structure
becomes loose and hence conductivity increases [31-33].

3.3 AC conductivity

The frequency dependence of AC. conductivity for 20 mol % of
Na0; glass sample at different temperatures is shown in Fig. 4.
These figures shows that AC conductivity increases linearly with
frequency. The temperature dependence of AC. conductivity in
glasses is srudied in the glass transition regime. From Fig. 4, sug-
gest two thermally activated phenomena for conduction ie. this
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plot consists of two distinct regions low frequency plateau region
and high frequency dispersion region. In plateau region the con-
ductivity is observed to be almost independent of frequency sug-
gesting that the ionic diffusion is random less via activated
hopping process and by extrapolating the conductivity value to
zero limit frequency the dc conductivity obtained which shows
good agreement with the dc conductivity obtained from impe-
dance plot indicating the thermally induced process due to the
increase in the energy of charge carriers [34). In high frequency
region dispersion is predominant at low temperature and becomes
prominent with increase in temperature (linear behavior) and it
shift to higher frequency region, which was analysed by Jonscher's
Universal Power law |2536]. Comparable nature is also observed
in other glasses,

(2)
(D) is the direct current conductivity of the sample, Aw® is the
pure dispersive component of AC conductivity having a character-

istic of power law in terms of angular frequency o and exponent S
(0 = S8 = 1) that represents the degree of interaction between

o) = a0) = Ay
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Mterials Science for Energy Technologies 4 (2021 ) 202-207

0.6 | 0% -+10%
@ 15% —=20%
=
g 0.5 1
[~
=
z
= 04 1
)

g
=
£ 03 1
=
0.2 r T r v

300 330 360 390 480

Temperature (

'1)20 450

Fig. 5. Variation of frequency exponent (s} with temperatore for all samples.

-2
0% -—=+10% 15% -=20%

-3

log o (S.cm™)
& & A

'
~

-8 T — - T .
B 10 12 14
lor ® rads!

Fig. 6. Vanation of Conductivity with mol % of NaOz in temperature range 308 -
473 K

16

281 —+308K
5 e =348 K
303 K
g 121 =42k
é 0.4 - =473 K
e S R O
204 4
-1.2 -
2 r - - . T .
0 2 4 6 8 10 12 14

log (f/Gue T) Hz 8- em K-

Fig. 7. Conductivity scaling data of 20 mol% NaD. glass sample with different
ll.’mper.!mrc«.\'.




RV, Barde, KR Nemode and SA Waghuley

Muterials Science for Energy Technologees 4 (2021 202-207

Table 1

Activation energy (E,}, Feequency exponant (s} and Hopping distance (R}

_Samp]: mol ¥ Bg {c\l;; Frequency cxpanent (s) Hopping distance {R]

3B K 348 K 303 K 423 K 473 K B K 348 K 303K 423K 473 K

o 028 062 058 054 051 046 042 043 044 D44 045
10 021 60 0.55 052 048 044 039 (e 042 042 044
15 15 42 a0 037 036 033 028 030 032 034 0.36
20 012 .36 .33 029 027 022 025 027 025 030 n32

mobile ions and the lattices around them, and A is a constant 4, Conchasions

which determines the strength of polarizability. It is clear that con-
ductivity is dependent on «® in high frequency regime. The fre-
quency exponent (5) lies in between 03 and 06. The
temperature dependence of the frequency exponent, for the inves-
tigated glass samples is shown in Fig, 5 [37.38).

It is notable that, from the temperature dependent behaviour of
s, the conduction mechanism in any material can be explained.
From figure it is clear that, correlated barrier hopping {CBH) con-
duction mechanism is predominant for all glasses as, s decreases
with increase in temperature [29], With the addition of NaO, the
transition probability in between valance state V™' and V™
increases, which resuits in enhancement of conducrivity.

From Fig. G it is observed thar, conductivity increases with
increasing frequency and mol % of NaO; in the temperature range
308 to 473 K. The result of normalised plot of conduction at differ-
ent temperature is shown in Fig. 7. It is observed that data for dif-
ferent remperature overlap on single curve which indicares thar,
conduction mechanism is independent of temperature Le. dynamic
processes occurring at various frequencies needs nearly the same
thermal acrivation energy. [39,40],

The maximum barrier height (R)was calculated by using Eq. ( 3)
as [41.42]:
=T 3)
where k is the Boltzmann constant, and T is the absolute tempera-
ture. The values of R for all samples were listed in Table 1. The max-
imum barrier height (R) increases with temperature whereas
decreases with increasing Na®; content as shown in Fig. 8.

The comparison of results of this work with recent works
reported by Khan et al |21] and Hailemariam et al [22], our
Na0;-vanadate based glass system shows good and stable Impe-
dance and AC conductivity properties.
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Fig B. Variation of maximum barrier height {R) with temperature lor all samples.
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The formation of NaQ; was confirms by using XRD analysis,
Similarly, the amorphous nature of all glass systems was confirmed
from XRD analysis. The addition of NaQ, increases significantly the
conductivity of glasses, In the summery of present work, it is con-
cluded that sodium superoxide is a potential dopant to improve
transport characteristics of conducting glasses. The universal
power law was employed to investigate variation of AC conductiv-
ity. Results shows that temperature increases and frequency expo-
nent (s) decreases during AC conduction. The results of the study
found fit with Elliot's correlated barrier hopping medel [CBH).
The scaling study confirms that conduction mechanism shows
direct dependency on composition of glass system and tempera-
ture independent.

In summary, we first time successfully explored the impedance
spectroscopy and AC conductivity study of sodium superoxide
nanoparticles doped vanadates-based glasses. The major accom-
plishment of present study is that we succeed in preparation of
stahle superoxide-hased glasses, which shows good transport char-
acteristics over the wide range of temperature, This virtue make
glass useful for wide variety of applications such as high tempera-
ture batrery application, supercapacitor application.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal refationships that could have appeared
to influence the work reported in this paper.
Acknowledgements

Authors are thankful to Head Department of physics, Director,
Government Vidarbha Institute of Science and Humanities, Amra-
vati and Head, Department of Physics Sant Gadge Baba Amravati

University, Amravati for providing necessary facilities.

References

11] 4. Petrov, YV, Yakoviev, | Sguier, Ranun necroscopy analysss of phase

ans| wation mechanisms in vanadiom dioxide, Appl. Phys. Let, 81 (6)
(2003} 10231025

|2) MM, El-Desoky, M5, Al-Assiri, Structural and Polaronic transport properties of
semiconducting CuQ-V,0-TeO glasses, Mater. Sa. Eng, B 137 [2007) 237
245,

[3] G Clark, AN: Pick. DTA study of the reactions of Va0x with metal (1) catides

|. Therm. As

(2009 656-659.
- Doweidar,

L Plys: 11

Oy-Bal-V, 0. glatses,
™




RV, Barde, KR Nemode and SA Waghuley

[10] R Brow, DR Tallant, Structural design of sealing glasses, | Non-Cryst. Solids
222 (1997 396-406.

[11] TO. Hardlwell, Solid-state lasers: propertics and applications, Nova Science
{2008,

[12] B. Denker, B. Galagan. V. Osiko, S Sverchkov, £ Dianey, Luminescent
propertics of Bi-doped boro-alumino-phosphate glasses, App. Phys. B 87
{2007 135-137.

[13] CR. Kesavulu, RPS, Chakmdhar, RS, Muratidhara, | Lakshmana Rao, RV,
Anavekar, L Optical absorprion and photoluminescence propesties of CF*
ions in lithivm borophosphate glasses, |, Alleys Compd. 496 (2010) 75-80.

[14] 0, Maa, RL Tumer, LA. Countney, B.D, Fredericksen, ML Bucketr, L], Krauvse, |
R Dahn Activelinactive nanocompasites as anodes [for Li-ion batteties,
Electrochem, Solid-State Letr 2 {1)(1000) 3-5,

115] JT. Tsai, CY: Huang 5T, Lin. The development of conductive pastes for solar
cells, Adv, Mater. Res. 557-559 (2012] 1201-1204.

[18] EW. Yu, I O, Mew in-line fiber band pass filters using high silica dispersive
optical {ibers, Optics Comimuy, 204 (1-6) (2002} 111-118.

[17] Pascal Hartmann, Conrad L Bender, Joachim Sann, Anna Katharina Dilir,
Martin Jansen, |irgen Janek, Philipp Adelhelm. A comprehensive study on the
cell chemistey of the sodium superoxide (Mao2| battery, Fhys. Chem, Chem,
Phys, 15 {28) {2013) 11661, https:| |doiong/ 10.1038/c3ep50930c.

18] Kailash Nemade, Sandeep Waghuley, Novel synthesis approach for stable
sodiom supemzide (MaD2} nanopanticles lor LPG sensing application, |t
Mano Lett. 7 (3} (2017} 233-236,

{19] V5. Dilimon, C. Hwang, ¥. Cho, | Yang, H. Uim, I Kang, 5] Kang, H. Song,
Superodde stability for reversible Na-Dp elecrochemistry, Scie. Rep: 7 (20017)
1763517642,

[20] Pascal Hartmann, Conrad L Bender, M:Inﬂ \"l -!Lir. .‘\'nna K.:L]urma [, M\L!
Garsuch, [irgen Janck, Phifipp Adeih
sodium supemxdde {NaDy] hattery, Nat Malr. 12(3)( 2DI3,: 228—232.

[21] S Khan, K, Singh, Structural, sptical, thermal and conducting properties of
V2 xLin05 5 (015 < x < 0.30) systens, Sei Rep. 10 (2020) 1-11,

[22] 8G. Hallemaam, GV, Honnavar, M. Ifan, R Kevalapura Structeral and
electrical properties of lichivm substituted niobo vanadare glasses doped with
nickel ferrite, AIP Adv. 11 (2021) 210-220,

[23] M.A, Alves, A Olean-Oliveira, CX. Cardoso, MF.5, Teixeia, Photochemiresistor
sensor development based on 2 bismuth vanadate type semdconductor for
determination of chemical dxygen demand, ACS Appl Mater Inteffaces 12
(2020) 187231720,

[24] Basareddy Sujatha, Ramarao Viswanatha, Hanumathappa Nagabushana,
Chinnappa Narayana Reddy, Flectronic and onic conductivity studies on
microwave synthesized glasses containing transition metal jons, | Mater. Res,
Technol, 6 {17{2017) 7-12,

[25] RV, Barde, 5.A. Waghuley, Preparation and electrical conductivity of novel
vanadate borate glass system ontaining graphene oxide, J Non Cryst, Solids
376 (2013) 117-125,

[26] Rajesh Barde, Sandeep Waghuley, Transport properties of rare earth CeQ,
doped phospho-vanadate glass systems, |, Chin. Adv. Mater. Soc. 2 (4) (20014)

273-283,
[27] A V. Sekhar, L Pavic, A Mogus-Milankovic, V. R, Rumar, A, 5. Sesha Reddy, G
M. Raju, and N. Veerarah, Dielectiic d and impedance spectroscopy of

Metenials Science for Enery Technologies 4 (2021) 202-207

MO doped LiZ504eMeDeP205 glass system, |- of Alle. and Comp., 824 (2020)
153907,

[28] 5. lan, P. lidharan, WM. Venkateshwarlu, N, ana, lon
uan:qu .md relaxation smthex of silver vanado tellurite glasses at low
temperature, Mate, Chem, and phys, 87 (2004) 370-377,

[29] Sare) Rani, Sujata Sanghi, Neetu ﬂhlawaLAshushAgamaL Iinflusneeof Bi; 0, on
physical, electrical and thermal properties of Li;0-Zn0-Ri0-Si0; glasses, |
Adloys Comp, 519/{2015) 650-665,

[30] RV, Barde, S.A Waghuley, Stady of AC electical properties of Va0s-Palls-
Balh-Dy:0s glasses, Ceram, Inter, 39 {6]{2013) 6303-6311.

[31] CR. Madappan, G Govindaaj, § \anth Rathan, G, Vijaya Prakash,

Preparation, characterization, AC conductivity and permitrivity studies on

vitreous MyAICAP;0y; (M = Ui, Na, K system, Mater, Sci. Eng B 121 (1-2)

{2005) 2-8.

RS Gedam, VK Deshpande, An anomalous enhancerment in the electrical

conductivity of LIZ0 | B203: AL203 glasses, Solid State lenics 177 [26-32)

[2006) 2580-2502,

[33] RV. Barde. 5 A Waghuley, Thermal and elect rical properties of 60V,05 -5Pa0:-
{35-x]ByDs-xCe0x( 1< X <5} glasses, Bull. Mater. 5d. 38 {2) {2015) 557-563.

[34] I Jaiswal, K Singh, P. Lohia, DU Dwivedi. Study of ac condudivity
mechanism and impedance spectroscopy in CNT-added CuoqSeq5Teylng
chaloogenide system, Bull, Mater, 5ci. 43 (2020) 216,

[35] B Saravanakumar, G. Ravi, V, Ganesh. RE Guduru, R, Yovakkumar, MnCoz0,
nanesphere synthesis for electrochemical application, Mater, Sa. Ener. Techn,
I{2019) 130-138,

[36] PML Anjana, ME Bindho, RB Rakhi, Green synthesized gold nanoparticie
dispersed porous carbon composiies for electrochemical enesgy storage.
Mater, 5ci. for Ene. Tech. 2 {3 (2019) 389-3895.

[37] C Dohare, MAMA Imran, N Mehta, Study of dielecric relaxation and
thermally activated ac eanductlon in glassy SeqoTey and SeT0Te2BM2 (M
=A@ Zn and Cd] alloys, | Asi Ceram. Soc. 4 (2016 257-258,

[38] Ah Dhahri, E. Dhaher, EX HE Bectrical conductivity and dielectric behaviour
of ranocrystalline Lag g Gdi156a Mg sSia w0y, R5C Adv, 8 (17) (2018) 9103-
S11Y.

[39] B Roling, A Happe, K Funke, MD, Ingram, Camier concentrations and
wlaxation  spectroscopy:  new  information  from scaling properties of
conductivity spectra in jonically conducting glasses, Phys, Rev. Lett 78 (11)
{1997) 2160-2163,

[40] Snmyia El-Sayed, Optical prope and dhelectricr
fucride thin films doped with gadoliniom chlonide, I'h\"nn: Bxl‘ﬂ \24'}!4‘ 197-
208,

[41] RV. Barde, KR Nemade, SA Waghuley, AC conduttivity and dielectric
relaxation m V0,105 -B.0 glasses, |, Aslan Ceram Soe, 3 (1) {2015) 116-

132]

122,
[42] H. Bouaamiat, M. Hadi, N. Belghiti, H. Sadki. M M. Bennani, F, Abdi, T.
ncharfi. M. Bowachrine, and M. Abarkan. Dielectric Properties, AC
Conductivity, and Hectric Modulus Analysis of Bulk Ethylearbazole-
Terphenyl, Adv, Mate. Sc. and Eng, (2020), Article 1D 8689150, & pages.
doi10.1155) 2020/8689150.




13 Comprehensive study to ascertain the effect of MNnO2 loading
on supercapacitive properties of conducting polymers

F i £ S
() Taylor & Francis

International Journal of Polymer Analysis and
Characterization

I1SSN: [Print) (Online) Jjournal homepage: https:/fwww.tandfonline. com/loi/gpac20

Comprehensive study to ascertain the effect of
MnO, loading on supercapacitive properties of
conducting polymers

Bhagyashri Tale, Kailash Nemade & Pradip Tekade

To cite this article: Bhagyashri Tale, Kailash Nemade & Pradip Tekade (2021):
Comprehensive study to ascertain the effect of MnO- loading on supercapacitive properties
of conducting polymers, International Journal of Polymer Analysis and Characterization, DOI;
10.1080/1023666X.2021.1533853

To link to this article: https://doi.org/10.1080/1023666X.2021,1933853

) published online: 07 Jun 2021.

>
EJ’ Subrmit your article to this journal &'

sl Article views: 9

LY
& View related articles (&

@ View Crossmark data &

Full Terms & Conditions of access and use can be found at
https:/fwwwrandfonline.com/action/journalinfermation?journalCode=gpac20




INTERNATIONAL JOURNAL OF POLYMER ANALYSIS AND CHARACTERIZATION e Taylor & Francis
hittps://doi.org/10.1080/1023666).2021.1933853 TRflvL xRl Greup

Comprehensive study to ascertain the effect of MnO, loading
on supercapacitive properties of conducting polymers

Bhagyashri Tale®, Kailash NemadeP®, and Pradip Tekade®

"Department of Chemistry, Bajaj College of Science, Wardha, India; bDepartment of Physics, Indira
Mahavidyalaya, Kalamb, India

ABSTRACT ARTICLE HISTORY

This study reports the electrachemical properties of Manganese dioxide Received 2 December 2020
(MnO,) with four types of conducting polymers such as polyaniline (PANI), Accepted 19 May 2021
polythiophene (PTh), polypyyrole, and polyindole (PIn) by preparing their
composites. All four conducting polymers were prepared by chemical oxi-
dative polymerization approach. The prepared composites were character-
ized by X-ray diffraction (XRD), scanning electron microscope (SEM), Raman
spectroscopy, ultra-violate visible (UV-VIS) spectroscopy, and photolumi-
nance (PL). Similarly, the supercapacitive properties such, cyclic voltamme-
try (CV) curve, capacitance retention and cycle stability of composite
materials were investigated. The highest value of specific capacitance was
obtained for MnO,-PANi (Mn-PANI) composite, which was found to be
63375 Fg .

KEYWORDS

Conducting polymers;
MnQ;; supercapacitor

Introduction

Global demand of energy is increasing day by day. As demand of high energy storage system is
increased globally, study of electrode material for supercapacitor application became topic of
intense research. Climate changes and the limited availability of fossil fuels create a need of sus-
tainable and renewable energy sources. Thus, renewable energy production from sun and wind,
as well as the development of electric/hybrid electric vehicles with low CO; emissions has started.
As the sun does not shine during the night and wind does not blow on demand, energy storage
systems play a major role and electrical energy storage systems, such as batteries, electrochemical
capacitors (ECs) are need to be developed. The performance of energy storage systems has to be
increased substantially to meet the higher requirements of future systems. ECs (also known as
supercapacitors or ultracapacitors) store energy by ion adsorption (electrochemical dounble-layer
capacitors) or fast surface redox reactions (pseudo-capacitors). These can be more efficient than
batteries used in electrical energy storage, when high power delivery or uptake is needed.
Numerous efforts have been taken to increase the specific capacitance value of the electrode
materials. The electrode materials with high capacity and cyclic stability found to possess great
supercapacitor performan ce 121

Over the past decades, various types of electrode materials are studied for high-performance
supercapacitor application and many approaches are employed to fabricate various composites
prepared using different types of electroactive materials. As lithium-ion batteries has some disad-
vantages such as slow power delivery or uptake, faster and higher power energy starage systems
are needed and for this, supercapacitor are considered as good alternative. ECs are power devices
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Maharashtra, India.

L) 2021 Taylor & Francis Group, LLC




2 (&) B.TALEET AL

which can be fully charged or discharged in seconds. Their energy density (about 5Wh kg™') is
lower as compared to batteries, but it shows much higher power delivery or uptake (10kW kg™")
for shorter times (a few seconds). They can replace batteries in the energy storage field for
uninterruptible power supplies (back-up supplies used to protect against power disruption) and
load-leveling.!*~*!

Transition metal oxides and conducting polymers are pseudo-capacitive active materials.
Addition of metal oxides to conducting polymers is called composites. Composite formation
improves electrochemical properties. Among transition metal oxides, manganese dioxide (MnO-)
shows best EC properties than others. PANi/MnO, composite has been studied by Chen et al
who reported the specific capacitance value of 80 F g~' and its stable columbic efficiency of about
98% up to 1000 cycles.!!

Transition metal oxides such as RuO;,”? NiO,[a'qi CoOx, and MnOz[m‘; are studied and imple-
mented as electrode materials for $Cs.!"'""*! Metal oxides have wide charge/discharge potential
range, but most of the transition metal oxides shows relatively low capacitance.""'" Conducting
polymers such as polyaniline (PANi) are reported as another promising material in the redox
SCs. Polymers shows advantages such as high capacitance, high conductivity, low cost, and ease
of fabrication.!""! But they suffer from disadvantages such as the relatively low mechanical stabil-
ity and cycle life which are major limitations for applications. In recent years, considerable efforts
have been made to couple the unique advantages of these capacitive materials for SCs by forma-
tion of compasites.""”** Thus, the composites of PANi and MnQ, have attracted much attention
because of their low cost and eco-[riendliness. The PANi-MnO, composite can be prepared using
different chemical methods." 2% The PANi serves as an electroactive material for energy stor
age and it is also a good coating layer to protect MnO, from dissolution in acidic electrolytes.!”’
It is reported that the composite prepared by intercalation of PANI into layers of MnQO, shows
an enhanced specific capacitance of 330 F.g~' by the synergistic effects.””"]

Motivating from above discussion, we planned to investigate the electrochemical properties of
MnO, with four types of conducting polymers such as PANi, polythiophene (PTh), polypyyrole,
and polyindole (PIn) by preparing their composites. In this work, we studied the supercapacitive
properties such, cydic voltammetry (CV) curve, capacitance retention, and cycle stability
performance of composite materials. Prime novelty of present work is that out of four type of
composites system of MnQO, with conducting polymer, we successfully optimized MnQ,-PANi
(Mn-PANI) composite system as active electrode material for supercapacitor application.

Experimental

In this work, chemicals of analytical grade procured from SD Fine, India of purity 59.8% were
used without further purification. PAN1 was synthesized with chemical oxidative method using
ammonium persulfate as oxidizing agent. Both aniline and oxidant in 1:1 ratio were dissolved in
aqueous medium. The greenish black ppt was observed and it was kept for 24 h at room tempera-
ture in order to get complete polymerization. The obtained product was washed with distilled
water and dried in an oven.*! For polymerization of pyrrole, FeCl; was used as oxidant and
cthanol as solvent. The suspension was kept at room temperature for 24h for polymerization.
Finally, solution was filtered and washed with acetone and distilled water to remove unreacted
pyrrole and excess ferric chloride. A black ppt of polypyrrole (PPy) was dried in an oven.*]

PIn was prepared via chemical oxidative technique using FeCl; as an oxidant. In this tech-
nique, monomer and oxidant in stoichiometric ratio were dissolved in distilled water. To that
reaction mixture, 0.1 M hydrogen peroxide was added to enhance the rate of reaction. The reac-
tion mixture was continuously stirred for 12h with magnetic stirrer at 30°C."*!! PTh was synthe-
sized at room temperature by mixing thiophene with ferric chloride in distilled water. Hydrogen
peroxide was added dropwise to reaction mixture to enhance the rate of reaction. The
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polymerization was allowed to take place with constant stirring for 24h with magnetic stirring at
30°. Then concentrate sodium hydroxide solution was added to generate precipitate. The precipi-
tate was washed with distilled water and dried in oven."*”)

MnO, was synthesized using co-precipitation method using manganese sulfate monohydrate
(MnSQ..H;0) and potassium permanganate (KMnQO,). The solution was further stirred for
20min and kept at room temp. for 24h. The solution was probe sonicated using sonicator (PCi,
750-F, PCI analytics Pvt. Ltd) to split the MnO- particles to nano dimensions. The black-brown
product was obtained which is washed with deionized water and dried in oven."*! The ex-situ
approach was adopted for preparation of polymer/metal oxide composite. The weight % stoichi-
ometry was adopted for preparation of composite. During preparation of composite, polymer
(1g) and metal oxide (0.1 g) was added in organic media.

The X-ray diffraction (XRD) patterns of as prepared materials were recorded on Rigaku
Miniflex-11 X-ray diffractometer. The morphology of samples was investigated using scanning
electron microscope (SEM) images obtained from JEOL JSM-7500F. The ultraviolet-visible
(UV-VIS) absorption spectra of composites were acquired using Agilent Cary 60 UV-VIS spec-
trophotometer. The Bruker RFS 27 Raman spectrometer was used for Raman analysis.
Electrochemical study of prepared samples was carried out using three-electrode cell systems
(CHI 660D, CHInstruments). As-prepared materials were used as the working electrode, platinum
wire as counter electrode and Ag/AgCl as the reference electrode. In this work, the working elec-
trodes were prepared by mixing 85 wt.% sample that is Mn-PANi composite, 10 wt.% activated
carbon, and 5wt% polytetrafluoroethylene with acetone. Then the mixture of sample was coated
onto a nickel foam using spin coating technique. Photoluminescence (PL) spectra recorded using
fluorescence spectroscopy (FL spectrophotometer model F-7000; Hitachi).

Results and discussion

The XRD patterns of the Mn(, micromaterials are shown in Figure 1(a-i). The diffraction peak
which appeared at 20 = 18~, 28, 37°, 427, 56" matched well with the diffraction peak of - MnO;
standard data (JCPDS card PDF file no. 44—[]141).!34] XRD of PANi recorded at room tempera-
ture with several diffraction peaks in the 2{} range 15-30°. The pattern shows sharp and well-
defined peaks, which indicate semi-crystalline nature of PANi. The crystalline nature of PANi is
due to its nano fibrous form and planer nature of benzenoid and quinoid functional groups.**!

XRD spectra of PTh shows only one broad peak centered at near 20 value of 35° This diffrac-
tion peak strongly associated with the m-m stacking structure in PTh chains. Thus, spectrum
shows that the semi-crystalline nature of PTh.*®l The XRD pattern of PIn showing a broad
hump which suggests an amorphous structure which is the characteristic of PIn.*!! 1t is observed
from the XRD of PPy that the polymer is in an amorphous state, and hence there are no sharp
peaks observed in the diffraction pattern. But a broad peak at about 24° of 20 value is observed,
which incidentally is the characteristics peak of amorphous PPy polymer,*”!

The XRD pattern of Mn-PANi compaosite clearly shows the crystalline phase with shape peaks.
The XRD patterns of MnO,-PIn composite (Mn-PIn), MnO,-PPy composite (Mn-PPy), and
MnQ:-PTh composite (Mn-PTh) indicates amorphous nature as there is no sharp peak. Table 1
shows the particle size estimated from XRD analysis.

Figure 2(a-i) shows the SEM images of (a) MnO,, (b) PANi, (c) PTh, (d) PPy, (¢) PIn, (f)
MnO,-PANi, (g) MnO5-PTh, (h) MnO,-PPy, and (i) MnO,-PIn, respectively. SEM images shows
the good quality information about the surface topography of as-prepared materials.

Raman spectra of MnO; clearly showing sharp peaks in the region between 500 and 700 cm ',
which is characteristic peak of MnO, (Figure 3).*”) Raman spectra of PANi clearly indicate signal
at 1140, 1230, 1500, and 1582 em™". The 1100-1210 em ™" region indicates C-H bending vibra-
tions of benzene or quinone type rings. The 1210-1520 cm™ ' region denotes C-N stretching
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Figure 1. XRD patterns of {a) MnQ,, (b) PANi, (c) PTh, (d) PPy, (€} Pin, (f) MnO.-PANI, (g) MnO-FTh, (h) MnO=-PPy, and (i}

MnO2-Pin,

Table 1. Particle size of Mn0,, polymers, and their compaosites.

Compound Estimated particle size by Scherrer equation D{nm)= K&/fiCosf! {nm) [38]
Mn0; 61.32

Polyaniline (PANi) B4

Polythiophene (PTh) 108.51

Polypyrrale (PPy) 10813

Polyindale (Pin) 10.28

MnOx-polyaniline composite (Mn-PANI) 90.16

MnO;-polythiophene composite (Mn-PTh) 132.87

MnO-polypyrrole composite (Mn-FPy) 91.23

MnO;-polyindole composite (Mn-Pln). 7.20

vibrations and 1520-1650 cm region represents C-C stretching vibration of benzene and quin-

one type rin gs,l'm

PTh shows sharp peak at 1209, 1379, and 1651 cm . Signal near 1600 cm ' shows unques-
tionably frequency dispersion with increasing chain length. Peak near1500cm " is a common fea-
ture of/the Raman spectra of aromatic and heteroaromatic systems. It is always very strong and
dominates the whole Raman spectrum. While it shifts to lower frequencies when chain length
increases. It shows somewhat different frequencies from one chemical series to another within the
class of oligo and PThs, but within each class it is almost invariably strong and unshifted. Some
signals which appear at the lower frequency side shows intensity enhancement with increasing
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Figure 2. SEM images of (2} MnO,, (b} PANI, (c) PTh, (d) PPy, {e} Pin, i} MnO,-PANI, (g} MnO,-PTh, (h) MnO,-FPy, and (i}
MnO;-Pin,

chain length."'! PPy shows signal at 1330 cm ™" which corresponds to C-C stretching in ring and
antisymmetric C-N stretching."! PIn shows signal 1102 due to out-of-plane as well as in-plane
deformation of N-H, peak near 1594 corresponds to C=C backbone stretching and peak at 1414
due to ring sire:tchjng.[a""JIII

In this work, UV-VIS technique was used to know the absorption wavelengths of materials
and band [fap (Figure 4). The energy band gap of sample can be calculated using relations:
E=hc/A1* where, Energy (E) = Band gap, Planks constant (h)=6.626 x 10T & Velocity of
Light (c) =2.99 x 10* m/s, and Wavelength (4) = Absorption peak value. leV = 1.6x 1077 |
(Conversion factor). Table 2 shows the band gap values of as-prepared materials.

In PL spectra, MnQ, signal is found to in range of 300-800nm (Figure 5). The spectrum
exhibits prominent emission bands located in green—violet spectral region. A broad weak emis-
sion in the green region is observed at around 520 nm which can be ascribed to the surface
defects or surface dangling bonds.* 8] PANi shows peak at 367nm, due to © — n* transi-
tion!* PTh shows absorption near excitation wavelength 325 nm.”? pL signal for Pln can be
observed which comes from the recombination of electron in singly occupied oxygen vacancies
with photo exited holes, 1?1521 PPy shows PL emission peaks near 400nm. However, agglomer-
ation affects the PL intensity of the polymer.!*!! This PL emission characteristics demonstrate the
promise of the synthesized materials for practical applications in ultraviolet and visible light emis-
sion devices.

Figure 6 shows the cyclic voltammetric (CV) curves of MnO,, PANi, PTh, PPy, PIn, Mn-
PANi, MnO,-PTh, MnO,-PPy, and MnO,-PIn recorded at a scan rate of 50mV s ' The CV
curves clearly shows that prepared composite has higher supercapacitive properties than sperate
MnO,, PAN1, PTh, PPy, and PIn. The superior supercapacitive propertics of composite attributed
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Figure 4. LN-VIS spectra of MnO,, PANI, FTh, PPy, PIn, MnO2-PANI, MnO2-PTh, MnO=-PPy, and MnO=-Pin.

to synergetic effect between conducting polymers and MnQ,. Specific capacitance has been esti-
mated using the relation (Equation (1)) =

Cs_

— '_Fl_l
mxv(‘t )

(1)




INTERNATIONAL JOURNAL OF POLYMER ANALYSIS AND CHARACTERIZATION @ ¥

Table 2. Band gap and Absorption peak values for MnQ,, Polymers and their composites

Compound Absorption peak value {nm) Band gap (eV)
1. MnO; 410 3.02
2. Palyaniline (PANI) 310 399
3. Palythiophene (PTh) 265 467
4. Palypymole (PPy) 440 232
5. Palyindole (Pin) 249 498
6. MnD,-Polyaniline compasite (Mn-PAN) 241 5.14
7. MnD,-Polythiophene compaosite (Mn-PTh) 339 366
B. MnDy-Polypyrrole composite (Mn-PPy) 394 315
9. MnD,-Polyindole composite (Mn-Pin} 250 495
500 4

——Mn-Pin
— Mn-Ppy
——Mn-Pth
Mn-Pani
— Bin
-——Ppy
—Ph
Pani

Intensity (A L)

300 ) dEID ) 500 A0
Wavelength (nm)
Figure 5. PL spectra of MnO,, PANI, FTh, PPy, PIn, MnO,-PANI, MnO,-PTh, MnO,-PPy, and MnO,-Pin.
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Figure 6. C‘\" curves of MnQ;, PANI, PTh, PPy, Pin, MNO;-PANI, MnO-PTh, MnO;-PPy, and MnO;-FIn recorded at a scan rate
of 50 m\.s

where I is the average current during anodic and cathodic scan (A), m is the mass of the elec-
trode (g), and v is the scan rate (V). In our case, the highest value of specific capacitance was
associate with Mn-PANi composite, which was found to be 633.75 Fg~' at a scan rate of 50 mV
s ", The significant enhancement in electrochemical performance was attributed to improved car-
rier density, which results in good electrical conductivity.*" Further study, confined about Mn-
PANi composite, as it is optimized sample in this study.




8 (&) B TALEET AL

- =
tn ]

Potential (V) vs. Ag/AgCl

,

=

=
4
£

6 8 (1] 12 14
Time (s)

Figure 7. Galvanostatic charge/discharge curves of the MnO;-PANI composite collected at a current density of 10 uAcm ™,

e =%
Ty 4 -
—g

Capacitance Retaintation(s)
-
b3

o 2000 400 adO K00 1000 1200
Cyele Number

Figure 8. Cycle performance of the MnO,-PANi composite measured at a scan rate of 50mV s~ for 1200 cycles.

Table 3. Comparison of present work with some recent reports on supercapacitive properties of MnO2-PANI composites.

Electrode matenal Method Specific capaditance (Fg ) References

Polyaniline-MnQ, nanotube hybrid In situ polymerization 626 [56]
nanocomposite

MnO; nanorods intercalating graphene oxide/ Ex-situ approach 512 [571
polyariline ternary composites

Ultralong manganese dioxide/polyaniline Ex-situ approach 346 [58]
coaxial nanowires

MnO;-PANI composite Ex-situ approach 633.75 This work

Figure 7 shows the galvanostatic charge/discharge (GCD) curves of Mn-PANi composite. The
GCD curves of Mn-PANi composite is nearly symmetric. As expected, Figure 7 shows that the
Mn-PANi composite based electrode shows longer discharge time. It is due to the highest specific
capacitance associated with Mn-PANi composite. Better electrochemical performance of Mn-
PANi composite accredited to synergetic effect between MnO, and PANI.

Figure 8 depicts the capacitance drops in Mn-PANi composite. The Mn-PANi composite
exhibits good stability with ~9828% capacitance retention after 1200 cycles. Stable performance
of Mn-PANi composite is ascribed to enhanced electrical conductivity and highly stable surface
redox reaction.™!

Table 3 shows the recent reports on supercapacitive properties of Mn-PANi compaosites and
their comparison with findings ot this work.
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Conclusions

In this work, we successfully prepared the composites of MnOs and PANi, PTh, PPy, and PIn
and mainly studied their supercapacitive properties. Similarly, the composites were characterized
by XRD, SEM, Raman spectroscopy, UV-VIS spectroscopy, and PL. The highest value of specific
capacitance was associate with Mn-PANi composite, which was found to be 633.75 Fg ' at a scan
rate of 50mV.s ' The main accomplishment of this study is that MnO;-PANi composite shows
stable performance up to 1200 cycles.
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Abstract

Job has its own nature and its separate specific skills. And it is also a major source for
caming wealth and health, for individuals and human resources development. We have some
expectation form job like it should be given securily of life, respect in society to us. 10t fulfill
our own needfu! criteria then it becomes suitable for the person otherwise not. Job also has
expectation form the people that are skill oriented and interested person otherwise it becomes
hectic for person. Several scienlific studies on job and person relationship describe it as suntable
job for suitable person. Present study focus on the job categories and its impact on mental health
and job satisfaction score. Psychological standardized measure; Dr. Amar Singh and Dr. T. R.
Sharma Job satisfaction scale and Emplovee's Menata! Health Inventory by Jagdish were
administerad. Data collected form 20 subjects from two job categories teacher, clerk having 5 to
10 vears” expericnce of job, at single job without any transfer were selected. - Collecled data
analyzed through descriptive statistical technique S. D. Mean and ANOV A. Result.

Keywords: Job Satisfaction, .Mental Health, Job Categories.
Introduction

Jon satisfaction is an aspect of functioning in any prefession which is widely accepted.
Hoppock (1935) bring this term into cutrency. He reviewed a little over 30 contemporary studies
and concluded that though there was much opinion about job satisfaction vel there was not much
factual work done in the field The summum bonum of the opiion is that job salisfaction is
favourableness with which workers view their job. It reflex when there is a [it between job
requirements and wants and expectations of the cmployees. In other words, it expresses the
extent of match between worker's expectation (also aspirations) and the rewards the job provides
and values it creates and values i1 creates and gets cherished,

Recent years have witnessed a lot of conceptualization with regard to factors involving
job satisfaction. The number of theories independent and interrelated. which explain, al least tend
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doing so the different facets of Job satisfaction, which view this phenomena from different

angles and endeavor fo explote it in all its dimensions,
Parformance Theory of Donald et al 1970 explain employee's salisfaction connection

with job performance, satisfaction leads 1o performance and performance 1o satisfaction and
performance - salisfaction relationship is moderated by many variables link with man and his
job Brayfield and Grockett (1955) have reviewed 50 studics and provided a capslone (0 the
satisfaction - performance relationship

Schafler (1953) has argued that job satisfaction will vary direetly with
the need 1o an individual which can be satisfied, are sctually satisfied.

Maslow (1984) proposes that people are continuously in motivational state, as on¢ desire
becomes satisfied another rises (o take its place. He postulates, o hierarchy of human needs-
physiological needs, safety needs, social noeds, esteem status, self-actualization elc
Mecntal Health

Health is defined as indispensable quality in human beings. It is said that no wealth
without health Sound health makes sound mind, adds to hoppiness of a person, and leads to a

ihe extent to which

meaningful and active life.
“The preamble of the World Health Orpanization's chanter defined health as a state of

complete physical, mental and social well-being. not merely the absence of disease or infirmity™

(Monopolis et. AL 1977).
Bhatia (1982) Considered mental health as the ability to balance feelings, desires,

ambitions and ideals in one’s daily living

Objective
I Tostudy the Mental Health of the dilerent job categories

2. To study Job Satisfaction among Teechers, Clerks.
Te study the relaionship bolween job satisfection and Mentol Health of the job

3
calegorics
Iypothesis
| The teachers mental health w ill have significantly differ than the clerk’s mental bealth
2. Job sausfnclion score will be dillorent (o the differont job categories
3. There will be positne relationship between Job satisfaction and mental health of the
teachers and clerk
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Methods & Sample
Independent Varinble : Job Categones

A) Teaching
p) Clerical

Sample
There are 60 subjects were selected randomly from

field and clerical field and same sizc into two category in [
ficld and 30 subjects form clerical figld. Job experience 5-10 years was sclecting crileria

Tools & Techniques
1. Job Satisfaction Scale by Dr. Amar sing & Dr. T.R. Sharma was used to measure job

o. The test-retest reliability is 0.97 with N+52 and a gap of
thayya's Job satisfaction questionnaire

the two job category ¥ hich teaching
his way 30 subjects from teaching

satisfaction of the employe
25 days, The scale compares favourably with Mu
giving a valdity coelTicient of 0.74.

Scoring: The positive statement carmy & weightage of 4,3,2,1 and 0 and negative once a
weightage of 0,1.2,3 and 4.

2. Employee's Mental Health Inventory (EMHI) constructed by Dr. Jagdish was applied
10 measure variable mental health Test has the split-hall reliability of the test was
determined by computing the pearson’s Product Moment coelMicient of correlation .66
and index of reliability is .89 Inventory possesses content validity and Construct
volidity 15 determined by computing the coefficient of the correlation between the
scores on EMHI and Mental Health Scale (Buck, 1972). The cocflicient was found to
be .74 1t also validated by relationship with * Personal Adjustment Scale” by Pestonjee
(1973) The validity coeflicient was found to be 5T,

Technlques: Mewn end S 1D was calcutated of each group and Student’s 1 test is used to
measure significant difference between means., product movement correlation was used fo
megsure association between mental health and Job Satisfaction.

Result & Dlscussion
Table no.! shows (he statistics of mental Health of the Teachers and Clerk.

| Variable N | Mean | SD. T value | Sing.
| Teachers | 30 | 2090 1.79 | 3020 | 05
Clrk [ 30| 13,80 | 398
_'l'ulnl 1735|444
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Resull was found that means of the Mental health of teachers 20,90, $.D. 1.79 and clerk
13.80, SD. 3.28. t (59) = 30.29, p<0.05 it means that the hypothesis teachers mental health is
greater than the clerk mental health is found significantly true

Table no.2 shows the statisties of Job Satisfaction of the Teachers and Clerk.
Vanable | N | Mcan | SD. | Tvalue Sing.
Teachers | 30| 7997 | 11.90 | 4011 | .05

Cleth | 30 | ¢0.80 | 6.64
Totd | 60| 70.38 | 13.59

Result was found that means of the job satisfaction of teachers 79.90, S.D. 11.90 and
clerk 6.80, S.D. 6.64, t (59) = 40,11, p<0.05 it means that the hypothesis fcachers arc high job
satisfaction leve! than the clerk is found significantly truc.

Table no3 shows relationship between job satisfaction and mental health.

Variable N | Job Satisfaction | Mental Health
Mental H 101 0.59 0,00
Job Satisfaction | 30 | 000 0.59

Table no.3 shows the relationship between job satisfaction and mental health the person
product movement correlation was sound .59 and positive direction. Hence it can be say that
there is posilive correlation, the hypothesis is accepled.

Conclusion
. Teachers are beiter in mental health than the clerk.
2 Teacher have more satisfied in their job compare fo clerk.
3. There is positive correlation between job satisfaction and mental health,
Refcrences
Bhatia. B.D (1982). Mental lygicne in Education. In B. Kuppuswamy (Ed.) Advenced
Educational Psychology. New Delhi: Sterling Publishers Pyt Lid
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ARTICLEINFO ABSTRACT

Keywords: Present experimentation reports the interaction between graphene and mansition Metal (Fe, Co and Ni), in the
FOIromagnetc coniacts context of ferromagnetism. Fe-Graphene, Co-Graphene and Ni-Graphene samples were prepared by simple ex-
Spintranics situ approach followed by probe-sonication technique. The prepared samples were characterized by Xeray dif-
Graphene fraction [XRD) technique and Scanning Flectron Microscope (SEM) analysis. To study magnetic properties of

Spin fictd cffict transistor prepared samples, few tests were performed namely Vibrating Sample Magnetometer (VEM) technigue,

Magnetoconductance  Study, Temperature-dependent Magnetization Measurements and Large positive
Magnetoresistance Study. Results obtained were analyzed specially in the context of Spin-Field Effect Transistor
{s-FET) application.

1. Introduction carrier concentration and high electronic mobility through Gate
Voltage [4],

Graphene has high electron mobility (about fen times higher)

In scientific community, graphene is well accepted class of material

which has important features as light weight, good transporr properties
and ease of synthesis. Spintronics is rapidly emerging area of research,
which deals with the use of electron spin degree of freedom instead of/
in addition to electrical charge of electron. However, spin-polarization
is very important condition for spintrenics application which can easily
be achieved by using ferromagnetic materials. The transition metals Fe
(3d%7), Co (3d75%) and Ni (3d%) are partially filled d-block element
and also well-known ferromagners at room temperature, [n metal spin
relaxation time and length is very short, whereas it is long in semi-
conductors [1],

Graphene-based spintronics is comparatively a new feld of research
and development, Recently, scientific community has seen noteworthy
progress in spintronics technology. The grapbene-based materials are
the potential category of materials for spintronics application for the
reasons mentioned below,

» Graphene based magnetic materials have long spin lifetime and
diffusion length (2],

# Graphene is a very promising spin channel material, as it shows
OO temperature spin transport with long spin diffusion lengths up
to several micrometers (3],

« Graphene has special motivating physical propery ie. tunable

* Corresponding author,
E-mail address: lormerms

gmaLeom (K. Nemade).

10,1016/ 20,114

compared to commercial silicen wafers. It has long spin-relaxation
length and ballistic transport characteristics (electrons can travel
300 nm or more without scattering) [5-21.

Above characteristics of graphene facilitates huge scope to develop
the spin-polarized devices, mainly spin-Field Effect Transistors.
Therefore, scientists have concentrated on developing efficient
magnetically active graphene based spintronics materials. Use of
graphene based ferromagnetic materials for spintronics application
needs an insight about the behavior of magnetic properties at the
interfaces of graphene and Fe, Co and Ni nanocrystallite [10-121,

Therefore, in this primary research attempt of magnetic behavior of
Fe, Co and Ni loaded Graphene nanosheets has been studied for future
spintronics applications specially Spin-Field Effect Transistors. With
this in mind, different rests as Vibrating Sample Magnetometer (VSM)
Measurements, Magnetoconductance Study, Temperature dependent
Magnetization Measurements, Large positive Magnetoresistance Study
were performed and their results were studied to understand the fer-
romagnetic behavior of samples (Fe, Co, Ni— Graphene) for spintronics
application,

tpes il s 4
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Fig. 1. Schematic
2. Experimentation
2.1. Synthesis of (Fe, Co & Ni-Graphene) nanosheets

Tig. 1 depicts the synthesis procedure of (Fe, Co & Ni-Graphene)
nanosheets. Graphene used in this work is obtained by using previously
reported method [13]. Firstly, to synthesize Fe-Graphene, 50 g of gra-
phene sheets were dissolved in 100 ml acetic acid under magnetic
stirring for 30 min. Secondly, the suspension of Fe-Graphene and acetic
acid was subjected to probe-sonication for 1 h. Thirdly, 0.5 mg of Fe
(NO;): was disselved in 10 ml of acetic aeid, which was added in
former solution drop by drop under constant magnetic stirring for
30 min. The resultant suspension then was subjected to probe-sonica-
tion for 1 h. The final solution was then filtered and washed several
times by deionized water to remove the impurities. Finally, black co-
lored precipitate was collected and dried at 100 “Cin oven.

The same procedure was adopted for the preparation of Co-
Graphene and Ni-Graphene using precursors Co{NOy), and Ni(NO),,
respectively, The schematic synthesis process of Fe-Graphene na-
nosheets shown in Fig. |, Temperature conditioning was employed ro
all the three final products to form homogeneous magnetic system. The
final product of all three samples were kept for heating in the tem-
perature range of 100-500 'C in stepwise manner with an interval of
100 °C. At each fixed value of temperature, sample was heated for
60 min. Similarly, the sample was aliowed to cool at 400, 300, 200 and
100 °C each for 60 min.

2.2 Characterization methods

The structural study of Fe-Graphene, Co-Graphene and Ni-Graphene
nanosheets were executed using X-ray diffraction (XRD) analysis with
Rigaku Miniflex XRD set up Cullo radiation (h = 1.5406 A)
Transmission electron microseopy with selected area diffraction pattern
analysis was captured using TEM-Tecnai F-30107; Philips. The surface
topography of Fe-Graphene, Co-Graphene and Ni-Graphene nanosheets
was investigated by field emission scanning electron microscopy
(FESEM) by using Seanning Flectron Microscopy instrument, Model:
ZEISS SIGMA operating at 5 kV ETH veltage. In addition to XRD and
SEM analysis, elemental composition analysis was performed by using
an energy dispersive X-ray analysis (EDAX) instrument, Model: EAG
AN461.

To explore the ferromagnetic behavior of Fe-Graphene, Co-

is process of Fe-Grap ts.

Graphene and Ni-Graphene nanosheets, Vibrating Sample
er (VSM) technique was employed at room temperature
using V5M set up (Quantum Desngn Meodel- PAR 155) having specifi-
cations as Range: 0.00001 to 10,000 emu and Magnetic field: -10 to
+10 kOe, To study ferromagnetic behavior in detail, the temperature
dependent magnetization measurements with zero field cooled (ZFC)
and field eooled (FC) condition were performed at 1000 Oe magnetic
field strength using special Vibrating Sample Magnetometer (Lake
Shore-7410) with temperature range —4.2 K to 1273 K. In the mag-
netoconductance measurement process, the material under study was
mounted in cryestat-Janis CCS-350s, which was positioned between the
pole pieces of an electromagnet (Lakeshore EM647). The magnetie feld
with the maximum strength of 20 kOe was applied and measured by
Gauss Meter, Lakeshore 421 kept close to the material. The curren-
(-voltage characteristies was measured by a Keithley 2400 Source
Meter and used further for the calculation of magnetoconductance,
Using Hall measurements, transport properties of samples were
determined. The magnetoresistance (MR) was measured using direct
current (Van der Pau method) at room temperature in the magnetic
fields at around 0.5 T. For MR measurement, thin films of samples were
prepared using spin coating technique with thickness ranging between
268 and 285 nm. MR is defined as, MR (%) = [{Ry — R,)/R,] % 100
where R, is the initial sample resistance and Rg is its resistance in the
magnetic field.

3. Results and discussion

3.1, Souctural and morphot

gical study of graph

Fig. Z(a) depicts the XRD patrern of graphene, which comprises the
signature peaks of graphene at 26.3" and 44.2° corresponds to plans
(002} and (100), respectively. Whereas the inset of figure shows the
Raman spectra of graphene, This spectrum also comprises the char-
acteristics bands of graphene, T band (1300 cm~'), G band
(~-1580 cm "), and 2D band (--2720 cm '} [14]. Fig. 2(b) shows the
TEM image of pure graphene with selected area diffraction pattern
(inser), Inset shows a well-defined hexagonal array indicating structural
purity of planes in graphene and also indicates graphene does not have
a large number of sheets. The XRD, Raman and TEM analysis of gra-
phene obtained in present study has structural purity.
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Fig. 2. () XRD pattern of pristine graphenc. Inset of image shows Raman spectra of graphene. (b) TEM image of graphene and inset displays selected area diffraction

pattern.

3.2. XRD analysis of composites

Fig. 3(a—c) shows the XRD pattem of Fe-Graphene, Co-Graphene
and Ni-Graphene nanosheets, respectively, All three XRD patterns
comptise two broad peaks, (002) and (100}, which are signature peaks
of graphene at 28 positions of 26.3" and 44.2°, The corresponding peaks
of graphene are in good agreement with recenty reported work in lit-
erature [15,16]. No significant peak appears for the Fe, Co and Ni,
which indicates that the orientation of graphene layers is not greatly
influenced by nanocrystallites Fe, Co and Ni. The discernible peak at
26.42" in XRD of Fe-graphene composite as shoulder peak is the in-
dication of formation of iron oxide nanc-island. The previous report of
Narayanaswamy et al demonstrared thar the oxidation behavior of Fe
can be controlled by the concentration of graphene in composite [17].

3.3 SEM study

Tig. 4(a~c) shows the SEM images and elemental X-ray mapping of
(a) Fe-Graphene (b) Co-Graphene and (¢} Ni-Graphene. The SEM image

12000
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(c) (002) Ni-Graphene

(100)

9000 | (b) (002) Co-Graphene
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(b} Co-Grapk

(100)

Fig. 3. XRD pattemns of (a) Fe-Grapk anl (b} Ni-Grapk

Fig. 4. SEM images and elemental X-ray mapping of (a) Fe-Graphene (b) Co-
Graphene and (c) Ni-Graphene.

confirms that nanocrystallites Fe, Co and Ni are uniformly distributed
over the graphene surface. No significant agglomeration observed in
SEM micrographs. The elemental analysis was done using EDAX
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spectroscopy. The elemental analysis also confirms that nancerystallites
Fe, Co and Ni are distributed over the graphene surface. In present
work, as the Fe, Co and Mi nanoparticles adsorbed by graphene results
in formation of an electron transport channel between Fe, Co and Ni
nanoparticles and graphene. In this type of materials, electron mobility
proportional to surface electron concentration and the diameter of
adsorbed atoms | 15].

3.4. Magmetic characteristics

3.4.1. Vibrating sample magnetometer (VSM) measurements

Theoretically, the pristine graphene is diamagnetic in nature due 0
sp” hybridization. In the present study, obtained graphene synthesized
using electrochemical exfoliation of graphite, which definitely com-
prises some defects, which imprint magnetic features into graphene
|19]. Therefore, graphene used in present study shows weaken mag-
netic behavior, Fig. 5 shows the hysteresis loops of prisdne graphene,
Fe-Graphene, Co-Graphene and Ni-Graphene nanosheets, which were
obtained at room temperature (208 K). The well-defined hysteresis
curves indicate that good ferromagnetic ordering with considerably
large coercivity was observed in Fe-Graphene, Co-Graphene and Ni-
Graphene nanosheets. The values of coercivity, remanant magnetiza-
tion and saturation magnetization estimated from hysteresis loops are
presented in Table 1,

Fig. + and the values of coercivity (Hc), remanant magnetization
(Mr) and saturation magnetization (Ms) listed in Tabie | for Fe-Gra-
phene, Co-Graphene and Ni-Graphene nanosheets clearly indicates that
synthesized materials exhibit ferromagnetic behavior. Actually, the
presence of intrinsic magnetism in sp2 hybridized pure graphene has
been a controversial topic [20]. In literature, few reports show that
graphene exhibit uncommon magnetic properties including spin glass
and magnetic switching applicarion due the edge states arising from the
nonbonding electrons [21,22]. The origin of magnetism in pristine
graphens comes only due to the local states introduced by defects and

Table 1
The measurement of coercivity (He), remanant magnetizadon (Mr) and sa-

turation ion [Ms} of (a) Fe-Graphene, (b) Co-Graph and (c} Ni-
Graphene nanosheets.
Bample He [Ganss) Mr {emugm) Ms [emujgm]
Pristine Graphene 540 00734 0,306
Fe-Graphene 536 0.2002 0.682
Cu-Graphens 537 0,200 0,761
Ni-Graphens 534 0.2010 0816
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molecular adsorption [23 24]. Kaur et al [25] and Wang et al. [26]
studied that graphene may become magnetically active by removing the
functional groups like —OH, —COCH, —0O— and —C=0, which in-
troduce the point defects and extended defects. In this way, graphene
may become magnetically active.

The presence of ferromagnetic behavior in nanosheets assigned to
creation of more defective sites in graphene sheets due to addition of
Fe, Co and Ni nanocrystallites. Due to the presence of Fe, Co and Ni
clusters, nanosheets may exhibit the strong exchange interaction with
ions and result in ferromagnetism, Abtew et al. [27] shows that spatial
overlap, energy and symmetry matching hetween transition metals-dz®
and C-pz orhirals results in good magnetic characteristics. In addition,
the work of Abtew et al and co-worker demonstrated that charge
transfer of 0.05¢ per € atom from Co to graphene and 0.07¢ per C atom
from Ni to graphene induced ferromagnetism in graphene sheets.

The gradual increase in the values of remanant magnetization, sa-
turation magnetization and area under the hysteresis loop of Fe-
Graphene, Co-Graphene and MNi-Graphene nanesheets, clearly indicate
that the ferromagnetism ohserved in samples was largely due to the
outcome of charge transfer from Fe, Co and Ni to graphene and small
due to intrinsic defects present in the graphene [26].

3.4.2. Mognetoconductance study

Fig. 6 depicts the magnetoconductance curve of Fe-Graphene, Co-
Graphene and Ni-Graphene nanosheets as a function of the magnetic
field ar room temperature (298 K). The magnetoconductance is very
important ool to identify microscopic behavier of ferromagnetic
system. This parameter is used to identfy the scattering centers present
in the sampie [25]. The magnemconductance shows positive value on
entire scale of magnetic field at room temperature (298 K). The mag-
netwconductance in Fe-Graphene, Co-Graphene and Ni-Graphene na-
nosheets is arributed t weak spin-orbit coupling. The magneto-
conductance curve does not comprise any peak in low magnetic field
129,20, which indicates that the contribution of intrinsic impurities or

Tiaihl

defects present in the graphene in onductance are neg

In this case, it is due to the interaction between conduction electrons
and potential barrier at the graphene and Fe, Co, Ni interface. The
magnetoconductance eurve with no peak is an indicaton of good
quality interface formed between graphene and Fe, Co, Ni nanocrys-
tallite. As the concentration of Fe, Co, Ni nanocrystallite in graphene is
very less, magnetoconduction has happened through graphene.

3.4.3. Temperature depend) iz It

Fig. 7(a-c) depicts the temp;'ature dependent magnetization data
recorded under zero field cooled (ZFC) and feld cooled (FC) conditions
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Fig. 6. Magnetoconduetance curve of Fe-Graphene, Co-Graphene and Ni-
Graphene nanosheels as a function of mageetie feld ar room temperature
(298 KJ.
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Fig. 7. Magnetization (Ms) as a function of temperature (a) Pe-Graphene, (b) Co-Graphene and (¢) Nl-Graphene nanosheets i under zero field cooled (ZFC)
and field cooled (FC) condition under 1000 Ge magnetic feld strength,
for external magnetic fleld 1000 Oe in the temperature mange of
2-350 K for Fe-Graphene, Co-Graphene and Ni-Graphene nanosheets, 100 Fe-Graphene
respectively. In case of ZFC curve, Fe-Graphene, Co-Graphene and Ni- .\ /
Graphene nanosheets show magnetization peaks at around 10 K. After B0q &, LIy
300 K, magnetization gradually drops up to 350 K. Similarly, FC curve \.\ //Nl-ﬁrapheﬂe
shows ne peak around 10 K with higher value of magnetization, The FC _. 804 A \m l/ o
curve also shows gradual decrease in magnetization after 300 K. The = 4 9 /. A’ Co-Graphene
slight difference m ZFC and FC data over the Lemperalrurle range may be E 40 A ‘\. '/ A/
ascribed to the existence of small of magnetic inh \ S/
phase in prepared samples [71]. This type of behavior of samples is 5 A
useful in spintronics and spin-glass application [32-33].
0
3.4.4. Large pasitive magnetoresistance stdy
Fig. 4 displays the magnetoresistance (MR) of Fe-Graphene, Co- 05 04 02 00 02 04 06 08
Graphene and Ni-Graphene nanosheets versus magnetic field at a room B(M

temperature (298 KJ. The maximum value of MR around 94.87% was
assoriated with Fe-Graphene sample, whereas minimum value of MR
was 61 .43% for Co-Graphene sample. All the measured MR values were
positive, having quadratic magnetic fleld dependence behavior up to
0.05 T. Further, the MR values shows nearly linear dependence in the
fields up to 0.5 T. The higher value of MR in Fe-Graphene sample is
attributed to the process of hydrolysis of ferric nitrate, which produces
islands of iron hydroxide and iron cxide on graphene surface (361
These islands influenced the transport properties of graphene, similar ro
nanodiamonds work on graphene surface. These islands on graphene
follow sp* configuration, which significantly alters the conductivity of
sample [37]. In the present work, we conciude that ex-situ approach of

Fig. 8. The MR (%) of Fe-Graphene, Co-Graphene and Ni-Graphene nanosheets
versus magnetic field at a room temperature.

Fe-Graphene, Co-Graphene and Ni-Graphene composite preparation
create the islands of respective metal hydroxide and their oxide. Pre-
sently, we confirmed it from TEM and S5EM images of pure graphene
and composite. The comparative study of different ferromagnetic ma-
terials presented in Table 2, which are suitable for spintronic applica-
tions reported in the literature.

In the light of above discussion, it is observed that Co-Graphene is
quite good material as ferromagnetic contacts in Spin-Field Effect
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Table 2

Comparative study of different fer suitable for spi ic applications reported in the literature with regard to MR ratio.
Sample Resistance type Magnem-resisanes Ref.
a-be; 04 decorated graphene Negative S

Oxide-froa Oxide Nano Positive 280%

‘Graphite intercalated with cobalt Positive 1485
Co cluster decorated graphene Negative L
Muliitayer Graphene Grown on Nickel WNegative EO000%
Wi/graphene/Ni Junctions Posiiive 0.1% 1431
Fe-Graphene Fositive G487 This work
Co-Graphene Postive 6180 This warl
Ni-Graphene Positive B89 This work

Transistor (s-FET) application. Because, the origin of ferromagnetism
between graphene and Co is due to electronic structure modifications.
The US patent designed and published by Kelber et al shows that the
charge current induces a spin current in the graphene, and it can be
measured easily using spin selective cobalt electrodes. This work ac-
complishes that Graphene deposited over the Cobalt acts like efficient
source and drain in feld effect transistor. The fabricated spin- field
effect transistor device shows durability, low power consumption, rapid
switching action at room temperature [44 1.
In s-FET following three processes are extremely important,

Injection of spin polarized current of electron through the 2-di-
mentional electron gas channel from FM contacts (Source).
Transport of electrons through 2-dimentional electron gas channel
without losing the spin direction

Detection of spin polarized current into FM contact (Drain).

In the working of s-FET, first and third process purely depends on
quality of ferromagnetic marerials, as it is used as ferromagnetic con-
tacts (Source and Drain) in 5-FET application, The 2-dimentional elec-
tron gas channel is heavily doped n-type silicon wafer, it has good
compatibility with magnetically active Co-Graphene ferromagnetic
material,

4. Conclusions

In summary, Fe, Co and Ni loaded Graphene explores the induced
magnetism due to the charge transfer effect between graphene and Fe,
Co, Ni interfaces. The VSM measurement shows that coercivity, re-
manant magnetization and saturation magnetization of Fe-Graphene,
Co-Graphene and Ni-Graphene nanosheets show significant enhance-
ment over the pure graphene. The magnetoconductance study discloses
that the contribution of intrinsic impurities or defects present in the
graphene in magnetoconductance is negligible. The ZFC and FC data
shows that the small amount of magnetic inhomogeneous phase is
present in prepared samples, which is useful in spintronics and spin-
glass application. All samples show positive magnetoresistance having
quadratic magnetic field dependence behavior up to 0.05 T and then
linear dependence in the flelds up to 0.5 T. The study reveals that Co-
Graphene is quite good ferromagnetic material as Source and Drain
contact application in s-FET.

Declaration of Competing Interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgments

Prof. (Mrs,) Neetu Gyanchandani is very much thankful to Dr. S.R.
Choudhary, Prineipal, JD College of Engineering and Management,

Nagpur for providing necessary academic help,
Data availability

The raw/processed data required to reproduce these findings cannot
be shared at this time as the data also forms part of an ongeing study.

References

sgnetie behavior in 20 corbon-based compo

Y A
Single Layer G

e, Phys. Rev

HUT, Jembomom, 15, wan Wees,

T (e

1] ¥ 7

magnet inf
[12] ¥. Muriia, V. P
d nickel
u

113] ¥

[14] 7 Mano

¥ graphiene




N Gyanchandant, et al.

241

[25]

[26

1271

[28

28]

[0

1311 B

132]

[33

[341

[35]

VW Bme, #. Decker, H.M. Solswnn, ¥, Wang, L Mnseentd, KT, Chan, H. Lse,
€0, Girl, A. Zettl, S0, Loade, ML Cohen, MF, Crommie, Gare-coniolled loni
zation and screening of coball adatoms on @ graphene surface, Nab Phys 7 (2011)
4347,

. gaur, & Pal, Enhanced msgnotie properties of eobali-doped graphens nanor
ibbons, Appl. Phys. A 123 {3017) 250-285,

Marertals Science & Engineermg B 261 {2020) 114772

tn a Cr-based onttperovekice enmpound PANTE,, ). Mater. Chem. © 3 (2015)
BHEI-566.

VN, Matveey, ViL Levashoy, OV, Konopeke, ViT. Velkov, Large positive mag
petoreststanee of graphene af oam Emperature in magnetic fcddsup to 05T,
Serip, Mater. 147 (2018) 3739,

¥ W\ng W, matwwal, M. Lin, & Scha, 8, Ozyilmoz, K9P, Loh, Electronic properties of

Y. Wang, ¥. Huang, Y. Sany, X, Zhang, Y. Ma, . Liang, Y. Chen, B
fermomagnetism of graphene, Nano Lett, 9 (2009 200-234,

T, Abtew, B. Shih, & Banerjec, P, Zhang, Graphene—ferromagnet interinees: hy-
Bridizntinn, magnetzation snd charge tmnsfer, Nunoseale 5 (2003) 19021 909,
P, Hota, A3 Akhiar, 5. Bhavmchorys, M. Miah, 85 Saha, Ferromagnetsm in
griphene due w chitrge tansfer from atomic Co 1w griphens, Appl. Phis Let 111
(2017} (42402,

E.V.Tikhonznks, D.W, Homdl, V. Gorbachey, & I Saveheako, Weak bealization
In: graphene flokes, Phys Rev, Lem 100 (3008] 056802

BV, Mopopov, B.S0 Novoseloy, M Ratselson, FoSchedin, LA, PFonomarenko

D, Jiang, AK. Getm. Strong suppression of week focalization in gmphens, Pioys
Rov. Lett, 97 r'th}b:; 016801,

, . Krish thic, Srrucmral and magnetic prop-
arlles of Wi ’wnﬂ" r~nuwmrnmm prepared by mechanbes! milling, 3. Magnet
Magnct: Miter, 464 {2018) 35-43,

A ielenakova, J, lovae, V. Zelenak, Exchange blis in ron-oxide particles nanc-
cased in periodie poroos silien, At Phys. Palon. Ser. A 115 [2009) 357-359.
. Malliel, €. feath, A Rath A Hanerje C. Mishen, Ansiferro to supes-
panimagnetic transition on Mn doping in Ni0, Selid Stave Conunun. 130 {23101
13421345

5.0 Towsri, K. Hajeev, Signatures of spin-plase freening in Mid nancparticles,
Phys. Rov. B 72 (2006) 104435
5, Lin, LT, Shoo, 3.C Ln, L 7o, X.C Kan, B.E5 Wang, YN, Hoang, W.H. Soag,

W Lo, P. Tong, Y.P. Sun, Spin-glass behavior and zero-feldcooled exchange bias

4

141]

142

143]

(4]

1 de:ur.s:\.l |.ruph:nr. ACE Nang 6 (2012 1018-1025,

&, Bhattacharya, U Dinda, E.M. Kumor, B Thopa, S K. Saba. Charge transfer in-
duced ] and Increment of coercivity in ul-
trachin -1 (0 deeorated graphens 20 mnmm'mre: 4. Appl. Phys. 135 (2019)
233904,

AL Lin, H. Peny, & Liu, T. Wu, € Su, P, Loh, W, Ardamly, ATS W, Chen Roon
Temperature magnetic graphene oxide- iron exide nanecomposite based magne-
toresistive mndom access memory devices via spin-dependent trapping of clectroas,
Small 10 (2074) 1945-1952,

L. Ovsilenko, L. Matzul, T Berkutoy, I Mirasley, T Len, ¥ Pryluskyy, 0. Prokopoey,
U. Risier, Magnetoresistance of graphite intercalated with cobals, J, Mater, Sei. 53
(18] 716-726.

. Cad, 1. Chen, Eleemonie transpert properties of Cn chter decoraied grphene,
Chin. Fhys, B 067304 [2018).

8.0, Bodepudi, P. Singh, 5. Pramanik, Giant carrent-perpendicular-te-plune mag-
netoresstance in muinkyye gmphene ds grown onnichel, Nano Lett, 14 (2014
2233-2341.

¥ Hu, M. JI . Peng, W Qin, M. Pan, 1 Zhao, ¥. Yoo, © Han, J. My, L Pan,

W. Tiana, D. Chen, Q. Zhang, . LiL A i ed e of the
magnetoresistance in vertical Ni/graphene/2 junciions, 1. Magnet. Magnet. Mater,
487 (2019) 165317,

J. kelber, P. Dawhen, Coherent Spin Field Effect Transistor, US. Patent, Patent Nao.
I89,620,654B2 (2017),




17 Preparation of nanorefrigerants using mono-, bi-and tri-layer
graphene nanosheets in R134a refrigerant

Preparation of nanorefrigerants using
mono-, bi- and tri-layer graphene nanosheets
in R134a refrigerant

Cite as: AIP Conference Proceedings 2104, 020017 (2019); https://doi.org/10.1063/1.5100385
Published Online: 07 May 2019

P. B. Maheshwary. C. C. Handa, and K. R. Nemade

® S

View {mline T 4 mtian

ARTICLES YOU MAY BE INTERESTED IN

MNano scale domain control under polarization switching in ferroelectric lead meta niobate
single crystal
AIP Conference Proceedings 2104, 020001 (2019); https://doiorg/10.1063/15100369

Recent advancements in the field of ballistic and non-ballistic spin-based field-effect
transistors

AIP Conference Proceedings 2104, 020018 (2019); hitps://dolorg/10,1063/1.5100386

Effect of particle size on OSL response of CaSO4:Eu
AIP Conference Proceedings 2104, 020002 (2019); https://doi.org/10.1063/1.5100270

v
o)
=
T
@
O
0
o
t =S
o
o
!
&
o
B
&
c
o
O
=
-

edings

ter Promotion Code [/ 7 |

| at checkout

Get 3( all
print proceedings!

AIP Conference Proceedings 2104, 020017 (20719); hitps:/ /dolorg /10.1065/1.5100385 2104, 020017
© 2019 Author(s).




Preparation of Nanorefrigerants using Mono-, Bi- and Tri-
layer Graphene Nanosheets in R134a Refrigerant

P.B. Maheshwary'".C.C. Handa’”and K.R. Nemade™

'l!')e;m.tnrrem of Mechanical Engineering, JI? College of Engineering & Management, Nagpur 441 501, India.
* Department af Mechanical Engineering, KDK College of Engineering, Nagpur 4000 049, India.
3De;.mrmren: of Physics, Indira Mahavidvalava, Kalamb 445 401, India.

“'Corresponding author: pbm5 | @ rediffmail. com
"chandrahashanda @rediffmail.com
“krnemade @ gmail.com

Abstract. Nano-refrigerants are a special class of nanofluids, prepared by addition of nanoscale impurity in refrigerants.
The nano-refrigerants have a wide range of applications in many fields of thermal enginesring including rapid
refrigeration, air conditioning and heat pumps. In the present work, nanoreftigerants are prepared by forcefully dispersing
Mono-, Bi- and Tri-layer graphene nanosheets in Ri34a refrigerant (as hase fluid) at low temperature (278 K). To
analyze the effect of number of layers of graphene, three types of graphene layers namely mono-, bi- and ti-layer
graphene nanosheels are chosen. The result of the research work shows that thermophysical and heal transfer properties
are strongly influenced by the number of layers of graphene. The nanorefrigeramt prepared using mono-layer graphene
shows outstanding heal transfer property in terms of 96,14 % enhancement in thermal conduclivity over the pure
refrigerant.

INTRODUCTION

The cooling and heating in domestic and industrial applications mainly depends on the thermo-physical
properties such as thermal conductivity, viscosity, specific heat and density of fluids which are used in system.
Conventional [luids have poor heat transfer capacity due to low thermal conductivity. Hence, il consumes more
energy, which indirectly results in the emission of large amount of CO.. Therefore, the development of
nanorefrigerants is very much necessary for the improvement in performance of refrigeration technology. The key
advantages of nanorefrigerants are,

*  Nanorefrigerants will lead to compact and lighter refrigeration systems.
*  Nanorefigerant based refrigeration systems will consume low energy.
®  Nanorefrigerants have virlue of low global warming and zero ozone depletion potential.

But the nanoretrigerant exhibits some unresolved issues such as particle clogging, large pressure drop, corrosion
of components, still required to be addressed. Anand et al reviewed comprehensively the recent developments in the
field of nanorefrigerants. The review is mainly focused on the domestic use of nanorefrigerants for improvement in
coelficient of performance, energy saving and green environment. In the present work, after rigorous research
authors have concluded that the refrigerant R134a has zero ozone depletion potential. During the experimentation
with nanoparticles and lubricant mixture in refrigeration system. Anand et al demonstrated that the power
consumption is significantly reduced [1]. Nair et al summarized the recent developments in the nanorefrigerants
field in the context of its preparation, thermophysical properties and application. This sudy pomnied out that the
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research on the nanorefrigerant is slow and needs more attention of scientific community. In this review, many
cases-studies are discussed. which shows that addition of nanoparticles in refrigerant improve performance of
refrigeration system and energy efficiency [2].

Kumiar et al reported the preparation of ALO;-R134a nanorefrigerant to analyze the performance in refrigeration
system. In this work, Al;O; nanoparticles tirstly mixed with poly alkylene glycol (PAG). Results of the investigation
show that ALOsnanorefrigerant performs efficiently in the refrigeration system. It is observed that refrigeration
system performance is better than pure lubricant with R134a as working fluid. The use of nanorefrigerent reduces
the energy consumption by 10.32% [3]. Kushwaha el al experimentally investigated the performance of (R134a +
AbOy) nanorefrigerent in refrigeration system. This study reports some motivaiing resulis, such as lemperature
drops significantly across the condenser for R134a+AlLOsnanorefrigerant and improvement in coefficient of
performance. Work of Kushwaha et al proposed R13da+Al,O.nanorefrigerant for practical application in
refrigeration system [4].

Ozturk et al formulated a new category of nanorefrigerants, which comprises graphene nanosheets. The graphene
based nanorefrigerant shows oulstanding thermal conductivity enhancements over carbon nanotube suspension with
practical value of viscosity. The experimental study shows that graphene based nanorefrigerant is polential category
of nonorefrigerant to achieve efficiency in many thermal management applications [5]. Fadhilah et al smdied the
thermophvsical properties of CuQ nanoparticle loaded nanorefmieerent thronesh mathematical mod

ermophysical properfies of Lul) nanoparticle loaded nanorginigerent hrough mathematica

ling, In this
ling, In this
work, the physical properties of R-134a are used for mathematical mndellmg, The thermal conductivity, dynamic
viscosity and heat transter rate were the main parameters studied in this work. The mathematical modelling-based
results show that nanorefrigerant will be the potential working fluid, which saves energy vsage and environment [6].

Mahbubul et al investigated the heat transfer and pressure drop characteristics of ALO;-R141b nanorefrigerant as
a function of different volume concentrations. The results of the study show that heal transfer and pressure drop
characteristics increased with the concentration of nanoparticle, The optimized nanorefrigerant improved the
performance of cooling capacity of refrigeration system. This results in low energy consumption [7]. Ajayi et al
studied the performance of 0.04%MNUVR134a nanorefrigerant as working fluid in refrigeration system. For the
nanorefrigerant application, nanoparticles were prepared by one step method and dispersed into the mineral oil. The
results of the study show that nanorefrigerant performed better with improved coefficient of performance of the
order of 7.05% [8], Mahbubul el al investigated the thermophysical properties of 5 vol.% AlO: nanoparticles loaded
R-134a refrigerant and its effects on the coefficient of performance in the temperatures range 283-308 K. The result
shows that thermal conductivity improved over pure refrigerant by 28.58%, whereas specilic heat of nanoreftigerant
is slightly reduced compare o R-134a [9]. Sanukrishna et al reported the thermophysical, heal transfer and pressure
drop properties of Ti0; nanoparticle loaded R134a nanorefrigerants. The results of study show that thermophysical
and heat transfer characteristics improved due to the addition of nanoparticles in pure refrigerant. In this work, heat
transfer coefficient got increased by 30.2% [10].

In the present work, it was planned to investigate the thermophysical characteristics of graphene/R134a
nanorefrigerants. To analyze the effect of graphene and more importantly its layer number on performance of
nanorefrigerants, Mono-, Bi- and Tri- layer graphene was used to prepare suspension. The thermo-physical
characteristics like viscosity, density, specific heat and thermal conductivity were studied at low temperature.

EXPERIMENTAL

The graphene nanosheets required in this work were procured from Sigma-Aldrich, The procured graphene was
characterized by X-ray diffraction (XRD) analysis and transmission electron microscopy (TEM). In the present
work, Mono-, Bi- and Tri-layer graphene nanosheets were used for the preparation of nanorefrigerants. As the
R 134a refrigerant is highly unstable al room conditions, firstly the graphene sheets in three types namely Mono-, Bi-
and Tri-layer added separately in lubricant of the compressor sysiem. The preparation of mixture of nano-impurity
and lubricant is very important step in the study of nanorefrigerant. The poly alkylene glycol (PAG) lubricant is used
in this study, due (o its wide acceptability in refrigeration lechnology and good physical properties. The nanosheels
of graphene with the mass fraction of 1% were dispersed in lubricant. The graphene was forcefully dispersed into
the lubricant using ultrasonic device for two hours at 150 W and 20 kHz to obtain well dispersed mixture. No
surfactant was added in the preparation of graphene-lubricant mixture to avoid the effect of surfactant on heat
transfer performance. To prepare nanorefrigerants, the mixture of lubricant and graphene was carefully injected to
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the pure refrigerant. Three types of nanorefrigerants were prepared in this work vsing Mono-, Bi- and Tri-layer
graphene.

The thermophysical and heat transfer properties of nanorefrigerant studied in the temperature range 283-307 K.
The viscosity of nanorefrigerants was determined using AR-1000 Rheometer, TA Instrument. The specific heat and
thermal conductivity measurements were carried out by using KD2 pro thermal analyzer (Decagon Devices).

RESULTS AND DISCUSSION

Figure 1 (a) shows the XRD patiern of graphene. The analysis of XRD paiiern indicates the structural and phase
purity of graphene. XRD pattern comprises two signature peaks of graphene. (002) and (100} at 26.3° and 44 27
respectively. Both these peaks indicate the highly organized structure of graphene. The topography of graphene

under study is directly visualized by TEM as shown in Figure 1 (b), The nanosheets of grapheme were used for the
preparation nanorefrigerants.

Mk

(a)

]

Intensity (4.1
H

n w L1 N £l ol
2 Thet i)

FIGURE 1. (a) XRD pattern and (b) TEM image of graphene,

Viscosity is a critical thermo-physical parameter in refrigeration system, which affects the performance of
nanorefrigerant. Viscosity of nanofluids or nanorefrigerant normally increases with increase in concentration of
nancparticles and decreases with temperature, The viscosity of grapheme based R134a nanorefrigerants was studied
using Brinkman model (Eq. 13 [11],

1

My = H, ﬁ
where, pnr and pr is the effective viscosity of nanorefrigerant and pure refrigerant respectively. ¢ is particle volume
fraction. The variation in viscosity of mono-, bi- and tri-layer graphenenanosheets based nanorefrigerants as a
function of temperature is shown in Figure 2.The viscosity of nanorefrigerant decreases with increase in
temperature. It is also observed from viscosity plot that trilayergraphene based nanorefrigerant has highest
magnitude of viscosity and it decrease with temperature. Similarly, the monolayer graphene based nanorefrigerant
has lower values of viscosity than tri- and bi-layer graphene, The decrease in viscosity as a function of lemperature
is justified as sub-micron dispersion behaves like a liquid. On other hand, decrease in viscosity with increasing
temperature is result of diminishing adhesion forces between the particles and base fluid [12].
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The variation in density of mono-, bi- and tri-laver graphenenanosheets based nanorefrigerants as a function of
termperature is shown in Figure 3. The plot of density shows that with increase in temperature, density of
nanorefrigerant decreases. Density is a function of mass and volume. Therefore, with increase in temperature the
molecules of nanorefrigerant perform vibration, which ullimately increases volume [13]. Thus, the density of
nanorefrigerant is decreases with emperature. The highest magnitude of density is associated with trilayergraphene
based nanorefrigerant, whereas monolayer graphene based nanorefrigerant shows lowest magnitude.
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FIGURE 3. Variation in density of mono-, bi- and tri-laver graphenenanosheets based nanorefrigerants as a function of
femperature,

Figure 4 shows the variation in specific heat of mono-, bi- and tri-layer graphenenanoshests bhased
nanorefrigerants as a function of temperature. The specific heat of nanorefrigerant based on monolayer and bilayer
graphene has much lower value than pure R-134a refrigerant. This lower value of specific heat of nanorefrigerant is
result of lower specitic heat of added particles.
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Graphene is a single layer ol hybridized sp2 carbon atoms, which is the thinnest and thermally stable material in
universe [14]. The graphene nanosheets exhibit the significant thermal conductivity value of the order 5000 W/m K
[15]. Hence, it is expecied from graphene that it will display good thermal conductivity enhancement due 1o the
outstanding properties [16].

Figure 5 shows the variation in thermal conductivity of mono-, bi- and tri-layer graphenenanosheets based
nanorefrigerants as a function of temperature. From the plot of thermal conductivity, it is observed that thermal
conductivity of R134a refrigerant decreases with increase in temperature, It may be due to the evaporation of
refrigerant molecules. From plot, it is also observed that thermal conductivity of nanorefrigerants based on graphene
shows increase in thermal conductivity as the temperature increases. This increase in thermal conductivity is
assigned to the higher value of thermal conductivity of nanoimpurity that is graphene, in our case [17]. 1t 15 also
observed that monolayer graphene based nanorefrigerant has highest value of thermal conductivity over the other
nanorefrigerant samples. The manolayer based nanorefrigerant shows increase in thermal conductivity of the order
96.14 % over pure R134a refrigerant.
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FIGURE 5. Variation in thermal conductivity of mono-, bi- and tri-layer grapt sheets hased frigerants as a

function of temperature,
CONCLUSIONS

In the present work, the mono-. bi- and tri-layer grapheme nanosheets based nanorefrigerants were successfully
prepared and studied their thermophysical properties as a function of temperature. Following are the major
concluding remarks made on the experimental investigation undertaken in the present work,

¢ Among mono-, bi- and tri-layer grapheme nanosheets based nanorefrigerants, it was observed that
trilayergraphene based nanorefrigerant had highest magnitude of viscosity and it decreased with increase in
temperature.

*  The highest magnitude of density was associated with trilayergraphene based nanorefrigerant.

*  The specific heat of nanore frigerant was observed to be lower than the pure R134a refrigerant.

* The monolayer graphene hased nanorefrigerant had highest value of thermal conductivity of the order of
96.14 % over the pure RI34a refrigerant.
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Abstract. The magnificent increase in the performance of integrated circuits is made possible by semiconductor Physics.
Due to very large-scale integration. scaling has approached its fundamental limits, which is the biggest challenge for the
semiconductor industry, Therefore, in the recent vears researchers across the globe are focusing on emerging field of
spintronics. In this thrust area of spintronics research, spin field effect transistor (s-FET) is an extensively studied device.
In literature, researchers have studied and optimized two main types of spin field effect transistors namely Ballistic and
Non-Ballistic spin-field effect wransistors, This research paper has presented the recent developments in the field of
Ballistic and Non-Ballistic spin-field effect transistors. This paper has briefly explained the approach to design.
development and labrdcation of s-FET by taking 4 case study. Firstly, the spin lield effect ransistor was proposed by
Datta—Das, which has proved to be the milestone in the area of spintronic technology. Mainly, spin trensistor is prepared
using a hallistic semiconductor, sandwiched between ferromagnetic metallic source and drain contacts.

INTRODUCTION

In recent years, the functionality of data processing and information processing has improved due to spintronics
by overcoming the serious limitations of conventional electronics. In this development, spin field effect transistor (s-
FET) is the most studied device which is typically composed of a lateral semiconducting channel with two
ferromagnetic contacts, s-FET is foundation of spintronics progress [1]. s-FET is working on the basic principle of
modulation of resistance with control on the spin of the carriers by employing ferromagnetic contacts,
Ferromagnetic contacts act as generator and detector of polarization [2]. In s-FET, spin transport is controlled
through the gate voltage. The operation of spin transport phenomenon at nanoscale is useful for building spin-based
quantum bits for processing quantum information [3].

During literature survey. it is observed that Datta-Das has firstly proposed s-FET which is applicable to non-
ballistic semiconductor channel of two-dimensional electron gas (2DEG) system. But many researchers have studied
s-FET with ballistic regime of 2DEG system. The present research paper in its briel review has tried to summarize
the recent developments in
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5-FET under two main categories that is ballistic and nonballistic type s-FET. The present manuscript is divided
into three main sections, namely Ballistic s-FET, non-hallistic s-FET and challenges & future outlook associated
with 5-FET.

BALLISTIC s-FET

The ballistic s-FET is a rapidly growing side of spin transistors. In this section, the briel overview about the
recent development in ballistic s-FET is summarized. The meaning of ballistic transport in the present work is o
maintain spin direction in channel, without any scatterings. In other words, during the movement of electron from
source 1o drain, the minimum number of scattering centers should come across the path. If the spin transport is
affected by the presence of more scattering centers in the channel, it comes under the category of nonballistic s-FET.

Koo et al investigated the high mobility in s-FET based on InAsheterostructure, This also demonstrated the
electrical injection and detection of ballistic spin-polarized electrons in s-FET. Further, it is observed that
conduction of s-FET is a function of applied gate voltage [4]. Xiao et al studied the Ballistic wansport in s-FET by
focusing on the phenomenon such as, spin-orbit coupling, interfacial scatiering and the different internal exchange
energies for the ferromagnet regions. Griffith boundary conditions are used to analyze the transmission coefficients.
The study concludes that wansmission probability and conductance oscillation of the s-FET depend on device size,
interfacial barriers and mainly on spin—orbil coupling precession [5]. Osintsev et al studied the properties of silicon
Ballistic spin fin-based field-effect transistors using two ferromagnetic contacts having spin polarization 0 <P < 1.
The results of the study show that [100] and [110] orientated structures strongly influence lo the conductance [6].
Osintsev et al investigated the transport properties of sFET at room temperature as a function of strength of the spin-
orbit interaction using Schottky barriers created between the contacts and the channel. This concludes that silicon
fins of the [100] orentation have the best performance and it 15 suitable for practical application of sFET [7]. Figure
1 shows the architecture of s-FET used by Osintsev et al.

x=0 x=L X
FIGURE 1. Architecture of sFET (Osintsev et al, 2013)

Gao et al demonstrated simulation of s-FET by considering the factors such as spin scattering, tunneling and
self-consistent charge distribution. This work results in two solid outcomes, first one is to increase the energy of spin
splitting in drain, raise potential barrier to block the drain leakage current and second is o introduce the spin-
selective tunneling oxide layer between source and drain [8]. The s-FET architecture used by Gao et al is shown in
Figure 2.

gate ?xldn rnett.l gate

source
Z (gate-to-gate)
¥ firansversa) a

tunnel ck | spin randomizati
X transpart) oxide layer

FIGURE 2. The 5-FET architecture (used by Gao et al, 2010)
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Jeong et al focused on the issue of multichannel effects in ballistic S-FET. The results of the study clearly show
that when 2-dimentional electron gas is weakly diffusive. the fluctuation in modulation signal is observed and it
depends on physical properties of sample [9]. Jiang et al studied the conductance properties in ballistic s-FET by
considering Rashba effect, band mismatch, and spin polarization in ferromagnetic electrodes. This study shows that
conductance of s-FET has prominent peaks for potential barriers at the contact/channel interfaces. Hence, switching
action in ballistic s-FET is achieved by tuning band mismatch or direction of the magnetic field. The spin precession
in channel of s-FET becomes noticeable as the spin polarization in the contacts increases [10]. Jiang et al verified
the tunneling magnetoresistance properties of ballistic s-FET by considering the parameters Rashba spin—orbit
coupling, presence of an in-plane magnetic field, band mismaich, and spin polarization in the ferromagnetic
electrodes, Results of the present study show that as band mismatch is aliered, the magnitude and sign of tunneling
magnetoresistance is significantly modulated by Rashba spin—orbit coupling process. In study, it is also observed
thal variation in tunneling magnetoresistance is produced as a function of Rashba spin—orbit coupling strength and
magnetic field [11]. Sherman et al studied the spin dynamics and relaxation in doped two-dimensional electron
systems, dopants create the random fluctuations of the Rashba spin-orbit coupling. The random contribution to the
spin-orbit coupling originates from random-spin precession, due to the presence of dopants. The randomness in spin
precession is also important for device fabrication [12].

NON-BALLISTIC s-FET

This section deals with the non-ballistic s-FET and recent developments in it. It is observed that non-ballistic s-
FET side of spin transistor is a less grown technology compared to ballistic s-FET.

Schliemann et al proposed s-FET based spin-orbit coupling of Rashba as well as the Dresselhaus types. In this
work, spin transport through device is made tolerable for spin-independent scattering processes, to study s-FET in
nonballistic mode. The ballistic transport s-FET proposed in this work has unique benefits of cancellation of Rashba
and Dresselhaus effects, improve the performance of s-FET than ballistic s-FET [13]. Shafir el al mvestigated the
spin polarization drag in an Al 2Gag ;As/GaAs/Alg ;Ga, - As heterostructure as a function of gate voltage. The focus
of study is to analyze the role of Rashba and Dresselhaus spin-orbit interaction in the nonoballistic s-FET. In this
work, actual parameters of materials were used for simulation of spin dynamics as a function of gate voltage. The
estimated modulation in spin polarization was found to be in the range of 15-20 %. This result shows that practical
application of s-FET with this range of spin polarization is not possible. But, this issue can be resolved by optical
pulse-probe technique [14]. Ohno et al applied the semiempirical Monte Carlo simulation for spin transport in Datta-
Das proposal for s-FET. This study gives interesting results such as spin helix state in two-dimensional electron gas
system is adequately strong against ' yakonov-Perel” spin relaxation, which makes Datta-Das-type s-FET operable
in the nonballistic transport regime. Also, it 1s marked that switching action on s-FET is achieved by ereating a 1807
phase difference in the spin precession motions, which is very much necessary for practical application [15]. Xu et
al apply the lattice Green's function to study s-FET in one-dimensional case. The results of the study give
outstanding coherent regime, which improve inelastic scattering and lateral confinement in the control of spins [16].
During study it is concluded that non-ballistic s-FET needs more study and research reports, which explore the
anonymities associated with non-hallistic s-FET.

CHALLENGES AND FUTURE OUTLOOK

Spinvalve and s-FET are very important devices in the spintronics technology. Following are major challenges
for the practical application of s-FET [17, 18],

. Injection of spin-polarized flow of electron in semiconducting channel.

. Control on Rashba spin-orbit coupling in the semiconducting channel through gate voltage.

*  Serious fundamental challenges like the lowspin-injection efficiency, resistance mismatch, spin relaxation
and the spread of spin precession angle are still not resolved entirely.

In conventional electronics, the operations like logic, communication and storage require separate device. Bul
semiconductor spintronics has ability to perform all these three operations within single device by exploiting the
spin coherence.
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CONCLUSIONS

It is concluded that the study of s-FET in ballistic and non-ballistic regime is very much necessary for the deeper

understanding of s-FET. Also, to reach a rigid conclusion about selection of ballistic and nonballistic s-FET,
extensive study is required, as the study of s-FET is in early stages. The realization of more spintronics devices is an
interesting and challenging task. It requires advanced technology for fabrication of device. To study s-FET. a sound
understanding about materials science, semiconductor Physics and conventional electronics is very much essential,
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In present work, five different nanoparticles of three different shapes are used to study the enhancement
in thermal conductivity, viscosity and stability of nanofluids. The main objective of present work is to
analyze the effect of shape on thermo-physical properties of nanofluids. For this study, spherical, cubic
and rod shaped napoparticles are used, Cud, MgD, Ti0,, Zr0; and Al 04 water based nanofluids ave pre-
pared by two step method using prabe sonication technigue, The effect of shape on thermal conductivity
of fluids is Iy experi lly by using hot-wire method set up. Results of this study reveal
that the cubic shaped Al;O; nanofluid {concentration 2.5 witi) shows highest thermal conductivity over
base fluid by 3.13 times. Effect of nanoparticle shape on the viscocity is also studied in the presnt work,
Al:0z nanefluid also has good stability amongst all nanofluids, Also, it is observed that in all ive cases of
nanofluid cubic shape nanoparticles enhance thermal conductivity at the highest rate than spherical and
rod shape. Pumping power study shows that cubic shaped nanoparticles reguire higher pumping power
than spherical and rod shaped nanoparticles,

@ 2019 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of the scientific committee of the 2Znd International Con-
ference on Recent Advances in Materials & Manufacturing Technologies.

1. Introduction

Research work done in the past suggests that nanofluids have
the ability to be used for efficient heat transfer in thermal engi-
neering applications | 1[. For many industrial processes, heat trans-
fer takes place through fluids as a medium. In many modern
applications such as indoor ventilation with radiators, cooling of
electrical components, and heat exchangers, quick heat transfer
results in low energy consumption |2, Due to this energy saving
ahility of nanofluids, variation in thermal conductivity of nanoflu-
ids hecause of change in shapof nanomaterial is investigated. Sev-
eral research reports suggest that thermal conductivity of
nanofluids is greatly influenced by shape of nanoparticle impurity
used for the preparation of nanofluids, The outcome of this work
indicates that spherical shaped solid nanoparticles enhance ther-

& Corresponding author at: Department of Mechandcal Engineering, |0 College of
Enginesring and Management, Nagpur 441 501, India,
E-rnail address; pbmS 1 @redifmaileom (P.B. Maheshwary).
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2214-7853/i2 2019 Elsevier Lrd. All rights reserved.
Selection and peer-review under responsibility of the scientific

of the Znd Internat

mal conductivity of base fluid by a small magnitude, whereas non-
spherical nanoparticles have higher ability to enhance thermal
conductivity of nanofluid |[2|. The heat transfer performance of
an oscillating heat pipe is also investigated experimentally and it
is concluded that alumina nanoparticle shape plays a very crucial
role in enhancement of the heat transfer performance. In this work,
it is also demonstrated that alumina nanofluid is not beneficial in
laminar or turbulent flow mode [4]. The aggregation has positive
effects on the thermal conductivity enhancement. It may be due
to the fact that ageregated size offers fast heat rransfer path for
neighboring particles and it shows appreciable increase in the
shape factor of the aggregate |5|. The comprehensive review made
by Goharshadi et al considers several parameters, which influence
thermal conductivity of nanofluids, Among these parameters,
nanoparticle shape has considerable influence on enhancement
of thermal conductivity [6,19].

To investigate the effect of shape on thermal conductivity, vis-
cocity, stability and pumping power of nanofluid, five different
nano-impurities [Cul, Mg0, Ti0;, Zr0; and AlOs) have been

| Conference on Recent Advances in Matenals & Manufacturing
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T ———

T2

I I
Fig. 1. Schematic sketch of two wire method based setup to deternune thermal
conductivity of nanoffuid.

chosen for the preparation of nanofiuids. Two step method is used
for forceful dispersion of nanoparticles in base fluid (water} to pre-
pare stable nanofluid.

2. Experimentation

A set up of hot-wire method is built to measure the thermal
conductivity. The wire, which is immersed in the investigated sam-
ple is heated by passing a constant electrical current through it,

and its temperature change AT, 15 measured as a function of time
t, for several values of the current. The set up consists of
chemically-inert cylindrical hallow tube of Teflon with special
arrangement of wire and thermocouple. The schematic representa-
tion of set up is as shown in Fig, 1, The silver wire of 200 mm
length and 2 mm diamerter is used as the meral wire. Thermal con-
ductivity of nanofluids was estimated by using relation

K = (qrank) )

Where, K is Slope between AT and Time, k is thermal conductiv-
ity (W/m°K}

g- Power generated by heating wire per unit length (W/m)

As the present work deals with the effect of nanoparticle shape
on thermal conductivity of nanofluids, Cu0, Mg0, Ti0,, Zr0; and
A0y nanoparticles were procured in three different shapes ie.
spherical, cubic and rod from Sigma-Aldrich {AR-grade). Two step
method is used to prepare nanofluids of CuD, MgO, Tid,, Zrd,
and Al;Os nanoparticles. The water of electrical resistivity of the
order of 18.2 MO.cm is used as base fluid. While preparing
nanofluids concentration of nanofluids was kept constant (2.5 wt
%) for three different shapes. In this way, three samples for every
nanofluid were prepared for thermal conductivity investigation,
For forceful dispersion, probe sonication rechnique was used to
achieve stable nanofluids.
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X-Ray diffraction (XRD) analysis is used to ensure the structural
purity of nanoparticles. For XRD analysis, relared data was col-
lected on Rigaku, Miniflex-1l (Japan) X-ray diffractometer in the
20 range 20-70° with step height of 0.02°, The present study deals
with the effect of shape on thermal conductivity of nanofluids,
morphology analysis plavs a very important role, Therefore, mor-
phology of all samples was confirmed using scanning electron
microscopy [SEM) technigque. SEM images of nanoparticles of dif-
ferent shapes were captured using JEOL [SM-7500F SEM.

The viscosity of nanofluids loaded with different shapes was
analyzed by using AR-1000 Rheometer, TA Instrument. Thermal
conductivity of nanofluids under investigation was measured using
hot-wire methed with the help of home built set up. All data
related o viscosity and thermal conductivity was measured thrice
to verify deviation in results, However no considerable deviation
was observed in results, Stability of nanofluids is a crucial param-
eter which indicates guality of nanosuspension. This information
of nanofluids was collected using dynamic light scattering tech-
nique (NanoZs, Malvern).

The experiments are repeated three times for each case and the
average value is reported. No significant deviation is observed in
the study.

3. Results and discussion

Fig. 2 (a) exhibits the pattern of XRD for CuQ nanoparticles used
for the preparation of nanofluids. Fig. 2 (a) shows the structural

100 |

Fg 3. SEM images of { a) spherical CuD, (b} cubic CuD, (] rod Cul, {d) sphercal
Mg0, (&) culic Mg0, {f) rod Mg0, (g) spherical TiOz. (h) cubic Ty, (i) rod Tidy ()
spherical Zr0y, (k) cubic 2, (1) rod Zr0s {m) spherical Al:Ds, (] cubic A0y and
(0} rod Al0:

purity of Cu0 nanocrystals and it is in good agreement with |CPDS
card No. 01-080-1268, The signature peaks mentioned in this card
exactly match with XRD dara of Cud nanocrystals. Fig. | (b) depicts
XRD pattern of Mg0 nanoparticles, which represents that MgO has
cubic phase with a lattice parameter of a=b=c=4213 A and
space group (Fm-3 m (2 2 5)). The XRD data of cubic Mg0 is in good
agreement with JCPDS card No. 04-829. Fig. 2(c] shows the XRD
pattern of Ti0), nanocrystals, which exhibits anatase phase. All
characteristic peaks of TiO; exactly with JCPDS card No. 21-1272
and no other impurity peak observed in XRD pattern. Fig. 2(d)
shows the XRD patterns of Zr0, nanocrystals which exhibits
tetragonal phase and is indexed to JCPDS card Ne, 79-1771, Fig. |
(e) shows the XRD pattern of Al.O; nanocrystals, which exhibits
a-phase with no other impurity peak. The XRD data of ALO;
nanocrystals shows good matching with |CPDS card No, 46-1212,
All signature peaks and their marginal intensity are in good agree-
ment with JCPDS card.

Present study deals with the effect of shape on thermal conduc-
tivity of nanofluids, three shapes i.e. spherical, cubic and rod shape
have been chosen. To confirm the shape of nanoparticles, SEM
analysis for all samples under investigation was performed. The
SEM images of all samples were captured at same magnification
(100 nm). Fig, 3a—c) shows the SEM images of CuQ nanoparticles
of spherical, cubic and rod shape, respectively. Fig. 3{d-f) repre-
sents the SEM images of spherical, cubic and rod shape of Mg
nanoparticle respectively, Fig. 3(g-i) depicts the SEM images of
spherical, cubic and rod shape of TiO; nanoparticle respectively,
Fig. 3 {j-1) shows the SEM images of spherical, cubic and rod shape
of Zr0; nanoparticles respectively, Fig. 3 (m-o) shows the SEM
images of spherical, cubic and rod shape of 2-Al,0; nanoparticles
respectively. All SEM images of nanoparticles show that no
agglomeration is presents between nanoparticles.

Fig. 4 (a-e) shows the variation of viscosity with temperature as
a funcrion of nanoparricle shape. All figures show thar viscosity
decreases with temperature due to lack of immaobile fluid mole-
cules [7]. It is also observed that cubic shaped nanoparticles of
Cu0 (Fig. 3-a), Mg0 (Fig. 3-b), TiO; (Fig. 3-c), Zr0s (Fig. 3-d) and
Al;0; (Fig 3-e) have higher magnitude of viscosity than spherical
and rod shaped nanoparticle. This might happen due to the fact
that cubic shaped nanoparticles are difficult to rotate given that
they possess a higher surface area than rod and spherical shaped
nanoparticles |[8]. This result is in agreement with the investigation
made by Gaganpreet et al which says that eccentricity of the par-
ticle increases relative viscosity |9, 18], According to the mode! pro-
posed hy Kreiger Dougherty, shape factor of nanoimpurity
dispersed in base fluid has great influence on the viscosity [10,17].

A recent work published by Timofeeva et al established the rela-
tion between thermal conductivity of nanofluids and shape of
nano-impurity and is given by (Eg. 1) [11,15],

"f- = 14 (e . ey @)

where, €' is thermal conductivity enhancement coefficient
function of shape and ;"™ is thermal conductivity enhancement
coefficient function of surface.

From Fig. 5 (a-e), thermal conductivity of nanofluids prepared
by using cubic shaped nanoparticles has higher thermal conductiv-
ity than other shapes. The results obtained are having concurrence
with Timofeeva et al The results obtained for thermal conductivity
are suppoired by Jeong et al [Jeong] and Murshed et al [ 12.16] too.

Tahle 1 summarizes the stability data of CuD, MgQ, Ti0,, Zri,
and Al:0; nanofluids for different shape at room temperature
(303 K), From Table 1, it is observed that settling velocity for cubic
shaped nanoparticles is greater than that of spherical and rod
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Fig. 4. Variation of viscosity with temperature for different shapes of {a) Cu(), (b) Mgt () Titk, (d) 200y and (e} AL G, nanoparticles based nanofluids,

shaped nanoparticles, It also indicates that the base fluid loaded
with cubic shaped nanoparticles has lower stability hence lower
Brownian velocity, Cubic shaped Al, 05 nanofluid has more stability
as compared to other cubic shaped nanofluids.

Table 2 shows the pumping power data of Cu0, Mg0O, Ti0;, Zr0;
and AlOy nanofluids for different shapes of nanoparticles at room
temperature {303 K). It is observed that cubic shaped particles
require higher pumping power than spherical and rod shaped
nanoparticles. This higher pumping power for cubic shaped
nanoparticles can be attributed to higher viscosity of nanofluids
|13,14].

The data produced in this study was compared with the results
of other reports available in the literature. It was observed that
many parameters, such as particle concentration, size, shape, vis-
cosity, environmental conditions, base fluid, and methods of nano-
fluid preparation influence to the measured results. As our study
deals with effect of shape on thermal conductivity of nanofluids,
no earlier similar reports are available in literature for comparison
purpose.

4. Conclusion

The hehavior of thermal conductivity, viscosity, stability and
pumping power is investigated experimentally for five different
nanofluids (Cul, Mg0, Ti0,, Zr0;, ALO,) for three different shapes
(spherical, cubic and rod). During this investigation results indi-
cated that nanoparticles having cubic structure based nanofluids
have higher viscosity and thermal conductivity compared to rod
and spherical shape. The enhancement in viscosity and thermal
conducrivity is artributed to larger surface area of cuhic shaped
nanoparticles. However, stability data of Cul, Mg0O, Ti0,, Zr,
and AlO; nanofluids indicates that cubic shape nanoparticles
based nanofluids have poor stability than spherical and rod shape.
Similarly, cubic shape nanoparticie hased Cu0, MgQ, Ti0,, Zr0, and
AlLO,y nanofluids required higher pumping power. In this study
cubic shaped Al,0; nanofluid (concentracion 2.5 wt%) has highest
thermal conductivity in the order of 3,13 times that of base fluid,
Practically, cubic shape nanoparticles based nanofluids are not
used in therma! engineering applications due to blocking problem,
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Fig 5. Variation of thermal conductivity with temperature for different shape of {2) Cu), (b) Mg0, (¢} TiD, (d) Zr0; and {e) AlOs nanoparticles based nanafinids.

Table 1
Stability dara of Cul, Mg0, TiO;, Zr0; and Al;0; nanofluids for different shapes ar Table 2
room temperature, Pumping power data of Cut), Mg0, Tid,, Zr0; and Al;0 nanofluids for different shape
at room temperature (303 K.
Manoiluid Shape Settling velocity Brownian velocity
(mfs} = 1™ {mys) = 10°% Manofluid Shape Pumpinz power (W)
Cul Spherical 1784 7.945 Cul Spherical 8.21
Cubic 3441 4.874 Cubic 1025
Fod 2784 6914 Rod 2B
MgQ Spherical 1874 B.547 Mgz Spherical 884
Cubic 5740 6.740 Cubic 1189
Rod 4412 8471 Rod Q57
Ti0y Spherical 1574 8.874 TiDy Spherical 814
Cubic 3541 5.547 Cubic 11.37
Rocl 2814 7.496 Rod 170
i (v Spherical 1418 9.412 Zrily Spherical 5,47
Cubic 2874 6.324 Cubic 1214
Rod 2147 8412 Rexl 11.74
AbLDy Spherical 1342 9,545 AlDy Spherical 1024
Culbnc 2887 7145 Cubic 13.11

Rod 2007 8214 Rad 8,57
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Abstract

The main purpose of the paper is to describe the role of psychologist physical, mentai and
occupational health in the domain of work or organization. It was prove significantly, that
physical health and psychological factors impact up on the life of individuals, There is not a
single fix \'.';y to solve various behavioral problemss, so the psychologist have major role (o solve
it by using various new strategies. It is necessary to understand the goal of the psychology
Particularly, occupational health psychology, il has aims at improving the cfficiency at
organizational or group level and improving job satisfaction at the individual level
(Milward,2008).

Keyword : Physiological health, Psychological health & Occupational  health,
contribution of psychologist.

Introduction
Occupational health psychology (OHP) is a marginal challenge and can be used

successfully in developing a management strategy to lead 1o the production, devclopment and

realthy weork environment in the organization. The term refer to physieal and

inplenci
ph;rsiologicnl symptoms in medical context (such as discases diagnosis) applying it in the
organizational context. The emphasis on physical and physiological indicators that are used lo
assess the health of employees. A psychologist specialized in heallh psychology should deal with
issues related with organizational consulting, in particular with problem diagnosis, followed by
design, implementation and evaluation of solutions leading to improverent of organization

cfficiency and increase the adaptabilily to change ond develop of the organization. Further

explanation about the role of psychology is as follows.
1) Ways of coping, different symptoms at indlividual level.
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2)  Job environment : worh overload,

izati i \anizational unlamess,
3)  Orpanizational level : role conflicts md (Jr!_::llll?.‘lllOII"ll

4)  Extermal level : life events, home SUess

wvers dilferent pet spectives on this issue : healgly

Health and wellbeing in organization «
1993) and menig)

sychological (cartwright and Coope

Cooper Kilkalzd and Brown, 1994),
wum that range (rom these perspectives have

(Anderson and Giunert,1997) the board spe<
senerated a varicty of definitions for organizational well-being and health.
Physical Health

According to Almedia (2005), Strexs is cmotional or physical respor
ss impact our body. Sccondly, childsen are particularly vulnecable

1se of an individual to

stressor, He concludes that stre

1o stressors, and more current research indicates that that stress can have a major mnfluence on

their psychological and physical health status (e.g.. Grant el al. 2003; Hostinar and Gunnac 2013;

Miller ¢t al. 2011). Most empirical work examining stress in children focuses on major hife

cvents, like divorce of parents, while fewer studies consider the role of daily stressors, or the

routine challenges of day-to-day living, Existing work on children’s daily stress is lacking such
that it primacily: (1) focuses on children who are ill, disabled, or {vho face significant
cnvironmental risks, (2) relics on retrospective teports, (3) relies on parent or teacher reports of
stressors experienced by childien, oz (4) does not comprehensively examine the role of swress on
mood and health, (Margaret L, €t.1.2017).

Mental Health
While employees’ mental health is the focus of considerable attention from researchers.

the public, and policymakers, leaders’ mental health has almost escoped attention. We start by
considering, several reasons for this, followed by discussions of the effects of leaders” mental
health on their own leadership behaviors, the emotional toll of high-quality leadership, and
interventions to enhance leaders™ mental Lealth,
Occupational Tealth

Occupational health (OH) is the word more ofien than not used in the field of health care.
But form 1950 it was defined in proper manner by two Intemational authoritative bodies
International Labor Office (ILO) and World Healih Organization (WHO ). that as “the promoliod
and maintenance of the highest degree of physical, mental and social well-being of workers inall
occupation by preventing departures from health, conlrolling risk and the adoption of work by 0

._.._...—-—'F.l';
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Ut - Vit IS

. . \l
I"""'?c and i‘-"‘l“- s then oty Basn ally . aw "i"""""‘ health alectives are as e prevenhon
of the oecupaen W discase of workerelated health complaimis amd second onc 1% prevention or

qaritigatien o B wpational disability resulting from e dieae

|'-|"-\'."t!' ax develop micrventm b AMCLICS o e Toses ol these 1k olyeetives me the
chiminaton o comtol of azands at work, In orgamizanon selates] v healthy ol dsahahity change
i bealih and dhisatility - related behavior and skalls among W others, preventon or hetter
peament o diseases and related dicabilities. In revent vt on elfecniveness ol u|p_|'|ur-,|l
an ansed 10 reduge capasnre,

Iverene MIEEEIes. dudies were categonzed according 1o the e

referred as the” luerarchy of compol”
To attain this goal the intemational coniribution of the ocenpational hiealth researd h data

shows that Iughest rate of ;‘I\'llun: rescarch papers m the arca of USA, hy aMark Ferns ( 20151

Conclusion

The result <hows that the paychologist have major role in future &
alih. Ways of coping. dilferent sym
I Jevel : rolc conflicts and organizational

n the domain of physical

proms. individusl

health, mental health, and occupational he
level. Job environment: work overload, Organization
: life events. homie stress occupational b
ence on the cffectivencss of occupational h

unfzimess, Extemal level calth is emerging newly steons
ficld which contribute aather evid ealth interventions
and stimulate systematic review.
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introduction : -

Teaching 15 one of the main components in
educational planning which is a key factor in
conducting educational plans. Despite the
imgortanceof good teaching, the outcomes are far
| fromideal.

successful teachers always keep in view that
teaching must “be dynamic, challenging and in
| accordance with the learner’s comprehension. He
* docs not depend on any single methed for making
i teaching interesting, inspirational and
affectve”

Pegarding the importance of Methedology it
| may be said that 2 Methodologist, like any other
| schelar will be required to carry on his salf-
| education throughout his life because a well

trzined Methodologist will confront new
developments in his science, judge thelr merits,
relate them 1o past trends and make a reasoned
| choice as to what he wants to integrate into his
; own thinking.'

i\

Nows adaysgengraphy isconsidered asa part
of the compasite science of Human Society. Its
| BUE PO i< to study the structure and behavior of
| hunag souety, Therefare, 1t 15 one of the sogal
Lstences. Though all the social sciences have
wmmon purpose 1.e. the study of man, yel each
presents unique point of view and each has
evolved its own technique of studying human
! #ffaisand sohing social problems,
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» To familiarize the student teacher wath
different methods of teaching  gecgraphy N
classroom.

» To develop an understanding the role of 2 .‘
teachar for applicationof methods inciassroom. |

~ To develop an understanding of the ment 29
limitations of various methsds.

Acquisition of petmanent knowledge and skill in
Geography teaching methodology 3t college

Methods: -
It ray also be printed nuttnat =

meaningful solution of the problem cegencs &7
the methods which are available. In other wors, =
maans that if a problem has been unsuccessfully
examined at an earlier stage of disciclines
evolution, it should be repeatedly attemptes %iz
synthetic approach has been achieved. With 175
end in view we should talk 2boutf nen
Methadalogy in Geograghy in the Feld cfteach re
methods

The instinct of curicsity is the masts
instinct among students. Students, experignce
proves, are curious to see things for themselves
Their environment is full of things and objec
about which students want to know suerything
They have questions of which they want answers
The geography theacher exploits this instinct to
make the teaching of geography interesting and

meanmigful,
A) Dbservation Method -

; |

The principles aspecis of observation |
method are 1) Yo ebserve, 2) To record, 3] To |
mnterpret,

The technigue of obtaining '

geogrophical information by direct observation i«
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basis to the subject.

Observation method for teaching
geography may be used inside the class room as
well as outside the class-room.

Inside the class room the following aids help
observation:

i) Globe : Globe is a useful aid by obser\r_atw'h
students can develops such concepts as longitude,
i’ lattude, meridian etc.

'ii) Chars : Chars prepared by students
themsalves or those commercially prodiced also
enhance students obsarvation.

i} Models : Students observe things aﬁd t.hey
can convertthe results of their obsesvation into
models.

’ Qutside the Class-room:

| The teacher can enrich students
i observation by adopting certain modes cutside
theclassroom . Thateacher may use the following
.{ modes for this purpose G eography is essentially an
| observabional science. Within the four walls of the
| class rgom, the teaching of geography is limited 1o
the globe, maps and the text-book . The real
geography exists outside the class roem, The
students should be made to observe geography
facts iike the temperature, pressure, direction and
velocity of the wind, clouds, lakes and mountains.
Thefirsthand experience about these phenomena
of nature gives clear understanding of natural
happenings
Outside the ciass room . there are fields,
Crops, soil ete. which also froms part of
B€0graphical content. On the spot observation
of these entities followsed by discussion in the
classes enriches students knowledge of
fseograohiral facts.  The teacher of geography
- Would like 1o make students study the
| surrounding environment, 1he landiscape ane
whatit offers 10 man to make hisiving meaningfy|.

a) Field Trips : Fielg nips help in exploring the

ts may be taken out into the
10 oserwe BE€CBraphical objects,

farger landscape
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prepare brief notes, and collecy $PeCimens and .
on.

b) Excursion @ EXCUSIONS edycyy, ca——
entertain, Students learn by ime"““ng e
enviranment Excursions to il “‘ﬁons,
ggolraphical monuments hely Sude
understand certainphenomena,

to
4 to

Merits of Observation metheq;

blln

i he
students of geography into direcy rqhmqml_n

vith
the environment,

2. By this methed we interpret the Unkngyn h
terms of the known=the known by “bitrvam,,
and expenence. It is essentially an Ouldoor wory
Nothing should be allowed to take the place of

direct observation whenever this is Possble. g

this 15 direct method of RAINING geopraphic
anowiedze. {

3. Themeritof v ds inetho lies in the workang ng: |
in the results, It s traimming in intelngcn;

observation and no in collac ting the data.

4. This methog develops the habit of a(-:uul:!
thought and investigation

\

Itis based on the finding of psychology i.e. theres

nstinct of curiosity in  every human being whch
promptseveryhuman being toknow,

LUimitationsof Oservation Methods :

Qbservaticnal Sudy makes a oig demand on the
Out-of-class time of teachers and the students |
which the time-table of the coliege does !

Permitin Indian College. |

lntmﬁsclplinary Multilingual Refereed Journal

En g

— .

Slmpact Ead.d:ﬂi-ir(l‘]’F)




1

; *‘;meslmlz UGG Approved
' 123199318 EEMNTHFVLCR
! 55N 1 2 21iNG. 62759,

wiethod 5 suitable for lower classes ag the
I" ,wal'lﬂ" made by young students zre

ot
.;omonﬂ'“ the ohservattonal study may

ﬂelf’” o almless wanderi ing, wa“;se of

|0 nme and encrgy because of lack of

..d#lﬂ"‘ums and direct achon fram the
nlf""‘ To l2t the students obserye things
fl'ﬂ‘ proper gu dance and the inmleﬂ;em‘av
ot be profitable 3t 3ll. There must be proper

| wpganvation Must not be supplemented through
| motheds as actual ohservation of studen: is
‘masln‘al!.’(l

{
|
i
ﬁl quidance and the knowledge gained by

! q“w!ﬂ'\‘MQMI'

A grography Laboratary may be difined

.3 oo inwhich are contained allwritten, audio
il sl matenals perfinent to geographic
Lonerons, The class reom itselfl may be
caeted into & Bboratary I it 3 r@lahvely telf -
sarsined and has within it most of the
acenalsthat the teacher and the students will
sarmally be utilizing. The physical arrangement of

3 thes reom thus made is such that book cases,

| migezine racks, newspaper holders and

spupment a¥mirans surround the reom,

, Tre 2boidtory method of imstrughon, usrd so
woemssdally e the natural sciences, has been
wiopted lor apphication to gespraphy with equal
AEXES.

/) This method seems to hav grown out of the
Ivected study.  The laboratory method places
famary amohasis upon equip ment and it use.

*150 they method presuppose 8 well equipped
e i winch the students have access 10 hooks,

| "agazines, maps, pictures, drawing and
| “slrwction material and other type of material
 [%hieh will promote better work. In those
SHaNans 2 speeial room is nol available, the
1tk of geography can place these instruments

""“f"h'urvcl,;“ mom

I peacedure al the hotstory method s

‘Svlir 1
¥t 19 that of protsiem ealving appeoach or a

V"dyaw Mﬁ"a
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completion of a peoject or preparation of charts,
models, and maps or conducting of experiment to
arfive at a general principle.

V) The teacher and the pupiisboth perfarm certain
experiments based on scientific principles to make
Certain concept of gesgraphy clear. The students
enther indnadually or in groups make use of the
matenal® for solving different problems in
geography.

vi] Practical work in geography constitutes the
laboratory work,

vii) The data collected in the field or a from the
statistical reparts are transformed inte maps and
diagrams in the iaboratory. After the field
observanon, the need of labaratory 1s felt 1o give
concrete shapeto theideas

Project Method Discussed: 1

Among all the method< oft2aching |
geography, Project method is the most impaortant |
which is frequent iy apolicalile to teaching-leéarming
process. It is a method which stands against the |
traditional mecthod of teaching where the |
theoretical knowdedge from the beok is accepted
01 received by the students. In propagating this
method, American educancaist Jjohn Dewey dud
much work

prof. Kilpatrick dehned a project as * a purposeful
activity which proceeds ina social envirgnment”
Dr. LA Stevenson who perfected it as a method of
teaching soid “ it is & problematic act carried Lo
completioninils natural seming.”

C. v Gouod according 10 ™ A project is a significant
unit of activity, having educational value and
aimed at ane or more definite goals of
undersianding.” 1t involves investigation and
solutian of problems and frequently the use and .

manipulate al physicalmaterials, Itis planned and i

carried tocompletion

i) Interdisciplinary Multilingual Refereed Journal
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Completion by the pupils and the teacher in 2
naturallife- ke manner.
Project may be individual ll.'lr m‘;

Onefative, large or small. It may be emplt:':;t
According the mental age of the pupils. Bu
Must be done under the guidanceof an expert.
Psychologically, the Project method is based c:;
the principles of learning by doing cu_\couragh
maximum amount of purposefully activity on the
Bart of the pupils. Adopting method, the heart,
head and hyng are 1o be functional. That means

h the physical ang also the mental powers of
the studens e tobe exercised or uthzed,
Basic Principles of Project Method :

1) The Project must be based on activity-mentalor
motor,

2) Rmyst bepurposelulmils achon

3) Under the project, the students must

accumutate expeaence-manipulative, coner ete or
mental.

|' a)n must provige redlexperience
[}
| 5) Itmustbeuscful innature,

The Role of the Teachar-

i) inthig Method the role of the teacheris that ofa
gmdoandhalper thantha of task master

the Expenments himsell ang if the

15 Successfy) eniy then he
! perfrom e

" Leforehany The Students shoylg

. be €ncouraged
1D arrive at the resunsmemsei
! Conclusion:
' | timay, howevey not be Understogy
ial alt

lo minimlze
methouolog

these limitg
VErY useful gng eflective

the

n
ons, oy
for '®aching

toachnng
Genguphy. In spite of
method s 5
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Dyes are used a5 a coored compound and considered as a highly toxic toblolbogical species in water med-
lum. Ad sorption is most camprehe nsively used technology because of simple, low cost and effective for
pallutant removal Red mud activated by acid followed by heat treatments (ARM) was uted X an adeor-
bent. 80 dye removal within 75 min dbserved when adsorbent dose was 100 mg and initial dye concen-
tration 10 ppm having solution pH 10. The R value was to be Q991 at temperature 308 K which fits with

Lang sotherm model The proces b exothermic in natwe was confirmed by thermadynamic
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Dyes

Mahylene Blue ence on Sdid State Chemistry and Allled Areas.

Industrial waste

1. Introdudion

The heavy toxic metal ions, various types of dyes, drugs, varnous
phenolic compounds, pest and inseat controlling chemicals, house
hold products and wide spectrum of aromatics are a common pol-
lutants present in a water [1-2). The presence of pollutants in
water makes water highly toxic to the aquatic life and changing
the water potable to the non potable. A number of processes are
available for the treatment of water to make water potable having
some advantages and disadvantages | 3. Adsorption of various pol-
lutants from the water and waste water is more superior process
among the different treatment processes. It is well known that
solid waste materials ( by products) generated from various indus-
trial activities poses one of most vexing problems of society. Cities
of develping countries have no adequate treatments for solid
waste generated by houses and industries and are a major chal-
lenge to solve. Solid waste generated form houses and industries
were wsed as adsorbents for the treatment of water and waste
water is an interesting and beneficial alternative. If it is, reduces
the volume of solid waste and reduces the pollution at reasonable
cost.

¢ Coresponding author,
E-mail address: umaythelare@yzhoocouk (SR Thakael

hetps/jdai org/ 10,1016 fj matpr X20.04 759
2N4TRSI D X019 Ehevier Ltd. All nights reserved.

Adsorption of different types of pollutants from solution is a
superior choice and many advantages over the other processes.
For the adsorption process, adsorbents material with spedific prop-
erties was essential Oxides and hydmoxides of metal biomaterial,
synthetic resins, polymer, porous materials and industrial waste
were reported as adsorbents for the dimination of pollutants from
solution [4-7 | Industrial waste from thermal power station, met-
allurgical processes and others industrial waste can be a smart
choice over the others due to advantages was reported [8]. In alu-
minum metallurgical processes, the bauxite ores was leach with
alkali and red mud, an industrial waste product was generated.
Globally 90 millions tones red mud was produced each year [9-
10, Size and worth of red mud generated in alumina process
obtained from one location was not similar from other location.

Red mud is a highly alkaline waste material due to use of
sodium hydroxide solution during metallurgical process. Fine par-
ticles of red mud containing oxides and hydroxides of aluminum,
iron, silicon and titanium metal mainly. Red mud containing 60%
mass of oxidized iron and hence the color becomes red. High alkali
content, chemical spedes and a noteworthy impac on environ-
ment make red mud problematic and hence its dumping is a big
challenge where alumina industries are installed. Alkaline nature
of red mud makes is harmful materia and is big hurdle using this
material as an adsorbent [11-13].

Selection and Peer-review under resporsinlity of the scient fic commigies of the 118 Natenal Conference on Solid Statee Chemnty and Albed Aress.




SR Thakgre et ol / Magrrick Today: Procadings 29 (2000 ) &22- 827 8

Dyes are used as a colored compound and considered as a
highly toxic to biological species in water medium in a different
ways. Due to presence of dyes in water several common problem
was observed in human such as allergic symptoms, skin related
problem, leads tocancer and mutation in genetic material | 14-15).

The elimination of chemicals having serious impact on environ-
ment using different industrial waste reported in the literature,
The removal of dyes from water using red mud was also reported
|16]. The procion orange dye removal from water by red mud was
reported in a literature. It is observed that it is act as an adsorbent
and its efficiency was not only affected by initial dye concentra-
tions but also by agitation time, adsorbent dosage and pH [17].
Acid violet dye, can be eliminated from the environment using
red mud was reported | 18] Red mud for the elimination of dyes
from the environment has less effectiveness been reported as an
adsorbent. Hence in order to explore more applicability and excel-
lent effectiveness on the removal of different dasses of dyes using
red mud as adsorbent more emphasis is required.

Z Expenimeniai

Red mud used in the present experiments was supplied from
(Jawaharlad Nehru Aluminum Research Design and Development
Centre) [NARDDC, Nagpur, Maharashtra. It has the following aver-
age chemical composition (X£): Al,0,, 19.88; Fe 04, 3647; Ca0,
2.33; Si0,. 1595; Nay0. 10.03; TiO, 497; 0, 248; S, 0.09;
Vi0s, 0.074; P;0s, 0.041 and loss on ignition is 8.04% Red mud
was first air dried and sieved by 200 mesh steal sieve. Sieved
red-mud was stored in a laboratory under atmospheric conditions
before activation processes. 10 g of red mud and 190 mL of Milli-
pore water was introduced in a beaker and stirred to form slurry.
Further 18 mL of 31% HCl was introduced in a beaker and resulting
solution was heated at 60°C for 20 min and diluted with water to
make total volume of 800cm’ with constant stirring. Liquor
ammonia was added drop wise with constant stirring till the pH
of solution become 8. The predpitate obtained was further heated
at 50°C for 10 min with constant stirring. The whole solution was
cooled and precipitate has been separated using Whatmann filter
paper. After filtration, predpitate wash with Millipore water sev-
eral times and dried in oven at 110°C and finaly caldned at
700°C for 2 h. The resultant material place in a desiccators and
finally grind in a fine powder and here after is called as an acti-
vated red mud (ARM). 0.1-1.0 mm diameter red mud particles
were used for all characterization and dve adsorption study.

X-ray diffraction (XRD) patterns were collected on a Philips
PANalytical Diffractometer with standard protocol. Fourier trans-
form infrared spectroscopy (FT-IR) spectra were measured on a
Bruker alpha model. SEM images was recorded by JEOL Model
JSM - 6390 LV field-emission instrument, Nitrogen adsorption-
desorption isotherms were determined on a Micromeritics ASAP
2420 analyzer and data analyse by software.

100 ppm methylene blue (sd fine Chemicals) stock solution
was used. Methylene blue solution having concentrations ranging
between 5 ppm and 50 ppm of MB were prepared using stock solu-
tion. All experiments were measured at mom temperature (25 “C)
and the initial pH of the solution was adjusted by NH,OH (0.1 M)
and HCI (0.1 M) solution. The amount of MB dye was calculated
spectrophotometrically (Shimadzu UV-1800 modd) using wave-
length of maximum 663 nm

3. Results and discussion

The X-ray diffraction pattern of red mud and activated red mud
is represented in Fg. 1.

Fig. 1 shows that, the raw red mud having calcite phase had
been disappears after add treatment. This is may be due to decom-
position of goethite phase and formation of new magnetite phase
after acd-thermal treatment. The dominant phase in activated
red mud is hematite and its peak intensity significantly enhance.
SEM piaures provide morphology of surface of red mud before
activation of sample a micro-scale and after activation was repre-
sented in a Fig. 2 Fig 2 shows that there is a mark difference in a
surface morphology of red mud before acid activation and red mud
after acid activation. SEM images of red mud after acid activation
shows illustrative proof for the enhancement of surface area by
add followed by thermal treatment. The red mud after acid treat-
ments has many cavities probably due to removal of some add-
soluble salts. After heat treatment, Activated Red Mud exhibits
flake like morphology with additional porosity.

The EDS spectrum of Activated Red Mud clearly provides the
obvious highest content of aluminum as shown in Fig 3 A). The
presence of iron with traces of oxygen and silicon content wasalso
observed. These may be attributed towards reactive component as
a result of activation of red mud with Acid treatment.

fig. 3 (B & C) represented the FT-iR spedra of red mud before
activation (B) and after activation(C). Both the samples show two
peaks at 3450 an~' which one is very broad and another one at
1643 am™' corresponding to the stretching vibration of hydroxyl
The presence of water molecule or hydroxyl group in the samples
was confirmed by these two peaks. The peak at 1470 an™" and
1400 cm~' was observed in the red mud sample before the activa-
tion corresponding to the presence of CO3 ™ indicating the presence
of a large amount of carbonate in the sample. However, these two
bands was not observed in red mud after activation, owing to the
fact that the carbonates are reacted with HCl and decomposed after
thermal treatments. The peaks at 591 cm™' and 546 cm™" in both
the sample were attributed to the stretching vibration of Fe-0,
indicating the existence of Fe compounds. The peak at 1002 cm™'
corresponding to Si-0 stretching vibrations was observed for the
red mud before activation which was noticeably absent in the
red mud after activation. This indicated that that the siliate
groups may be remove during the activation process. The peak at
617cm™" comespond to Al-0 band was observed in both the sam-
ple. The results observed are well match with reported literature
[19}.

The surface areas of red mud before activation and red mud
after activation were evaluated by BET method and results are rep-
resented in Table 1. The surface area of red mud before activation is
low than red mud after activation. This change of specific surface
area will be an advantage to use red mud as an adsorbent after
activation. During the activation process the metal ions present
in red mud may react with add molecules and assemble in such
a manner so the diameter of internal pore increases which leads
to increase of surface area.

Activated red mud (ARM) was use as a adsorbent for the
removal of methylene blue. To analyse the effidency of ARM as a
adsorbent the influence factors induding adsorbent dosage, con-
tact time, pH, and initial concentration was studied and result
are represented in Fg. 4 The amount of ARM dose was investi-
gated to analyze the maximum dose of ARM for MB dye removal
To analyze it. 10 ppm initial concentration and 100 mlL volume of
MB dye solution was used for all experiments. The results are
depictedin Fig. 4(A) show that as an amount of ARM was increases
the subtraction efficiency of MB dye also increases. It shows that
removal efficiency was 508 when the amount was 40mg. For
50 mg, it was 60% and 85% for 100 mg. The increase of removal effi-
dency with increase of ARM amount is may be due to inarease of
number of sites available for adsorption. Themrefore, removal effi-
dency reached in equilibrium with the amount of 100 mg of
ARM and is sufficient for 85% MB dye removal from 10 ppm solu-
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Fig 1. X-ray diffraction s pectra for (A) Red Mud and (B) Adivated Red Mud. (For & of the ref to lar i this figure legend, the readeris referred © theweb

verzon of the artxcle )

Fig 2. SEM images of Red Mud before activation (A) and Acivated Red Mud (B, C. D).

tion. The higher dose of adsorbent seems not to be required in all
concentration ranges suggesting the effective use of ARM for effi-
cient MB dye removal from water. The highly competent adsorp-
tion property may be ascribed due to the porous and crystalline
layered structure formation of ARM

The pH of solution i critical factor and to analyze the pH of
solution on the subtraction effidency of MB dye was studied in a
solution pH of 2-12 using volume of solution 100mL with

10ppm MB concentrations. Fig 4(B) indicates the outcome of pH
on the removal of MB dye in the presence of ARM. When initial
pH of the dye solution was inareased from 3 to 11, the percentage
removal increased from lower to higher. The subtraction tendency
of methylene blue increases with increasing the solution pH is
dependent on the environment of the adsorbent. At lower pH,
the percentage of the removal of MB dye was 40%. Interestingly,
at higher pH, the trend of the removal was increased. Fig. 4B) sug-




826 SR. Thokare et ol /Mateiak Today: Procerdings 29 (2000) 822-827

S0 i ~ 90 100 1
80 - 80 90 - B
70 = 70 80 -
= 60 sl % Removal 60 - 70 1
50 wE 50 § 60
S w0 e=fii= qe (mg/g a0 | & 50 1
&_ L 3 40
30 30 30 -
20 = 2000 20 -
10 P xo o 10
0 0 o
0 50 100 150 1234567891011
Dose pH
|
100 1 100 7
90 - C 90 - D
80 - 80
- 70 70
gﬁo -1 w -
E —
o 4
&€, - |
xR
30 7 %30 -
20 20
10 1 10 -
0 0
10 20 30 40 50 60 70 80 1020304050537oaci 100
Initial Dye Concentration{mg/1) Contact time (min
3s
E
3
25
. 2
£
15
1
0-5 /
0
0.001 0.002 0.003 0.004 0.005 0.006 0.007
1/T(K)

Fig 4 Removal efficiency of M8 Dye by activated red mud A-Dose of ARM; B-pH effect; C-Dye conantration; D-Contact time; E- Van't Hoff plot. (For interpretation of the
rderences to color in this figure legend, the reader is referred to the web version of this article.)

4. Conclusion

Activation of red mud is a important tool for using this industrial
waste as a adsorbent for environmental purification. Activation of

red mud induced the formation of new magnetite phase and decom-
position of caldite and goethite phase was confirmed by XRD analysis.

Surface morphology of ARM is porous while red mud before
activation is not porous was confirmed by SEM analysis. It is
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assume that during the activation process the carbonate and sili-
cate are removed from the material induces the pomsity. This
was confirmed by FTIR analysis. The inducement of porosity to
the material may be a reason of increase of surface area of red
mud after activation than red mud before activation. From the
result it was concuded that red mud which is a waste was success-
fully utilized for the removal of methylene blue from water.
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It is demonstrated that the dispersion of #-ALO; nanoparticles in graphene oxide (CO)-palyaniline [PANI]
compasite results in significant enhancement of photovoltaic and supercapacitive properties, In order to
improve Fv and SC properties of GO-PANI composite, 0.5 wi of 2-Al:0s nanoparticles were added in
composite, Both PV and SC properties of composites becomes strengrhen by addition of 0.5 wt® of

w-Al04 nanoparticles, The GO-PANija-ALO; composite shows power conversion efficiency (#n) 931%,
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1. Introduction

The widespread use of inorganic photovoltaic cell is still limited
because of complications in modification of band gap of inorganic
materials and high processing costs | 1]. Different approaches using
organic or polymer materials such as conducting polymer, gra-
phene and metal oxides have received considerable attention
because of their low cost, light weight and flexibilicy |2 |. Whereas
supercapacitor is a new class of device, which comes under the cat-
egory of energy storage devices, and [ulfill the technological gap
between conventional capacitor and battery. Supercapacitor has
some outstanding features like power density, rapid store/release
of energy, good charge/discharge life cycles, and Eco friendliness.
For supercapacitor application, carbon nanomaterials such as car-
bon nanotubes and graphene are extensively used, due to their
high specific surface area and good electrical conducrivity [3].

The use of carbon nanostructures with the conducting polymer
is also investigated as supercapacitive material extensively. Yu
er al investigated the polyaniline/graphene composite as electrode
material for supercaparcitors. The electrochemical capacitance of
composite has value 596.2 Fg—' and after 1500 cycles at a current
density of 2Ag ', only 16.3% drop in the initial capacitance is
observed [4]. Wang et al synthesized PANI with different mor-
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which 1s significantly higher than pure 2-Al,0, nanoparticles and GO-FANi composite. The GO-FANi 2~
AlLO. composite achieve considerable specific capacitance of the order 715.5Fg ' at scan raee of
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phelogies and combined with graphene to use as electrode materi-
als of supercapacitors. The result of the study shows that sheet-like
Craphene/PANI composites can deliver specific capacitances of
532,3-304.9 Fg ' at scan rates of 2-50 mV/s |5|. Wu et al prepared
the Polyaniline/graphene hydrogel composites for supercapacitor
application with macroscopically phase-separated structure,
which exhibits the high specific capacitance and excellent rate per-
formance. This work cencludes the PANI is mainly outside the gra-
phene hydrogel matrix, can enhance the rate performance of the
composites [6]. Cong et al prepared the graphene-PAMNI paper
and employed for the supercapacitor application, The composite
paper has considerable specific capacitance (763 Fg '} and good
cycling stability [7]. Moussa et al reviewed comprehensively the
recent developments in polyaniline/graphene nanocomposites as
supercapacitor electrodes, This work underlined the polyaniline/
graphene nanocomposites have great potential in electrochemical
energy storage applications, especially supercapacitors [8], Theo-
phile et al reported the successiul preparation of Poly[vinyl
alcohol }-graphene oxide and Poly(vinyl alcohol)-reduced graphene
oxide composite for supercapacitor application. The results of the
study indicates that Poly(vinyl alcohol)-reduced graphene oxide
composite {190 Fg ') deliver good supercapacitive properties than
Poly{vinyl alcohol}-graphene oxide (13 Fg ') composite [9], Loe-
blein et al a novel material having oxidized-three-dimensional-gra
phene, with a band gap of 0.2 ¢V, This material found suitable for
electrode application in dye-sensitized solar cells where electrode
has stringent work-function requirements | 10]. Li et al successfully
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Fabricated the PANI nanotubes-based supercapacitors having max-
imum areal capacitance of 237.5 mFcm ? (scan rate = 10 mvs ')
with maximum energy density of 24.31 mW hcm 2 (power den-
sity = 2.74 mW em ). Under bending condition, supercapacitor
shows excellent performance. After 2000 cycles, the capacitor
maintains 95.2% of the inital capacitive value [11].

Ferg et al p d the graphene/polyaniline nanocomposites
by using one-step hydrothermal method. The graphene/PANi
nanowire composites exhibit the excellent electrochemical prop-
erties having specific capacitance 724.6 F/g higher than the gra-
phene/PANI nanocomposite (602.5 Ffg). This study demonstrated
that morphology of materials alse plays key role in optimization
of electrochemical properties [12]. Zhou et al reported the effect
of morphology on electrochemical properties using materials sys-
tem nanoflake-like and  nanobelt-like  2-MoO;/graphene
nanocomposites, The results of the investigation demoenstrated
that »-MoO3 nanoflakes/graphene exhibited better supercapaci-
tive (up to 360Fg ') performances than =-MoO; nanohelts/
graphene [13].

In the light of above discussion, we planned to investigate the
photovoltaic and primary electrochemical properties of «-AlLO;/
PANI-GD composite. In this work, we studied the PV cell properties
such as fill factor and power conversion efficiency and supercapac-
itive properties such, cyclic voltammetry (CV) curve, areal capaci-
tance and cycle stability performance of composite materials. The
main accomplishment of present work is that we achieved consid-
erable value of power conversion efficiency and specific capaci-
tance for 4-Al;04/PANI-GO composite,

2. Experimental
2.1. Materinls preparation and characterization
In the present study, all AR-grade [SD Fine, India) chemicals

were used for the preparation materials without further purifica-
tion. The chemical oxidative polymerization was adopted for the
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Fig. 1. XRD pattern of =-AlLO: nanoparticle, PANI-GO and 2-Al:Os/PANI-GO
compoasite,

preparation of Polyaniline (PANi), The method of preparation of
PANI is reported previously | 14]. In this process, aniline monomer
and ammonium persulphate were used with molar ratio 1:1 M for
preparation of PANi in aqueous media. The addition of aniline
monomer in oxidant under constant magnetic stirring results in
dark greenish precipitated. As obtained precipitated was washed
two times with distilled water and dried in oven for overnight.
The fine powder of PANI was used for the preparation of compos-
ites. The graphene oxide (GO} used in this work was prepared by
previously reported method [15]. The ex-situ approach was
adopted for the preparation of composites. The GO loaded PANI
composite was prepared by taking equal wt.% of both contents,
Whereas, o-Al,0y loaded-GOPANI composite was prepared by
taking 0.5 wt¥ concentration of »-Al:D; nanoparticles. Both the
composites prepared in organic media (Acetone).

The X-ray diffraction (XRD) patterns of as-prepared materials
were recorded on Rigaku Miniflex-ll using CuK. radiation
{3 =154 A). The morphology of samples was investigated using
scanning electron microscope (SEM) images obtained from JEOL
JSM-7500F.

Fig. 2. FE-SEM images of 2-Al0Dy, PAN-GO and 2-AL05PANI-GO omposite,
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2.2, Supercapacitive study

Electrochemical measurements such as cyclic voltammetry
[CV), areal capacitance and capacitance retention analysis were
carried out using three-electrode cell systems (CHI 660 D, CH
Instruments). As-prepared materials were used as the working
electrode, platinum wire as counter electrode and Ag/AgCl as the
reference electrode.

2.3. Phatovoltaic [PV) study

PV cell required for testing was prepared by doctor blade tech-
nique. During the fabrication of PV cell, indium tin oxide (ITO)
coated glass plate were used as transparent electrode and alu-
minum as metallic electrode. The photovoltaic properties of as-
fabricated PV cell such as fill factor (FF) and power conversion effi-
ciency (%m) confirmed by measuring short circuit current (lIsc),
open circuit voltage (Voc} and [, and V... from IV characteristics
of PV cells,

3. Results and discussion
3.1. Characterization of materials

Fig. 1(a) shows the XRD pattern of «-Al;05 nanoparticles,
which is in good agreement with PDF Card No-D1-081-16R7.
No other peaks for impurities were detected in pattern, The aver-
age crystallite size was computed by considering all prominent
diffraction peaks using the Debye-Scherrer equation, which
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hump between 26-range 20-30°, Fig. 1{c) shows the XRD pattern
of w-Al0O: nanoparticles loaded PANI-GO composite. Pattern
clearly indicates the presence of signature peaks of a«-ALO,
and GO. This indicates the nice incorporation of o-Al0, in
PANI-GO composite,

Fig. 2 represents the SEM images of 2-Al;0;, PANI-GO and
2%-Al203/PANI-GO composite. SEM image of 2-Al0; shows the
nanoparticles have irregular shape with well separated boundaries.
The average crystallite size estimated using XRD analysis is in good
agreement with SEM study. The SEM images of PANi-GO and
#-Al;05/PANI-GO composite have almost identical morphology
like petals or sheets structure.

3.2. PV study of materials

Fig. 3(a-c) shows IV characteristics of PV cell fabricated using
the active PV material, 2-ALOs, PANI-GO and 2-ALOs/PANI-CO
composite respectively and the PV parameters reflected by materi-
als are listed in Table 1. From results, it is concluded that «-AlLO,
loaded PANI-GO composite achieve higher short circuit current (1.}
than pure ®-Al,03 and PANI-GO. This might be attributed to the
good dispersion of 2-ALO; in PANi-CO composite and good
charge—transfer process within composite, which is evident in
the higher value of Isc |17, There is a significant enhancement in

Tahle 1
PV parameters of 2-Al0q, PAN-GO and o-Aly05/PANI-CO composite.

Material lona (MA)] Ve (V) lsg (mA] Ve (V) FE %
found to be 37.3 nm [16]. Fig. 1{b) depicts the XRD partern of “r_la = {mA) b _%[ = 7 11
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%1 resulted due to the addition of 4-Al05 in PANI-GO composite.
The highest value of %1 is 9.31% for #-ALO:/PANI-GO composite,
whereas %1 is 5.81% for PANI-GO composite and 1.61% for w-Al;05.

3.3. Supercapacitive study of materials

Fig. 2a shows the cyclic voltammetric (CV) curves of w-Al0,
PANI-GD and =-Al;04/PANI-GO recorded at a scan rate of 2mV
s ', The CV curves clearly shows the 2-Al:0: /PANI-GO composite
have superior supercapacitive properties over prstine ®-Al;0s,
PANI-CO composite. The superior supercapacitive properties of
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Fig. 5. Cycle performance of the alpha-ALO;, PANI-GD and =-Al:D4PANI-GO
composite measured at a scan rate of 2mVs ! for 7000 cyeles,

at-Al204/PANI-GO composite can be attributed to oxidation/reduc-
rion of surface hydroxyl groups | 18], Specific capacitance has been
estimared using the relation (Eq. (1)) [19],

C5=-
m=v

iFg) (1

where [ is the average current during anodic and cathodic scan (A),
m is the mass of the electrode (g) and v is the scan rate (V). In our
case, the highest value of specific capacitance was found to be
7155Fg " ar a scan rate of 2mVs ' for w-AlLOs/PANI-GO
composite.

Fig. b shows the variation of calculated areal capacitance of the
a-Ala 05, PANI-GO and a-Al,04/PANI-GO composite as a function of
scan rare. Here also plot clearly depicts that «-Al;O;/PANI-GO
compaosite has several fold higher capacitance over the pristine
a-Al205, PANI-GO composite, The significant enhancement in elec-
trochemical performance was attributed to two main processes
occurring in the composite. First is that composite possesses
improved carrier density, which resolts in good electrical conduc-
tivity. Second is the increase of density of hydroxyl groups on
a-Al;04/PANI-GO composite |20]. The absence of redox peak indi-
cates that capacitance was mainly contributed by non-faradaic
redox reactions.

As shown in Fig, 4, the capacitance drops in pristine s-Al, 05 and
PANI-GO composite is significantly more than «-Al0;/PANI-GO
compasite, The o-AlO5/PANI-GO composite electrode exhibits an
excellent long-term stability with 95.83% capacitance retention
after 7000 cycles. The good capacitance ability of 2-Al,05/PANI-
GO composite is ascribed to enhanced electrical conductivity and
highly stable surface redox reaction [21] (see Fig. 5).
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Fig 6. Galvancstatic charge)discharge corves of the () alpha-AlOy, (b) PANI-GO and {c} AlLD5/PANI-CO collected at a current density of 10 pAcm e
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Electrochemical study of alpha-Al, 05, PANI-CO and AlO, (PANI-
GO samples were extended by measuring charge/discharge mea-
surements. Fig. 6{a-c) shows the galvanostatic charge/discharge
(GCD) curves of alpha-Al,0, PANI-GO and Al,0,/PANI-CO sam-
ples, respectively. The GCD curves of AlO4fPANI-GO sample is
nearly symmetric and significantly lengthy than alpha-Al.0s and
PANI-GO. This indicates capacitive properties of Al:O:/PANI-GO
sample superior than alpha-Al, 0, and PANi-GO. Improved perfor-
mance of Al,O4/PANI-GO attributed to synergetic state between
alpha-Al:0; and PANI-GO,

4. Conclusions

In summary, we have successfully demonstrated that the pho-
tovoltaic and supercapacitive performance of GO-PANij=2-AlLOy
composite is superior over the %-Al,Os and FANI-GO composite.
GO-PANifm-AlO; composite based PV cell shows significant power
conversion efficiency of the order of 9.31%, which much higher
than =-Al;05 and PANI-GO composite, The GO-PANija-Al 05 com-
posite exhibits the considerable specific capacitance of the order
715.5 Fg . The CD-PANi[x-Al; 05 composite retain 95.83% capaci-
tance after 7000 cycles, which shows the good cycling stability of
composites. The GCD characteristics of AlO;/PANI-GO sample
improved due to synergetic effect between »-Al:05; and PANI-GO
composite, At present work is underway for the optimization of
the electrochemical performance GO-PANi{u-Al O, composite.
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Abstract

Presently, nanorefrigerant becoming the important class of nanofluids due to its heat transfer performances of refrigeration and
air-conditioning systems. In the present study, we analyze the effect of shape on the thermophysical and heat transfer propetties
of ZnO/R-134a nanorefrigerant. The spherical and cubic shape ZnO nanoparticles used in this smdy for addition in refrigerant.
The results of study indicate that the themmophysical and heat transfer properties significantly affected by shape of ZnO
nanopaiticles. In case of cubic ZnO naneparticles, 42.5 % of increment observed over the pure refrigerant. This prelimmnary study
about the effect of shape on thermophbyvsical and heat transfer properties shows that ZnO/R-134a nanorefrigerant suitable for
refrigeration and air-conditioning systems.
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1. Introduction

Nanorefrigerant is adulterate suspension of solid particles and refrigerant as base flmd. Nanorefrigerants have
been found great application in the field of refiigeration and air-conditioning systems because of tunable thermal
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conductivity of refrigerants by addition of nanoparticles. Higher thermal conductivity of nanorefrigerants can extract
maximum output from the refiigeration and air-conditioning systems [1]. Addition of metal oxide nanoparticle as an
impurity significantly enhances the thermal conductivity of nanorefrigerant [2].

Mahbubul et al analyzed the volumetric effects of thermal conductivity, viscosity and density of AlL,O:/R141b.
The results of this study show that an optimum concentration of nanoparticles in refrigerant can enhance the
performance of a refrigeration system [3] Bi et al investigated the performance of Ti0Q»-R600a nano-refrigerants in a
domestic refrigerator without any system reconstruction. The refrigerator performance was analyzed by using energy
consumption test and freeze capacity test. The results of this study show that 9.6% less energy used with 0.5 g/
Ti0»-R600a nano-refrigerant [4]. Sarkar et al reported the thermodynamic properties and optimization cascade
system with different natural refrigerants. Their study gives two selection charts along with tables one for higher
coefficient of performance and the other for highest volunetric capacity [5]. Tiang et al study shows that the thermal
conductivities of carbon nanotube based nanorefrigerants are much higher than those of carbon nanombe -water
Nanofhiids or spherical nanoparticle-R 113 nanorefrigerants [6].

In light of above discussion, it is observed that most of the researchers analyzed the effect of concentration on
performance of nanoreffigerants. Thus, m the present study effect of nanoparticle shape on thermal conductivity of
nanorefrigerants studied for spherical and cubic shape ZnO nanoparticles loaded R-134a refrigerant. The main
accomplishment of the present work is that thermal conductivity of R-134a refrigerant increase by 42.5 % for cubic
shape ZnO nanoparticles.

2. Experimental

In the present work, ZnO/R-134a nanorefrigerant was prepared by two step method. In this method, 0.1 (10 %)
volume fraction of ZnQ added in pure R-134a refrigerant and kept for 2 h under probe sonication process for
forceful dispersion of ZnO nanoparticles. All thermophysical and heat tansfer properties of ZnO/R-134a
nanorefrigerant measured in the temperature range 283-307 K. The viscosity of nanorefrigerant of different particie
shape was determined using AR-1000 Rheometer, TA Instrument. The thermal conductivity and specific heat
measurements were carried out by using KD2 pro thermal analyzer (Decagon Devices).

3. Results and Discussion

Figure 1(a) shows the SEM image of spherical ZnO nanoparticles. SEM image revealed that ZnO used for the
dispersion in R-134a refrigerant 1s nearly spherical. The average particle size of spherical ZnQ npanoparticles
estimated using the SEM images was found to be 29.1 nm. Figure 1 (b) represents the SEM image of cubic shape
Zn0 nanoparticles dispersed in R-134a refrigerant. The average particle size of cubic ZnO nancparticles was found
to be 21.4 nm. Figure 1 (c) depicts the XRD pattern of ZnO nanoparticles. The diffraction peaks position in XRD
pattern of ZnO reflects the crystalline purity of used ZnO nanoparticles. The peak position in XRD pattern of ZnO
nanoparticles shows excellent agreement with JCPDS file no.36-1451. The JCPDS data card shows that ZnO has
hexagonal wurtzite structure, The lattice parameters of ZnO nanoparticles are witha =3.25 A andc = 5.2 A and its
ratio 18 ¢/a —~ 1.60. The data card also shows that ZnO nanoparticles belongs to space group Céme. The average
particle size was compuied using Debye-Scherrer equation. The average crystallite size for ZnO nanoparticles
estimated using this information was found to be 25.7 nm.
The viscosity of ZnO nanoparticles dispersed refrigerant was calculated using Brinkman model [7],

1
#N?‘ #f (l—é}jj
where. pnr and ur are the effective viscosity of ZnO nanoparticles dispersed refrigerant and pure refrigerant,
respectively. ¢ is the particle volumne fraction which is 0.1 (10 23) in present study. Figure 2 depicts the variation of
viscosity with temperature for pure R-134a refiigerant, spherical and cubic Zn0O loaded R-134a nanorefrigerant. The
spherical and cubic ZnO loaded R-134a nanorefrigerant shows typical behavior.
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Figure 1. SEM images of (a) Spherical and (b) Cubic shape ZnO nanoparticles and (c) XRD pattern of ZnO
nanoparticles.

The viscosity of nanorefrigerant decreases with increase in temperature for systems that is spherical and cubie
ZnO loaded R-134a nanorefrigerant. This decrease in viscosity assigned to the sub-micron dispersion behaves like a
liguid. The obtained results in our case as a function of temiperature is parallel to results reported by Mahbubul et al
[8]. Another possible reason for decrease mn viscosity with imereasmg temperature 1s weakening of adhesion forces
among the particles and base fluid molecules [9]. From Figure 2, it is also observed that cubic shape ZnO
nanoparticles loaded R-134a nanorefrigerant has higher viscosity value than spherical shape ZnO nanoparticles. The
higher value of viscosity in case of cubic shape nanoparticles may be due to cubic shape nanoparticles are difficult
to rotate. The difficulty in the rotation increases the viscosity of nanorefrigerant.
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Figure 2. Influence of spherical and cubic shape ZnO nanoparticles on viscosity of R-134a refrigerant.

The variation of density with respect to temperature of pure refrigerant and spherical and cubic ZnO loaded R-
134a nanorefrigerant has been shown in Figure 3. The plot shows that density of pure refrigerant and spherical and
cubic ZnO loaded R-134a nanorefrigerant decreases moderately with the increase of temperature. The value of
density found higher for cubic shape ZnO loaded R-134a nanorefrigerant. All samples show the typical behavior as
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a function of temperature. At 283 K, cubic shape ZnO loaded R-134a nanorefrigerant show enhancement in density
of the order of 22.62 % over pure R-134a refrigerant.

Density is mass and volume based parameter. With increase in temperature, molecules of refrigerant undergoes to
vibration which increases volume. Hence the density of refrigerant was decrease mornotonically with temperature.
The density of solid particles is much greater than liquid or gases. Therefore. spherical and cubic ZnO loaded R-
134a nanorefrigerants have higher density than pure R-134a refrigerant. The optimized value of cubic shape ZnO
loaded R-134a nanorefrigerants attributed to the higher volume of cubic shape object.

1600 { —*R-134a -8-Spherical == Cubic

%

Density (Kg/m?)
=
g

g

1004

280 290 300 3lo
Temperature (K)
Figure 3. Influence of spherical and cubic shape ZnO nanopatticles on density of R-134a refrigerant.

The specific heat of pure R-134a refrigerant, spherical and cubic ZnO nanoparticle loaded R-134a refrigerant
linearly increase with the temperature as shown in Figure 4 For fixed value of concentration of nanoparticles,
specific heat of nanorefrigerant decreases than pure R-134a refrigerant. This decrease in specific heat with the
addition of nanoparticles is attributed to the lower specific heat of added particles. The increasing temperature
results in the fluctuation of refrigerant molecules about their equilibrium value to a higher extent. which increases

heat capacity. The inereases in heat capacity increases internal energy of the system. The result obtained in our case
is parallel with most of the researchers [10].
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Figure 4. Influence of sphencal and cubic shape ZnO nanoparticles on specific heat of R-134a refrigerant.

Figure 5 depicts the variation of thermal conductivity of pure refrigerant and nanorefrigerant with temperature. It
can be observed in Figure 1, the thermal conductivity of nanorefrigerant was increases linearly with temperature,
The thermal conductivity of pure R-134a refrigerant decreases linearly with increasing temperature. The increase in
thermal conductivity of nanorefrigerant is attributed to the higher thermal conductivity of ZnO nanoparticles. The
decreases in thermal conductivity of pure R-134a refrigerant may be due to the evaporation of refrigerant molecules,

The increment in thermal conductivity due to addition of spherical and cubic ZnO nanoparticles over pure R-134a
refrigerant 1s 25.26% and 42.5 %, respeciively.
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Figure 5. Influence of spherical and cubic shape Zn0O nanoparticles on thermal conductivity of R-134a
refrigerant.

4. Conclusions

In the summary of present work, thermophysical and heat transfer properties of ZnO/R-134a nanorefrigerant
analyzed for two different shapes of ZnO nanoparticles with respect to temperature. The major outcomes of this
study could be drawn as follows,

¢  The addition of spherical and cubic shape Zn0 nancparticles in R-134a refngerant mcreases viscosity of
nanorefrigerant. Cubic ZnO loaded nanorefrigerant has higher value of viscosity.

*  Simlar observation 1s made for density of spherical and cubic shape ZnO nanoparticles loaded in R-134a
refrigerant.

e Specific heat of ZnO nanoparticles loaded nanorefrigerant found to be lower than pure R-134a refrigerant.

s  The significant enhancement in the thermal conductivity of spherical and cubic shape ZnC nanoparticles in
R-134arefiigerant observed of the order of 25.26% and 42.5 % respectively.
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Abstract

The purpose of this revic & was 1o understand the association between mindfulness an
life satisfaction and contribu won to current knowledge in the domain of life satisfaction
mindfulness. Second aim was ‘0 nvestigale the impact of mindfulness as an infervention on los
life satisfzctions: more one v w 10 verily findings for future research. A 1eview was conducie
through various database lik- nlistinflibnet, Googel Scholar, result of this paper shows the
mindfulness and life aticfacti 1 i positively associated with cach other.

Keywords: mindfulne s, ife satisfaction, Happiness, Well-being review,
Introduction
Life Satisfaction

Every person has desi: : - "ive happy his or her life. This concept is defined largely in th
past literature. [tis a state of 1ind, *ttends to remove thie negative thoughts and replace it rathe
than positivity. it is the path upon that people show their self mood. feeling, emotions an

evaluate their life future doxction and options. There gre several factors which eff, \
1 elfect i

satisfaction like personality, soIf - esteem. age, value,

culture, family, life ey i
8 s ‘ents and it 3
scientifically determined. Sevra studics show that Big Five Factor M B

odel is one more concey!

of personality. This model consizted with openness 1p experie —
nee, NSCiousness extraversi
v versior

agrecableness and nearoticisri, L meve and Cooper (1998) analyzed §
cveral studies with i
cernan
and pcrso:ulily mea “
nevroticism was major role in predicting life satisfaction and linked wiul
ith

personality tests are lmked w'th subjective well being
sures. They foung that
hose

suffering from mental illness The openness 1o experience is the factog positi
» Stlivel

life satisfaction. Apanform thix tne Big Five Model; the trajy Prototype ¥ correlqpeg wity
. 'OWS the g

with life satisfaction. Moming-onienled people (lasks) show higher life Soti
: 15
evening- oriented (Owls) Howveli, A. L., Dopko, R. L., Passmore, 11

lationsh; ,
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AVS A vt ot sole . C
estecn play ' ol deting miloencmg hle « o action. Previons madeling shows

that posttive Views and Tite satis fagtion determined comph 1+ by sell esteem Cummins, Robert
(2002). Acconding to Baley, T, Eng. W. Fiisheh, M. ¢ Sopler. C. R (20070, A Person’s
perecption fowand stimuls (lfe) and emotion have preatime wton hie satistaction There are 1wo

Limd of emotions that influence on hife satiskaction they o » 1ope and Optimisin. It consists of

cognitive process cmphasis on the perception of goals. O v s is associated vl higher life
watisfaction amd pessiminm i wlated 10yl depression Cvu g B CL & Sannz, L1 2001)
Furthiermoe, Seligman (COI2), repoted that the happice p opte focus on the nepative aspects of
thicir lives and they like other people, which promotes a iy pive - enviroament. This conelates 10 a
higher level of the person’s satisfaction with his or | 4 life, because of the notion that
constiuctiveness with others can positively influence life s tis action I is indentified that age is
one of the most imponant aspect of the kife satisfaction 1 Igi. Y. Shawotkin, D (2010). the
experiment on how life s:llisl'au:l.inn frows as people beecne older because they become wiser
amd more knowledge, so they being 10 see that life will e hetler as they mrow older and
understand the important things in life more. Also it was o d that hife sansfaction in team of
sexuality comes in 1o increase. This is because a1 this age many adolescents reach sexual
matueation, which can encourage them to find verificatior 2l saticfaction in the idea ol sexnal
partneeship (Goldbeck, Lutz. Schmitz. Tim. G. Besier Twja. Herschbach Peter, Henrich,
Gerhard , 2007). It was found that value of materiality im o higher on the life sati<faetion of
the person than the person who has not give the impodant [ .ateriality, Keng, Ah, Kwon, Jung,
Jochen, Winz. (2000). Comnnmnication in family memb 1 v very essential process because
research found that life satisfaetion is depend on communi.atin of family member Hubbard, A,
(2018).

Mindfulness

Mindfulness is the phenomenon in mind whick irdicated how the person or object is

aware aboul awareness of self. It is a meatal process, it <an been measured today by modemn
techniques like psychological Questionmaices; based on self-reporting  of trait; Mindfulness
Aucntion Awareness Scale(MAAS), Freiburg Mindfulness laventory (IFMI), Kentucky Inventory
of Mmdfulness Skills (KIMS), Cognitive and Affe:tive Mindfulness Scale (CAMS).

Mindfulness Questionnaire (MQ), Revised Cogaitive and Ml:zlive Mindfulness Scale( CAMS.

R) and so on, Many studies shows the data bout mindfulness in the setting of medical




LR i \!“R :“I"

’ TL ’ s £ 55 A

s Y 2T A CT FACTOR - 5.3 A=
9 --:“-_- i — o

\(III'\.!! I\‘\N--’ - 57 .
?}"Lﬂ\'!:\f.’uﬂ—,# ot At aelbouim. peviewed previous mieta -yt st
periIs e A ""”II‘ , p:l’T ';l-s..u. noe el \lm:llullh‘“ haccd therapies 4 relevant to the Ny

sckgroved 10 i widence for these therapiey g

alpessed the .‘lupuu:tl v
yperatc some practical question facing those wirhina y,

hey might ¢
w0 mindfulness-based. They have on,

ea oo send patients W

pmxl]‘
retation of research wto the therapagy
¢

' a
commenee practice 0 this
Jations relevant 10 he cor-luct and mteep

pndfulness.

‘|‘1|\ H!l
application ol

Aethods
Procedure of $¢

arch: 2 literatge was collected by using electronic database PsyINFO, n

«st the concept life satisfaction in eoagle scholar and wwlea

nnet, Google Scholar. Fist
isfaction “AND" Then word well-

more relevant 1o 1l ¢ research topic. Lifc sat
s only, Second set the word Mindful. Mindlulness cic

liet il
review which are
peing was searched on academic joum:

and! enllect the infonnation from the ite.

Result

After the previous rescarch it
in ke applied psychology is applied © this concepts for various perspectives.

Meditation is one then clinical fisld as well as positive psychological based application.
s« and life <atisfaction is positively correlated with each

verified form 2010 to till date, it is identilicd that new frend

It is also seen that mindfuli,
others. Life satisfaction is depend on vir ous angle of the life of the individual.

Limitation of review '
This review papers cover the filerawre 2 little more than 10 years back o that there is not

cufficient work for generalize the result of the above stated problem of the papers.

Implication and futere rescarch
Mindfulness and Life satisiaction research may be applied in the various field of

understanding the various perspectives related with this concepts and

psychology 1o the
problens regarding depression, anxicty, and personality related

knowledge 10 how (o solve the
disorders as well as this review can be helpful to the other researchers, psychologist, counselos.

Leachers to extend their experience md good result in their work. There is some suggestion fee
the future research in toking into consideration of the limitation of this review article. [t is a0

that in previous rescarch there is lak of randomized techniques so there should be us®

randomized sample.
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ARTICLE INFO ABSTRACT

Feywaords: Polyaniline (PANi)-graph compoesites and pal li l TiO; ¢ were prepared by ex-situ
Phatovoliaic .lppmddﬂ byﬁ.ﬂnduc investigation was carried uuL [52) :tplun: phulwultalL [PV} properties ud’P)\Nl graphene
Palyaniline and PANi-graphene, Ti0, composite. The ] o weore ized using Xeray d ion (XRDY.
_r_‘""“""“ Scanning Electron Micmscope (SEM), Raman Spnlmsc:)py and Ultm\mlt‘[ Visible (UV-Vis) Spectroseopy. The
T PV properties of dye-sensitized solar cells [DSSCs) prepared comp i d by assembling materials in

TTO/PANi-graphens Al and ITO/PANI-graphenes TiO. Al architecture. Different PV parameters such as shon
circuit current, open circuit voltage, fill factor and power conversion efficiency were determined from the
{Current-Voltage) TV chamcteristics of PY cell, The 15wi% PANi loaded graphene composite based PV cell
shows aptimized power conversion efficiency of the order 6,47%, The main accomplishment of present work is
that efficiency associated with 15 wi% PANI loaded I [ i v i further by addition of Ti0z
nancparticdes. The composite system between PANi- grnphe:nrr’]"D for lwl% of Tit, nanoparticles shows ap-
timized power eonversion efficiency of the order B63%.

1. Introduction considered as close competitive and altemnative to the standard silicon-

Global demand of energy rising gradually, due to heavy in-
dustrialization and urbanization. Developed countries have huge de-
mands of energy while demand is going on increasing in developing
countries. The Internadonal Energy Agency states that energy needs are
projected o expand by 55% ull 2030 [11. But unfortunately, the
complete demand of energy is satisfied through non-renewable energy
sources such as coal, petroleum, and natural gas. The exploitation of
non-renewable energy sources results in range of adverse effects like air
and water pollution, damage to public health, global warming and
unnecessary atmospheric changes. Key solution for this issue is to use
renewable energy sources such as hydropower, geothermal, wind and
solar energy instead of non-renewable energy sources, Among these
renewable energy sources, solar energy is best option due to out-
standing characteristics such as the most abundant, inexhaustible and
clean of all the renewable energy resources till date.

Across the globe researchers takes great interest in identification of
alternative materials to silicon, The downside associated with silicon-
based photovoltaic (PV) cell technology is their manufacturing requires
costly ultra-high-purity silicon. Alse, this process of manufacturing of
PV cell results in significant carbon emission. Organic materials are

* Corresponding author

Emoil address: krmemadei pmail.com (K Nemade),

et 3.07.009
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based PV cell technology. The main causes behind the development of
organic PV cell technology are less expensive, thinner, more flexible,
and amenable to a wide range of lighting conditions. Another inter-
esting reason is low material consumption results in a high absorption
coefficient [2]. Some other advantages of organic PV cells are low
specific weight, mechanical flexibility, tunable matedal properties and
high transparency [1].

During literature survey on organic PV materials, we come across
three efficient materials which exhibits outstanding PV properties.
These three materials are polyaniline, graphene and TiO, nanoparticles.
Among the conducting polymers such as polvaniline (PAND), poly-
pyrrole (PPy) and polythiophene (PTh), PANI has been extensively
studied by researchers,

Conducting polymer is the class of materials, which is fit for pho-
toveoltaic applicaton and device fabrication. This is because of out-
standing characteristics such as intrinsically stable photoexcitation with
visible light, high photon harvesting efficiency, tunable band gap en-
gineering on the entire visible spectral range and large charge genera-
tion when mixed with electron acceptor materials [4].

PANi display good electron conducting behaviors, interesting redox
behavior, high envirenmental stability and controllable electrical and

Recelved 9 May 2018; Recetved in revised form 14 July 2018; Accepred 16 July 2018

Available online 17 July 2018
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optical properties [5-7]. All these outstanding features of PANI attrib-
uted to the delocalized n-electron structure. The optical absorption
coefficient of organic molecules specially in case of PANI is very high
Therefore, large amount of light can be trap by an insignificant amount
of materials [5].

Graphene possesses a substantial number of wonderful optical and
electronic properties, such as zero band-gap, semi-conducting with a
high carrier mobility and high optical transparency, which generally
not observed in other materials [9]. It is well accepted prineiple for
organic PV cells that optimization of both charge transport and optical
properties are necessary for good performance.

Out of many semiconducting metal oxides, TiO; has some attractive
features for PV cell application. TiO, nanomaterial suitable for PV cell
application due to its high chemical and optical stability, non-toxicity,
low cost, corrosion resistance and ease of synthesis [10,11]. Many re-
ports show that graphene-Ti02 nanocomposites possess superior pho-
tovolic properties than pristine TiO» [12].

The composite preparation using organic and inorganic constituent's
results in improved electronic properties, It is well known principle of
materials seience that in synergetie state, physical and chemical prop-
erties of most of the composite improves. Therefore, in this section itis
analyzed using some reports on PV properties of PANi-Metal Oxide
compaosite. The addition of metal oxides impurity in PAND enhance the
PV properties and increase the efficiency of solar cells.

Ameen et al. fabricated TiO./PANi and dye absorbed TiO./PANi
electrodes by plasma polymerization for solar cells application. The
results of the study indicate that dye absorbed TiO./PANI electrode
based DSSCs have high charge carrier transportation between the TiO,
and PANI layer. This rapid charge transportaticn in dye absorbed Ti0./
PANI electrode improves the performance of solar eell than the Ti0,/
PANI electrode [13]. Shen et al. architecture PV cell with layers ITO/
nano-crystalline TiO,/PANi/Aluminum. This shows largest open vol-
tage of 0.397 V and short current density of 65,9 pAsem? under simu-
lated solar radiation. Using cumrent-voltage characteristics, the forma-
tion of p-n junction between nano-crystalline TiO. and PANi interface is
also verified [14]. Yang et al synthesized grafted aniline on amino-
benzoate monolayer to adsorbed TiO, nanocrystal to fabricate a uni-
form core/shell structured TiO,/PANI nanocomposite. The DSSC fab-
ricated with an electrode of TiO./PANi film have considerably high
short circuit current density of 0.19mA/em™ and an open circuit vol-
tage of 0.35V [15]. Zhu et al. adopted the two-step process to prepared
PANI hybridized Zn0O photoanode on FTO substrate. The results of the
study show that light-conversion effidency of PANi hybridized ZnO
nanograss improves by 60% than pure Zn0 nanograss photoanode [16].
Momeni et 2l studied the dye-sensitized solar cell based on TiO, na-
notube arrays. In this work, TiO: nanotubes were prepared by two
different approaches namely one-step and two-step process. This work
concludes that TiO. nanotubes prepared using two-step process shows
higher efficiency [17]. Bahramian et al. prepared in sinn PANi-based
counter electrode and coral-likeTiO, to assemble DSSC with wansparent
PAN| films as counter electrode. This bifacial DSSC have power con-
version effidency of 8.22%, which is assigned to excellent light scat-
tering by the coral-like TiO, and high specifie surface area of PANI
nancfibers [15]. Duan et al. fabricated the DSSC with PANi in-
corporated Tiy, anodes, PANI counter electrodes, and iodide doped
PANI solid-state eleetrolytes. The results of the study show that DSSC
with proper assembly process and iodide dosage provides good PV
performances with power conversion efficiency of 3.1% [19].

The humankind has been gifted by many brilliant materials by
nature, ene of those is Graphene. Graphene possess noticeable enig-
matic optical and electronic properties such as zero band gap, high
carrier mobility, high optical transparency. The synergetic phase of
graphene with PANI, also resulls in efficient PV materials. Some reports
on PANi-Graphene composite have been reviewed in this section.

Wang et al. prepared p PANi n ’ by poly-

merization of aniline monomer in situ method. In DSSC, graphene/
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PANI nanocomposite deposited on FTO, which gives power conversion
efficiency of 6.09% compared to 6.88% of efficiency for PV cell with
expensive Pt counter electrode under similar experimental condidons
[20]. Liu et al. designed DSSC by coating a nanccompasite thin film of
graphene/PAND on FTO glass by electro-polymerization method. In
comparison, graphene,/PANI based electrode has power conversion ef-
ficdency of 7.17%, which is close 1o 7.24% of a DSSC with a Pt counter
electrode, This study shows that graphene/PANI electrode has potential
to replace conventional Pt eounter electrode in DSSC [21]. Dinari et al.
designed the Pt free DSSC using PANi-Graphene quantum dots by in situ
electrochemical polymerization en FTD coated glass, The synergistic
effect between PANI and graphepe gquantum dets provides higher
electrochemical catalytic activity which resulted into improved FV
performance with power conversion efficiency of 1.6% [22].

Loryuenyong et al. fabricated DSSCs with counter electrode based
on PANi-graphene hybrid material. The counter electrode was prepared
by depositing material on FTO by drop casting method. The PANi/
graphene hybrid counter electrode exhibits superior PV performance
with open cireuit voltage of 0.57V, Short Cireuit Current of
515mA cm ™, fill factor of 0.40 and power conversion efficiency of
1.16% which results in improved PV performance than DSSC based on
Pt electrode [23]. Yang et al. synthesized multilayer counter electrodes
from positively charged PANigraphene complex and negatively
charged platinum nanoparticles with different number of layers and
different concentration of graphene in PANi-graphene complex. This
work concludes that the electron migration from graphene to PANi
helped in good charge transfer. This multilayer interface based DSSC
has power conversion efficiency of 7.45%. This work also pointed that
multi-interfacial counter electrodes are suitable for robust DSSC [24].

During literature survey, it is observed that PANi, TiD, nano-
particles and Graphene have much potential to improve their PV
properties. The necessity of development of new kinds of FV materials
with improved power conversation efficiencies is being touched by
different research groups across the globe, Therefore, the problem is
identified on the basis of following remarks:

* During study, it is observed that concentration of impurity in com-
posite has play erucial role. Therefore, in this work it planned m
investigate optimized composition of PV material based on PANI
and graphene.

® In second step, after successful finding of optimized composition,
another impurity that is TiO, vsed for further enhancement of PV
properties of PANi-graphene composite.

Therefore, the objectives of present work are to prepare and opii-
mized PV properties of PANi-graphene composite. Then prepare and
optimized TiO, nanoparticles loaded PANi-graphene composite for FV
application,

2. Experimentation
2.1, Preparation of materials

2.1.1. Preparation of PAN(

In the present work, PANi was synthesized by using chemical oxi-
dative method. In this methed, ammonium persuliate was used as an
oxidizing agent. All chemicals required for the preparation of PANiI
procured from SD fine, India of AR grade and used withour further
purification. In the process of preparation of PANI, following steps were
executed,

* During the synthesis of PANi, one condition is imposed on molar
ratin between ammenium persulfate to aniline monomer should not
exceed the ratio < 1.15. The reason behind this condition is to ob-
tain high conductivity and yield [25].

* With this condition, both aniline monomer and ammonium
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persulfate dissolve separately in aquecus (100 ml) medium,

® Subsequent to this step, the solution of aniline monomer was added
in ammonium persulfate solution in dropwise manner under mag-
netic stirring.

* The greenish-black precipitate was observed in beaker with increase
in temperature,

& This precipitate was kept for ovemnight (24h) for good quality
polymerization,

* On next day, precipitate was washed three times with distilled water
to remove un-reacted contents in product.

* The obtained product was dried at 50°C and used for further pro-
cess.

2.1.2. Preparation of PANi/Graphene comy

The ex-situ approach was adopled for the preparation of PANi/
Graphene composite. The graphene required for the composite pre-
paration was prepared by previously reported methed [26]. The weight
% (wit.%]} stoichiometry was adopted for the preparation of composites.

The wi.% stoichiometry was caleulated using relation (B, (3.1)),
wi = —2 %100
A+8B (5]

where A and B are constituents of composite.

In our case, the content of PANI in composite was varied for 5-20wt
% by an interval of Swtl. In this way, four samples were obtained.
During preparation of composite, both constituents of composite was
added in 25 ml acetone under magnetic stirring at room temperature,

2.1.3. Preparation of PANi/graphene-TiQ,; composites

PANi/Graphene-TiO, composites was also prepared by ex-situ ap-
proach. In this process, TiO, was directly procured from SD fine, India
of high purity, This TiO, was probe sonicated using sonicator (PCi, 750-
F, PCI Analytics Pvt Ltd). This process of probe sonication, splits the
TiO, particles up w the nano-dimensions. As-obtained TiO. nano-
particles, was used for the preparation of composites. By adopting wi.%
stoichiometry, four samples of PANi/Graphene-TiO; composites were
prepared by varying content of TiQ, nanoparticles in composite from
0.5 to 2wt% by an interval of 0.5wi%. The optimized steichiometry
between PANI and graphene were used further for addition of TiO,
nanoparticles. to improve PV properties, Here also, acetone was used as
an organic media for the preparation of composites. For dye sensitiza-
tion process, Ru-based N719 dye was used by preparing media of
0.25mM ethanolic solution of dye N719.

2.2, Fabrication of photovolteic cell

The doctor blade technique was used to fabricate the PV cells.
During this process, the composites was sandwiched between deaned
ITC plate as transparent electrode and Aluminum electrode. The alu-
minum foil was used as metallic electrode for the PV cell. ITO plate
(Dimension: 25mm * 25mm) used in this work was procured from
Techinstro (ITO-SE-011), India. With the help of temporary hinder
(based on 3% ethyl cellulose and 97% butyl digol), compasite was
deposited on ITO electrode and then Aluminum electrode was de-
posited. This fabricated cell allows to dry at 40°C for 3 h for evapora-
tion of volatite organic compounds. The thickness of deposited layer
controlled by thickness of transparency used during doctor biade
technique. In this way, PV cells were fabricated for further study. The
side face of fabricated PV cell is depicted in Fig. 1

2.3. Measurements of photovoltaic characteristics

The current-voltage (IV) characteristics of PV cell collected under
incandescent light bulb of power 0.2456 Watt/m”. The separation be-
tween incandescent lght source and PV cell was about 15¢m, The
important diode parameters like open circuit voltage (Voo), short
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Aluminum

Fig. L. Side face of fabricated PV cell

circuit current (12}, fill factor (FE), and power conversion efficiency ()
were measured under these eonditions, which reproduced without any
considerable deviation. The FF of PV cell computed using relation Eq.
11 [271:

_ T ¥ Vi

© e X Ve w

Whereas, power conversion efficiency (%n) of PV cell estimated
using the relation Eq. [2], [28],

% = [-I'“—" % Voo Xk ﬂ:] % 100

Fin (2)

The FF and %n are the crudal parameters for any PV cell. On the
basis of these parameters, it is possible to discriminate any PV cell and
its performance.

3. Results and discussion
3.1. Materials choracterizaion and PV properties of PANL/ Graphene

2.1.1. XRD analysis

Fig. 2 (a) shows the XRD pattern of pure PANi synthesized by
chemical oxidative method. The XRD pattemn of pure PANI comprises
only one broad peak around 26°, which indicates the poor crystallinity
phase of PANI, This broad peak is also assigned to the scattering from
the PANI chains at inter planar spacing [29]. Fig. 2 (b) depicts XRD
pattern of graphene, which has well structural, and phase purity. The
XRD of graphene possesses two signature peaks at 26.37 (002) and 44.2°
(100). The peak ar 20 = 26.3° indicates well organized srructure of
graphene with an interlayer spacing of 0.339 nm. This layer spacing is

800 (&)
600
300 .MJW
’ ) ) ' Cl]
= 600 ] |
5‘ 300 d_",..—u\"‘/ o PRV SHPORRT T
£ 750 | ~ j ) T @
g 500
g 250 | M

10 20 30 40 50 60
20 Position (deg.)

Fig. 2. XRD pattern of pure (a) PANi, (b) graphene and (o) 5wit%, (d) 10w,
(2] 15 wi%, [f) 20 wi% PANI loaded graphene eomposites,
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Fig. 3. SEM fmages of (a) 3w, (b) 10 witl, () 15 w2 and (d) 20wt% PANI loaded graphene composites.

in agreement with spacing in graphite. The broad peak at 20 = 44.2 is
attributed to presence of some defects [30]. Fig. 2 (¢, d, e and £) shows
the XRD pattern of 5 wi%, 10wt%, 15wt% and 20 wi% PANi lbaded
graphene composites, respectively. XRD pattem shows that with an
increase in PANI content in composites, noisy behavior of pattemn in-
creases. This indicates that crystalline nature of composites decreases,
Sharp peaks appear between 20 and 267 is atiributed to the presence of
smaller arystalline regimes in composites, The decrease in peak height
intensity of composites than graphene and PANI, justify the formation
of composites.

3.1.2. Morphology study

Fig, 2 shows the SEM images of (a) 5 wit%, (b] 10 wt%, () 15 wi%h
and (d) 20 wi% PANi lpaded graphene composites prepared by ex-sim
approach. In all cases, graphene sheets are homogeneously dispersed in
PANI. At fixed resolution, one thing is observed from SEM images that
agglomeration phenomenon increases with wi.% of PANI. All composite
samples have imregular shape.

3.1.3. Raman Spectroscopy

Fig. 4 depicts the Raman spectra of 15wt PANi loaded graphene
composite, which is optimized sample in PV study. The C— N stretching
vibration from benzenoid structure appears through band 1548 cm ',
The semi-benzenoid polaronic band of C-N ' appears at 1318 cm ' and
plane bending vibration of CH is appears at 1200 cm ', The Raman
spectrum comprises clear band D (1325em ™) [31], G (1598 em™ 1),

20

L.
by
=

Infensity (A
=
E

z
=

=

1000 1500 2000

Raman Shift (e}

2500 000

Fig. 4. Raman spectrum of 15 wils PANI loaded graphene p

and 2D (2695 cm™*), which are signature band of graphene [32-341.
The shift in band position is observed, which is attributed to the
structural changes in resultant composite. The quineid rings in the PANI
have a similar atomic soucture with the C6 rings of graphene. This
situation in both constituents allow for a strong o - stacking interac-
tion and beneficial for electronic trmnsmission [25],

3.1.4. Optical properties

In PV technology, optical properties of PV materials play crucial
role. Therefore, in our case it is studied using UV-VIS spectroscopy. In
PV cell technology, both types of band gap materials that is low-band
gap and high-band gap materials have their own importance. Therefore,
by combining appropriate materials to obtain band gap which effi-
ciently used available solar radiations is necessary. This is necessary, if
the band gap is very small than incdent photon energy, then con-
siderable photon energy converted in heat energy, which raise the
temperature of PV materials. On other hand, if the band gap is very
large, it restricts the transiton between valance band to conduction
band [36].

Fig. 5 shows the UV-VIS spectrum of 5wi%, 10 witth, 15 with and
20wt% PANI loaded graphene composites. From plot, it is clearly

23
N —5 wt.% PANi
21 % —10 wt.% PANI
. =15 wt.% PANI
19 4 —20 wi.% PANI

Absorbance

09

T hr— -
325 375 425 475 525 SIS 625 675
‘Wavelength (nm)

Fig. 5. UV-VIS spectrum of 5 wi%, 10we3h, 15wt and 20wt PANi loaded
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Fig. 6. PV response of (2} 5 wite, (b) 10wi%, (¢) 15 wizh and (d) 15 wtsh PANI loaded graphene composite,

whserved that the samples 5wi%, 10wt and 20 wit% PANI Ibaded
graphene composites have absorption tail at lower wavelength than
15wt PANi loaded graphene composites. The band gap values for as-
prepared composite samples (estimated using frequency-wavelength
relation) ranges between 2.73 and 1.92 eV. The lowest value of band
gap is associated with 15 wi% PANi loaded graphene composite.

3.1.5. PV performance

Fig. & shows the PV response of (a) 5wt¥, (b 10 wt%h, (c) 15wt
and (d) 15wi% PANI loaded graphene composite based DSSCs, All
dinde parameters lke 1, V... I, Vi, FF and % are provided in
Table 1. Among all PV eells, the response of 15wt PANi loaded gra-
phene composite has highest power conversion efficiency of order
6.47%% (FF = 0.285). The highest power conversion efficiency was
attributed to lower band gap value (1.92eV) of 15wt% PANI lbaded
graphene composite. All samples have stable diode parameters and
reproducible results.

Fig. 7 shows the variation of FF and % as a function wt.% of PANi
in compaosite. Plot shows that 15 wt% PANi loaded graphene composite
has highest power conversion efficiency. The possible reason for highest
power conversion efficiency may be

Table 1

PV of TiOy particles loaded PANI-graphene composites and

PANi loaded graphene composites,
T, particles loaded PANi-gray P
Wiesh of TiOs Lo imA] Voo (V] L (mA) Voo (V] FF oy
nanoparticles
0.5wiks 05.17 02 9525 o8 02490 643
1with 127.71 0.2 127.79 18] 0.24%8 B.63
L5 wils 106.59 0.2 106,65 08 0.2498 7.21
20wtk 105.73 0.2 105.8 L2 0.24%8  7.15
PANi laaded graphene compasite
Wit of PANI Loe (mA)  Viase (V) Iac [mA} Voo (V) FF Hon
Swite 448 0.2 44.8 o7 0285 3068
10wite 55.36 0.2 35.68 o7 0.284 3741
15with 96 02 9% L1 g 0,285  6.479
20 with 7136 0.2 TLh4 0.7 0.280 4816

0.285 - o :
\ / ]
0.284 o
0.283 -
w
o £
0.282 L4~
0.281 ./
0.280
- . . . 2
5 10 15 20
Wt.% of PANI

Fig. 7. Variation of FF and %n as a function wt.% of PANi in composite.

+ the homogeneous presence of PANI and graphene in composile, can
reduce the interfacial resistance between the graphene and the
PANi. This homogeneity in composite resuls in better electron
transfer.

# The presence of high electrical conductive graphene in composite
and agglomerated nature of composite reduce inter-domain re-
sistance.

* Lower band gap (1,92 eV) value of 15wt PANi loaded graphene
composite.

Frgn

3.2 Improvement in PV performance by of Tid,

2.2.1. XRD analysis

& (a) shows the XRD pattern of anatase phase Ti0, nano-
particles. The strong signature peaks at 25° and 48" confirms the ana-
tase phase, All remaining peaks position and marginal intensity data are
in good agreement with standard spectrum (JCPDS card No. 84-1286)
[37]. The average crystallite size of TiO» nanoparticles was estimated
using Scherrer equation [29], D=(Ki/feosd), where D is average
crystallite size (nm), k is a shapes factor (K = 0.89), A is the wavelength
of X-ray source equals 1,540 A, [} is the full width at half maxima, and 6
is the diffraction peak angle. The average crystallite size of TiQ.
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Fig. B. XRD pattern of pure (a} Ti0, nanoparticles and (b) 0.5 widt, (c) 1w,

(d} 1.5 wt% and (e} 2 wt% Ti0; nanoparticles loaded PANigraphene compo-
sites.

nancparticles was found to be 51.27 nm. Fig 8 (b, ¢, d and e) depicts
the XKD pattern of 0.5 wt®, 1wt%, 1.5wtl and 2wt TiO, nano-
particles loaded PANi-graphene composites, respectively. The addition
of Ti0, ticles in PANi-graphene composites results in inter-
esting results. The XRD pattern clearly shows the composite exhibits the
crystalline phase with shape peaks, As discussed in section 4.1.1, the
PANi-graphene composites have amorphous phase, which was diminish
by addition of TiO, nanoparticles.

3.2.2 Morpholngy study

Fig. O represents the SEM images of {(a) 0.5wt%, (b) 1 wi%, (c)
15wt% and (d) Zwth TiO, nanoparticles loaded PANi-graphene
compaosites. Here also, TiO, nanoparticles nicely dispersed in PANi-
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Fig. 10, Raman spectrum of 1 wi?h Ti0, nanoparticles loaded PAN-graphene
composite.

graphene composites. The addition of TiD, in PANi-graphene results in
improvement of erystallinity. In all SEM images, well defined crystal-
line boundaries are observed. The crystallinity of all composite samples
reflects also from XRD analysis. The irregular particle size distribution
observed in all regions of SEM.

3.2.3. Ruman Spectroscopy

Fig. 10 shows the Raman spectrum of 1 wi% TiO; loaded PANI-
Graphene composite. This spectrum also comprises the C— N stretching
vibration from benzenoid, which appears around 1548 cm ™ . Similarly,
semi-benzenoid polaronic band of C-N* appears around 1318em !
and plane bending vibration of C-H is appears around 1200 cm ™', No
significant peaks were associated with TiO. nanoparticles in spectrum.

.24 Optical properties

Fig. 11 shows the UV-VIS spectrum of 0.5 wts, 1 wtth, 1.5 wit and
2 wi% Ti0: nanoparticles loaded PANi-graphene composites. From the
plot, it is clear that absorption tail of 1 wit% TiOs nanoparticles loaded
PANi-graphene composite has higher value than other three samples.
The band gap values of 0.5 wt%, 1wt%, 1.5 wt? and 2 wt% Ti0; na-
noparticles loaded PANi-graphene composites ranges between 3.02 and
253 eV. The lowest value of band gap is associated with 1 wi% TiO,
nanoparticles loaded PANi-graphene compaesite.

Fig. 9. SEM images of (a) 0.5 wilé, (h) 1 widh, {c) 1.5wi% and (d) 2 wi% TiOs nanopanticles loaded PANi-graphene composites.
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Fig. 11. UV-VIS spectrum of 0.5 wi%h, 1wt 15wt and 2wt TiQy nano-
icles loaded PANi-gruphene composites.

3.2.5. PV performance

Flg. 12 shows the PV response of (a) 0.5 wi%, (b} 1 wi, (<) 1.5 w4
and (d) 2wi% TiO; nanoparticles loaded PANi-graphene composites
based DS5Cs and all diode parameters listed in Table 1. In PANi-gra-
phene/TiQ, composite, stable diode parameters observed. From
Fable 1, it is observed that 1wt TiO, nanoparticles loaded PANi-
graphene composite has highest power conversion efficiency. The
highest power conversion efficiency was attributed to good optical
properties and lower band gap (2.53eV] value,

Fig. 13 depicts the variation of FF and % as a function wt.% of Ti0,
nanoparticles in PANi-graphene composites. The highest power con-
version efficiency was associated with 1 wils of TiO, nanoparticles in
PANi-graphene composite, The possible reasons for the highest power
conversion are,

# The addition of TiO, nanoparticles in PANi-graphene compuosite,
results in increase of both photocurrent density and open cireuit
voltage.

® The presence of graphene sheets in composite reduces charge re-
combination and increasing open circuit voltage as a result of high
electron [39,40].
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Fig. 13. Variation of FF and % as & function wt.% of Ti0; nanoparticles in
composites.

4. Conclusions

During the study, two material svstems that is PANi-graphene
composite and PANi-graphene/Ti0, composites based DSSCs were
suceessfully prepared by ex-situ approach. The structural, mompholo-
gical and optical study of both systems were carried out to understand
physical properties of matetials. To analyze the PV performance of
PANi-graphene composite and PANi-Graphene,/Ti0, compaosites, FV
cells were fabricated using doctor blead technique in architecture IO/
PV materials/Aluminum.

The PANI required for composite preparation was synthesized by
using chemical oxidative route successfully. During composite pre-
paration wt.% of PANI varied in graphene, to analyze effect of PANI on
PV properties of composite. In this study, 15wt% PANi loaded gra-
phene composite shows optimized power conversion efficiency of order
6.47% with L. = 96mA. The highest power conversation efficiency of
this sample attributed to reduction in the interfacial resistance between
the graphene and the PANI, lower inter-domain resistance and lower
band gap of 15wt% PANi loaded graphene composite than other
samples.
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Fig. 12. PV response of [a) 0.5 wit, (b} 1 witt, (¢) 1.5wi¥ and (d) 2 w2 TiOz nanoparticles loaded PANi-graphene composites.
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In order to improve further the power conversion efficiency of 15wt
% PANI loaded graphene compesite, TiO, nanoparticles were added in
this composite. To obtain again optimized sample with cutstanding PV
properties, the content of TiO, nanoparticles were varied with 0.5-2wt
% by an interval of 0.5wi%. In this smdy, 1 wit¥s Ti0, nanoparticles
loaded PANi-graphene composite shows optimized PV properties. The
power conversion efficency was successfully improved and its value
wis found to be 8.63%. This is the main accomplishment of present
work. In this complete. it is also observed that diode parameters have
stable value.

In the concluding remark of this work, it is underlined that con-
centration of impurity in composite play very important role, Similarly,
band gap enginesring is alsn necessary to fabricate more efficient PV
cells.

Data availability

The datasets generated during the current study are available from
the corresponding author on reasonable reguest.
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ABSTRACT:

Cycloruthenated (IT) complexes offer several favorable properties suited for
anticancer drug design, which provide a new class of compounds for clinical uses as an
alternative to platinum antitumor drugs for the treatment of cancer. In the present work
various precursors and ligand were synthesized such as  [Ru(bpy)Cl].2H,0.
[Ru(phen),Cl,].2H,O and 2-phenyl imidazoline respectively for the production of
Cycloruthenated (1) complexes like [Ru(bpyh(2PZ-LV|PF.(2) 4 [Ru(phen),(2PZ-L)]PF4(3).
During the study different physical methods have been used ie. Nuclear magnetic
resonance(NMR); Infrared spectroscopy (IR): UV-Visible spectroscopy for characterization.
These complexes have anticancerous as well as great antimicrobial properties

INTRODUCTION:

Reaction of a series of nitrogen donar ligands with metals salts gave complexes where
ortho Metalation had occurred resulting in bidentate binding to the metal centers through N
and C atoms are the cyelometalated complex.”

Cyclometalation was discovered in the early 1960s providing a straightforward entry to
organometallic compounds that feature a metal-carbon o-bond. Cyclometalation generally
supports highly susceptible M-C bond and forms highly stable organometallic compounds.’
Cyclometalation reaction represents probably the mildest route for activating strong C-H and
C-R bonds. Because of these capability they have been employed in various application, for
example as active units in sensors, in anticancer agents, as photophysical in organometallic
light emitting diodes , for light harvesting and energy transfer such as in photovoltaic cells, as
gelators and birefringents in liquid crystalline materials and as molecular or crystalline
switches.

Imidazoles and benzimidazoles are present in various bioactive compounds possessing
antiviral and anticanceral properties. The invention of Cisplatin — [Pt{NH,].Cl;] has motivated
us to search for alternative transition metal complexes with improved pharmacological
properties. During this cycloruthenated complexes are coming oul as an better option as it
possesses several favorable properties suited to reasonable anticancer drug design. In the
present study we synthesized and characterized the cycloruthenated complexes which having
anticancerous and antiviral properties.

EXPERIMENTAL METHODS:

Chemicals:

All chemicals used in this work were of analytical grade. RuCl.3H,O, 2,2°-
bipyridine(bpy), l.10-phenanthrolinemonohydrate, benzaldehyde, ethylenciamine, KI
(potassium iodide), potassium carbonate, iodine, potassium hexafluoro phosphate, methanol,
cthanol, acetonitrile, DMF, DMSQO, chloroform, DCM, acetone, ethyl acetate, hexane and
diethyl ether.




b)[Ru(phen),(2PZ-1L})|PF4(2}):

The ligand 2-phenylimidazoline (25.72 mg .0.1759 mmol),cis-[Ru(phen),Cl;].2H,0
(100 mg, 0.1759 mmol) and triethylamine3mL was added to ethanol-water (20 mL
Vot Vaer=2:1) solvent .Then reaction mixture was magnetically stirred and refluxed for
12 hours under nitrogen atmosphere.The reaction mixture was concentrated by rotary
evaporator and a saturated KPF; aqueous solution was added to give precipitate. The
precipitate was filtered and was with water and dried. Product was purified by column
chromatography using acetonitrile as an eluent.

T4

20 mLiethanel+ 00

=S TEA 10hrs reilux

Figure 5: Synthetic scheme of complex 2

Characterization:

UV-Visible Spectroscopy:-

The complexes [Ru(bpy):(2PZL)]PF; [Ru(phen)(2PZL)]PF; exhibits the absorption bands at
500-800 nm in visible region due to d-d transition and ligand hased m-x' transition occurs in
the UV region of 210-350 nm.The molar extinction coefficient (&) value for the complexes
were 10*-10" mol 'em'in visible region.

Photophysical data of UV-Visible Spectroscopy.

Table 1
ABSORBANCE 2,./e(Mem™)
COMPLEXES
Acetonitrile Dimethylformamide
Ligand MLCT Ligand transition MLCT
transition
[Ru(bpy):(2PZ-L)|PF, | 4410/5855.05 3486/4067.5 | T350/8456.3 6492/7189.2
18292/24627.65 28094/36958.25
9245/10514.85
[Ru(phen),(2PZ-L)|PF; | 36264/41800.45 B469/9742.7 T490/8240
33223/41880

Fluorescence Spectroscopy:-
The fluorescence spectroscopic data for the complexes [Ru(bpy):(2PZ-L)|PF,; and
[Ru(phen),(2PZ-L)|PF,, in Acetonitrile and Dimethylformamide solvent are as follows:

Fluorescence data : Intensity and k., in different solvent

Table 2
Sr. No. Complexes Acetonitrile Dimethylformamide
1 [Ru(bpy)(2PZ-L)|PF, 355/485 260/492
2 [Ru(phen),(2PZ-L)]PF; 389/469 320/490

IR Spectroscopy:
The solid TR spectrum of the ligand and their complexes have corresponding stretching
frequency as given below:




the dark brownish product was obtained by filtering it. IR was taken in KBr ,which gives
the different values as 3047 cm™ (=C-H):1672 cm™"
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Figure 3: Synthetic scheme of P2

Phvsical methods:

The ligands and complexes synthesized during the study have beencharacterized by
Nuclear magnetic resonance(NMR); Infrared spectroscopy(IR); UV-Visible spectroscopy.
These methods are briefly outlined as follows:
1.Infrared spectroscopy (IR):

The spectra of solid samples were recorded by using KBr pellets as in theso called
Shimadzu FTIR-8400 spectrophotometer at department of thechemistry, University of Pune.
2.UV-Visible spectroscopy:

UV-visible absorption measurements were carried on  JASCO V-630
Spectrophotometer using matched pair of 1 cm quartz cells at Department of
chemistry,University of Pune.

3. NMR spectroscopy:

'H NMR spectra of the ligands and the complexes were measured on a Varian-Mercury
300 MHz spectrometer with CDCl,DMSO-d,, as solvent at room temperature and all the
chemical shifts are given relative to tetramethylsilane (TMS) as the internal standard at
Department of chemistry, University of Pune and National Chemical Laboratory (NCL).

RESULTS AND DISCUSSION:
Synthesis Of Complexes:
a)[Ru(bpv),(2PZ-L)|PF(1):-

The ligand 2-phenylimidazoline (28.0958 mg ,0.1921 mmol) cis-[Ru(hpy).Cl;].2H.0
(100 mg. 0.1921 mmol)and triethylamine  5mL was added to ethanol-water (20
ML,V ot Viaee=2:1) solvent The reaction mixture was magnetically stirred and refluxed
for 12 hours under nitrogen atmosphere.The reaction mixture was concentrated by rotary
cvaporator and a saturated KPF; aqucous solution was added to give precipitate.The
precipitate was filtered and was with water and dried. After drying the precipitate was
collected by using acetonitrile.
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Figure 4: Synthetic scheme of complex 1




Preparation of of ligand
2-phenyl imidazole:

In a typical procedure,aldchyde (1.0 mmol) and diamine (1.2 mmol) in water (10 ml),
were stirred for 20 min, potassium carbonate (1.3 mmol), iodine (1 mmol) and potassium
iodide (25 mol %) were then added consecutively and the mixture kept at 90°C with stirring
for 30-50 min. After work-up. the corresponding imidazoline or benzimidazole was obtained
in good to excellent yield .The condensation of aldehydes with diamines occurs without any
catalyst.and the addition of molecular iodine as an oxidant in the presence of potassium
iodide and base, smoothly oxidized the condensed products of aldehydes and diamines to
imidazolines/benzimidazole,

K
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NH, R

t I, = KI+K 40, N

Al H,0.60°C

Figure 1 : Synthetic scheme of ligand

Preparation of the Precursor Complexes:
a)|Ru(bpy):CL].2H,0 (P1):

The mixture of RuCli.H20(250 mg,0.9 mmol),LiCl (405 mg, 9.5mmol), 2.2 -bipyridy]
(298 mg, 1.9mmol) were heated at reflux in grade dimethyl formamide (15 mL) for 8 hour.
After the reaction mixture was cooled to room temperature, 50 mL of reagent grade acetone
was added and the resultant solution cooled at 0°C overnight. Filtering yielded a red to red-
violet solution and a dark-green-black microcrystalline product .The solid was washed three
times with 25 mL portions of water followed by three 25 mL portions of diethyl ether, and
then 1t was dried by suction.Finally the black colour product was obtained by filtering it. IR
was taken in KBr ,which gives the different values as 3066 em™ (=C-H): 1672 em™'(-C=N) :
1460 cm™, 1417 cm™' (-C=C-) ; and 3497 cm™".
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Figure 2: Synthetic scheme of P1

b)[Ru(phen),Cl,].2H,0 (P2):

The mixture of RuCl.H,O (250 mg,0.9 mmol),LiCl (405 mg, 9.5 mmol), 1,10-
phenanthroline monohydrate (379 mg.1.9 mmol) were heated at reflux in grade dimethyl
formamide (15 mL) for 8 hour. Afier the reaction mixture was cooled to room temperature,
50 mL of reagent grade acetone was added and the resultant solution cooled at 0°C
overnight. Filtering yielded a red to red-violet solution and a dark-green-black
microerystalline product .The solid was washed three times with 25 mL portions of water
followed by three 25 mL portions of diethyl ether, and then it was dried by suction.Finally
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IR spectral data:

Table 3
Complexes/ligand -C=C- -C=N -C-H -N-H -5-CH; | -S=0
|Ru(bpy),(2PZ-L)|PF, 1453 1633 3076 - - -
[Ru(phen),(2PZ-L)|PF, 1417 1621 3067 . . %
CONCLUSION:

In the present investigation Cycloruthenated (II) complexes were synthesized and
characterized by spectroscopic analysis. Spectroscopical  and theoretical data of these
complexes were compared. On the basis of this comparison it is concluded that the
Cycloruthenated (IT) complexes possesses anticancerous and enormous antimicrobial
properties.
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Abstract

In recent times the status and position of women is changing. Particularly in developing
country like India, The women are shifting themselves towards autonomy self realization and
need of independence etc. In Indo English novels the traditional images of women are portrayed
they are shown as devoted wife devoted mother, sister daughter etc .The women writers changed
the attitude of women towards women and society. The writings are not only depicted the
external affairs but also the internal journey of feelings. psvchological. stress and distress and
feminine sensibilities also. A few women writers like Manju Kapur, Shashi Deshpande Anita
Desai are very much concems about the psyche, iner feelings of their women characters that
makes infected on account of tensions generated by surroundings. They trying to do good way to
present Indian women in their novels with their pen and finds women's need for self
independence. individuality. This paper aims to deal with inferiority of women. the theme of
alienation, helplessness which are somewhat created by surroundings/society.

Introduction

The Indian fiction is enriched with the writings of women's who paved the way
for struggles. conflicts and empowered the position of women in contemporary India which was
not suitable in the history of Indian society. We found the reflection in the writings of women's
writers trying to explore the psychic moral political social liberations/rights from the existed
patriachnal system governed over them. To establish new hamony required changes within
relationships and with surrounding. The women writers displayed the domestic social frames
with social, cultural modes responsibilities and values which created the images of in Indian
society and handover their devoted role to shoulder the more responsibilities duties morally
towards every factor which is associated with her. In short stereotvped image changes
simultaneously modem, educated self thinking.

Shashi Deshpande is the major voice in the writings of women writers who
discarded the traditional ways of describing the events/ stories etc. provided less importance to
external life of human being. She has appreciative style of most of the novels are mind
provoking she has great art of dealing with women world. In her characters she brings out the
feelings of loneliness victims of depression and exploitation and subjection etc. They have
subaltern role in the novels she chooses the Indian women of different fields like educational
economic etc. Her novels deal with recognisation of individuality and realization of freedom.
The endings of the novels are linking to revolutionary changes made by characters and joined a




courage to identify wrong and right. Firm decisions are occurred to find out solutions on their
own problems. Though some women characters are pictured as well educated modem most
striking point is that they are shown weak in their understanding/ handling situations, searching
for sympathy but affected restricted from patriarchal dominations and power. They wanted to
anise with their potential/ caliber etc. to joint their wrist agamnst social systems/ orders. Her
Protagonist are educated well qualified. modem belongs to middle class families. They are
isolated and in alienation and stricken to their destiny from male domination and emotionally
they are suppressed. Shashi Deshpande did not blaming the male power or their domination, the
slavery of women 1is responsible to run themselves and they found refusing to change not so
dared to protest against which are becoming obstacles in their way.

About The Binding Vine (1993)

In novel The Binding Vine (1993) Shashi Deshpande presented middle class
female protagonist which has not voice in the male dominated world . It is the story of three/ four
sufferings women, which are existed in three different age and time. They are Kalpana , Mira,
Urula .Akka etc. Kalpana is shown as little bit conscious, Mira has level of dead and Urmi IS
full of Spirit a Searching for the meaning of life through the other characters like Mira and
Kalpana. Only the difference is that the Kalpana is raped by her own relative and Mira is by her
own husband. No doubt the novel is full of women characters having their own meanings/
perceptions of their lives. It made the reasons of their miserable conditions. In the end of novel
Inni took the incidents in flashback. She had been come with Urmi as a honest, trusted male
servent. Umi father knew that the girl was accompanied with male servent and had lines of
anger on his forehead. After that he sent Urmi to his mother without consulting it with his cruel
power of male dominance. that suffered her mother become helpless. victim. Urmi made aware
about the pain of separation in which Inni suffered and she bravely faced it for couple of vears
without single of complaint. She is very upset about her mother and extremely sorry for her
mother which was helpless women in powerful male dominated society

Portraval Of women In rhe Binding Vine (1993)

The novel Binding Vine -The five women are presented with
different characteristic and generations but all are subjected, exploited with different
circumstances. They are Akka. Mira Shakutai Kalpana and Sullu etc. Akka is woman who
suffers from her husband. Her husband did not pay much more attention towards his wife as
wife. She has impact of Indian tradition /customs; she has no option/ choice and remains silent.
She was deprived from her basic right and unable to speak about it. She spent her life like thing
put into house and not as human being.




Second woman is Mira an educated upper class middle class woman Mira has to
become victim of unnatural uncalled circumstances and her husband love is only physical
nothing to do with emotions affections and care etc. Because of over thinking and with depressed
soul her mind developed a fear and she becomes unconscious even in odd times. She suffers in
breathless silence, she wrote poems and maintain diaries as an account of life she recorded facts
happened with her. She knows English little bit her poems are in Kannada. She does not have a
liberty to write specially in language of her own choices from the character of Mira Shashi’s
characters/ protagonists are passionate about writings which is a matter of self-expression and
symbol of liberation . In second category there is Shakutai Kalpana Sullu.

Kalpana sweet girl was brutally raped. After this inhumanly incident, she was
not dare to go to police and demand the justice also request the doctor not to disclose it to police
or other agencies etc. The criminal of this worse did none other than Prabhakar who is relative of
her mother. He is husband of Sullu the Kalpana’'s view about this terrible matter upset her. but
she leaves the decision to Kalpana.

Shakutai is sufferings come with her mariage as her husband was not
properly employed. Automatically she becomes bread eamer of her family and shouldering the
responsibility of fwo daughters and a son. She is also fearful about her sister Sullu who is not
blessed by child after marnage, her husband is drunkard. Shashi Deshpande presented Urmi a
caring in nature towards women very conscious about life. She is happy and satisfied in her life.
A sudden death of her baby girl not break her courage. She also suffers with helplessness
created by her own luck/destiny. But she is very concems about womens problems .She pours
her sympathy towards Shakutai and also for her own mother- in -law Mira who has raped by her
husband in nights. Later she published the poems of Mira. She was ready to fight for Kalpana
and supported her for his medical treatment. And Kalpana raised her voice against injustice done
by her own relative and took support of media like TV channels and printed media. As she
adviced by Umu. In this way Umu strengthen the women like Mira, Shakutai, and Kalpana
against wrong unsuitable conditions which are they facing from ages.

Conclusion -

The Shashi Deshpande’s women characters are faced subjection by social
disorders. The women have positive attitude towards life through surroundings is not suitable for
them. Though world is uncaring towards the women, the characters are full of strengths and
weaknesses. They leam the harsh realities of life from their own experiences about life. The
women characters are depicted with sorrows, sufferings and miserable conditions and part of
subjugation. From the writings of Shashi Deshpande’s we found that she believes that women
should educate and make themselves self reliance and more creative to contribute in the power of




liberty to women. The Deshpande’s novels show women’s world 1s more important as they are
real founder of society’s moral values.
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