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5 
EMILE DURKHEIM AND 
THEORY OF SUICIDE 

-A Critical Analysis by a 

Student of Sociology 
BIKASH BAGE 

Introduction 

ublished in 1897, originally "Le Suicide" by French 
thinker Emile Durkheim is a classic work for the discipline 
of sociology today and in sociological interpretation of 

study of suicide in unfolding the findings on suicide having its 
identity on origins in social factors and not because of 

exclusively on individual factors leading to such 
Consequences. He concluded that suicide can be a 
Consequence of social factors and integration in particular 
and not just emotional factors. He says an individual's 

possession of feeling of general belongingness to the society 
Within the social context can pave lesser number of suicides. 

Durkheim opined that the chances of committing suicide 
Dy an individual can be less if an individual is more socially 

ntegrated and connected as compared to other individuals 
n the society. Durkheim works are well reflected and 

OCused on topics like division of labour, suicide and 

ASSIStant Professor, Department of Sociology, Rajiv Gandhi University, Rono 
Hills, Doimukh (Arunachal Pradesh) 
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Abstract 
NEP-2020 is the first education policy of the 21st century aims 

to transform India into a vibrant knowledge and equitable society hu 
making education more holistic, fHexible, multidisciplinary, suited to 
21st century needs. It is based on the foundational pillars of Accesc 
Equity. Quality, Affordability and Accountability. Quality in Higher Education aims at developing well-rounded and creative individuals, In the light of NEP-2020, quality in Higher Education enables sci- entific temper and specialized areas as per interest of the individual. It focuses on developing creativity, character, ethical and Constitutional vaiues, spirit of service and 21st century capabilities across the range of disciplines. It also reiterates on personal accomplishment and enlight- enment by preparing students for more meaningful and satisfying lives and work roles and for economic independence. The present paper deals with specific context of the state of Arunachal Pradesh, initiatives and necessary strategies of implementation in the light of NEP-2020.Key words: Quality, strategies and Arunachal Pradesh. 

aims 

to 

Introduction 
Higher Education system in India has been suffering from vari- vari- 

ous major problems such as rigid separation of disciplines, fragment-
ed higher educational ecosystem, imited access in socio-economically disadvantaged areas, limited teacher and institutional auta emphasis on research, ineffective autonomy, lesser atory system etc. NEP-2020 is 

the first education policy of the 21st century aims to transform Indiainto a vibrant knowledge and equitable society by making India 
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more holistic, flcxible, multidisciplinarv, suited to 21st century needs. It is based on the foundational pillars of Access, Equity, Quality, Afforda- bility and Accountability. 

Rationale of the Theme
Ouality in Higher Education aims at developing good, thoughtful, well-rounded, and creative individuals. It cnables intellectual curiosity, scientific temper, and specialized areas as per interest of the individu- 

al. It also focuses on developing character, ethical and Constitutional

values, creativity, spirit of service and 21st century capabilities across a 

range of disciplines including sciences, social sciences, arts, humanities,
languages, as well as professional, technical, and vocational subjects.

Quality in Higher Education enables personal accomplishnment and 
enlightenment, constructive public engagement, and productive contri-

bution to the society. 

and satistying lives and work roles and enable economic independence.
It must prepare students for more meaningful

Sub-Themes of Quality in the context of Arunachal Pradesh
1. Multidisciplinary and Holistic Education 

Flexibility of Courses and Student Mobility: Multiple Entry and 

Exit. 
2. 

3. Indian Knowledge System 
4. Research , Innovation and Ranking 
5. Capacity Building of Faculty

Details of Sub-Themes in the context of Arunachal Pradesh; Initia-

tives and Strategies for Implementation of NEP-2020:

Sub-Theme-1: Multidisciplinary and Holistic Education

State Specific Context and Challenges: 

There are 45 UG colleges in the state of Arunachal Pradesh. Out of 

these 45 colleges, there are 18 UG Government colleges offering B.A 

courses, out of which there are 3 UG colleges offering B.Sc. courses and 

6 UG colleges offering B.Com courses for the students. The state has 

only one Central University (Rajiv Gandhi University) offering Ph.D,

PG, UG, diploma and certificate courses for different subjects. There is 

one Government college (JNC) offering PG and UG degrees in few 

Arts subjects. The Government of Arunachal Pradesh has established 



e. There 

are 10 private
B.Ed colleges. Al these colleges are 

afiliatoIhere 

need 
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colleges are affiliated to Ra- one 
Medical college, three Nursing colleges and one Law col 

ossess amy 

the hour to look into multidisciplinary 
and holistic educas nced of 

state in the light of NET-2020 
with a view to strengthen then the 

lesired of society and indust

multidisciplinary 
and holistic 

cducation. Now, it is crucialan an 

students 

of cducation in the 
jiv Gandhi University. 

The
aforementioned colleges dont 

with necessary 
knowledge, skills, compctencies, inclinationsa 

outcome
based

behaviours as per the demands of socicty 
, inclinations and 

disci
Initiatives and Strategies for Implementation: 

plh 1. The Govermment has to take initiative to establish multi.

colleg nary colleges in Arunachal Pradesh. All the multidisciplinary pli 

in Arunachal Pradesh need to facilitate high-quality education. There 

ciali-will be fexibility in opting courses for students, in addition to specia

zation in a subject or subjects. 

2. The flexible curricula of all UG colleges in Arunachal Pradesh 

include credit-based courses and projects in the areas of Environm
tal Education, Value-Based Education, Global Citizenship Educati 

(GCED) and Community Engagement and Services. 

shall
men 

i) Environmental Education will include areas such as climate

change, pollution, waste management, sanitation, conservation of hi 

logical diversity, management of biological resources and biodiversins 
forest and wildlife conservation, and sustainable development and liv- 

ing i)Value-Based Education will include the development of 
humanistic, ethical, Constitutional, and universal human values along

with scientific temper and life-skills; 
in) Global Citizenship Education (GCED) will include con 

temporary global issues and challenges with a view to promote more 
peaceful, tolerant, inclusive, secure, and sustainable societies. 

Engaging and participating in community service pro- 
grammes will be considered an integral part every major/minor course 

3. Pedagogy will have an increased emphasis on communication, dis 
cussion, debate, research, and opportunities for cross-disciplinary and 

interdisciplinary thinking. Pedagogy need be added to all major courses
such as English, Hindi, Psychology, Sociology, Education, Physical ter 
ucation, Economics, Mathematics, Physics,Chemistry, Botany,Zooo 
y and other pure and applied sciences with multidisciplinary appro 

iv) 
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4.The undergraduate curricula will be formulated to give more space for flexibility to integrate the Humanities and Arts with Science, Tech- nology, Engineering and Mathematics (STEM) under same umbrella. 

It will crcate positive learning outcomes including increased creativity and innovation, critical thinking and higher-order thinking capacities, problem-solving abilities, team work, communication skills, more in- 
depth learning and mastery of curricula across ficlds.

5.Students of all UG colleges in Arunachal Pradesh will be provid-
ed with opportunities for internships with artists, crafts persons, local
industry, businesses etc., as well as research internships with faculty at 

their owm or other UG colleges with a view to engage students for prac-
tical learning and improving their employability. 

6.Workshops and seminars regarding implementation of multidisci- 
plinary and holistic education are to be conducted at University and 

college level for smooth implementation by revising existing curriculum

at UG and PG level. 

Sub-Theme-2: Flexibility of courses and student Mobility:

Multiple Entry and Exit:

State Specific Context and Challenges: 
In the state of Arunachal Pradesh, there is no opportunity for the 

learners to study the creative combination of disciplines with flexibil- 

ity. There is no space for flexible learning which provides possibility of 
learning from anywhere and anytime based on preference, convenience, 

or necessity. It is fact that flexible learning encourages lifelong learning. 
It is important to choose one's academic pathway leading to the award 

of certificate, diploma, and degree. It will reduce the drop-out rate as 
well as improve Gross Enrolment Ratio (GER). It will offer creative
combination of disciplines. The achievement of objectives of flexible
learning depends on the principle of Multiple Entry and Exit system.

Initiatives and Strategies for Implementation: 
1. The Multiple Entry and Exit option at UG and PG level would 

nullify rigid boundaries and create opportunity for students to choose

and learn the subject(s) of their choice. In Arunachal Pradesh, It needs 

to provide platform for seamless student mobility, between or within 

degree-granting HEls through a formal system of credit recognition,

credit accumulation, credit transfers, and credit redemption. 



42 EmergingTrends in Higher Education 

ption needs to 2. In Arunachal Pradesh, Multiple Entry and Exit 

addition to discipline specific specializations and it will 
valuation a 

ofer flexibility in curriculum and novel course options to students

ole credit 
and val- 

idation of non-tormal 
and informal learning for the 

and encourage 
lifelong learning. 

accumulation and transfer along with provision of evol 

learning for the award of a d 
gree 

3.It will facilitate encashing credits earned when the learn. 

at 
resumes 

undergraduate and Master's levels would tacilitate credit accumhe

C) 

his/her programmes 
of study. Multiple Entry and Exit options 

through the facility created by the Academic Bank of Credits(A D 

scheme

Operationalization of Multiple Entry and Exit System 

For 4-vear UG Programme: 

1st Year 

Entry 1:The 1st Year entryrequires Secondary School Leaving Cer- 
tificate with Grade 12. The first year of the UG programme is open to 
those who have fulfilled admission regulations of the colleges affiliated

to University.
Exit 1: A certificate will be awarded when a student exits at the end 

of 1st year 

undergraduate programme requires 36-40 credits for certificate. 
(Level 5). The first year (two semesters) of the 

2nd Year 
Entry 2:The 2nd Year entry requires a certificate obtained after com- 

pleting the one year (two semesters) of the UG programme. The second
year of UG programme is open to those who have fulfilled admission 

regulations of the colleges affiliated to University. 
Exit 2: A Diploma shall be awarded when student exits at the end of 

the 2nd year 
the completion of four semesters. 

(Level 6). A diploma requires 72-80 credits with 

3rd Year 

Entry 3: The 3rd Year entry requires diploma obtained after com pleting two years (four semesters) of the UG programme. The thirdyear of UG programme is open to those who have fulfilled admission regulations of the colleges affiliated to University.Exit 3: If student exits after completion of three years, the relevant Bachelor's degree shall be awarded (Level 7). A Bachelor's degree re- 
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quires 108-120 credits with completion of six semesters. 

4th Year 

Entry 4:1he 4th Year entry requires the relevant three-year Bachelor's 
degrce.The fourth year of UG programme is open to those who have 

fulfilled admission regulations of the colleges affiliated to Universitv 
Evit 4: On the successful completion of the fourth ycar (Level 8), a 

student shall be awarded a Bachelor's degree (Honours/Research). A 

Bachelor's degree (Honours/Rescarch) requires a total of 144-160 with 

complction of cight semesters. 

However, the 4-vear degree shall be the preferred option since it al- 

lows the opportunity to experience the full range of multidisciplinary 

approach and focus on the chosen major and minors as per the choices

of the student.

For PG Master's programme: 
PG Master's programme and PG Diploma Programme are open to 

those who have fulfilled admission regulations of the colleges affiliated 
to University. 

Entry 5: 
The entry for Two year (Four Semesters) PG Master's Program-me(Level 9) requires three-year Bachelor's degree. The two year PG 

programme requires total of 72-80 credits
.The entry for One year (Two Semesters) PG Master's Program- 

me(Level 9) requires four-year Bachelor's Degree (Honours/Research). 
The one year PG programme requires total of 36-40 credits. 

The entry for one-year (two-semester) Post-Graduate Diploma 
programme requires three-year Bachelors degree. The Post-Graduate 
Diploma programme requires total of 36-40 credits

Exit 5: 
For postgraduate programmes, there shall only be one exit point for 

those who join the two-year Master's programme, that is, at the end of the first year of the Master's programme. Students who exit atter the 
first year shall be awarded the Post-Graduate Diploma. 

There may be an integrated five-year Bachelor's/Master's programme 
with an option to exit at the end of the third year with a Bachelor's de- 

gree,with an entry to a Master's programme in another HEI 
The Academic Bank of Credits (ABC), a national-level facility will 

promote the flexibility of the curriculum framework and interdiscipli- 
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cross the HEls 
fer mechanism." The ABC 

nary/multidisciplinary academic mobility of students acr 

tablished and managed by Ministry of Education (MoE tity e 

shall be a 
cilitate students to become its academic account holders, I o fa 

their own lear rning path 

is an academic service mechanism as a digital/virtual/onli he AR 

1oE)/UGC to fa- 
in the country with appropriate "credit transfe mechanism 

line 
HE 

entity es- 

mechanism to facilitate the students to choose theirown1 

Multiple Entry and Exit. ABC shall enable the integration ple of 

disciplines of higher learning leading to the desired learninultiple 

to attain a Degree/ Diploma/ Certificate, working on the orinciple of 

outcom

to the 

including increased creativity, innovation, higher order thiComes
and critical analysis. ABC shal provide significant autonom. 

students by providing an extensive choice of courses for a programme of 
ing studv. It will promote distributed and fHexible teaching-learnine of 

Sub-Theme-3: Indian Knowledge System 

State specific context and challenges 
With the development of Science and Technology as well as Eduea.

tion, there is more emphasis on imparting professional skills and devel.

oping intellectual knowledge, most of the institutions are ignoring the 
indigenous practices and holistic development. India has a rich heritage 
of knowledge system that was practiced from our ancient times. Various
forms of ancient practices such as yoga, meditation and spiritual healing
practices exist in our ancient knowledge system. It also includes tribal

knowledge, indigenous and traditional ways of learning various sub- 
jects like agriculture, medicine, art, architecture, culture, games, sports,
polity, indigenous medical practices, torest management, organic farm- 
ing, natural farming, handicrafts, textile and tribal literature. Aruna- 
chal Pradesh having more than 25 major tribes and more than 100 sub 
tribes is rich in indigenous culture, tradition, traditional knowledge and 
practices. Hence, the Govt. of Arunachal Pradesh has to rethink about 
indigenous practices and holistic development in the light of Indian
Knowledge System. 

Initiatives and strategies for implementation
1. Indigenous practices to be encouraged by the state for establisn"

ing tribe-based learning centers. Emphasis is to be given on tne dc vel- 
opment of indigenous medical practices, forest management, orgi 
farming, natural farming, handicrafts, horticulture, textile ana u 



Emerging Trends in Higher Education | 45 
literature.

2. Creation of repository of ancient practices focusing on holistic de- 
velopment in terms of physical, mental and emotional well beings is 
essential. Initiatives to be taken for the preservation of ancient practices by the Government of Arunachal Pradesh by establishing sound repos- 
itory system. 

3. Developing strategies for implementation with pilot studies in se- 
lected districts or major towns of the state is the need of the hour.

District wise pilot project to be carried out for the development of in- 
digenous knowledge based on various practices. 

4. For wider outreach & dissemination of traditional knowledge of the 
state,policy level strategies to be incorporated. Strategies to be taken for 
the promotion of indigenous knowledge through conducting outreach 
programmes like Melas or fairs on traditional culture and practices in 
and outside of the state. Social media, print media and electronic media

have to take vital role in promoting incredible practices of the state.
5. Planning for integrating sports in education to foster holistic de- 

velopment, physical and psychological well-being and enhancingg cog- 

nitive abilities through establishing adequate sport departments in 

different colleges the state are needed. Even for the promotion of tra- 

ditional games and sports experts from different fields to be recruited 

with handsome salary packages. 
6. The state should focus on more experiential and holistic approach 

in connection with handicraft, textile, indigenous medical practices, ar-

chitecture and astronomy etc. in Higher Education Institutions. 

7.Introducing own culture related disciplines in varioussubjects such 

as Indology, Indian languages, AYUSH systems of Medicine, Yoga, 

Music, Indian languages, Comparative Literature, Creative Writing,

Arts, Translation and Interpretation, Folklore, Folk Literature, Oral 

Literature, Philosophy, History and Culture in colleges should be the 

significant part of the state.

8. Statewide promotions for sports, dance, music, photography, fine 

arts, theatre activities, extension activities, literary activities, animation 

and designing etc. for up-skilling of the students at Higher Education 

level are to be done. Funds and special scholarships are to be sanctioned 

for conducting project works and participating in such areas respec-

tively.
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g the deve 9 Ofering a course on ethnic-based education inchud:. 

desh.

opment of humanistic, ethical, Constitutional and ding universal th hu 

values is also significant in the state of Arunachal Pradiersal h 

Sub-Theme-4: 
Research, Innovation and Ranking

State specific context and challenges 

ipline, doing research activitics to pursue Ph.D degree in respective dDeenIn Arunachal Pradesh, faculty members of UG colleges ha 

but they don't have relevant research skills in respective disciplinne, 

to lack of research facilities in colleges. The state has only one Ce due 

University which facilitates research programmes. There is no any nu 

lic State University to strengthen the research skills in pursuing Ph n 

degrees and doing reach projects. Knowledge creation through resear 
and innovation is very vital for the academic progress, growth of econ-

omy and documentation of the traditional knowledges for the upcom-

ing generations. The research attitude among the teaching faculties of 

HEls of the state should be developed by giving proper opportunities 
to them by creating research cell in every HEls of the state. The newly

established UG colleges are yet to get NAAC accreditation which is a 
big challenge for the state in terms of academic ranking and innova-
tions. Hence, research, innovation and ranking of HEls are the crucial

ub 

elements in the state. 

Initiatives and strategies for implementation: 
1. The UG colleges of the state will be instructed to fulfill the criteria 

required for NAAC accreditation in phase wise and time bound man- 
ner and the curriculum will be framed to give maximum scope for the research and innovations by introducing project related courses in each discipline.The UG college teachers will be allowed to avail study leave to pursue research work or Ph.D degree.2.It will be good initiative to establish research cell in the PG offer- ing college like J.N college, Paasighat of Arunachal Pradesh to facilitate the desirable faculties and students to do research work in the area of their interest. This will promote research culture among the studentsand faculty.

3. Provision of research grant should be incorporated in the annu-
al college budget. It is very vital for the growth of research culture in 
the institution. The outstanding research work done by the studentsd 
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and faculty will be duly recognized by the institutions and financial 

stance will be provided from the institution research grant for new 
proposal arcas.

AThere will be a rescarch board in every HEI of the state to pro- 
e and coordinate research activities. lt will also guide and encour-mot 
agc interdisciplinary rescarch work among the students and faculty. The 
sam will act as a liaison between researchers and relevant branches of 

Covernment as well as industry, so that research scholars are constantly 
made aware of the most urgent national research issues, and so that 

policymakers are constantly made aware of the latest research break- 

throughs. 
5.Jt is needed to establish state universities. The functioning of state

universities will encourage and facilitate many students and faculties 

to conduct research work in various new areas. The state is a biological 

hotspot of many plants and animals of global importance. The state

universities will also guide the affiliating state colleges to build up best 
academic atmosphere as per the demand of the community living in the 

various parts of the state. 

6. Every HEI of the state will be encouraged to develop their aca- 
demic and infrastructural facilities as per the criteria mentioned in the 
NIRF Ranking. It will help to achieve better position in the NIRF 

Ranking in the future.

7.Teaching, Learning & Resources need to be provided in HEls of 
the state. The faculty- student ratio will be maintained for maximum 

quality output. The financial resources will be mobilized by tie up with 

the various agencies. 
8. The students and faculty members will be encouraged publishing 

more quality books and papers by following research and academic eth- 

ics for publication. The researcher will be encouraged to patent their

quality finding and work to preserve for intellectual property and also 

to follow professional ethics. The reservation policy will be applied to 

attract students from outside states and foreign countries. The common 

entrance test will be conducted for various research oriented courses.

Sub-Theme-5: Capacity Building of Faculty: 

State specific context and challenges 
lo improve skills and capacity building of the faculty, continuous 
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ensable. In this stat there is no HRD centre for carrying capacity buildino 

ult 

training and developrmental programmes are indispensaht 

programme 
faculty of RGU in spite of having 45 colleges. As a resBTamm

rogrammes adership Developn

for teaching com ort to update their knosmunity of HEls of the state are putting ef 

edge through attending Orientation Courses, Induction 

Refresher courses, Short term courses and Leadership De e 

Training from the universities of the other states.

Initiatives and strategies 

1. Initiative to be taken to establish at least one HRD Centre e 

tate with modern intrastructure and innovative teacher trainine 

gramme in the state for strengthening capacities of teaching comm 
nities of the state. Facilitating with innovative and technology enabled

teaching and learning for building capacities of the teaching communi
ties in HRD Centre is needed.

training pro 
nmu- 

2. Initiatives are to be taken for the faculty of the state to organize 

virtual academy of teaching and learning, awareness programmes on 

innovative methods of teaching and learning. Disseminating best prac- 

tices within and between colleges among the teachers in the state is 

highly needed. 
3. Supporting teaching faculties to improve their instruction through

regular training, sharing experiences by experts and senior teachers and 

engaging them in various academic activities are essential elements. 
Adequate funds are to be sanctioned for the collaborative extension ac 
tivities within and between colleges. 

4. Initiatives are to be taken to appoint and fulfill all sanctioned va- 
cancies of teaching posts in various subjects. There should be scope for 
Continuous Professional Development in their respective areas amongthe teaching community of the state.

5. There should be a provision to sponsor international academic ana research exposure to each faculty by devising the appropriate institutional mechanism facilitating foreign visits of faculty for academic, re search and extension activities. 
6. Proper recognition and awards are to be provided by the state to the faculty adopting and engaging innovative methods and tools for teaching in their respective fields. 
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Conclusion 

Multidisciplinary and holistic cducation, flexibility of courses and ctudent mobility through Multiple Entry and Exit options, Indian knowledge system, rescarch, innovation and ranking as well as capac-ity 
n specifically in the context of Arunachal Pradesh. The higher order

building of faculty are the essential ingredients of Higher Educa-
hinking skills, meta-cognitión, problem solving abilities, research and 

plinary and holistic education. In Arunachal Pradesh, Multiple Entry 

innd can be fostered and enhanced by integration of multidisci-
nd Exit option needs to offer flexibility in curriculum and novel course

ang 

options to students in addition to discipline specific specializations and i should enable credit accumulation and transfer along with provi-sion of evaluation and validation of non-formal and informal learning for the award of a degree and encourage lifelong learning. Indigenous practices are to be encouraged by the state through tribe-based learn- ing centers. Emphasis is to be given on the development of indigenous medical practices, forest management, organic farming, natural farm- ing, handicrafts, horticulture, textile and tribal literature. There should be a research board in every HEl of the state to promote and coordinate research activities. At least one HRD Centre is needed to facilitate with innovative teacher training programme in the state for strengthening capacities of teaching communities of the state. The roadmap providedby NEP, 2020 would make highly significant contribution to the devel- 
opment ofa sustainable and dynamic knowledge society. 
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ESsential lngredients of Quality in 
Private Teacher Education Institutions 

IC. Siva Sankar

Abstract

Quality is a key element in every ficld. It is indispensable notion in the 

feld of Edtucation or Teacher Education. However, the thought of quality
has become increasingly an inmportant element in all branches of education, 

as evidenced by the a1nount of time and effort that is invested in quality

asSurance procedures in private educational institutions and across sectors 

that are under privatization. Teachung is often regarded as a conservative 

profession, sticking to traditions, tried and trusted practices, and the same is 

true in the case of private teacher edtucation institutions, with an inevitable 

mnultiplier effect as each new generation of teachers would be prepared. Poor 
standards in Pre-Service Teacher Education Programme (PSTE) in private
sector will inevitably results in less than satisfactory teaching at institution
level, and consequently inadequate outcomes for the next generation of the 
learners. For this reason, it is worth taking a carefiul look at some of the 
essential ingredients of quality in Pre-Service Teacher Education Programme 
PSTE) under private sector and some of the factors that underline them.

ence, tie present paper touches upon essential ingredients of qualiy in 

proate teacher education institutions. 

eords: Quality, Essential ingredients, and Private Teacher Education 

Institutions. 

INTRODUCTION 
uality in all fields is a difficult notion to pin down and education or Teacher 
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Politics of Identity and Home in the 
Context of Indian Chinese in India: 

A Study of Chinatown Days and 
The Palm Leaf Fan 

Doyir Ete 

The complex dynamics of home, nation, and nationality most 

often raises the existential crisis of the most marginal of the 
minority communities within a Nation-State. India houses several 
designated minority communities like Muslims, Christians, 
Parsis, Sikhs and Indian Jews. These communities enjoy rights 
that the Constitution guarantees to the citizens of the country. 
but there are also communities who are not designated as 

ninority communities but nevertheless marginalized within the 
SOCiO-political discourse of the nation because of their precarious 
poSition entailed by a checkered history of migration, settlement, 
nd experience in India. The Chinese community settled in India 
an exemplary of such a group whose history presents an 
uing insight into a journey that is rich yet rurbulent, joyous 
neart wrenching at the same time. It becomes imperative to 
ate and present an overview of the writings and the social 

Stories narrating the complex journey of the Chinese 
ommunity settled in India. Every minority community like the Parsis and Indian 

Jews have their own history of migration as nd settlement in India. Like them the Chinese Indians also 

Period ad t narrates their arrival during the colonial period and subse 
as a history that 

sequent settlement predominantly in Calcutta and Makum Um in Assam. The Chinese Indian experience in India 



v and Home in the Context of Indian Chinese in India 

vOIces contests, contradict and complement each other, 
composit 

nature of he collectivity called nation. (xii) 

121 Pnitics o 

nd what results is no cacophony but the essential 

Community in India is a community that exists in 

a space 
of 

'in-betwcer 

nation, and nationalism. Nonetheless, their stories 

The f sin-between' a space full ot engagements of identity, 

darkest period of their history in India and they look forward 

acceptance since many of them still reside in India and know 

perspectives are as much a part of the national discoursee 

ga 
to an 

acknowledgement of this by the state agencies. But 
nnst significantly they are open to reconciliation and social 

as any mainstream narrative. Yes, the community grieves the 

most signihcantly 

no other home. The discourse of nationalism and nationhood 

which became a part of their very existential identity was the 

result of the 1962 Indo-China war in which the community was 
caught in between. They were forced to confront their Chinese 
ancestry and their outsider status even after decades of co-
existence in India. "Home as a physical space was no longer 

the one that they had known for so long; rather 'home' had to 
be constructed at a designated place where they were deported 
back by the government. So, they had no control anymore 

about what they could consider as home, nation, or nationality. 

heretore, to understand the dilenmma of the Chinese-Indians 
and their interstitial position one must acknowledge the stories 
of their checkered history in India. 

no 
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14.1 Introduction

Vitamin E was first discovered as “factor X” in 1922 while conducting experiments on the dietary factors essential for
reproduction in rats (Evans & Bishop, 1922). Later, the substance was named “vitamin E” in 1924 (Sure, 1924).
Subsequent expansion of research studies on vitamin E revealed the importance of it in human nutrition.

Vitamin E found in nature is composed of eight different forms known as homologues (a, b, g, and d forms), of which
four forms are tocopherols and the other four forms are tocotrienols. The chemical differences between the four
homologues of tocopherol are due to the number and position of the methyl groups in and around the chromanol ring.
Tocopherols predominantly occur in seeds of higher plants, and are found in significant quantities in green tissues, and
synthesized exclusively by all photosynthetic organisms. Plant-derived oils contain the four homologues of tocopherols in
different relative quantities, and thus, they represent the major sources of vitamin E. Oils derived from almonds and
sunflower contain a higher amount of a-tocopherol; corn oil contains a higher amount of d-tocopherol; and oils derived
from walnut contain mainly g-tocopherol. The tocopherols are not synthesized in animals and also the interconversion of
the different forms by methylation or demethylation does not take place. a-Tocopherol is the most naturally abundant form
of tocopherol, due to which it is widely being used in food, pharmaceutical, and cosmetic industries.

Tocopherols, the main biologically active form of vitamin E, function as a lipophilic antioxidant that prevents the
propagation of free radical chain reactions and reduces the risk of chronic diseases associated with oxidative stress in
tissues (Brigelius-Flohé & Traber, 1999). Vitamin E deficiency may lead to a number of health problems such as AVED
(ataxia with vitamin E deficiency), cancer, diabetes, cardiovascular diseases, and aging.

In this chapter, available literature regarding information and knowledge on the sources, chemistry, extraction, stability,
safety, toxicity, and applications of tocopherols are reviewed and discussed.

14.2 Sources

Tocopherols are naturally present in a wide range of foods. Being fat-soluble, it is reasonable to understand that vegetable
oils are the major sources. Nuts are another excellent source of tocopherols, even certain vegetables and fruits do have
appreciable quantities. The quantities (average/range) of tocopherols present in various foods are mentioned in Table 14.1.
However, the values are not strict, as different researchers have carried out tocopherol estimation using different analytical
methods, moreover the cultivars or varieties considered cause variability. Processing of vegetable oils or domestic cooking
methods of vegetables also tends to have an effect on tocopherol content (Diamante et al., 2021; Ergönül & Köseo�glu,
2014). Vitamin E compounds are biologically essential fat-soluble antioxidants derived from 6-chromanol. Industrially
most relevant (all-rac)-a-tocopherol is generally synthesized by coupling of arenes with aliphatic precursors. Synthetic
vitamin E has been developed commonly using 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) in either
racemic or chiral form as the starting molecule. The commonly used derivatives of vitamin E as supplements are present in
the form of esters of acetates and succinates (Nagy et al., 2013).
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14.3 Extraction and characterization techniques

Various natural and food sources house tocopherol homologues (alpha, beta, gamma, and delta forms) from which they can
be isolated and characterized. Isolation of tocopherols is primarily done from a wide variety of normal foods, most
conveniently from cereal grain oils (corn, wheat, barley, and rye) and vegetable oils (wheat germ, soybean, cottonseed,
safflower, peanut, linseed, sunflower, rapeseed, palm, etc.). The purity of tocopherol concentrate depends on the vegetable
source as well as the particular type and/or combinations of available techniques used for isolation.

TABLE 14.1 Sources of tocopherols in various foods/products.

Sources

Tocopherols (in mg/kg)

Referencesa b g d

Vegetable oils

Sunflower oil 686.5 21.6 8.4 3.7 Cruz and Casal (2018), Ergönül and Köseo�glu (2014),
FAO/WHO (2002), Zhang et al. (2019)

Crude palm oil 340.5 44.6 e 174.7

Extra virgin
olive oil

281.3 5.0 10.1 e

Wheat germ 1510e1920 310e650 0e520 e

Rapeseed oil 331.5 41.8 243.8 e

Soybean oil 197.3 18.5 434.3 74.8

Corn oil 350 38 319.2 e

Camellia oil 378 e 26 12

Nuts

Almonds 1132 4.04 21.4 e Hejtmánková et al. (2018)

Walnuts 42.2 e 442 52.4

Hazelnut 808 8.39 31.5 2.39

Brazil nuts 162 e 427 2298

Vegetables

Cauliflower 27 e 78 e Cruz and Casal (2013), Lee et al. (2020)

Broccoli 221 e 65 e

Rocket salad 63 e 8 e

Water cress 40 e 11 e

Lettuce 1.47e3.64 e 4.93e6.25 e

Fruits

Chaenomeles
varieties

7e26 1.4e6.21 0.13e4.2 0.06e1.85 Chun et al. (2006), Turkiewicz et al. (2020)

Avocadoes 26.6 0.8 6.9 0.3

Blackberries 14.3 0.4 14.2 8.5

Raspberries 8.5 0.9 13.9 11.5

Other products

Butter 32.5 e 4.2 e Cruz and Casal (2018)

Margarine 105.3 3.5 56.0 7.5

Fish oil
supplement

11,133.6 103.6 608.4 229.3
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Generally, natural tocopherol is isolated by techniques selected from extraction, saponification, distillation, esterifi-
cation, ion-exchange, adsorption chromatography, precipitation of sterols, and crystallization (Fig. 14.1). Commercially, it
is desirable to follow two-step isolation: first, separate and concentrate the source of tocopherol; then, isolate tocopherols
from impurities present therein the concentrate.

14.3.1 Esterification and transesterification

Esterification is one of the most common steps in a series of methods used to extract tocopherols from vegetable oil sources,
particularly fatty acid distillate (FAD). Commercially, FAD is an important source because it is high in tocopherol
concentration and cheaply available during vegetable oil deodorization. In this method, an acid is used as a catalyst to esterify
free fatty acids (FFAs) present in FAD to induce the formation of alkyl esters in an esterification process with lower alkyl
alcohol in a reaction vessel. This alkyl alcohol is feed continuously into the vessel; water as a by-product is removed to
prevent a backward favoring reaction, such as hydrolysis. The temperature in the reaction vessel ranges from 65 to 130 �C
and the vessel is pressurized to maintain reactions in a liquid state. In the case of a vegetable oil source, transesterification is
employed; an alkaline catalyst such as potassium hydroxide, sodium hydroxide, sodium methoxide, or zinc oxide is used.
In both esterification and transesterification, the catalyst is withdrawn once the reaction is complete, following which the
reaction mixture is cooled, washed with water, purged with nitrogen, and dried. Alkyl esters formed in this process
are separated either by distillation, adsorption chromatography, liquideliquid extraction, or other means. Alternately,
esterification can also be carried out using sterols or a boric acid source (Fig. 14.2).

FIGURE 14.1 A brief illustrative flowchart of different tocopherol extraction methods. Modified from Quek, S.-Y., Chu, B.-S., & Baharin, B. S. (2007).
In The encyclopedia of vitamin E (pp. 140e152). Trowbridge, UK: Cromwell Press.
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14.3.2 Direct solvent extraction

A primitive, but the original method for extraction of tocopherols includes dehydration of sample with anhydrous mag-
nesium sulfate; extraction of lipid-soluble components with isopropanol and methylene chloride; fractionation of the
extracted components (vitamins) in a high-performance gel permeation chromatography (Lee et al., 1998). An improved
method (Lim et al., 2007) employs hot deionized water to prepare the sample prior to treatment with anhydrous magnesium
sulfate. This is followed by repeated washing with extraction solvent (e.g., hexane: ethyl acetate, 90:10 v/v with 0.01%
BHT), filtration, and collection of filter cake (filtration 1). The filter cake undergoes another round of treatment with
isopropanol and extracting solvent (filtration 2). The combined filtrates (from filtration 1 and 2) are diluted to volume using
extraction solvent and filtered through a nylon membrane filter. A small aliquot from this filtrate is then evaporated with N2
and it is prepared to appropriate concentration of analytes with the mobile phase.

14.3.3 Saponification

Saponification is another method used to remove fatty components from vegetable oils and FAD for extraction of
tocopherol. The process is brought into effect in a lower monohydric alcohol medium using hydroxides of sodium,
potassium, or calcium at reflux temperature. Back-esterification of glycerine and other ester-forming alcohols with FFAs
may occur while using an aqueous alkali saponification process, which is minimal if alcoholic saponification is applied.
Due to this and shorter reaction times, the latter is preferably used. The next step for the treatment of the saponified mixture
is propagated in various ways (Fig. 14.3).

In a patented method, the mixture is acidulated, allowing it to settle into two phases: glycerine containing phase at the
bottom, which is drawn off; and the top phase enriched with FFAs and tocopherol, which is esterified with alkyl alcohol. In
another technique known as Fizet’s method, alcohol is removed and to the top phase, another solvent such as methyl or
ethyl formate or acetate is added for crystallization at 0 �C. The fatty acid calcium salts crystallize and are filtered off; the
tocopherol-containing fraction is concentrated on a rotary evaporator from the filtrate. Also, liquideliquid extraction is
another technique used to recover tocopherol using acetone or ethyl ether from saponified FAD. Calcium chloride is added
to facilitate extraction by converting sodium or potassium hydroxide to calcium soaps (metathesis), which is ground into
particulates with powdering agents. Metathesis can alternatively be carried out by the addition of zinc halide (preferably the
chloride) after saponification (Lee et al., 1998; Lim et al., 2007; Quek et al., 2007, pp. 140e152).

14.3.4 Distillation

Distillation is carried out as a usual follow-up step to remove lower alkyl esters postesterification (Quek et al., 2007, pp.
140e152). To avoid any undesirable loss of tocopherols during distillation, a chelating agent such as ascorbic acid,
phosphoric acid, malic acid, citric acid, or tartaric acid is added to the feed prior to drying and distillation. The alkyl esters

FIGURE 14.2 A demonstrative flowchart of esterification methods for tocopherol extraction. Modified from Quek, S.-Y., Chu, B.-S., & Baharin, B. S.
(2007). In The encyclopedia of vitamin E (pp. 140e152). Trowbridge, UK: Cromwell Press.
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get distilled in the process, which is collected and discharged as a by-product. The tocopherols retained in the distillation
column must also be cleared out in the minimum time possible to avoid deterioration losses.

14.3.5 Chromatographic methods

Ion-exchange chromatography and adsorption chromatography are the two most popularly used chromatographic tech-
niques to isolate tocopherols from their sources (Quek et al., 2007, pp. 140e152). A highly effective method for the
concentration of tocopherols is the use of ion-exchange chromatography. Tocopherols exhibit a weak acidity and therefore,
bind to resins inside the column, which are strongly basic in nature; impurities like sterols, hydrocarbons, acylglycerols,
pigment, and foreign basic and neutral substances elute out. It is mandatory to remove FFAs from FAD and also preferable
to convert the basic resins from the usually sold Cl� type to the OH� anion type with larger adsorption capacity. Lower
monohydric alcohol such as ethanol, methanol, or isopropanol is used to purge the column and wash out the impurities not
attached to the column. To elute out the adsorbed tocopherols, an acidic solution (sulfuric, acetic, formic, or boric acid) is
used. Similarly, a carbon dioxideetreated solvent is also used to selectively desorb tocopherols from the resin.

Normal phase adsorption chromatography functions using a polar stationary phase and a less polar mobile phase; the
reverse applies to a reverse-phase adsorption chromatography. Both are based on the concept of hydrophilicity and
lipophilicity. A typical normal phase column to isolate tocopherol from the fraction containing alkyl esters as an impurity is
packed with alumina, silica gel, magnesium oxide, calcium hydroxide, silicic acid, powdered agar, or cellulose. The fatty
acid alkyl esters are removed by eluting the column with a medium-chain alkyl hydrocarbon such as hexane, heptane, or
petroleum ether. Tocopherol is then desorbed from the column with lower alkyl alcohol like isopropanol or a mixture with
hexane. A classic example of the reverse phase is the separation of tocopherol from esterified palm oil using a reverse-
phase C18 bonded silica gel column. Polar impurities are removed with methanol: water: acetic acid solution
(90:10:0.25 by vol.) while the trapped tocopherol concentrate is extracted from the column with methanol or ethanol.

14.3.6 Liquideliquid extraction

A binary mixture of two immiscible liquidsda polar and nonpolar solventdis employed in this technique (Quek et al.,
2007, pp. 140e152). Commonly used polar solvents include water, methanol, and acetone with strong hydroxyl or
carbonyl groups; preferred nonpolar solvents such as benzene, hexane, and carbon disulfide are categorized by weakly

FIGURE 14.3 Concentration steps ensuing after saponification. Modified from Quek, S.-Y., Chu, B.-S., & Baharin, B. S. (2007). In The encyclopedia of
vitamin E (pp. 140e152). Trowbridge, UK: Cromwell Press.
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polar molecular structures. The immiscibility of the two-solvent system must be such that there is separation at a practical
rate and the property of immiscibility must be retained even after admixture with FAD. To ensure this, emulsion breakers
can be added, the extraction can be carried out in single contact, multistage contact, or countercurrent extraction. The
volumetric ratio of the two solvents is an important selection parameter to decide the solubility of tocopherol in either polar
or nonpolar solvent. If the design is such that tocopherol is found in the nonpolar solvent, a polar solvent (at a selected
volumetric ratio) is later used to contact and dissolve tocopherol from the nonpolar solvent. Evaporation of the polar
solvent yields the extracted tocopherol. Another variation of this technique devises the use of alkali to form a two-phase
system to extract tocopherol: a generous amount of caustic methanol (tocopherol rich) and a nonpolar solvent (containing
organic material). The two phases are separated; acid is used to neutralize caustic methanol; the resulting salt from
neutralization is filtered out; the filtrate is evaporated to remove methanol. In order to avoid contamination with FFAs in
the caustic methanol phase, they are necessarily removed from the starting material.

14.3.7 Crystallization

Sterols are concentrated together with tocopherols in FAD and crystallization is primarily used to separate them for high
purity tocopherols (Quek et al., 2007, pp. 140e152). A process that describes the enhancement of tocopherol content after
distillation of fatty acid alkyl esters uses a major amount of a low polarity organic solvent (hexane, heptane, or isooctane), a
minor amount of high polarity organic solvent (methanol or ethanol), and water. A homogenous liquid mixture is generated
by boiling at the atmospheric boiling point; the ratio of this solvent to the source may vary from 5:1 to 3:1 (v/w). At
crystallization temperature (typically �25 to 0 �C), separation takes place with tocopherols still in the liquid phase and
sterols in the solid phase, which is then removed by filtration.

This technique is also useful when applied after esterification but before distillation. Immediately after esterification,
cold water is introduced into the reaction mixture containing alcohol, which is then cooled to room temperature or � 5 �C.
Sterol crystals are formed in this process, which can be separated by centrifugation or filtration while the fraction
containing tocopherol is taken up in acetone at �20 �C. In another process, crystallization is employed to segregate
tocopherols from FFAs present in palm oil. The procedure uses acetone, methanol, ethanol, or a mixture of them at �75 to
�14 �C to extract tocopherols in the liquid phase. Repeated crystallization and separation of solid FFAs can improve the
purity of tocopherol.

14.3.8 Enzymatic methods

Microbial lipase-catalyzed reactions are finding applications in the recovery of tocopherol from FAD (Quek et al., 2007,
pp. 140e152). Hydrolysis, alcoholysis, and esterification catalyzed by specific or nonspecific lipases or inappropriate
combinations can produce fatty acid esters and fatty acids from FAD. The use of 2.7%e4.3% lipase with methanol to
esterify 96.5% FFAs in FAD at 50 �C and convert it to methyl esters can increase the concentration of tocopherols up to 1.7
times over the original content. Immobilized lipases present another way to produce alkyl esters; lipases from Candida
cylindracea can be used to hydrolyze acylglycerols and lipases from Mucor miehei to esterify FFAs liberated by the
former’s action and those already present in FAD to produce butyl esters. Fractional distillation at two temperature ranges
removes esters, hydrocarbons, and oxidized products at 180e230 �C for 45 min and recovers tocopherol at 230e260 �C
for 15 min. Candida antarctica lipase is nonspecific and thermally stable; when immobilized, it can be used to hydrolyze
acylglycerols in palm FAD. A distinct advantage of the use of microbial lipases is the reduction in tocopherol loses, as
esterification and hydrolysis reactions are carried out at relatively low temperatures of 50e70 �C.

14.3.9 Supercritical fluid extraction

The use of SCF for extraction of tocopherol from sources such as FAD, palm oil, and olive tree leaves presents some
pioneering work during the technology’s early days. An extracting solvent (organic or inorganic), which is gaseous at room
temperature and atmospheric pressure, is used in this technique. The solvent, when pressurized over its critical temperature,
increases its density and hence its dissolving power improves. Most commonly, carbon dioxide is used, as it is nontoxic,
nonflammable, highly selective in nature, and affordable. In addition, it operates at low temperature and soluteesolvent
separation is clearly easy. A continuous flow of CO2 is maintained inside the reaction vessel; when the operating
temperature and pressure are set, the feed oil is introduced. As extraction proceeds, the reaction mixture consists of a
carbon dioxide fraction containing FFAs and another that has tocopherol and acylglycerols. The solvent is transferred into
another chamber where the FFAs are separated; the solvent undergoes this repeated extraction and recirculation until
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complete extraction is achieved. The effective partitioning of tocopherols and FFAs depends on the type of feed and
coelution of fatty components due to dilution by higher fatty acid and acylglycerol concentration. Other forms of SCF
extraction use hydrogen halide as a solvent to separate tocopherol from sources. For the separation of tocopherols from
sterols, an inert organic solvent such as hexane, petroleum ether, benzene, or acetone is used to dissolve partially treated
FAD. Hydrogen halide (chloride, bromide, or iodide) is introduced into the reaction mix in gaseous or liquid form at reflux
temperatures for about 1 h. This produces a tocopherol-enriched liquid phase and an insoluble sterol phase (a product of
sterols reacting with hydrogen halide), which can be removed by any conventional method such as filtration and centri-
fugation (Mendes et al., 2005; Quek et al., 2007, pp. 140e152).

14.3.10 Soxhlet extraction

Soxhlet extraction has high efficacy and is widely used. One of the earliest forms of this method uses a powdered sample:
anhydrous sodium sulfate at a ratio of 1:4 (w/w). This thoroughly blended mixture is extracted in a Soxhlet apparatus
containing hexane with 0.01% BHT in the dark for 4 h. The extract is then used in further analysis of tocopherol. In another
approach, extraction is performed on ground sample with hexane: ethyl acetate (85:15 v/v with 0.01% BHT) under yellow
light for 24 h (Lee et al., 1998; Lim et al., 2007; Ribeiro et al., 2019).

14.3.11 Cold pressing

One of the recent methods that stand out from the rest is the cold pressing method of extraction of oils from plant seeds
because it is devoid of any harmful chemicals and high temperatures (Ribeiro et al., 2019). Heating, exposure to oxygen,
and use of harmful chemicals degrade the composition and overall quality of extracted oil; its bioactive contents such as
tocopherols get affected. Cold pressing ensures oil does not have to go through a refinement process to remove toxic
chemicals even though the yield is lower than those obtained by solvent extraction methods.

14.3.12 Deep eutectic solvent extraction

This is an emerging solvent system that is gaining popularity as a green solvent due to its biodegradability, volatility, low
melting point, and incombustibility d a set of unique physicochemical properties for an extraction solvent (Liu et al.,
2019). Generally, deep eutectic solvent (DES) is a uniform combination of a hydrogen bond donor (HBD) and a quaternary
ammonium salt set at a temperature of 60e80 �C. Commonly used HBD includes natural sources like urea, carboxylic
acids, and polyols; choline chloride (ChCl) makes for role-fitting quaternary ammonium salt. Another advantage of DES as
an extraction solvent is its tunability, basis of proportion, ratio, and type of components chosen.

14.3.13 Ultrasound-assisted extraction

The coupling of ultrasound with existing methods can increase the extraction of targeted compounds during sample
preparations (Xu, 2008). Sound waves are used to break, disintegrate, and/or damage the natural integrity of micelles or
matrix that houses the bioactive compounds, which are otherwise inaccessible by solvent due to their hydrophobic nature.
A benefit of ultrasound application is the nonutilization of chemicals for breakdown (e.g., saponification) and freedom of
possible chemical degradation of extracted compounds. The extraction efficiency of such assisted technique further
increases due to agitation caused by the ultrasonic waves, thus increasing solvent-targeted compound interaction
significantly.

14.3.14 Partition of tocopherol homologues for separate use

As per applications of the different properties of tocopherol homologues, there is sometimes demand these homologues be
separated for individual usage. Analytically, some chromatographic techniques are available for separation and analysis
(qualitative and quantitative), but not all of them are feasible for utilization in a commercial sense. A patented method
describes the use of single-step reverse-phase liquid chromatography to execute this separation process on a commercial
level. C18 bonded silica acts as a lipophilic reverse-phase chromatography medium and this becomes the stationary phase;
the mobile phase consists of ethanol and deionized water. Polar impurities are eluted out first; tocotrienol homologues, if
present, are eluted out next; the homologues of tocopherol are eluted out in the order of delta, gamma, and alpha forms.
Alternatively, the tocopherol concentrate can be adsorbed on the reverse-phase C18 silica gel column; CO2 SCF extraction
can then be used to selectively desorb the homologues from the column.
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For ease of operation, the homologues can be selectively altered prior to a chromatographic run. This allows the
homologues to have increased adsorption affinity toward the resins on stationary phase to varying degrees and thus
provides a better chromatographic resolution of the homologues. The technique is achieved by selective deacylation of
tocopherol esters by cyclic amines (in the order of delta > beta w gamma > alpha) and separation of these esters from free
tocopherols in a column. Deacylation of delta homologue acetate undergoes rapidly within 15 min, while acetates of beta
and gamma homologues take about 2 h; alpha homologue acetates are unreactive. Since cyclic amines are expensive, they
can be replaced with methanol, ethanol, or propanol but the reaction requires 190e210 �C temperatures inside a
pressurized vessel. To overcome this limitation, a basic catalyst such as potassium carbonate, potassium hydroxide, or
sodium hydroxide that enables the deacylation reaction to happen at <100 �C (by reflux) is devised as an improved method
(Quek et al., 2007, pp. 140e152).

14.4 Chemistry and biosynthesis of tocopherol

Tocopherol is the collective term for compounds that are characterized by the presence of a 6-chromanol ring structure; the
compound tocol (2-methyl-2-(40,80,120-trimethyltridecyl)-chromanol-6-ol) is considered the parent compound (Fig. 14.4).
There is a C16 saturated side chain at position 2. The 6-chromanol ring structure is methylated to varying degrees at the 5,
6, and 8 positions, which gives rise to different homologues of tocopherol depending on the position and degree of
methylation: alpha (trimethylated), beta and gamma (dimethylated), and delta (monomethylated) (Fig. 14.4). Three
asymmetric carbons (chiral centers) are present at position 2 (chromanol ring) and at positions 40 and 80 (phytyl side chain).

All homologues of tocopherol, the 6-hydroxychromanols, are synthesized in plants with well-defined biosynthetic
pathways present in all photosynthetic organisms (Eitenmiller & Lee, 2004; Lushchak & Semchuk, 2012). The alpha-
tocopherol is documented to be present in both photosynthetic and nonphotosynthetic tissues, primarily concentrated in
the chloroplasts, while the other homologues are concentrated in nonphotosynthetic tissues (chloroplasts, mitochondria,
and microsomes). Biosynthesis of tocopherols happens in the chloroplasts and partitions into the chloroplast membrane
(lipid phase). Generally, for most tocopherols, the phytyl tail is found embedded into the lipid membrane bilayer.

The synthesis of tocopherol occurs by the utilization of two precursors from two different pathways: homogentisic acid
(HGA) and phytyldiphosphate (PDP) (Fig. 14.5). HGA (2,5-dihydroxyphenylacetate), which is obtained from the cytosolic
shikimate pathway, is the precursor for the formation of the aromatic ring of tocopherol. PDP from the plastid methyl-
erythritol phosphate pathway is the precursor for the tocopherol tail. HGA and PDP together conjugate to give the different
homologues of tocopherol via a cascade of reactions. This condensation reaction is catalyzed by homogentisate phytyl

FIGURE 14.4 Chemical structure of tocopherol family with number and position of methyl groups on the aromatic ring. From �Spika, M. J., Kralji�c, K.,
& �Skevin, D. (2016). Tocopherols: Chemical structure, bioactivity, and variability in Croatian virgin olive oils. In Products from Olive Tree (p. 317).
BoDeBooks on Demand.
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transferase (HPT) to yield 2-methyl-6-phytyl-1,4-benzoquinone (MPBQ), which is the committed step in tocopherol
biosynthesis. MPBQ gets methylated by MPBQ methyltransferase (MPBQ MT) to 2,3-dimethyl-6-phytyl-1,4-
benzoquinone (DMPBQ). Tocopherol cyclase (TC) acts on MPBQ and DMPBQ, and utilizes both as substrates for the
formation of gamma and delta tocopherols, respectively. Finally, gamma-tocopherol methyltransferase (TMT) methylates
gamma and delta tocopherols to produce alpha and beta tocopherols, respectively (�Spika et al., 2016).

14.5 Mechanism of action: antioxidant properties and degradation

14.5.1 Antioxidant properties

The primary role of tocopherols is to prevent lipid peroxidation and protect lipids from it. Hence, its best source is
vegetable oils, followed by other plant-based food. Tocopherols act as antioxidants by participating in oxidation chain-
breaking events. They quench peroxy radicals of polyunsaturated fatty acids (PUFAs) by ending the oxidation chain
reaction. This happens by the transfer of a hydrogen atom from the hydroxyl group on the chromanol ring to the PUFA
peroxide radical. The “tocopherol radical” thus formed does not propagate the reaction further, but it is resonance stabilized
inside the chromanol ring. It is then quickly recycled back to the corresponding tocopherol thereby allowing each
tocopherol molecule to repeat this quenching process, protecting up to 103 to 106 PUFAs at lower peroxide values. Due to
structural differences between the tocopherol homologues, the antioxidant activities vary in the order of: del-
ta > beta > gamma > alpha (in vitro) and alpha > beta > gamma > delta (in vivo). This highest activity of the alpha
homologue within living tissues is due to the action of hepatic alpha-tocopherol transfer protein that occurs in higher levels
in plasma and tissues, allowing alpha-tocopherol to be preferentially retained and incorporated into lipoproteins. Addi-
tionally, tocopherols also react with singlet oxygen or other reactive species (ROS) as part of their antioxidant functions
(�Spika et al., 2016).

FIGURE 14.5 Tocopherol biosynthesis pathway in photosynthetic organisms. c-TMT, c-tocopherol methyltransferase; DMPBQ, 2,3-dimethyl-6-phytyl-
1,4-benzoquinol; HGA, homogentisic acid; MPBQ, 2-methyl-6-phytyl-1,4-benzoquinol; MPBQ MT, MPBQ methyltransferase; PDP, phytyldiphosphate;
TC, tocopherol cyclase. From Lushchak, V. I., & Semchuk, N. M. (2012). Tocopherol biosynthesis: chemistry, regulation and effects of environmental
factors. Acta Physiologiae Plantarum, 34(5), 1607e1628. https://doi.org/10.1007/s11738-012-0988-9.
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14.5.2 Degradation of alpha tocopherol

Tocopherols are oxidized by ROS, mainly by lipid peroxyl radicals; the mechanism can proceed differently (Fig. 14.6).
Oxidation of tocopherols to tocopheryl radicals may occur by one-electron transfer, which can be rereduced to tocopherols
by an ascorbateeglutathione system (Asc/GSH). In absence of ascorbate or glutathione, tocopheryl radicals can form
adducts (quinones) or self-coupling products (dimers and/or trimers). In another oxidation pathway involving a two-
electron transfer and singlet oxygen, tocopherols get converted to hydroperoxide, which irreversibly gets hydrolyzed to
tocopherol quinone (TQ). This conversion happens in chloroplast lumen under mildly acidic conditions. TQ can be
enzymatically transformed to tocopherol quinol (TQH2), catalyzed by NADPH-dependent reactions. Both TQ and TQH2

formed from alpha-tocopherol elucidate antioxidant properties (�Spika et al., 2016).

14.6 Bioavailability

Bioavailability of food is the fraction of food ingredients placed at the disposal of tissues after ingestion. The bioavailability
of tocopherols, commonly known as Vitamin E, in humans, is assessed using the level of plasma tocopherol. This availability
is essential for biological activity, as this fraction will only contribute toward our physiological activities. Out of the four
vitamers (homologues) of tocopherol (vitamin E), a-tocopherol is the dominant fraction present in the human body and has
the highest biological activity. b- and g-tocopherol have been shown to have reduced vitamin activity (10%e30%), whereas
d-tocopherol has no activity (Reboul, 2017). In another definition, bioavailability refers to the ingested component that
becomes accessible to absorption in the gastrointestinal (GI) tract, followed by its metabolism and further distribution in the
body. Bioavailability constitutes three steps: bioaccessibility, absorption, and transformation of the ingested component
(vitamin E in this case). To make referencing easier, we shall use the term “vitamin E” synonymously with “tocopherol” from
this point onward.

FIGURE 14.6 Possible pathway for degradation of alpha tocopherol. a-TQ, a-tocopherol quinone; a-TQH2, a-tocopherol quinol; Asc/GSH,
ascorbateeglutathione cycle; DH, unknown dehydratase; TC, tocopherol cyclase; TMPBQ, 2,3,5-trimethyl-6-phytyl-1,4-benzoquinone; TMPBQH2, 2,3,5-
trimethyl-6-phytyl-1,4-benzoquinol. From Lushchak, V. I., & Semchuk, N. M. (2012). Tocopherol biosynthesis: chemistry, regulation and effects of
environmental factors. Acta Physiologiae Plantarum, 34(5), 1607e1628. https://doi.org/10.1007/s11738-012-0988-9.
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Firstly, let us go through how vitamin E is metabolized in the body. Vitamin E is fat-soluble, and is shown to be
associated with major lipids and absorbed mainly in the upper GI tract. However, its absorption is not very efficient.
Metabolism of vitamin E in the upper GI tract includes emulsification; incorporation into the micelles; transportation
through the unstirred water layer (glycocalyx); assimilation by an apical membrane of enterocytes (intestinal absorptive
cells); solubilization into the intestinal lipoproteins; and secretion out of the intestinal cells into the lymph or into the portal
vein. The initial phase is the dissolution of vitamin E in the lipid phase of the meal it is present in, which occurs during
mastication of food. This is followed by the action of gastric enzymes (pepsin, amylase, and gastric lipase), which assist in
the release of vitamin E from the food matrix. It is well established that a-tocopherol does not undergo any significant
degradation or absorption in the stomach (Reboul, 2017). In the duodenum (first part of the small intestine), the digestive
enzymes (proteases, amylases, and lipases) continue degrading the food matrix, thereby contributing toward further
release. Here, the absorption mechanism of vitamin E is quite similar to that of dietary fats. Vitamin E requires biliary and
pancreatic secretions in order to form micelles for subsequent uptake by the intestinal epithelial cells (Traber, 2007). The
main site for vitamin E absorption is supposedly the midsection of the GI tract. Intestinal absorption of vitamin E is quite
complex (Gagné et al., 2009); it is partly mediated by class-B type-1 (SR-B1) scavenger receptors, which are also involved
in cholesterol uptake (Reboul, Richelle, et al., 2006). Other mechanisms include intracellular trafficking proteins; mod-
ulation of nuclear receptors; and activity of ATP-binding cassette transporters (Traber, 2004). The efficiency of vitamin E
absorption is not similar along the intestine; the major sites are where the concentration of vitamin E in micelles and
possibly vesicles is the highest. Also, the repartition of vitamin E transporters and distribution of SR-B1 scavengers are not
uniform (Borel et al., 2001; Reboul et al., 2007).

The efficiency of vitamin E transportation across the intestinal wall is quite variable ranging from 10% to 95% (Borel
et al., 2013; Emmanuelle Reboul, 2017). However, in one study where deuterium-labeled vitamin E was studied for
absorption, the range dropped to 10%e33% (Bruno et al., 2006). There are numerous factors that modulate vitamin E
bioavailability. A mnemonic term ‘SLAMENGHI” is currently in considerable use to list all factors contributing to
vitamin E bioavailability (Desmarchelier et al., 2018, pp. 1181e1196). This term was initially proposed to access
carotenoids bioavailability and other fat-soluble micronutrients (West & Castenmiller, 1998). Each term corresponds to one
factor: S for “Species of vitamin E” (referring to relative bioavailability of the vitamers); L for “Molecular linkages”
(e.g., esterification of vitamin E); A for “Amount of vitamin E consumed in a meal”; M for “Matrix in which vitamin E is
incorporated” (e.g., vegetable oil or supplement); E for “Effectors of absorption” (i.e., the effect of other nutrients or
drugs); N for “Nutrient status of the host with respect to vitamin E levels”; G for “Genetic factors”; H for “Host related
factors” (viz. individual characteristics such as age, sex, pathologies, etc.); and I for “Mathematical interactions” (referring
to interacting effects of two or more of the described factors).

Species of vitamin EdThere is less number of studies regarding the variation of vitamin E species in humans. Overall,
it has been reviewed by Desmarchelier et al. (2018, pp. 1181e1196) that the relative bioavailability of stereoisomers, RRR-
and SRR-a-tocopherol bioavailability, presented with no significant difference in human studies. Also, a- and g-tocopherol
bioavailability carried out with a low number of human subjects did not reveal any significant difference between them as
well.

Molecular linkagesdMostly, dietary vitamin E is consumed in its free form or as supplements. Supplements are
usually esterified to protect the hydroxyl group against oxidation. However, no significant differences in bioavailability in
human were observed for the free form or esters of succinates and acetates of tocopherols in healthy individuals (Burton
et al., 1988; Cheeseman et al., 1995; Nagy et al., 2013).

Amount of vitamin EdThe studies comparing nutritional doses with supplemental or pharmacological doses are
currently lacking. It has been assumed that the efficiency of vitamin E absorption decreases with increased dose owing to
blood saturation. On the contrary, there is no strict evidence of the same. However, one case study has shown that vitamin
E levels in chylomicrons increased on the consumption of meals containing large dosages (432 or 937 IU) of a-tocopherol
acetates (Borel et al., 1997).

Matrix effectsdThe matrix within which vitamin E is incorporated is a key factor that governs its bioavailability.
Vitamin E needs to be bioaccessible, i.e., to become available for absorption. The bioaccessibility is quite variable among
food matrices. For instance, in banana, lettuce, and bread, vitamin E is almost completely bioaccessible, whereas in apples
and orange it is quite low (Reboul, Klein, et al., 2006). It has also been found that the addition of eggs to durum wheat
pasta reduces the bioaccessibility of vitamin E from around 70%e50% (Werner & Böhm, 2011). In the case of juices
blended with whole milk, an increase in bioaccessibility was observed (Cilla et al., 2012). In other studies, where oil-
in-water emulsions fabricated with natural emulsifiers and long-chain triglycerides were used, better bioavailability of
a-tocopherol was observed (Yang et al., 2017).
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Effectors of absorptiondDifferent authors (Desmarchelier et al., 2018, pp. 1181e1196; Reboul, 2017) have concluded
from various studies that the amount of dietary fat in a food matrix facilitates vitamin E extraction, stimulates biliary
secretion, and promotes micelle formation to increase its bioaccessibility. For example, consumption of toasted bread with
butter or cereals with whole fat milk or raw vegetables consumed with canola oil and eggs led to better absorption of
vitamin E, as compared to consuming the same without the fat components. On the other hand, the presence of certain
micronutrients like vitamin C, carotenoids, and polyphenols negatively impacts intestinal absorption of tocopherol (Reboul
et al., 2007). Whereas, with respect to dietary fibers intake, no adverse effects on vitamin E absorption was concluded
among different studies concerning rats as well as humans (Desmarchelier et al., 2018, pp. 1181e1196). However, further
studies are needed to identify the impact of various other micronutrients and draw real conclusions.

Nutrient status of the hostdVitamins being essential and large amounts of fat-soluble vitamins can lead to toxicity; it is
suggested that vitamin E absorption is mediated by the vitamin E status of the host. Studies have suggested that tocopherols
can modulate directly or indirectly several nuclear receptors and can act as transcriptional factors for genes encoding
proteins for vitamin E uptake (Borel et al., 2013; Desmarchelier et al., 2018, pp. 1181e1196).

Genetic as well as host-related factorsdThe involvement of intestinal proteins/enzyme in vitamin E absorption has
stimulated the hypothesis that genetic factors can modulate vitamin E absorption efficiency. Intestinal absorption of
vitamin E requires normal digestive functions, and thus people with genetic diseases such as cystic fibrosis and abetali-
poproteinemia suffer from impaired vitamin E absorption. Further, the effect of sex on vitamin E absorption is difficult to
access in males and females, as female hormones affect lipid and lipoprotein metabolism differently (Borel et al., 2013).
However, a nonsignificant difference in vitamin E levels has been observed in certain studies (Desmarchelier et al., 2018,
pp. 1181e1196). Considering aging effects, it has been observed that the bioavailability of a-tocopheryl acetate is
apparently lower in healthy older individuals than in younger ones (Borel et al., 1997), which were attributed to age-related
altered digestive functions.

Mathematical interactionsdThis includes synergistic or antagonistic effects on vitamin E absorption when considering
the interaction of two or more factors with one another.

Overall understanding of various factors relating to vitamin E absorption can ultimately transfer benefits leading to
higher bioavailability, and one can suggest a personalized recommendation for individuals to confer potent health benefits.

14.7 Stability, safety, and toxicology

Lipid oxidation is the major cause of quality deterioration of food products and the destruction of biological membrane
structures. Lipid soluble antioxidants such as tocopherols can prevent the oxidation of lipids by competing with unsatu-
rated fatty acids for the lipid peroxy radicals. The reaction rate of tocopherol is 100,000 times faster than the lipid with the
lipid peroxy radical (Niki et al., 1984). However, tocopherols themselves may degrade due to improper storage, presence of
free radicals, exposure to molecular oxygen, light and elevated temperature, grossly leading to the loss of antioxidant
activity, or their role as prooxidants may become available (Choe & Min, 2006; Pignitter et al., 2014). At higher
concentrations, tocopherol loses their antioxidant activity or becomes prooxidants, whereas at lower concentrations they
have the highest antioxidant activity. The antioxidant activity of tocopherol is inversely related to the stability of
tocopherol in vegetable oil (Jung & Min, 1992). The a-tocopherol of soybean oil due to its higher antioxidant activity is
destroyed faster than the g- and d-tocopherol of soybean oil during storage at 50 �C (Fig. 14.7). Moisture content, the types
of oil, and the concentration of tocopherol homologues significantly influence the stability of tocopherol homologues (Jung
& Min, 1992). The decomposition of a-tocopherol can be reduced by forming a proteinenutrient complex of a-tocopherol
with b-lactoglobulin (Liang et al., 2011).

Vitamin E deficiency is a common phenomenon in humans with fat malabsorption syndromes. Primarily, a-tocopherol
is administered in humans to prevent vitamin E deficiency. Tocopherols as food additives have the Generally Recognized
as Safe (GRAS) status in the United States. The recommended daily intake of vitamin E is reported as 15 mg (Dietary
Reference Intakes for Vitamin C, Vitamin E, Selenium and Carotenoids: A Report of the Panel on Dietary Antioxidants
and Related Compounds, Subcommittees on Upper Reference Levels of Nutrients and Interpretation and Uses of Dietary
Reference Intakes, and the Standing Committee on the Scientific Evaluation of Dietary Reference Intakes, Food and
Nutrition Board, Institute of Medicine., 2000). However, the recommended daily intake may increase with the increase in
the content of unsaturated fatty acids in a diet (Belitz & Grosch, 1999). Apparently, the adequate intake of this vitamin is
not defined and may vary among the population of the world depending on the physiological conditions and diet. Vitamin
E daily intake can be increased up to 300 mg without any complications (Yap et al., 2001). Even short-term high-doses and
supranutritional (more than nutritionally required) doses administration of vitamin E has no reported adverse effects on
health (Curtis et al., 2014; Final Report on the Safety Assessment of Tocopherol, Tocopheryl Acetate, Tocopheryl
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Linoleate, Tocopheryl Linoleate/Oleate, Tocopheryl Nicotinate, Tocopheryl Succinate, Dioleyl Tocopheryl Methylsilanol,
Potassium Ascorbyl Tocopheryl Phosphate, and Tocophersolan, 2002). However, the risk of developing side effects in
some group of patients at the risk of cardiovascular diseases such as thrombotic risk cannot be ruled out and supple-
mentation must be considered with precautions (Final Report on the Safety Assessment of Tocopherol, Tocopheryl
Acetate, Tocopheryl Linoleate, Tocopheryl Linoleate/Oleate, Tocopheryl Nicotinate, Tocopheryl Succinate, Dioleyl
Tocopheryl Methylsilanol, Potassium Ascorbyl Tocopheryl Phosphate, and Tocophersolan, 2002). Therefore at present,
there is no need for recommendation of higher or supranutritional doses of vitamin E which may lead to health compli-
cations in the long term. Taking into consideration with regard to what we know at present, the efficacy and supple-
mentation of vitamin E is worth investigating.

14.8 Applications (clinical and pathological): health benefits

14.8.1 Antioxidant activity

Prolonged oxidative stress could lead to the onset of many metabolic and lifestyle-associated disorders. Such stress is
caused due to an imbalance of free radical generation. Free radicals are generated as an impact of various metabolic
processes in human. Widely known free radicals such as hydroxyl, superoxide anion, peroxide, singlet oxygen, nitric
oxide, etc., are very reactive and capable of damaging DNA, proteins, carbohydrates, and lipids in the cell, leading to
unwanted biochemical reactions (Saikia &Mahanta, 2016). These biochemical reactions later lead to serious metabolic and
nonmetabolic disorders in human. However, innate defense in humans against such radicals associated damage is
modulated by enzymes like superoxide dismutase, glutathione peroxidase, and micronutrients that quench or scavenge
such radicals (Lobo et al., 2010), acting as antioxidants. The antioxidant activity of vitamin E (a-tocopherol) is attributed to
its ability to neutralize or intercept lipid peroxyl radicals (LOO�) thereby terminating the lipid peroxidation. However,
vitamin E is not much of a potent scavenger of other radicals, viz.,_OH and alkoxyl radicals (RO.) (Nimse & Pal, 2015). A
recent study conducted on rats demonstrated that the effectiveness of vitamin E supplementation was effective for
decreasing lipid peroxidation and attenuating oxidative stress (Abdulaziz et al., 2020). Studies have also demonstrated
improved oxidative stress and antioxidant status in elderly women on intakes of dietary antioxidants, such as carotenoids,

FIGURE 14.7 Degradation of a-, g-, and d-tocopherol in soybean oil on a storage time scale of 24 d at 50�C. From Player, M. E., Kim, H. J., Lee, H. O.,
& Min, D. B. (2006). Stability of a-, g-, or d-Tocopherol during soybean oil oxidation. Journal of Food Science, 71(8), C456eC460. https://doi.org/10.
1111/j.1750-3841.2006.00153.x.
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vitamin E, and vitamin C (Boaventura et al., 2020). A recent review has suggested that vitamin E supplementation may
lead to increased exercise performance in athletes (Higgins et al., 2020). The same study suggested that vitamin E tends to
block free radicals generated during exercise which act as signaling molecules as protection against physical stress. In
action, quenching of such radicals supposedly enhances endurance during exercise or sports performance. Thus, it is simple
to deduce that vitamin E intake will potentially lead to better antioxidant status in the body, possibly providing protection
against health disorders (Lobo et al., 2010).

14.8.2 Antiinflammation

Inflammation is a result of an overreactive immune response to a harmful stimulus (chemical or biological). On such a
stimulus, a cascade of reactions is initiated. Inflammation is characterized by the overproduction of reactive oxygen/ni-
trogen species and pro-inflammatory mediators, including lipid mediators, notably prostaglandins and leukotrienes, and
cytokines such as TNF-a and interleukin-6 (IL-6). Chronic inflammation is a major contributor to the pathogenesis of
chronic diseases such as cancer, cardiovascular diseases, rheumatoid arthritis, and asthma. Studies on tocopherols dosage
on varied animal models induced with burn injury, airway inflammation, and colon inflammation have suggested a
significant decrease in inflammatory factors (Jiang, 2014). Vitamin E indirectly reduces inflammation by affecting
inflammatory mediators (Lewis et al., 2019). A meta-analysis study carried out by taking into consideration 33 randomized
clinical trials suggested that a-tocopherol proved to be more effective in reducing serum levels of C-reactive proteins and
IL-6 and overall alleviating subclinical inflammation in adults (Asbaghi et al., 2020). Studies pertaining to role of
inflammation in arthritis, vitamin E supposedly retards the progression of osteoarthritis by ameliorating oxidative stress and
inflammation of the joints (Chin & Ima-Nirwana, 2018).

14.8.3 Immunity

Having a strong immunity is of utmost importance. It is widely being noted owing to a prevailing scenario where outbreaks
of known or unknown infections can cause a toll on human health. The healthy immune response is linked to increased
immunoglobulin levels, antibody responses, lymphocyte proliferation, and interleukin (IL)-2 productions. Numerous
studies on dietary supplementation on varied animal and human models have shown the immunomodulatory effect of
vitamin E. Vitamin E functions as an antiinflammatory agent by modulating T cell function by directly impacting T cell
membrane integrity, signal transduction, and cell division, and also indirectly by affecting other inflammatory mediators
(Lewis et al., 2019). In animal studies with cows, chicken, and rats, vitamin E supplementation led to overall increased
immune responses (Lee et al., 1998). However, with human subjects, multiple studies have reported increased immune
function, but at levels more than dietary recommendation (Lewis et al., 2019). Still, there are other studies suggesting no
significant effects on immune functions. This might possibly be due to variation in dosage, age of subjects, and deter-
mination methodologies utilized in different studies (Lee & Han, 2018). For mice model studies on wound infections with
methicillin-resistant Staphylococcus aureus, and Streptococcus pneumoniae infection of the respiratory tract, vitamin E
therapy resulted in good immune responses and subsequent lower microbial counts (Bou Ghanem et al., 2015; Pierpaoli
et al., 2017). In humans as well, lower levels of infection in pneumonia, malaria, and the common cold have been reviewed
and reported (Lee & Han, 2018). It would be beneficial to focus on further research leading to the identification of optimal
doses specific to age health conditions, nutritional status, and genetic variability.

14.8.4 Cancer

Owing to its strong antioxidant nature, tocopherols are linked to reduced cancer risks. Certain studies have shown that
deficiency of vitamin E is associated with increased risk in certain cancers (Wilson & Mucci, 2019). Vitamin E vitamers
have been reviewed to be effective in inducing growth arrest, apoptosis, autophagy, and endoplasmic reticulum stress in
cancer cells (Petronek et al., 2021). However, other studies with human subjects revealed a nonsignificant impact of
vitamin E on the prevention or delay of lung cancer and pancreatic carcinoma and urinary tract cancer in humans (Petronek
et al., 2021). Nevertheless, it has been suggested that vitamin E can be used as an adjuvant along with other active
components such as selenium, doxorubicin for cancer prevention (Fernandes et al., 2018; Fred Gey, 1998; Wilson &
Mucci, 2019). Cancer cell line and animal model studies have suggested that tocopherols help in modulating nuclear
receptors such as PPARg (by upregulation) and ERa (by downregulation) to induce cell proliferation and apoptosis in
breast cancer (Das Gupta & Suh, 2016). Overall, the impact of tocopherols is minimal, and the data pertaining to its effects
are rather inconsistent.
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14.8.5 Metabolic disorders

Metabolic disorders constitute a cluster of medical conditions majorly including obesity, hyperglycemia, dyslipidemia, and
hypertension. Vitamin E is suggested as a promising agent for the treatment of such disorders (Wong et al., 2017). The
impact of vitamin E in diabetic patients has been extensively carried out. One study carried out on Finnish men and women
revealed that dietary intake of vitamin E was significantly associated with a reduced risk of type II diabetes (Montonen
et al., 2004). In one study with 44 women aged between 20 and 50 years, it was assessed that consumption of grape seed oil
rich in tocopherols improved insulin resistance in obese women (Irandoost et al., 2013). Next, in a clinical study in type I
and type II diabetic patient vitamin E supplementation was found to delay the onset of diabetic and reduce blood pressure
(Baburao Jain & Anand Jain, 2012). In a recent study, vitamin E evaluation on healthy subjects from Singapore suggested
that vitamin E could play a role in delaying the onset of type II diabetes (Bi et al., 2019). Dyslipidemia is characterized by
increased triglycerides and lowering of low-density lipoproteins (LDLs). Studies have suggested that supplementation of
tocopherols do not confer any benefits in dyslipidemia as such but supplementing with tocotrienols or tocotrienol-rich
fractions resulted in significant benefits (Wong et al., 2017). On the other hand, a contrasting effect of vitamin E intake
was reported in recent Mendelian randomization-based observational study, in which vitamin E was linked to elevated
levels of LDL and triglycerides (Wang & Xu, 2019). Thus, future research on revaluation of the therapeutic potential of
vitamin E along with an emphasis on mechanistic understanding will be necessary to better confirm and elucidate
beneficial effects of vitamin E in metabolic disorders.

14.8.6 Skincare

Vitamin E has been used in dermatological applications for more than 50 years now as a potent antioxidant. Skin is
subjected to damage owing to continuous solar radiations which lead to lipid peroxidation in membranes and age-related
collagen cross-linking. Tocopherols are found to protect against both lipid peroxidation and collagen cross-linking.
Tocopherols stabilize cell membrane by inhibiting the oxidation of arachidonic acid of membrane phospholipids. Also, the
topical application of vitamin E has been reviewed to reduce erythema, sunburned cells, UV-inflicted skin damage, and
photocarcinogenesis (Schagen et al., 2012). More recently, a study reported synergistic effects of vitamin E with ascorbic
acid to improve skin health and brightening effects in the case of female subjects (Rattanawiwatpong et al., 2020),
suggesting combinatorial therapies to be better than monotherapies. In another study, authors reported that topical
formulation with phosphorylating a-tocopherol monomers better diffuse into skin epidermis thereby increased potential
toward damage against UV radiations (Saleh et al., 2021). Existing studies considering preclinical and clinical studies have
suggested the benefits of Vitamin E in the case of atopic dermatitis (Ehterami et al., 2019; Teo et al., 2020). Recent studies
are more targeted toward enhanced delivery of a-tocopherol in the skin using nanoemulsions (Harun et al., 2021) to benefit
skin health.

14.8.7 Eye health

Oxidative stress leads to oxidative damage to the eye lens and is regarded as the major factor leading to the pathogenesis of
senile cataract (Nartey, 2017). A meta-analysis evaluation suggested that both dietary and supplemental intake of vitamin E
could significantly be associated with reduced age-related cataract development (Zhang et al., 2015). Like other antiox-
idants, tocopherols are also supposed to minimize oxidative damage. In a recent study, nanomicelles consisting of inulin-
D-a-tocopherol succinate bioconjugates loaded with curcumin were able to protect the blooderetina barrier against high
glucose levels, thus suggesting that tocopherol can prevent diabetes-induced retinopathy (Rassu et al., 2021). The lens
contains a-crystallin (a molecular chaperone) whose function is to maintain the correct folding of other protein and is also
affected by oxidation. In one study, it was observed that rats injected with selenite-a-tocopherol had better a-crystallin
function when supplemented with coffee. The study suggested that targeting such chaperone activity can be useful in the
development of anticataract drug (Nakazawa et al., 2017). Overall, synergistic beneficial effects on eye health for
tocopherols are observed with other antioxidants.

14.8.8 Liver health

Nonalcoholic fatty liver disease (NAFLD) is referred to as the accumulation of excessive fat in the liver, without alcohol
consumption. It is also strongly associated with obesity and related metabolic disorders such as insulin resistance,
dyslipidemia, and oxidative stress. NAFLD also leads to nonalcoholic steatohepatitis (NASH), characterized histologically
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by the presence of hepatic steatosis, lobular inflammation, and hepatocyte ballooning leading to cirrhosis and hep-
atocarcinoma (Hadi et al., 2018; Pacana & Sanyal, 2012). A significant improvement in steatosis, inflammation,
ballooning, and resolution of steatohepatitis in adult nondiabetic patients with aggressive NASH can be brought about with
vitamin E therapy (Pacana & Sanyal, 2012). From numerous studies on animals, it has been concluded that vitamin E
therapy could recover depleted hepatic glutathione (depletion is linked with oxidative stress and marked increase in hepatic
fibrosis); ameliorate steatosis, necroinflammation, hepatic stellate cell activation, and collagen mRNA expression
(triggered by increase in oxidative stress and metabolic abnormality due to NAFLD); and reduce serum transaminase levels
(elevated levels are associated with NAFLD). These effects have been associated with suppressed expression of the fibrotic
genes TGF-b and MMP-2, inflammatory factor COX-2, and proapoptotic genes (Bax), inhibition of factor kappa B
(NFkB), and increased hepatic superoxide dismutase activity. On the contrary, multiple human clinical trials with long-
term vitamin E monotherapies have reportedly shown both significant and no significant improvement on liver
biochemistry and histopathology. However, long-term (>2 years) combinatorial treatment strategies such a vitamin
E þ ursodeoxycholic acid or vitamin E þ vitamin C þ atorvastatin have demonstrated overall modest benefits in liver
health and histopathological improvements in majority of adults and pediatric patients (Abdel-Maboud et al., 2020; Hadi
et al., 2018). On meta-analysis of a controlled clinical trial carried out, the effect of dosage and formulation variation
among various clinical studies makes it difficult to ascertain their effects comparatively (Amanullah et al., 2019). Still,
there is a need for further studies to comprehend the physiology of NADH/NASH which would help us to better
understand and develop a targeted approach for treatments using vitamin E.

14.9 Conclusion

This chapter presents essential and relevant information on the sources, extraction, antioxidant properties, and health-
benefiting properties of tocopherols, which are the most important and active forms of vitamin E. After a century of
studies since its discovery, some aspects of tocopherols are still far from being completely compiled in literature, especially
the nutritional recommendations, therapeutic applications, and disease prevention. Taking into account all these aspects,
the research studies on this compound are gaining interest and hence, reemerged as a topic of intense research for the
scientific community.
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Introduction 

he earth is a special place for living being and there is 
no such planets consist of living organism and non -

living c0- existing side by side. The continuity of the 
species takes places by the process of reproduction and birth 
of new sibling. According to the historical growth of society when the process of reproduction take place rapidly there is 
population growth and a type of society and communities is 
formed. 

Human society is different from the animal world in terms 

oTupbringing and socialization of the siblings. The introduction 
O new born baby into family is one of the fascinating and 

anicipating moments. Around the world the birth of child is 
JoIced and celebrated in different manners and style. The 
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Spirituality Can Help Alleviate Physical 
and Mental Health Problems Resulting 

From COVID-19 Pandemic
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Abstract
Covid-19 has posed a serious challenge to mankind. Unavailability 
of adequate knowledge about Covid-19 caused a lot of challenges 
in every aspect of human behavior. Professionals from across the 
disciplines attempted to understand present pandemic in variety 
of ways. To address the psychological issues emerging from such 
pandemic, various ways have been introduced by psychologist and 
mental health professionals. Spirituality is one of the core human 
values and having potential in determining behavior (Cognition 
as well as affect), in managing distressful situation, and in leading 
a positive & satisfied life. Despite its potential role in managing 
human psyche during such pandemic time, it is under explored 
in the current literature. Therefore, present article is a theoretical 
exploration of potential role of spiritual and religious based practices 
to address the current pandemic time.
Keywords: Covid-19, Pandemic, Spirituality, Human Behavior
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Introduction
Covid-19 (Novel Corona Virus, SARS-CoV-2) has posed 

severe challenges to human health across the globe. As of now, a 
total of 1.76 Million people all over the world have lost their life 
due to covid-19 (WHO, 27th December 2020). The impact and 
consequences of covid-19 are limited to physical health problems 
and death; instead, it has significantly affected the psychological 
health of the entire populace. Besides, every sphere of human life 
(i.e., academic, economic, social) were ominously affected (Xiong et 
al., 2020) by the COVID-19 pandemic.

Due to its contagious nature and presence in various countries 
around the globe, and because of the unavailability of proper prognosis, 
shortage of resources such as testing kits, physical resources as well 
as human resources, treatment, and the vaccine against Coronavirus, 
various other precautionary measures such as social distancing, 
lockdown, and closure of all socio-economic activities were imposed 
by governments that have resulted in emotional distress and increased 
risks for psychological problems such as insomnia, denial, substance use, 
little physical exercise and activities, and other dependency disorders 
(Mohindra et al., 2020; Xiao et al., 2020b, Torales et al., 2020; Kaur, 
Singh, Arya & Mittal, 2020; Jurak et al., 2020) among the affected 
citizens. Also, some studies have shown increased suicide risks among 
various age groups across the world (Xiang et al., 2020; Wang et al., 
2020). These countrywide restrictions and lockdown imposed due 
to the outbreak of Coronavirus have led to the feeling of uncertainty 
and helplessness (Serafini, 2020). Apart from the general public 
being affected due to this pandemic outbreak, healthcare facilities 
across continents become overloaded, and healthcare professionals 
were found to be highly stressed and suffered various psychological 
problems (Jaiswal, Singh & Arya, 2020; Philip & Cherian, 2020).

However, even though these uncertainty imposed problems, 
there was a section of the population, which did not capitulate to any 
disorder or health-related issues per se; instead, they are managing 
such adversities in a positive way (Pfefferbaum & North, 2020). 
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In their review, Jaiswal et al. (2020) suggested that various types of 
character strengths, which are collectively referred to as “Psychological 
Antibodies,” are useful in dealing with such adversities in a very 
positive manner. A plethora of empirical investigations suggesting 
a positive impact of psychological capital on moderating health-
related issues. These psychological capitals either work as a buffer or 
cushion against adverse events of life or provide inner support so that 
individuals can manage their life in a positive sense (Panchal et al., 
2016; Conversano et al., 2010). 

Among various other positive approaches to deal with such 
adversities, spirituality is one of the ways in which people develop 
resilience to manage their life in a better way during such a stressful 
situation. According to Southwick and Charney (2018), Spiritual 
or religious practice is a critical component of individual resilience.

Spirituality and Health
Addressing spiritual concerns becomes even more critical because 

such a biological crisis like Covid-19 poses a severe threat not only 
to human health but at the broader level of psychological, social, 
economic, or in other words, it becomes existential concerns. An 
empirical exploration of spirituality and religious beliefs on health-
related concerns is a relatively nascent area; yet, researches suggested 
that these beliefs have positive impacts on the health, coping, and 
recovery from disease, death, and bereavement process (Albers et al. 
2010; Puchalski, 2004, Phelps et al. 2009). There is an increasing 
trend in utilizing spiritual or religious beliefs in clinical practices 
(Best et al., 2015).

Drawing boundaries around spirituality and defining it is very 
hard; however, researchers have a common consensus that it is very 
personal. It is generally defined as “searching for greater meaning in 
the life, worthiness and transcendental way of life” (International 
Work Group on Death, Dying and Bereavement, 1990) or search 
for a “higher sense” with regards to religion or belief in God (Mishra 
et al. 2017).
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Various empirical studies have found that religiosity/spirituality 
have a significant relationship with physical as well as mental health 
of the individual such as diabetes (Zaldıvar and Smolowitz, 1994; 
Fitchett et al., 2004), heart/cardiovascular diseases (Hughes et al., 
2004;  Ai et al., 2007), cancer (Yoshimoto, Ghorbani & Baer, 2006; 
Shaw, Han &  Kim, 2007). Koenig (2009) and Boneli & Koenig 
(2013), in their exhaustive and elaborative review, have concluded 
that an inverse relationship between religiosity/spirituality and 
various mental health-related issues (i.e., depression, anxiety, 
suicide attempts) exists and it helps in fostering quality of life, 
better recovery. Koenig (2009) reviewed various empirical evidence 
about religiosity/spirituality and well-being or happiness and found 
a robust relationship between them. He found that about 82% of 
studies reported a positive relationship between spirituality and well-
being. In the case of depression, 61% of studies reported a negative 
relationship between depression and spirituality, and 63% of clinical 
trials found that religiosity/spirituality based healthcare interventions 
have better outcomes than controlled conditions.

Explaining the mechanism through which religiosity/spirituality 
helps individuals deal with such adverse situations, Koenig (2009) 
summarized that spirituality makes available positive coping 
resources, optimistic worldview, sense of control, and religious 
doctrines that guide individuals’ behavior, compassion, and altruism, 
etc. In other words, patients with stronger religious/spiritual beliefs 
have a better understanding of their illness, embrace adversities 
more positively and enjoy life despite sufferings and pain (Puchalski 
et al. 2014.). It is apparent from the above empirical evidence that 
religiosity/spirituality has a very promising impact on physical and 
mental health. Despite some methodological constraints, studies 
concluding that religiosity/spirituality have positive outcomes in 
preventing risky health behaviors, effective management of illness, 
and have a faster recovery process.

COVID-19 Pandemic, Spirituality and Health:
During pandemic situations, concerns for psychological health 

become secondary, especially in developing countries. Historical 



162 | Adaptability in Crisis: A Psychological Perspective

evidence of pandemics and epidemics (like Ebola, SARS, etc.) were 
examples of when mental health got neglected (Roy et al., 2020), 
and the detrimental outcomes of such pandemics last even for 
a more extended period. Thus, in such grave times, a proper and 
comprehensive mechanism and strategies to address & protect the 
mental health of individuals are very necessary. Positive psychological 
capitals (i.e., optimism, hope, resiliency) play an essential role in 
moderating any health crisis’s impact. Pandemic like Covid-19 
presented a severe challenge to human health (Mohindra et al., 
2020; Xiao et al., 2020b, Torales et al., 2020; Kaur, Singh, Arya 
& Mittal, 2020; Jurak et al., 2020) and psychological capitals (i.e., 
hope, optimism, resiliency) as well as religiosity/spirituality found 
to have a significant effect upon this health crisis and its effective 
management. It is seen as a promising factor that moderates onset, 
progression, and recovery of illness (Koenig, 2009; Puchalski et al., 
2014). 

Apart from the disease’s physical aspect, individuals suffer a 
lot due to such existential questions, which shakes their deepest 
inner soul. Thus, incorporating the patients’ spiritual needs into 
the modern treatment system becomes very necessary (Puchalski, 
2001). Fostering spiritual needs-based treatment allows healthcare 
professionals to help the patients discover answers to their existential 
queries in more positive and satisfying ways. These spiritual or 
religious belief systems help the patients develop a positive attitude 
towards their suffering or illness, which in turn let them manage 
problems effectively. Through self-discipline or control, spiritual 
beliefs help individuals not indulging in specific negative and 
harmful behavior or faster recovery from particular illness (Siegel & 
Schrimshaw, 2002; Sephton, Koopman, Shaal, Thoresen, & Spiegel, 
2001). 

Religious or spirituality-based practices allow individuals to 
experience more positive emotions, enhancing their self-worth, 
which leads to developing resiliency and self-efficacy, which helps 
individuals maintain their health more positively. Self-acceptance 
and sense of meaning or worth of life components of spirituality 
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enable individuals to explore their existential questions of life and 
illness, and through this exploration, they can control over negativity 
due to illness or health crisis (Miller &Thoresen, 2003; Lin & Bauer-
Wu, 2003; Olive, 2004; Stefanek, McDonald, & Hess, 2005).

Thus, addressing spiritual needs and beliefs in the health care 
system left a positive impact on the prognosis and recovery during 
a health crisis. Understanding patients’ cultural, spiritual, and 
religious beliefs led healthcare professionals to provide their care and 
treatment up to a more satisfying level.

Various religious affiliations worldwide offer rich and fertile 
ground for exploring spirituality within that cultural and religious 
setting. Buddhism and Hinduism, particularly about the Indian sub-
continent, have a detailed storehouse of rich knowledge about living 
life to reach transcendence or Moksha. The four noble truths (the 
existence of suffering, that specific causes produce suffering, that the 
cessation of suffering is possible, and that there is a Path or Way to 
end suffering) in Buddhism and the concept of Dharma, Karma, 
Moksha, and Samsara in Hinduism offer great insight about life and 
death and how to reach the ultimate goal of life, i.e., Transcendence 
or Moksha. Thus, incorporating learning from such religious 
knowledge to understand spirituality and deliver spirituality based 
healthcare becomes the need of the hour (Whitman, 2007; Shultz).

During the Covid-19 outbreak, people suffering from this 
unknown virus have debilitating existential questions very much, 
staying alone in healthcare facilities, their spirituality and religious 
beliefs often shattered. Thus, in such a crisis, healthcare providers’ 
spiritual care becomes a necessity, not a luxury.

Conclusion & Further Suggestions
The present article aimed to explore the role of religiosity/

spirituality in managing health crises and the time of the pandemic. 
Most individuals have some religious/Spiritual orientation, which 
functions as a safeguard against various obstacles of life and health 
crisis. Covid-19 being a pandemic like others in the past seriously 
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challenges humanity, human health, and health care resources (Xiong 
et al., 2020; Mohindra et al., 2020).  

Since spirituality and religious beliefs based treatment and care 
are in a very nascent phase, we need a comprehensive theoretical 
model and intervention strategies, which are direly needed. Few 
instruments (FICA tool, Puchalski & Romer, 2000; and BELIEF, 
McEvoy, 2000) to assess spiritual needs and beliefs have been 
developed, and these instruments were found to be reliable in the 
assessment of patients’ religious/spiritual orientation. However, there 
is a dearth of empirical approaches about spiritual needs and belief-
based treatment, care, or intervention strategies, so that such concerns 
of patients and the general public may be addressed effectively during 
both normal and crisis time. Such spirituality based elements may 
also be incorporated into other established therapeutic intervention 
strategies such as Mindfulness-based intervention.
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Digital Detoxification: A Way  

Forward to Deal with Digital Stress in 
Pandemic Scenario

Debasruti Ghosh1, Saswati Bhattacharya2, Kriti Vyas3, Anuj Shukla4, 
Saurabh Raj5 and Satchit Prasun Mandal6

Abstract
The COVID-19 pandemic has boosted digitalisation, wherein, 
people are spending more time on digital platform for various 
purposes e.g. education, work, recreational activities. Research 
equates that excessive use of digital activities can induce digital stress, 
that may lead to increased levels of anxiety, sad mood, screen fatigue, 
uncertainty and negative emotions like irritability and aggression. 
There is a significant rise in school refusals, gaming addictions among 
children and adolescents. For working professionals, the new job 
settings ‘work from home’ was an invasion in their personal space 
and time that created a misbalance in the psychological homeostasis. 
The senior citizens adaptation to the digital demand posed new 
challenges. In the post pandemic era maintaining digital hygiene and 
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detoxification from digital stress is essential to achieve psychological 
and physical wellbeing. 
Keywords: digital stress, digital detoxification, COVID-19, screen 
time, fatigue

Introduction
The “New Normal” during and after the COVID-19 scenario 

involved inculcating new habits to deal with uncertainties and 
challenges posed by the need for social distancing, quarantine and 
phased work schedules. One of the significant changes witnessed 
during the COVID-19 pandemic is the excessive dependency 
on digital medium for education, shopping, work settings and 
recreational purposes. Such digital dependency has become essential 
to survival in the technology age. Mobile phones initially served 
the purpose of calling ‘on the go’, but, with the technological 
advancement, it has become an alternative of a laptop (Deloitte’s 
consumer survey, 2015). The use of tabloids, smartphones and 
laptops have witnessed a rapid surge with the sudden closure of 
educational institutions, offices and shopping hubs.

Given the restrictions, screen time spent on digital devices for 
working from home, online education, news, social media, home 
workout, lifestyle and shopping has increased. In the absence of in-
person social connection, usage of social media apps has somewhat 
increased to stay connected with close ones. In a report by Bora 
(2020), indicated that by the October 2020, social media usage had 
increased by 12 per cent in the past year. In addition to this, the use 
of online platforms for entertainment and gaming purposes among 
children and youth to fill in the void of not meeting playmates 
physically is another huge change. In a report by Bora (2020), 
Indian gaming company WinZo Games witnessed a 35% surge 
in its usage. The report further mentioned a marginal increase in 
female users and noted that the majority of the users were in 25-35 
years of age. On the working front, the work from home scenario 
also increased the screen time for professionals by 2.5 hours to 4.5 
hours (Doval, 2020). Qin et al., (2020) found out that during 
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COVID 19 outbreak adults’ screen time was more than four hours 
while staying at home.

The instances mentioned above are suggestive of how technology 
driven modalities have occupied our lives and also served as a 
boon during this pandemic. Nonetheless, it has also created space 
for physical and mental health problems.  Previous studies have 
speculated links between blue spectrum light (from smartphone 
lights) and sleep problems due to suppressed melatonin response 
(Holzman, 2010). In the annual Stress in America survey (2017) 
conducted by American Psychological Associations, it was reported 
that about 18% of U.S adults identify technology use as a significant 
stressor in their life. Many people have developed an internal urgency 
to reply to all the incoming information, or else something important 
will be missed (fear of missing out). This tendency has also resulted in 
disruption in biological rhythms as people spend most of their time 
staying awake and being online (Sharma et al., 2020). The excess 
digital presence of people in pandemics has also boosted digital stress 
(Pandey and Pal 2020). According to Salanova et al. (2013), digital 
stress comprises fatigue, pressure, excessive demands that a person is 
not able to adequately handle modern and new digital technologies. 
The dependency on technological tools has not only perpetuated 
deep in people’s lives but has also created lifestyle changes that need 
constant adaptation. This chapter attempts to explain the concept of 
digital stress in the post-pandemic phase, understanding its signs and 
symptoms further will help in managing it better and ultimately, one 
can achieve digital wellbeing from digital stress.

Impact of Digital Use during Covid: Evidence from 
Different Age Groups 

The outbreak of the COVID-19 pandemic and prolonged 
period of restricted access to everything has created an explosion in 
the use of digital technology. As various operations changed from 
offline to online, the screen time or the exposure to digital means 
increased considerably. Cuello-Garcia (2020) referred to screen time 
as the amount of time spent and the various activities performed 
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online using digital devices. For example, screen time includes both 
using digital devices for work purposes (regulated work hours or 
educational purposes) as well as for leisure time and entertainment 
(non-regulated hours of gaming, viewing pornography or usage of 
social media).  In the pandemic phase, digital technology came as a 
godsend in disguise. However, at the same time, it had a far-fetched 
impact on the physical and mental health of different populations 
in society.

Impact on Children and Adolescents
Implementation of lockdown by government authorities in 

different countries included a complete suspension (the closure) 
of educational institutions and digital portals were established to 
impart education in online mode. Despite a plethora of benefits, this 
came out to be a curse when mindful usages of digital exposure were 
not being done. The children reported having difficulty following in 
the classes. They had the option to mute themselves whenever they 
wished, which affected their ability to sustain attention and maintain 
emotional stability. A survey conducted by Beech and Anseel (2020) 
reported about 50–70 percent increase in internet use during the 
pandemic. The over-usage of digital platforms during the pandemic 
also gave rise to increased levels of anxiety, sad mood, screen fatigue, 
uncertainty and negative emotions like irritability and aggression 
(Rajkumar, 2020). However, anxiety and aggression also increased 
owing to cybercrimes and cyber-bullying (Lallie et al., 2021). 
Children and adolescents engaged themselves more in online games, 
social networking sites and other digital platforms to maintain social 
connectivity to alleviate boredom, loneliness and anxiety. Research 
also suggests that during COVID - 19 pandemic, caregivers faced 
many challenges like shifting to work from home set up, financial 
constraints, fear of getting infected, and closure of day-care canters. 
Due to these issues, they could not give full attention, and children 
were left unguarded during screen time (Montag & Elhai, 2020).

As the lockdown ended and the government is putting an 
effort to regularize into previous offline routines, the children 



92 | Adaptability in Crisis: A Psychological Perspective

and adolescents are now facing difficulties to go back to the older 
routines. This could be due to the habituation to do the needful 
in the comfort of their homes. The boundary between the strict 
and structured environment of the school and the relatively 
informal and unstructured environment at their home was fused 
during the lockdown. According to the Save the Children Report 
(2021), children showed marked stress, anxiety, sleep difficulties, 
reluctance to engage in social interactions, emotional deregulation, 
temper tantrums followed by school refusals. Adolescents face 
considerable difficulty due to compulsive and impulsive use of the 
internet and having difficulty focusing on the studies, going back to 
a regularized routine, anger outbursts, irritability which is causing 
frequent absenteeism in colleges, avoidance to social interaction, 
procrastination, and other disruptions in social habits. Research 
suggests that compulsive and uncontrollable use of the internet 
and gaming apps led to reluctance to go back to previous routines. 
Increased screen time led to screen fatigue, procrastination, a 
refusal for activities (going out with friends, playing etc.), gradually 
regressing them to addiction disorders. (Dong et al., 2020; Kuss and 
Lopez-Fernandez, 2016)

Impact on Geriatric Population
Due to the pandemic, the geriatric population also was left 

with nothing but to use digital technologies. This proved to be a 
barrier for them as many older adults consider technology to be 
expensive and out of their reach (Greenhalgh et al., 2013) and often 
give preference to the “old-fashioned” ways of doing things (Peek et 
al., 2016). Prior research has also highlighted that older people can 
have trouble remembering how to use new technologies (Peek et al., 
2016). A recent study by Lam et al. (2020) showed that about 40% 
of the elderly population in the United States were inexperienced 
in using tele-health resources, primarily due to a lack of skills to 
efficiently utilize the technology (Lam et al., 2020). Studies showed 
despite the elderly population had the highest number of doctors 
and hospital visits yearly, but the most access and adoption of tele-
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medicine services were done by those aged 20-44 years (Lam et al., 
2020). Peek et al. (2016) also found that older adults do not want 
to be a burden for anyone. As a result, the necessity to access digital 
services and inability or lack of necessary skills created a discrepancy 
which caused significant emotional problems including helplessness, 
loneliness, fear of missing out, fear who will help if they are ill, due 
to constant dependency for operations of digital platforms they tend 
to perceive themselves as being a burden followed by fear of being 
abandoned by their loved ones. All these cumulated to give rise to 
mental health issues like depression, anxiety and stress. Elderly with 
comorbidities faced more surge of anxiety and stress apprehending 
infections (Lam et al., 2020).

Impact on Working Professionals
As the lockdown was enforced, many organizations were 

compelled to shift to an online mode popularly called “remote 
working” or “work from home”. As a result, many had difficulty 
maintaining a boundary between their private life and professional 
life. This caused extension of their working hours without any 
additional compensation. The overuse of technology and social 
media caused a threat to the employees’ resources and well-being. 
For instance, using digital communication methods reduced the 
social support and connectedness received from the workplace. In 
addition, marathon online meetings proved to be draining, and 
multitasking between personal life and professional lives added to 
the injury leading to concentration problems, fatigue, exhaustion, 
stress, and burnout (Leonardi, 2020). Burnout is a psychological 
state where an employee experiences emotional fatigue, pessimism, 
and inefficacy, causing diminished work autonomy (Maslach, 2001; 
Alarcon, 2011; Aronsson et al., 2017; Hakanen et al., 2006). This 
can affect an employee’s physical and mental well-being (Hakanen et 
al., 2008; Schaufeli et al., 2009). As the office reopens after a long 
period of lockdown and employees are expected to report to their 
onsite duties, they face difficulties in terms of fear of getting infected, 
maintaining attention, irritability, fatigue, getting habituated with 
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the continuous office hours and formal decorum to be maintained 
in the office. It can be speculated that the habituation to work in 
the comfort of the home contributed to the adjustment difficulties 
faced, which can create a barrier to adapt to this “new normal”

Managing and Way Forward
As it can be inferred from the above-mentioned account that 

dependency on technology has its own benefits, but it also comes 
with social, emotional and physical costs. Digital devices are 
inevitable in the current and future scenario; however, regulating 
its usage is extremely necessary to deal with digital stress. A routine 
based on digital detox practices can be helpful in this regard. In 
simpler words, digital detox means a disconnection from the digital 
devices for a certain period of time in the entire day, depending 
on the requirement of the individual. These practices may include 
having no smartphone/laptop in one’s room during sleep hours or 
keeping gadgets off or silent during particular activities like lunch 
and dinner. It might also include defining no gadgets zone in one’s 
home wherein one is supposed to stay away from devices in those 
particular areas (e.g. garden). Evidence suggests that apps based on 
digital detox programme have been successful in limiting smartphone 
use in adolescents during studying or having family dinner (Ko et al., 
2016, Radtke et al., 2021). As mentioned in the previous sections 
problematic smartphone use and excessive online gaming has 
increased in the pandemic among children and adolescents, a digital 
detoxification routine can be structured for them as well. It is used 
in regulating the amount of time children and adolescents spend 
on their virtual gaming meetings and entertainment. Resistance 
from children and adolescents to refrain from using smartphones is 
commonly reported by parents. Some children also report finding it 
difficult to stay away from the devices and find it more convenient 
to pass their time. Schmuck (2020), in his research, stated that 
digital detox apps not only helped children to identify their 
problematic smartphone use but, also helped them develop self-
regulation strategies.  In addition to detox strategies, parents need 
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to communicate the physical and mental health impact of overuse of 
digital devices, and restructure offline activities to engage children/
adolescents in constructive ways. 

With the changing scenario working professionals need to adjust 
their work from home environment as well. Rudnicka et al., (2020) 
reported that for these professionals to maintain work-life balance, 
managing productivity and digital self-control were difficult because 
of distractions and difficulty in setting boundaries. It is suggested that 
to avoid these stressors, some structural changes in work-home settings 
are required. A designated workstation at home, which one would use 
essentially for their professional purpose, can help avoid distractions 
and building work hygiene at home. In developing work hygiene 
routine, one must take care of post-work rituals, and set boundaries by 
avoiding watching videos or engaging in social media between work 
schedules. Such strategies can help individuals maintain productivity 
and, at the same time, create a proper work-life balance. 

Conclusion
Technology is an inevitable part of our lives, hence developing 

digital hygiene is crucial for handling stress arising from digital use 
in post-pandemic scenarios. Besides mental health, the adverse effect 
of digital use on physical health can be taken care of by maintaining 
consistent sleep-wake schedules, exercise and having proper meals. It 
is imperative to understand that the use of the digital platform for 
everything was the need of the hour in the lockdown phase. Earlier, 
access to others via the digital world was a necessity, but now when 
the lockdown phases are over, it seems that a dependency on digital 
mediums has increased. Thus, effective strategies to counter this 
dependency and addictive tendencies are required through lifestyle 
changes.  
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Open Educational Resources (OER)
An Effective Tool for Enhancing 

Learning in Higher Education 

Sushant Kumar Nayak' and Mihir Kumar Beura 

When I see, I forget; when I hear, I remember but when I do, 
I understand."-Confucius) 

INTRODUCTION

There are many advances in scientific knowledge and innovations in 

educational field that necessitates constant changes in course curricula. The 
world of knowledge is no longer limited to the text books and four corners of 

the classroom and library. Online and technology-based modes of study have 

been identified as a useful addition to classroom-based teaching methods. In 
the present era knowledge is in our finger tips. The emergence of OER (Open 

Educational Resources) is becoming a blessing to provide an instant and 
effective way of learning all across the world to reach the unreached learner

through the use of advanced version of 1CT. The primary objective of OER is 
to provide high quality educational material in free of cost for all the learners

across the globe without any boundary (Keller and Mossink, 2008). The idea 

of OER was put forwarded by UNESCO in 2002, by taking a holistic approach 
to make educational resources free from commercialization and user-friendly

purpose so that knowledge and information can be easily accessible to all with 
e help of ICIT (UNESCO, 2002). McAndrew, Santos et al. (2009) believes that 

n spite of some terminological differences Open Educational Resources are 

damentally digital assets (music, video, images, words, animations) put 
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Status of Private Higher Education in 
Arunachal Pradesh

I Tayum Saroh 

Abstract
There is a rapid mushrooming of private higher education institution in the nation due to the ever increasing demand of higher education. The demand for higher education is not limited to single state but each and every state of the country is facing a shortage of government higher education institution, if we compare the same with the shudents demand for accessibility of higher education and numbers of governnment higher education institutions. In this context though the state of Arunachal Pradesh is late starter in the field of higher education in comparison to the other states of India, here also privatehigher educational institutions are mushrooming rapidly. There is no iota of doubt that the expansion of educational institution is a positive sign for the development of nation towards enlightenment of the society but at the same time the maintenance of quality education also become more challenging with the expansion of any existing system. In this paper the author has tried to analyze the existing private higher educational institution, enrolment of students, and also highlight some of the advantages and disadvantages of privatizatiom of higher education in Arunachal Pradesh. 

Keywords: Quality, Privatization, Private Degree College, Mushrooming. 

ihe main backbone of any country is depending on the quality of education 

INTRODUCTION 
provided by that ed by that particular nation. The proper utilization of human resources Could De achieved with the utmost utilization of educated masses of the 
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Abstract 
The Galo shamans belong to the fast disappearing traditional healers of the Eastern 

Himalayas. In an ideal traditional setting, the shaman is the performer of rites and 

rituals as alsoof social memory. Some shaman exhibit know ledge of herbal healing, 

an art not specialised by all the shamans and often practised by people other than 

shamans. Indigenous healing systems or folk medicine today faces a different 

scenario: coming of Western Biomedicine; neo-faith heal ing; re-organised indigenous 

faith , etc. This article is a short sketch of a performing shaman (Nyibu) through 

whose' experiences a brief exposition on the contemporary condition of the shamans 

would be made. It also raises the question about the place and fu ture of the shaman in 

the context of the reformed indigenous religions. 

Keywords: Shaman, Eastern Himalaya, Folk Medicine, lndigenous Faith . Arunachal 

Pradesh. 
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introduction 
.. . ''Jlk. '-1ed icine 

Research in Nonh E . ast India 
The a rt of curing ail m . . ~ ents and disease . old trad1t\On . Among the early . . s through indigenous m th d . 

. societies di e o s 1s a very 
spints ' and spells and drugs were , . seases were linked to 'possession by evil 

, . . accordtnoly fi 
1 

' shaman 1s variously used al _ . i:::- 0 rmu ated (Childe 1957) Th t ong ,. , 1th ' nat" 
1 , . e errn woman ' depending on the cult" ·. ' . iv_e 1ealer,' 'medicine man' or 'medicine 

. 
u 1 .-t1 pet spective of th . . . 

Amencan shaman and writer t~ e wn ter. A performing Native pre er the term , n •. , h , . cultural perspective of the trad;t· h _ .;::J.d \e ealer smce it represents the • ton t e shaman I f (. . . 
the noted Romanian h istorian of 

1. . s part O Lake, 2007). M1rcea Ehade, re tgion, defi ned Sha · , · -
of ecstasy, often considered a kind of . . mamsm as an ancient technique a religion' (N ishimura, 1987 W _ 1:1ysti ctsm or magic _but in very broad terms also S .b . . ). n tmg about Shamamsm among the Tungus of 
eastern 1 ena m S M Shirok - ff · · · ogrn ° descnbed a shaman as ' persons of both sexes 
who have m astered spir its wh t h · · · · · · · o a t err will can introduce these spmts mto 
them selves and use their pow h · · · · · · 

. er over t e spmts m theu own mterests, particularly helpmg other people , who suffer from the spirits' (Nishimura, 1987). These definitions were broadly summarized by Kokan Sasakiin Shamanizumu no jinruigaku(The Anthropology of Shamanism) as: ' shamanism is a form of religion which centers on a magico-religious specialist who has a special ability to enter into a trancelike state at will and in the abnormal psychological state can make direct contact with the supernatural being' (Nishimura 1987:59). Thus, a shaman was the link between the material and the spiritual world of the people- a function fulfilled by a Galo shaman also . lt is argued by Mercea Eliade that' . . . because the properties and conditions o f the soul are within his domain of knowledge, the shaman is a curer and healer of disease' (J ones , 1968) . 

d fi ·t· of shaman and shamanism can be inferred to describe the 
These e m1 tons 

. · · f Arunachal Pradesh also. The shamans are the bedrock 
h f anous commu111t1es o s amans o v . F rster and Anderson defined ethnomedicine as: f • ct· s healmg system. o o m igenou . . . lating to disease which are the products of 

. . h belte fs and practices re ' Compnsmg t ose d e not explicitly derived from the conceptual lt l development an ar 
. 

indigenous cu ura . . , d h 1997). The ethno-medical practice or fo lk f d ~ medicine (Anquan a ' . . . b 
framework o mo t=m l p d h is rooted in religious beliefs and shaped Y 

. I of Arunacha ra es . . h 
medicme of the peop e , . d stoms. ln a sense, it is agreeable that t e h . l environment an cu 

d 
the local ecology, p ystc~ ted in supernatural cosmology as argued by a . note t of illness is basically roo .b (Elwin 1999) . The idea of disease/ 
concep . _ h Aru nachal tn es , , h' anthropologist w ho stuche~ t e d f . e is construed as occurring as a result of breac ailments accidents, epidemics , and am1;natural forces (' malevolent spirits' ) among t~~ ' with natural an supe le when a person meets wit 
of the balance . . f Arunachal Pradesh. For examp ' . . fi l 'retrieve' the shamanistic communities o . . (through rituals) with the spmts to sa e y negottates . . an accident the shaman from the offended spmts . f-r t d person Yolo (soul?) of the a ieC e 
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Objectives 

From the 1 950s Arunacha l Pradesh , 

changes: expansion of government adn . . . ~ . was opened up t'ur . 

_ . • 
c 11111sttat1ve m 1 . ni.:\, 11, 

o t W estern. B. iomedicine (henceforth W BM) d . ac 11ncry. ro;1dw;1ys ip,11 l\11\ 

, d 
, e ucat10 · . · • 

111 11111h 

an powerful cultural influences Tl ct n, increasing popu \· I( 111 11, 

El . ., . , . ie egree of this pro., .. ,1 t1 u1, ..:1111. 

wm as creatmg the puzzle of the im act , _ccss was dcscrih1.;d h \,111 

2000) . N aturally, these influence p obf the atomic age on a Stone/\.,, :,_Vi.:_11 1l1 

. s were ound to h - t-c (< n1\\ 

impacts. It has been a g d ave important r \ ,1, 

d . oo seven decades since EI win, . t" . Hnt an, t.:nl't \ 

Is_cuss the nature of such impacts on the ca reer, or , \ imc and this paper ain, .., ~11 

re te rences for k. h. a s1aman . The tw< -

. m a mg t ts assessment are chan . T , • ) in11 ncclit1h: 

mterpretation and projection of indigenous religio~1 ::~e~l~~v1ronmcnt and lhc rcncwcd 

l\1aterial and Methods 

. . T hi s quick essay is ethno-historical in orientation /\ b . 

P
ract h 

· nc f prolik ol' ., 

. · Ic_ mg s aman is being presented. The data has b u 

mtervtew The r·t d . I een collected through ma\ 

E 
_ · 1 es an ntua performances of the shaman are not bcino di .. , 

m 1c perspectiv · · h · 

0 

srnsscd 
e IS m erent smce the author is born and bred in ti , · 

mili e u a th h . . · 
1
e same cullura\ 

s e s aman- reason w hy 1 have not provided any transcript 0 1-· th, · l . · 

· ti h l · 
1,; m e1 view 

w, 1 t e s rnman. For the same reason , survey of ex istin g literatu re on Galo c\ , 
h 

,, ldm ans 

as not been done. No special field-study was conducted on the reformed ·,nd·, ) , 

I· · • 
gcnous 

re 1g1on as famil y members of the author are directly involved in its practice and 

propag ation. 

Results and Discussion 
Roughly equidistant from Tibet in the north , the Assam plains in the south, 

Siang River in the east and Subansiri River in the west \ayBipi vi\\age of Liromoba in 

the centra l West Siang Di strict of Arunacha \ Pradesh. Born in c.1940, 

TarnaM in d o Romin is a Nyibu (shaman) and a propagator of the Donyi Polo faith 

(reformed indigeno us religion)who no longer lives at hi s ancestral village Bipi. As is 

com mon for would-be Nyibu' s, young Tan1a was ' kidnapped ' by the Yapom (forest 

sp irits believed to be of feminine gender) whi le asleep to be recovered by village 

lo lks from the nearby ri v ul et later on. Attracted to entrepreneurship and thus no 

interested in becoming a Nyibo, Tama left his ancestral village and started doing pell 

u:ovcrnment contract works- a fom1ative period of spiritual journey to shaman-hoc 

later in Ii re. In I 969, he adopted the Christian faith after coming into con.tact wi 

• • · · · y ·· .· t\ P tkai Hills Un-affected 

Catholic M ,ss tonanes at Gandh,gram in tJa y nagat 111 
1e a · . , T th . t" me the Yapo 

hi s conver~ion, the Yapoms I aga in ventured to ' kidnap ama; is 
1 

, \ , car 
· ,·"' · Oncolt\1:: 

- . . I I ·r1 . . ' I . . , i 'l loose An~l1 c1z.1tllln . _, ' 

; ·r, ,,. Y·1r nrn ,, rtd lotjlli allv 1('krrcd to 117 r ma · )L' S l l: l l: ::, ' : . ~ ,·J, t ' ·ire n:11u l~rl y p;;p 

,., , . . . ·1 . I 9,;;9-, ( 6 ~uch i11 c 1 l: l\ s , o 

, f/1 h..'lonl u l Y~1po111 ' h.idn~tpp1nr' can he iounJ 1n l-- \,\ 111 -- ) · 

1 i II trnl:1\· 708 



Recent Advances in f\) lk Medic in, 1,. . .. . . . 
L ,t :Sldll h Ill Nu11li l ·,h1 l11d1 :1 

P
ersistent. Circa, 1974. Tnrnn wns 011 ,1 r , 1 .. 

\\°ere . . h ~ ' cgu ar \' ts11 tu thl' Shi v;1 M·111clir ·11 
ahat 1n Pas1g at town. The temple prcmisl' h) ,1, 

1 
. 

1 
' ' 

Raneo ts u " llflic lvrny- 111 tr., ( I II 

I
I d sirek/11irek), a locally believed to hr the favo .. 

1 
, . 

1 
c:- • ' ' n: 

0
l 'i

1 Y 
cae 1 

llttc.1 1odcolthl'Yapoms 111 tlt l· 
. stodY · of the relent less '): a porns, Tama had ccstnt i . , . , .· , . , . . · · 
cu . . . . . . l t:xpc1 tc111..: c of ru1111111g m:rnss 
. ·ers and Jumping over the mountains that divide th, 1- 11 .11 . . 

rt ' . c 00 lt town lrom li111ll:rlancl 

Along (Aalo) headquarters - a distance the Yapoms h-1 , 11 · . . 
. . • c pct 11111 cnvcr w1th111 ;1 couple 

of hours in Supem1an-Slyle, lit~rally . As C\pcctcd, the Yapoms l11wlly had the upper 

hand and a_ i~ew poet step~ed-111 to a mystic world whcrc the chosen ll:w convi.;rscd 

with the spmts- as t~e ~lempotentiary of the mortal beings. A slwnrn11 is horn. 

Tama s~e~ialises in what might be called · prosperity' and ·cure' rituals 

(GuminUyi) as distinct from the types of rituals related to di sputes, death, murder, etc. 

lralu-fochuUyi). Based on such specialisation, as well as the occult reputation, C,c.1l o 

shamans are viewed in loose hierarchica l order at the pinnacle or which Tama 

considers himself to belong to. He is thus a Cumin N,·iho (indicat ing the type or 
rituals he perfo rms) as well as a Nyib-8 11111 (suggestive or his position and 

reputation).As to whether his standing was equal to or above the Tugo -Nyigre Nyihu, 

a shaman who can take the fonn of wild beasts, notably the tiger, like Kachi Yomcha 

(Riba, 2004) Tama avoided any compari son with the renow ned late shaman who lived 

a generation before him in his home district. 

Tama' s long and ongoing career is dotted by many fea ts: curing a dysentcric 

(Takw) and a Yapom-infested patient each who would not get re lie r from medical 

treatment, for example. In the latter case, a Sikh engineer employed under the state 

government had incurred the wrath of the Yapoms whil e supervising jungle-c learing 

for a road project eventually found cure fo r hi s medi cally unexp lained recu rring 

vertigo after Tama checked the omen and negotiated a dea l with the offended 

Yapoms. 
At personal front , our shaman clai ms that he is a teetota ler since chi Id hood 

and is quick to issue the disclaimer that he does not eat cattle-meat because or allergy. 

In 1987, he helped in organizing the Abotani Shaman Association as its fi rst General 

Secretary. At the time of my interview, Tama headed the ecc lesiastica l wi ng or the 

Indigenous Faith and Cultural Society of Arunacha l Pradesh ( I FCSAP) as its 

president. The IFCSAP currently leads the indigenous fa ith movement in /\.runachal 

Pradesh; the process has been described as ' reformist' in the ·contested d~mai~ s or 
religious transformation ... , (Chaudhari 2013 :259-277). Under the aegis ol the 

~FCSAP and other sister organisations, Tama occas ionall y attends ln_1ining workshops 

in different places where he gets to meet shamans fro m other regions and cu lturcs 

from across the diverse country . . , . . ~ . 

Wh . d b h f' t " of the shama ns and shaman is ti c ri tes and 
en enqutre a out t e u urt: -

1 
ritu I . • · d , nd Tama responded wit 1 a 
. as, the enthusiasm in the room qu ickly d, s5,pale " , , , ._. , . 

dish f r lhe shamans as we ll as reasons 
eartened tone citing factors for a bleak utu re 0 
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vances in Folk Medi . 

I 
. . cine Rc<,ca rch ,11 '-

W 1y relig10us refonn n11 h La"1 lnd,.1 

. d. was necessa . . 
in rgenous waysof1·~ ry . corn1ngofn , 

. . lie and taboo . '-'_ e,\ way~ or r . 
rel1g1on and its methods f h ~' change in food hab ·t . tfc _ l1 \H1-ob 'i t:n - . 

· 0 ealmg· 1 s. nc0 11, , c1n c1: ot 

avoidance ( of certain ty ' and adoption of ::: gc nce of indi u, 
- pes, not onl b ~ new rei: :::enou, 

Tama, was one of the t . . ~ e ore and after perfo . '.g, ous fanhs. Fo ~d 
. s net discq 1 · m1 1no nt \ o 

highlighting some universals l J 111 e a shan1 an was suppbo ul a s\. according tci 

b 
. s 1amans acr sec to k 

e mterpreted as a type f . . . oss cu ltures share· , eep thereb,, 
0 pnrn 1t1ve - · · many ab · -

but also the whole co . p1event1ve medicine N stem1ons ma\ 
mmun1ty may d .· · · · ot only th · . . -

of certain foods' (Ferro-L . 19 e1 ive psychological benetits f e ind1v1dua\. 
uzzt, 75) rom the a\o·id · ance 

Conclusion 

Tama' s stress during the course of 
thin · f - our extended int · 

gs. cure o many patients who d. d . erv1ew was on t . 

h 
. , I not get relief from mode . ,, o 

t rough the shaman's mtervention and· tl ft: . rn medical treatment 
. fi . ' 1e itrn e of the shaman Tl , 

rem orces the idea and relevance of medic I I . 1· s. ie first case 
. a p Lll a ism. The sec01 d 

some hght on the decline in the number of sh d l aspect throws 
. . arnans an the chano-ina- . 1 f 

w1thm the structure of the reformed indigenous re li gions U t·\ \ _b bro e .o shaman 
h · · n ' 11s generation a G \ 

s aman like Tama was alien to the idea of a place of worship d . . ' ~ 0
 

h - an cong1egat1on Being 

a s aman and thus a key stakeholder of the indigenous rehgious life· T 
t .b d h , ama 

con n _ u;e tot_ e efforts for re-organi_s~ng the '. ndigenous religions where the' mode of 

worship was different from the prop1t1atory ntua\s of the original shaman-hood. For 

example, Ganggi is a prayer hall where reformed indigenous faith believers meet 

weekly, offer prayers and seek cure from ailments and diseases a\so. 

It can be visualised that within the confines of the Ganggi, shamans like 

Tama would be not be able to perfonn the shamanistic rituals . An irony stems from 

the genuine apprehensions and works of shaman cum religious reform workers like 

Tama: one of the results of religious reform is to uniquely put a shaman in a 

devotional-congregational environment where the shamanistic chants and rit.m\s are 

no longer to be found. Unlike Tama and hi s colleagues in the indigenous rehgious_ 

reform movement, there are many shamans and people who do not attend the Ganggi 

considerine the reformed practices to be equally 'a lien· . This underlines 
th

e 
'-' . . . f I . I. . reform movement It' 

complexity and mult1-pos1t1onal nature o t 1e 1 e 1gious 

Arunachal Pradesh of which Tama is a part of. 

Acknowledgement f recently award1 

h done as part o rny -
The interview of the s aman was l ~ · . . hal Pradei 
. .~ ;;, , \ I , Svstem rn A1unac 

(201 7) Ph.D. work titled l•Development ot Heat 1eare J 1· Traditions amon1 
. l "A I) . , t . , Ch:rnt· Hea ing 

1826- l 98T'. A related paper namcc m,s s • · 
ee Chau<lhtW 

. A achal Pradesh s 
- . I e1n•~11ts in run, 

f · d. , 1s t a1t 1 mo" ... · 
'For ddails on the types and natun; o in tg:c:: noL 
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l\l' l l . 111 / \II Vl ll l\ 1••1 111 I· II M 
II \ I'd II ' I i i • I I (1·,w,1r I 

- l 111, 11,,,11, I . I 
•I •I 11d1:i 

., lo tribe. /\ n11111clw I P, :1dcs h, I I id 1 ,. . 
1hl'(11l ' · , . • ,. . II " PI H.: t11:111111J.' 

I \'ociol ,\ ('It II<<, .... I I . Nov ) () 17: I O"ix I () c ,\011d1 .lnurna/ r,J I! - . 
,1111 • • • • - <,I . Wli II . 1 umunu1e\ 

, tla: ()l'g1111 1sn t1on . lrn;us Hild illHtl ysis <>I II . . l: I ic d,1la and rneih l -
,11111r.: . • 11 s art rel . · . . c,c <, remain 
. "<1 works. I n:<.;L' IV!.!d trnv c:1 ,1. ru11t s l'ron1 111,· I 1· <.: l '.1 dlff cn.:nt frorn the prec,·d· 
lh - 11 - . "" ll< 1:111 (' . "" 1ng 
(!CIIH) for 11 1.: l -works dt1r1111~ Phi) st11dy . rnrnc.:ll of lli <, t(Jrical Rei;.;carch 

Nole 011 Indigenous Term s 
The vcrnacu la rs appl;uri ng in 11 . , . . . . 

' . 11 s ctrt IC I(.; Is 111 ( . ' I . 
T.111 i lnnguagt.! clustc:r . I he Tn11i langu·,ges (I ·I . ,a O languag<..:- a hranch of 

' l , ,e ong11111 to th. ·1 'h 
whid1 shart.! common mots and basic.: voc-,h 1, , 1::, e I eto-Hurman family), 

t u ary, ttre SfH,kcn inc. t , I A 

'

)a rts of upper Assa m. There is no stud y· 011 lh . , ·h . en rd runachal and 
(; arc a1c and sh- , · · 

the Tani languages. · aman i~lic vocabu lary of 

Interviews 

In formation about Tama M indo was g· alhercd lh h . · -. . . · roug rersonal interview 
11

11!h the shaman at his residence at A -Sector Naharlagun A h I p d h , , ru nac a ra es on 
January 6, 201 7. 
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TAJEN DABI 

Introduction 

One of the most plural states in the northeast, religious forms 
in the mostly mountainous and tribal Arunachal indicates 
many things: migration of people from different places and 
cultures to where they are now (Mipun and Nayak, 1999: 
17-28); peculiar historical past; hill-plains relations; relative 
laxity of indigenous tribal religions; competing mainstream 
religious dogmas at play; etc. 

Political relations of the tribes of Arunachal with the 
Ahom state and later-on the British colonial state were at 
. . h .1 b t lways marked by a mutually beneficial and times ost1 e u a . . 
lf 1. stance: no territorial annexation by the se -comp 1mentary . d" · . d. military explorations and expe itions either state; spora . ic f Posa (Jha 1996 : 446-458· . h h.11s and grant o ' ' mto t e 1 ~ S)· violent quelling of rebellions where the 

Thakur, 2016. 5 . ' t was threatened (as in the case of • 1nteres 
states' strateglc. h Rebellions of 1839-43; Tani, 2018); · S1ngp 0 
the Khampti- 1 roduce in the Duars or the foothill-f loca P f . · exchange O 

. 2018)· employment of a class o native 
(Yan1a, ' rnarl,ets 

-
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in tcrprctcrs known by various terms like Dobashi, Kotaki and ro whir h was later-on added the government representatives n trn local arhi ters of disputes called ]emadar and Cami Gaonbura; no missionaries of any hue, etc. From the second decade of the twen tieth century, due to strategic reasons, the colonial authorities started to politically define the hills north and east of the Brahmaputra Valley- a process revived during the Second W orld War crisis with the extension of "control area" up to the Mc Mahon Line (Reid, 1942: 263) within a broad "police-autocracy" (Stonor, 1957: 3) under ICS and military officer level appointees called Political Officers.111is arrange1nent tallies well with a recent analysis according to which, in the Eastern Himalayas, the state agents prioritized the achievement of authority over people against territory (Guyot-Rechard, 2017: 263-4). The period from 1945-48 witnessed hectic official communication for administrative re-organisation and expanding dispensaries and hospitals (Dabi, 2018) - a process carried forward by the new government under Nehru-Elwin era of NEF~s history (roughly from 1950s to mid-1960s, the time when major policy changes were brought in the aftermath of the Chinese aggression) . Such developments of pre-colonial and colonial periods clearly indicate that the people of Arunachal Pradesh had political and economic relations with the neighbouring Assam. The trade relations and cultural contacts of Arunachal Pradesh with its neighbours is a well established fact now (see Thakur, 2016). H ence, in the historical shaping of the socio­cultural life of the people of Arunachal Pradesh a plural life developed in which the differences were accommodated (Thakur, 2008: 336-358). 
Experts have culturally mapped Arunachal, relevant to their times and this still provide introductory yardsticks when trying to comprehend the cultural geography of tbis 



cxrcn~in~ ~md 1.lin~rsc state. Verrier l•:\win idrnli fi l's thHT 

L' tiltur:ll 7 l.1 t1l'~ rou~hl~, l'tHTCS\H)nding tn llw thrc<' nwjor 
religious gnH1p~- Ruddhi~tn, .-\nhni~ti,.: ~\nd thr Vaish11 avh,n1 
\Eh,-in. 1958: xiii) wh,k P~lrul Dutt~\ and Syed lsht<·aquc 
:\ hnud ~pe~lks of two n1ltucll , nncs· the plains nnd th e: hills. 
\Vithout ebboratin~ this hills-plain binary, they rl assifird 
the communities of the st~lte into five inajor tribal µ;ro upi ngs 
(Singh, 1995: xiii-xiv) . 1h e ecological variations run from 
the north to the south and the cul tural variations run from 
east to west (Singh, 1995 : 6) since the north-southerly hill 
ranges discouraged doser interactions between ~rou ps in a 
west-easterly fashion or vice-versa. 

The Religions 

Buddhism 

Both the major doctrinal formats of Buddhism - Mahayana 
and Hinayana - are practised. In the western and northern 
parts of the state, the region bordering Tibet, M ahayana 
forms, variously also known as Tibetan or La1naistic 
Buddhism with further sectarian divisions like Nyigmapa 
and Gelu~ a, is practised. The communities are: the 
Monpa and the Sherdukpen (in Tawang and WeSt 

Kame? 
districts) the N ah (Upper Subansiri), the Memba (~ec~u {)a 

' . d U Siang d1stncts , and Gelling in the Shi-Yomi an pper . ' . ) A s· n d1stnct . mong 
and the Khamba (in the Uppelr 

1
~ .g undercurrent of 

d Sh dukpens t 1ere is an 
the Monpas an er . . (D tta and Tripathy, 2008: 
their pre-Buddhist Bon r. ehg10n l~ fi .. 1 rituals have been d . . and sacn c1a ' 
89-111) just as Bon ~1t1es . d·tion among the Membas 

d
. h Ny1gmapa tra 1 } iwe incorporate 111 t e -Buddhist elements 'h . 

2016' 232). The pre . f Arumtchal (Tamak, d . . t the Buddhist pantheon o 
b ·ntegrate in o een 1 · 
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Pr~,dc~h ~tnd are rctlcctcd th rough the arts and paintings (1hakur, 2016: 26-42). Like,¥ise the Nahs (Hiri, 2016: 146) and the Singphos (Geyi, 2015: 189-198) continue to practice parts of their sha1nanistic rites and rituals even after largely following Buddhha11. 
'U1e Hinayana/111eravada is followed in the eastern p'"u-t of the state by the Kha1nptis, the Singphos, and the Tikhak section of the Tangsas. From where these peoples migrated and brought the religion along with them, it is thus so1netimes referred to as Burmese Buddhism. The Khamptis share close cultural affinity with the Thais (Thailand); a trans-continental cultural bonding that has recently found favour in the government for patronage. The Tikhak Tangsas, the earliest among the Tangsa groups to migrate from Burma, who now live in the plains of Miao, Bordumsa, Jairampur and Manmao and the Patkai ranges in Nampong and Namtok bordering Myanmar in the Changlang district, originally did not follow Buddhism. They adopted it after coming in contact with their neighbours, the l(hamptis and the Singphos, after having migrated to Arunachal (personal comm.: J. Tikhak,June 6, 2020). 

Ani1nistic-Shamanistic Tribal Religion 
An anitnistic religion, 1narked by a nearly" classic" shamanism (Jones, 1968:333), is the traditional religion of the majority of the people of the state. A visiting colonial military officer has described it as 'polydemonism' (Duff-Sutherland-Dunbar, 1915: 67).All the communities outside the fold ofBuddhisrn as well as the erstwhile followers ofVaishnavism fall into this category. The majority of the people under this group live in what is now commonly referred to as "central Arunachal'' -the region roughly from the K.ameng in the west to the 
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Dibang in the east. Even in the l 950s, these cornrnunities 
were reported to be living in Neolithic stage of culture 
(Stonor, 1957: 2). Parul Dutta and Syed l shteaque Ahmad 
(Singh, 1995: 42) describes the tribes like the M ishmis, the 
Adis and the Tangsas as having anthropomorphic view of 
nature. 1his quality may be attributed to all the animistic 
communities . 1he rnyth-origin narratives, lore, the ritual­
chants and in day to day life elements of anthropomorphism 
is noticeable though the religion itself may not be termed 
anthropomorphic. Another study (Dutta and Tripathy, 2008: 
32) has classified the religion of the Noctes and the Wanchos 
- the two eastern tribes living in the Patkai Hills bordering 
Nagaland and who are constitutionally recognised as the 
"other Naga tribes'' - under animism while describing the 
rest of the fellow animist as "hereditary shamanism''. 

Vaisbnavism 

Vaishnavism entered Assam in sixteenth century (Eliot, 1910: 
1169; Bora, 2017: 53). The process of the Hinduisation of the 
Ahom court completed towards the end of the eighteenth 
century (Baruah, 2004: 360). The propagation of Hinduism 
in areas or among peoples originally not Hindu was thereafter 
gradually effected - primarily among the tribes (Eliot, 1910: 
1155). The history of Vaishnavism in Arunach~l Pradesh 
draws from this ongoing cultural interaction; and it has been 
a short lived one as both the Akas as well as the Noctes no 

longer follow Vaishnavism. . . CH 
W 

. . bout the Aka religion m 1868, . . nt1ng a . l t 
H 1 

. Christian missionary, said that t 1e concep esse meyer, a db T · R J·a the . D Hindu deity, was introduce y ag1 a ' of Hon eo, a h. . ple after being released 
1 

. Aka warlord, among is peo . e us1ve . h _ 1 . As a captive Tag1 became a from imprisonment in t e p runs. 



34 Northeast India : Readings in Cultural life 

disciple of a H indu guru who in turn obliged ~fagi by giving security of the new convert's future good behaviour before the government (Elwin Ed. , 1959: 441) . Going by this account, it can be seen that a ((civilizing,, element was part of the conversion of the menacing warlord. Presently, there are hardly few practitioners of Vaishnavism among the Akas as most of them practice the ancestral animistic traditions (personal comm.: G . Nimasow, June 6, 2020). 
The Noctes are believed to have embraced Vaishnavism some 250 years back, under the affiliation of the Shree Shrec Chaliahl Bareghar Satra of N azira in upper Assam, led by one of the Nocte chief, Khumbao, who later on came to be known as Naga Noruttam, abandoning beef and adopting the Sattriya hair-cut in the process (Dutta and Tripathy, 2008: 33). Khumbao's conversion appears slightly different from that of Thagi Raja: weary of inter-group killings, Khumbao, guided by a seminal dream, found his guru in one Shri Ram and was eventually christened as Narottam ("Narottam: A Nocte Saint", 1he Arunachal Times, May 16, 2012; Mishra, 2004: 265-273). 

Some recent studies on the influence of Hinduism on the Mishmi (Miso, 2005: 69-70) and Apatani (Naku, 2006: 256, 264) speak about sects like ]ai-Guru and Gayatri cult being followed by sections of the respective community members but these studies does not offer chronology of this process. Some factors suggested for adoption of the new faiths include "lack of spiritual fulfilment" in the indigenous religion and the belief that "if purification is done through practices of other communities, the result would be beneficial" (Miso, 2005: 69-70). Practices such as these are not an aberration as many people in Arunachal privately worship popular Hindu deities like Shiva, Laxmi, Saraswati, etc., in their own 
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. . d ntifying oneself as a member of the 
. en,~e without 1 e _-:onvem " 

t~ ~ular ~ect . raf 1l 

Christianity 
o' r 4 18 732J of the total population of the state 

.\t 30.2 1/0 \ , , 

0 790/( (3 684) 
,as per the last census (201 lJ, from a mere . . . o . ' · 1971 Christianity is the single largest religion 1n th e 
111 

' 

d" . h 
state. The church has also become "mainstreame wit ri\'al. denominations vying for adherents (Lishi, 2019). O ne Delhi-based policy think-tank has called attention to the rise of Christian population in the state saying "Arunachal Pradesh joins the Christian northeast" (http:/ /blog.cpsindia. org/2016/02/ religion-data-of-census-2011-xiii.html). The history of the church in Arunachal is recent. French missionary Father Nicholas Michael Krick, who had in 1853 visited Mebo in the Siang valley (Elwin Ed., 1959: 236-48) , was on August 2, 1854 murdered, along with his colleague Augustine Etienne Bourri, in the Tibetan border by a Mishmi villager (Mackenzie, 1884: 49) . Existing literature suggest the murder as incidental rather than anything to do with their faith; their journey was exploratory, not evangelical. In the 1'830s and the 1840s the American Baptist Missionaries from Burma were pressed to work amongst the eastern tribes of the state like the Singphos, the Noctes, the Wanchos and the Khamptis (Bora, 2017: 314-342). After the Khampti 

Uprising (1839-40), the exercise was abandoned (Downs, 
2003: 78) . 

From the la.st decade of the nineteenth century, 
missionary influence among the Adis, the Nyishis and the 
Mishi.ngs \iving near the foot hills is said to have begun 
though without much success. By 1950 some youths of the 
above tribes were converted into Christianity (Sangma, 
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1980: 271) mainly through the missionary schools in the 
neighbouring towns of Assam like Sadiya,Jorhat and North 
Lakhimpur. In July 1947, the Bishop of Shillong offered 
the services of their Sis ters in the running of the hospital 
being improvised at Pasighat and proposed to open and run 
schools for the hill tribes of the frontier to work for their 
"intellectual, moral and social uplift" (Rev. Dr. S. Ferrando 
to the Governor of Assam dated July 29, 1947, M edical-B, 
NEFA Branch), a proposal declined by the government of the 
time. 

C hristianity in Arunachal did not contribute to spread 
of English education or in the process of unification of tribes 
neither is there a distinct Christian political identity; this 
is unlike the experiences in most of the hills of northeast 
where such developments were associated with the spread 
of Christianity (Webster~ 2012: 93-94). The growth of 
church in the state has been happening in the absence of a 
colonial setting, minus missionaries' medical and educational 
works and it has no association with rebellious voices. Thus, 
while Christianity is identified as "anti-national" in the rest 
(Webster, 2012: 94), in Arunachal it currently holds the 
dignity of being an "alien" faith. 

Reformed Religion or the Indigenous Faith Movement 

Writing about the contemporary religious reform movement 
in Arunachal - the only detail scholarly work on the subject so 
far - anthropologist Sarit Kumar Chaudhuri relates the rapid 
expansion of Christianity to the awakening among the tribes 
"in order to protect and pre serve their indigenous religious 
beliefs and practices." The process has, writes Chaudhuri 
(2013), ''generated new taxonomies, such as "D onyi­
Poloism," "Intyaism," "Rangfraism, ". .. to institutionalize 

◄ 
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tribal religion by inventing images of gods and goddesses, 
constructing temples, and textualizing religious chants or 
oral traditions in a manner very similar to that of Hinduism" 
(pp. 260-261) , . 

Religious reforn1 in the sub-continent has one known 
elen1ent, that is, the employment of the tool and techniques 
of the religion perceived to be a threat in the revised format 
of the religion considered under threat. In the nineteenth­
century, Ram Mohan Roy borrowed congregational worship 
from the Sera1npore missionaries (Davis, 1946: 119) and 
many Brahma and Arya Samaj leaders, influenced by the idea 
of Christian piety and Islamic monotheism, re-interpreted 
and institutionalised their respective orders into a new 
shape (Panikkar, 199 5) . The nature of religious reform 
movement in Arunachal is no different: it has been started 
by the modern-educated elites who felt a sense of loss and 
threat; there is debate, exchange of ideas and acrimony- in 
seminars, workshops and informal settings where, often, the 
tone is unfriendly and the stance confrontational; there is 
intellectual and organisational links with similar pan-India 
organisations; there is production of an entirely new genre 
of devotional literature in vernacular; and there is this ]ai 
Donyi Polo greeting, etc. Chaudhuri (2015) sums up the 
development crisply: "Many of the images invented are 
largely Hinduized idols, though an attempt has been made 
to assimilate some local traits into such images based on 
their mythical characters. Moreover, in the name of reviving 
indigenous tribal religion, the way it was institutionalized also 
reveals or supplements how Hinduized nonns were imposed 
consciously or in disguised ways" (p. 27 5). The Hindi section 
of the BBC recently carried a news item titled (rendered 
in Roman script here), "Naye Bhagwan' ko Pujne ko Lekar 
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Kyon Asmanjas Mein Hain Arunachal ke Adivasi?" ("Why 
are the tribes of Arunachal confused about worshiping the 
'new god'?") (https://www.bbc.com/hindi/india-51776394). 

At least among a section of the followers of the reformed 
religion the result of institutionalisation has generated a 
sense of loss, and they are, ironically, the shamans. Some of 
the shamans, many of who I talked to, have apprehensions 
about the ''survival" of their kind as the devotional element 
in the reformed religion dim the role of the shaman as the 
mediator between the mortal beings and the deities. Prayers 
in place of propitiation, devotional hymns in lieu of ritual­
chants, idols in place of omen, healing not taboo/ genna - the 
shamans' anxiety is not without valid reasons. 

Innocuously placed by the wheels of time before waves of 
new things the desperation of the followers of the animistic 
religion is not misplaced. Their ancestral faith was originally 
not modelled to co-exist with this sort of complexity and 
competition. Thus, this urgency for reforms the course and 
results of which is going to be probed by anthropologists, 
sociologists and historians for a long time to come. 

Discussion and Conclusion 

A quick survey of religious pluralism in Arunachal generates 
the following observations. First, all established religions 
have exerted their influence on the animistic communities 
so as to recruit converts, irrespective of the means and goals 
of the conversion. In case of Buddhism, the examples are 
the Tikhak Tangsas and the Nahs (who, according to one 
version, embraced Buddhism at a monk's behest in order 
to escape a deadly epidemic; 1-liri, 2016: 146 ); the Akas 
and the Noctes in the case of Vaishnavism.; and all except 
the Buddhist comn1unitics with respect to Christianity. 
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sometimes it assumes the fonn of posters and banners 

with insinuating slogans like "Imitation of Alien Faith is 

Slavery", "Loss of Indigenous Faith is Loss of Identi ty", 

"Rituals of Birth, Marriage and Death are Tripod of Your 

Identity", "Culture Without Indigenous Faith is a Body 

Without Soul", "Our Faith-Our Guide: Our Culture-Our 

Pride", etc. - a common sight for weeks during the month 

of December when the Indigenous Faith Day is celebrated 

across the state, strategically coinciding with the Christmas 

festivi ty. In the study of these complex cultural processes, 

the definition of what is "alien" about a religion and what 

''culture" is being supplanted in its wake to put a break to the 

"loss of identity" is going to attract more scholarly analysis 

in decades to come. Among such themes, semantic studies 

on the language and vocabulary being used by the Christian 

Preach h "d ·1'' " ·1" " ers, sue as ev1 , ev1 , repentance", etc. and its 

perception, and reactions, in the local animistic world-view; 

the peculiar appeal of the Gospel and the distinct Christian 

fa_ith-healing among the animistic peoples of the state, etc. 

will generate deeper academic insights. • 

~a war (2003) has, in detail, tried to understand the 

question of what he termed as " lt l . ,, 
C cu ura regeneration 

i~st~ad of Chaudhuri's "religious reform") in Arunachal 

wi thin the Grarnscian framework of " lt 1 h " 

( Gramsci 197l) cu ura egemony 
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ony Itse needs t b ·1 
analysing such cult 1 
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O e contextualised wh1 e 
ura processe · A 

import of what "h s in runachal Pradesh. 1he 
egemony" · 

colonial metropol· was in a nineteenth-c. entury 

b 
is may not fit h . 

a out which tl . 1 . t e situation in a frontier 

\·\ 1e iso at1on-assi ·1 . . 
il mi atwn discourse was hotly 
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J • P')licy cirdc~ rio-ht in the 1950s and wh ose clcl,~l tcu 1 n 1 ' ' . __ M . . . . . 
j • ·sti·•"l t·ivc 11hiloso11hv (EhN"1n, 1957) was 1n1t1ally guided auff\111L . ,, -' -

bv a sympathetic , protectionist rcgiinc. 
- 1hc ck fi nin~ fe,nnrcs of religious pluralisn1 in 
Arunachal are tvvo: one, the spectacular rise of C.hristianity 
and the cxtrn-or<lin,uy effort of the indigenous rdigious 
reform n1(wc1ncnt that has generated a powerful network 
of activists, intellectuals, tc1nplcs and organisations (within 
and beyond the state) . Good or bad, apt or misplaced the 
greatest contrihution of the reform 1nove1nent is in its 
ability to 1nake the notion of the 4(1oss of culture" popular 
and create an un-en<linp; debate around it. TI1e second 
important feature is the sweep of devotional element in 
the religions of Arunachal- Buddhist, Christian and the 
refonned religion's devotion; the aniinistic propitiatory 
rituals has beco1ne the casualty of this march of organised, 
worship-based religions. A detached observer might view 
the development as ominous: across all of tribal India, 
Arunachal, being the terrain where the contest of culture 
is intensely being fought, will enter the pages of history 
as India's 1nost interesting cultural laboratory in the post­
independent era. 
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PROFESSOR INDRANI BANERJEE 

 

Professor Indrani Banerjee, Dean of School of Nanosciences at the Gujarat 

Central University, Gandhinagar, Gujarat, India, passed away on 11 April 

2021 because of COVID-19 at the age of 48 years. The scientific fraternity 

including our institute Central Institute of Technology Kokrajhar along 

with the parent institute deeply mourn this sudden death. We pay our 

tribute to the great soul. 

We were so fortunate to have Prof. Indrani Banerjee madam as one of the 

resource persons of the International Conference “Evolving Materials and 

Nanotechnology for Sustainable Development” (EMNSD, 15-16 

December 2020). 

Prof. Banerjee graced our event with spectacular lecture on Structure 

Function Relation of Microwave Synthesized Muga Silk Nanoparticles, 

where all the participants as well as speakers and all the members of the 

program greatly benefited. We glad to interact with Prof. Banerjee madam 

on screen and enthuses about madam’s outstanding work.  

A recipient of ‘Better Opportunities for Young Scientists in Chosen Areas 

of Science and Technology’ (Boyscast) fellowship and Commonwealth 

Academic Fellowship, UK, Prof Banerjee was a visiting scientist and 

postdoctoral research associate at Mechanical and Aerospace Engineering 

Department, University of California, Los Angeles, USA. She was also a 
visiting academician at Brunel University, London and a postdoctoral 

fellow at Bhabha Atomic Research Centre, Mumbai. 

With a PhD (2007) from Bhabha Atomic Research Center, Pune 

University, Prof. Banerjee joined Birla Institute of Technology, Mesra as 

Assistant Professor in Physics, continued as Associate Professor in the 

same institute till 2017. Prof. Banerjee joined School of Nanoscience at 

Central University of Gujarat, Gandhinagar and continued there till her last 

day. 

Prof. Banerjee was a great teacher and admirable researcher of the highest 

moral values, will be respectfully remembered by all who came in contact 
with madam as a person of highest integrity, honesty and sincerity.  
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         EMNSD 2020/OP/01 

Challenge and Success in Synthesis of Quadruple Perovskite AA3B4O12 at 

Ambient Pressure  

 

Ariful Haque*, Sudipa Bhattacharya and Md. Motin Seikh* 

Department of Chemistry, Visva-Bharati University, Santiniketan-731235, West Bengal, India 

Email: haqueariful.chem@gmail.com (A. Haque) 

 

ABSTRACT 

Here we have described the genesis of real challenge in synthesizing AA3B4O12 quadruple 

perovskite at ambient pressure that largely hampers the exploration of this family of oxides. In 

this proceeding, we have reported two new compositions namely BiCu3Ti3CrO12 and 

LaCu2.5Mn0.5Ti2.5Fe1.5O12 synthesized at ambient pressure and compared their magnetic 

properties with our earlier reported results with the congener oxides. We observed highly 

contrasting magnetic feature by changing chemical compositions either in B-site BiCu3Ti3MO12 

(M=Cr, Mn & Fe) or in A-site ACu2.5Mn0.5Ti2.5Fe1.5O12 (A=La and Bi). The ambient pressure 

synthesized compounds highlight the opportunity to explore the chemical effect on physical 

properties in this family of quadruple perovskite. 

 

Keywords: Quadruple perovskite, Ambient pressure, Antiferromagnetic, Ferrimagnetic. 

_________________________________________________________________________ 

 

INTRODUCTION:  

The quadruple perovskites of general formula AA3B4O12, where both the A and B-sites 

can be occupied by transition metal ions, provide excellent opportunities to discover exotic 

functionality due to widening the landscape of electronic and magnetic interactions between the 

metal ions [1]. Unlike the simple ABO3 type perovskite oxides having only B-B interaction, 

AA3B4O12 exhibits all A-A, B-B, and A-B types of interactions inducing complexity and the 

possibility of a new phenomenon. Interestingly, the A-site cations in AA3B4O12 practically avail 

four coordinated square planar geometry. The remaining eight oxide ligands are at significantly 

larger distance, as the A-site cations in perovskite structure usually have twelve coordination 

numbers. This structural constraint restricts the metal ions to occupy the A-site only by the 

strongly Jahn-Teller active cations, such as Cu2+ or Mn3+. Such fixation of metal ions in square 

http://www.emnsdconference.in/
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planar coordination usually requires high pressure for synthesis, and hampers exploring this 

series of oxides. Consequently, unlike simple perovskites, quadruple perovskites are much less 

studied. Developing a strategy for ambient pressure synthesis of quadruple perovskites will 

allow the investigation of such oxides overcoming the difficulty of high-pressure synthesis.  

In this regard, the first ambient pressure synthesis of CaCu3Ti4O12 about five decades ago 

provides a clue to progress in this direction [2]. Accordingly, several compositions of 

(Ln/Ca)Cu3-xTi4-yMnx+yO12 was successfully synthesized at ambient pressure via solid state 

route under sealed tube [3,4]. CaCu3Ti4O12 exhibits antiferromagnetic ordering below 25 K 

where A-site Cu2+ ions are coupled antiferromagnetically through Cu2+—O—Ti—O—Cu2+ 

exchange pathway. The substitution of nonmagnetic Ti by a magnetic ion like Mn in the B-site 

gives rise to the dramatic evolution of electrical and magnetic properties. Here, Cu2+—O—

Ti—O—Cu2+ exchange path gets transformed to Cu2+—O—Mn—O—Cu2+ with two 

magnetic sublattice of parallel spins which are coupled antiferromagnetically eventually 

resulting in ferrimagnetic ground state [3]. However, the magnetic behavior of Fe doped 

Bi2/3Cu3Ti4O12 is rather complex [5]. Unlike the Mn substituted samples, upon 10% Fe doping 

in Bi2/3Cu3Ti4O12, the AFM interaction becomes weaker, and a further increase in Fe does not 

show any clear magnetic transition. Instead, a strong competition between ferromagnetic and 

antiferromagnetic interaction has been suggested to prevail [5]. The compound BiCu3Ti3FeO12 

shows spin glass behavior, whereas BiCu3Fe4O12 is probably an antiferromagnet [6]. However, 

BiCu2.5Mn0.5Ti2.5Fe1.5O12 has been realized to show strong competition between ferromagnetic 

and antiferromagnetic interactions leading to phase segregation [5]. This contrasting behavior 

of Mn and Fe doped samples must be related to the chemical nature of these two elements. To 

further substantiate such chemical effect on the magnetic property, we have performed ambient 

pressure synthesis of BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12 and compared with 

BiCu3Ti3(Mn/Fe)O12 and BiCu2.5Mn0.5Ti2.5Fe1.5O12, respectively, to highlight the effect on both 

the A- and B-sites. 

  

EXPERIMENTAL DETAILS:  

BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12 have been synthesized at ambient pressure by 

conventional citrate-gel method [7]. Stoichiometric amounts of required metal salts were 

dissolved in 80 mL of distilled water. Then 5 mL of concentrate nitric acid was poured into the 

reaction mixtures to prevent the hydrolysis of aquated metal ions. After that, the reaction mixture 

http://www.emnsdconference.in/
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was rotated by a magnetic stirrer to obtain a clear solution. Then citric acid was added to this 

solution in about four times the mole ratio of the metal ions. The resulting solution was rotated 

at 60 °C for 6 h by a magnetic stirrer and then evaporated at 100 °C to form the gel. Then the gel 

was dried into crude powder at 250 °C. The obtained crude was then treated in the air at 750 °C 

at a heating rate 5°C/minute for 16 h followed by 800 °C for 24 h with intermediate grindings to 

obtain the final products. The powder X-ray diffraction (PXRD) data were measured with a 

Bruker D8 Advance X-ray diffractometer using Cu Kα radiation (λ=1.5418 Å) working at 40 kV 

and 40 mA. The XRD patterns were collected in the 2θ range of 10°–80° using Lynxeye detector 

(1D mode) with a step size of 0.02° and a dwell time of 1 s per step. The d. c. magnetization 

measurements were carried using a superconducting quantum interference device (SQUID) 

magnetometer with a changeable temperature cryostat (Quantum Design, San Diego, USA). FE-

SEM and EDX analyses were performed using a Zeiss GeminiSEM 450 field emission scanning 

electron microscope at an accelerating voltage of 20 kV. 

 

RESULTS AND DISCUSSION:  

The PXRD patterns of BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12, without any detectable 

impurity peak, have been shown in Figure 1, confirming the phase purity of the samples. Both 

the patterns refined using the Rietveld method can be properly indexed with cubic I-m3 space 

group. The refinement parameters, cell constants, bond lengths, and bond angles are summarized 

in Table -1. The FE-SEM images of BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12 (Figure 2(a)-

(b)) reveal the larger agglomerated grains with irregular shape and size. The representative EDX 

spectra of the samples are shown in Figure 2(c)-(d). The average cationic ratio appended on the 

spectrum obtained from the EDX spectra was recorded at different regions of the samples 

confirming the nominal composition of the compounds. 

 The temperature dependent magnetization of BiCu3Ti3CrO12 measured under an applied 

field of 1000 Oe between 5-300 K in zero-field cooled (ZFC) and field cooled (FC) protocols are 

shown in Figure 3(a). Unlike the parent Bi2/3Cu3Ti4O12, which shows a single magnetic 

transition around 25 K, BiCu3Ti3CrO12 exhibits two anomalies around 22 K and 75 K, 

respectively. The first one corresponds to the parent phase. The second anomaly can be attributed 

to the local magnetic ordering around the dopant Cr center. These transitions are 

antiferromagnetic in nature, as suggested from the isothermal magnetization measured at 5 and 

50 K (see inset in Figure 3(a)). There is a small jump in the magnetization near H=0 followed 
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by the gradual increase in moments with the applied field. The jump in magnetization can be 

related to the small ferromagnetic components arising out of spin canting. The canted 

antiferromagnetic state has also been reported in CaMn6.5Cr0.5O12 [8]. The evolution of a new 

magnetic transition (75 K) in BiCu3Ti3CrO12 with the retention of low temperature ordering (22 

K) is remarkably different from the BiCu3Ti3FeO12 and BiCu3Ti3MnO12 [5]. For these latter two 

compounds, the low temperature ordering at 25 K corresponding to the parent BiCu3Ti4O12 phase 

has completely been suppressed. BiCu3Ti3FeO12 enters into spin glass state, whereas 

BiCu3Ti3MnO12 becomes ferrimagnetic below 120 K with the several fold increase in 

magnetization (Figure 3(c)). To better visualize this remarkable change in magnetic properties 

in BiCu3Ti3MO12 with M = Cr, Fe and Mn, we have plotted the data of Fe and Mn congeners in 

Figures 3(b) & (c). In BiCu3Ti3MnO12, the Mn is able to flip the antiparallel spins of the A-site 

Cu2+ like domino effect and eventually results in ferrimagnetic states by aligning its spin opposite 

to Cu2+ spins [3,4]. In this regard, the influence of Cr is likely to be localized. This result 

highlights the prominent chemical effect of B-site of substitution in AA3B4O12 quadruple 

perovskites. 

 To investigate the possibility of such a chemical effect for A-site substitution, we have 

synthesized LaCu2.5Mn0.5Ti2.5Fe1.5O12 at ambient pressure and compared its magnetic property 

with our previously reported data on BiCu2.5Mn0.5Ti2.5Fe1.5O12 in Ref. 5. Accordingly, the 

magnetic data of ACu2.5Mn0.5Ti2.5Fe1.5O12 (A = La and Bi) are plotted in Figure 4. The 

isothermal magnetization measured at 5 K (see insets in Figure 4) revealed the comparable 

moments and similar features of M(H) curves for both the samples. The moments increase with 

the applied field without any signs of saturation even at 5 T, which indicates the possible 

antiferromagnetic background. But the noticeable contrast is clear from the M(T)-curves. For the 

BiCu2.5Mn0.5Ti2.5Fe1.5O12 sample, the transition is practically smeared up over a broad range of 

temperature, and only ZFC branch data shows humpy nature (Figure 4(a)). In contrast, 

LaCu2.5Mn0.5Ti2.5Fe1.5O12 shows a clear transition below 50 K with a peak around 20 K in both 

the ZFC and FC data (Figure 4(b)). This differential behavior can be attributed to the local lattice 

distortion in the case of BiCu2.5Mn0.5Ti2.5Fe1.5O12 which is instigated by the stereoactive 6s2-lone 

pair electrons of Bi3+ ions. We believe that LaCu2.5Mn0.5Ti2.5Fe1.5O12 is also susceptible to 

electronic phase separation like BiCu2.5Mn0.5Ti2.5Fe1.5O12 where the ferromagnetic and 

antiferromagnetic clusters coexist [5].  
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CONCLUSION:  

We have synthesized two new members of the quadruple perovskites family, namely 

BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12 at ambient pressure. Both the samples are 

crystallized in cubic I-m3 space group. The samples are characterized by PXRD, FE-SEM and 

magnetization measurements. We have made a comprehensive analysis of magnetic data for two 

series BiCu3Ti3MO12 (M = Cr, Fe and Mn) and ACu2.5Mn0.5Ti2.5Fe1.5O12 (A = La and Bi). We 

observed strong chemical effect on magnetic properties for substitution on either A- or B-sites. 

We believe our findings will motivate the researchers to explore the possibility of ambient 

pressure synthesis of AA3B4O12 quadruple perovskites and to examine their novel properties.   
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Table-1: The refinement parameters, cell constant, bond length and bond angles of 

BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12.  

 

 

 

Figure 1: PXRD pattern of (a) BiCu3Ti3CrO12 

and (b) LaCu2.5Mn0.5Ti2.5Fe1.5O12. The open red 

circles, black lines, the bottom blue lines and 

green vertical bars represent the experimental 

data, calculated pattern, difference curve and 

Bragg position, respectively.  

 

Parameters BiCu3Ti3CrO12 LaCu2.5Mn0.5Ti2.5Fe1.5O12 

Fitting parameters 

(S. G.: I-m3) 
a = 7.431(3) Å 

Rb = 8.12 

Rf = 7.95 

χ2 = 3.21 

a = 7.453(1) Å 

Rb = 2.35 

Rf  = 1.58 

χ2 =  5.42 
Bond length Cu ̶ O : 1.898 Å 

Cr/Ti ̶ O : 1.999 Å 
Cu/Mn ̶ O : 1.973Å 

Fe/Ti ̶ O : 1.978Å 
Bond-angel Cu—O—Cu :102º 

Cu—O—Cr : ~111º 

Cr/Ti—O—Cr/Ti: ~138º 

Cu—O—Cu :103º 

Cu/Mn—O—Fe/Ti : ~109º 

Fe/Ti—O—Fe/Ti : ~141º 

10 20 30 40 50 60 70 80

(a) BiCu
3
Ti

3
CrO

12

 

 

  

(b)

In
te

n
s
it

y
 (

a
rb

. 
u

n
it

)

Degree (2)

LaCu
2.5

Mn
0.5

Ti
2.5

Fe
1.5

O
12

 

 

  

http://www.emnsdconference.in/
https://pubs.rsc.org/en/results?searchtext=Author%3AKamalesh%20Pal
https://pubs.rsc.org/en/results?searchtext=Author%3AArka%20Dey
https://pubs.rsc.org/en/results?searchtext=Author%3ARajkumar%20Jana
https://pubs.rsc.org/en/results?searchtext=Author%3APartha%20P.%20Ray
https://pubs.rsc.org/en/results?searchtext=Author%3AParthasarathi%20Bera
https://pubs.rsc.org/en/results?searchtext=Author%3ALalit%20Kumar
https://pubs.rsc.org/en/results?searchtext=Author%3ATapas%20Kumar%20Mandal
https://pubs.rsc.org/en/results?searchtext=Author%3AParitosh%20Mohanty
https://pubs.rsc.org/en/results?searchtext=Author%3AMd.%20Motin%20Seikh
https://pubs.rsc.org/en/results?searchtext=Author%3AArup%20Gayen
https://pubs.rsc.org/doi/c9cp05005a
https://pubs.rsc.org/doi/c9cp05005a
https://www.sciencedirect.com/science/article/pii/S0038109813005474
https://www.sciencedirect.com/science/article/pii/S0038109813005474


 

EMNSD 2020              www.emnsdconference.in            15-16 December 2020                       Page 7  

 
 

 

Figure 2: The FE-SEM 

images for (a) 

BiCu3Ti3CrO12 and (b) 

LaCu2.5Mn0.5Ti2.5Fe1.5O12. 

The representative EDX spectra 

and elemental ratio of (c) 

BiCu3Ti3CrO12 and (d) 

LaCu2.5Mn0.5Ti2.5Fe1.5O12. 

 

 

 

  

 

Figure 3: Temperature 

dependent magnetization of (a) 

BiCu3Ti3CrO12, (b) 

BiCu3Ti3FeO12 and (c) 

BiCu3Ti3MnO12. The open and 

filled symbols correspond to 

ZFC and FC data set, 

respectively. Inset shows the 

corresponding isothermal 

magnetization plots. Magnetic 

data of (b) BiCu3Ti3FeO12 and 

(c) BiCu3Ti3MnO12 are adapted 

from Ref. [5]. 
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Figure 4: Temperature 

dependent magnetization of (a) 

BiCu2.5Mn0.5Ti2.5Fe1.5O12 and (b) 

LaCu2.5Mn0.5Ti2.5Fe1.5O12.  The 

open and filled symbols 

correspond to ZFC and FC data 

set, respectively.  Inset shows 

the corresponding isothermal 

magnetization plot. Magnetic 

data of (a) 

BiCu2.5Mn0.5Ti2.5Fe1.5O12 is 

taken from reference [5].  
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ABSTRACT 

In this paper, we have designed a quaternary logic-based all-optical “binary to quaternary” radix 

converter. The semiconductor optical amplifier-based polarization rotation switches (SOA-PRS) 

have been used as the basic switching element in the design. The design is very simple, needs 

only two SOA. The circuit performance has been analyzed and some performance-related 

matrices like the Quality factor (QF) and Extinction Ratio (ER) have been calculated. The circuit 

can operate at an ultra-high speed (100 Gb/s). The SOA-based designs are always simple, 

compact, and less power-consuming than other switches and structures. The SOA-PRS works in 

the principle of non-linear polarization rotation (NPR) or cross-polarization modulation (XpolM) 

effect in SOA.  

Keywords: Semiconductor Optical Amplifier, Cross-polarization Modulation, Radix Converter     

INTRODUCTION: 

The optical circuits already established their superiority over the electrical and electronic information 

processing circuits after the invention of optical fibers and optical amplifiers. In the last decade, 

multivalued circuits are becoming one of the interesting fields of research [1, 2]. Multivalued circuits are 

always better than binary circuits for dealing with a wide range of data using minimum hardware 

complexity. Some works based on the multivalued ternary and quaternary optical circuits have been 

designed and analyzed by few research groups [3, 4]. Most of these works are based on interferometric 

switches where the signal interferes in external optical couplers and the mode of interference depends on 

the optical path traversed by the signals. So the signal handling is difficult. On the other hand, the SOA-

PRS switches or NPR switches works based on XpolM and all the interaction between the signal happens 

within the cavity of the switches internally [5-7].  So the signal handling is easy and the switch is less 

power consuming (optical power <1mW, injection current <200mA)[8, 9]. In this communication, we 

have designed a quaternary logic-based all-optical “binary to quaternary” radix converter [4] using SOA-

PRS. The SOA’s are very famous for operational speed, wide gain bandwidth, moderate noise, and fast 

gain recovery [10-12]. The design of the radix converter is simple and compact made of only two SOA’s. 
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The circuit can operate at an ultra-high speed (~100 Gb/s). The circuit operation is expressed with a 

quaternary polarization encoding scheme (where 0, 1, 2 & 3 represents no light, horizontally polarized 

light, vertically polarized light, and mixed polarized light respectively) [9].  

THEORY 

 The switching operation of the SOA-PRS is based on the intensity-dependent birefringence and gain 

saturation effect in SOA. The phenomenon is known as XpolM and is also known as NPR [8, 9]. In this 

effect, the intensity and state of polarization of the weak probe signal are affected by the higher intensity 

control signal. The mathematical model is described in the papers of H.J.S. Dorren et al [5] and S. Zhang 

et al [6]. We have already implemented SOA-PRS switches to designed some binary [8] and multivalued 

[9] circuits in our previous communications. The numerical values of the parameters used for the best 

performance of the switch are also described there. The simulation works have been done, solving the 

“rate equations” of the SOA using the MATLAB computational program. Non-inverting ports are used to 

show the polarization rotation effects of the circuit. The output signal coming out from the non-inverting 

port (Y1, Y2) will be high when the input control signal is present (high) and vice versa.  

 The output signal intensity (IY) of the circuit can be expressed as the sum of the output signal intensity 

of SOA-PRS1 (IY1), SOA-PRS 2 (IY2) and is given by, 

   IY = IY1 + IY2 

= a(I1 + I2 + 2√I1I2 cos ϕ)
SOA−PRS1

+ b(I1 + I2 + 2√I1I2 cos ϕ)
SOA−PRS2

         (1) 

 Where, a, b represents the coefficients corresponding to the binary numbers A and B respectively.  I1, I2 

are the intensity corresponding to the transverse electric and magnetic components of the output probe 

signal. ϕ is the phase difference between the TE and TM components imposed by the control signal.  

 Circuit operation: The circuit of our all-optical binary to quaternary radix converter is shown in Fig.1. 

A and B inputs represent the Most Significant Bit (MSB) and Least Significant Bit (LSB) of the binary 

number. Y is the output representing the quaternary number.  

Figure 1. Design of the Radix Converter 

Pump (A) 

Pump (B) 

Probe (3)  

             SOA-

PRS1 

                  

SOA-PRS2 
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 Case 1: When binary number 0 enters the circuit, we have A=B=0. In this case, both the pump signal of 

SOA-PRS 1 and SOA-PRS 2 is absent. So the non-inverting output ports emit no signal (Y1=Y2=0). Then 

the final output is Y=0+0=0 (no light). Then we have quaternary number 0 for the binary input 0. 

 Case 2: When binary number 1 enters the circuit, we have A=0, B=1. In this case, the pump signal for 

the SOA-PRS 1 is absent, and that for the SOA-PRS 2 is present. The non-inverting output of SOA-PRS 

1 will emit no signal. The vertically polarized probe signal of SOA-PRS 2 will be rotated to a horizontally 

polarized signal. So Y1=0 and Y2=1. Then the final output will be Y=0+1=1 (horizontally polarized light). 

So we get quaternary number 1 for the binary input 1. 

 Case 3: When binary number 10 enters the circuit, we have A=1, B=0. In this case, the pump signal for 

the SOA-PRS 1 is present, and that for the SOA-PRS 2 is absent. The horizontally polarized probe signal 

of SOA-PRS 1 will be rotated to a vertically polarized signal. The non-inverting output of SOA-PRS 2 

will emit no signal. So Y1=2 and Y2=0. Then the final output will be Y=2+0=2 (vertically polarized 

light). Then we have quaternary number 2 for the binary input 10. 

 Case 4: When binary number 11 enters the circuit, we have A=B=1. In this case pump signals for both 

the SOA-PRS 1 and SOA-PRS 2 are present. The horizontally polarized probe signal of SOA-PRS 1 will 

be rotated to a vertically polarized signal. The vertically polarized probe signal of SOA-PRS 2 will be 

rotated to a horizontally polarized signal. So Y1=2 and Y2=1. Then the final output will be Y=2+1=3 

(mixed polarized light). So we have quaternary number 3 for the binary input 11.  

The truth table for the operation of the circuit is shown in table 1. 

Table 1. The truth table of the Radix Converter 

 

 

 

 

 

  

Binary                Input  
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Y2 

Quaternary Output 

Pump(A) 

 

Pump(B) Y=Y1+Y2 
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0 0 0 0 0 

0 1 0 1 1 

1 0 2 0 2 

1 1 2 1 3 
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RESULTS & DISCUSSION 

 The QF [8] of the proposed radix converter can be calculated using Eq. (2).  

 

                                                 𝑄𝐹 = [(𝑃𝑚
1 − 𝑃𝑚

0 ) (𝜎1 + 𝜎0)⁄ ]                       (2) 

 

 Where, 𝑃𝑚
1 : average power of the high state, 𝑃𝑚

0 : average power of the low state, 𝜎1:
 
standard deviation 

of high state, 𝜎0: standard deviation of low state. 

The variation of the QF of the circuit with the change in control power is shown in Fig.2. 

 

 

Figure 2. The QF versus control power graph 

 

 

 The ER [8] can be calculated using Eq. (3)  

 

         𝐸𝑅 = 10log (𝑃𝑚𝑖𝑛
1 𝑃𝑚𝑎𝑥

0⁄ )                 (3)  

 Where,  𝑃𝑚𝑖𝑛
1  and 𝑃𝑚𝑎𝑥

0   are the maximum and minimum levels of output power respectively. 

The variation of the ER of the circuit with the change in control power is shown in Fig.3. 
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Figure 3. The ER versus control power graph 

 

 The QF and ER of the radix converter both increase with the increase in control power. In absence of the 

control signal, we get nothing but a small amount of power due to the amplified spontaneous emission 

(ASE) noise effect [8, 9]. Then we have a very small amount of QF and ER and are shown in Fig.2 and 

Fig.3 using the red line.  

 The pseudo-eye diagram of the binary to quaternary radix converter circuit is shown in Fig.4. 

 

Figure 4. Pseudo Eye Diagram for the Radix converter 

 The Relative Eye Opening (REO) [8] of the circuit can be measured using Eq.(4)  
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 In this paper, all-optical polarization encoded binary to quaternary radix converter is designed to exploit 

the XpolM effect of SOA. Some performance-related matrices like QF and ER have also been calculated. 

The main advantage of this scheme is having a good QF (>10dB) and less bit error rate (<10-20). The NPR 

switches work efficiently in the low input (pump) power region (≤ 0.5mW). High power levels reduce the 

conversion efficiency in the SOA because of the gain saturation effect. Any change in polarization of 

input signals can be controlled using some additional polarization controllers (PC). This technique can 

also be used to design some higher-order multi-valued all-optical circuits [9]. For better speed, Quantum 

Dot SOA can be used in the designs [13].  
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ABSTRACT 

The recent nanotechnological impact has been observed greatly in society as well as in environment.  

Magnetic Nanomaterials showing unique novel magnetic behaviour show great potential applications. 

Iron oxide nanomaterials have drawn considerable attention and interest have been developed for  unique 

properties they show at extremely small size like high surface to volume ratio, surface modification 

property, excellent magnetic property with better biocompatibility. Therefore more efforts have been 

devoted for the synthesis of ecofriendly, biocompatible Iron Oxide NPs. Magnetite (Fe3O4) and 

Maghemite (γ- Fe2O3) and Hematite (α-Fe2O3) are promising member of Iron oxide family. Promising 

qualities of these nanoparticles can be applicable in the field of specific technical and biomedical 

applications. Nanostructuring can result a new magnetic state called superparamagnetism.  In this study 

an experimental setup is designed to observe the size effect in magnetic properties of the material with 

the preparation of Magnetite (Fe3O4) and Maghemite (γ- Fe2O3) as magnetic sample and observed that 

ensemble of particles together show superparamagnetism at elevated temperatures. The morphology of 

the particles has also been studied. Theoretical analysis on superparamagnetism where there is an unusual 

change in shape of hysteresis loop showing state of zero magnetization has also been discussed. 

Keywords: Nanomagnetism, Superparamagnetic, Nanoparticle, Ferromagnetism. 

INTRODUCTION: 

Various studies have been done on different metal oxide particles. Among the different metal oxide 

studies, iron oxides (FexOy) NPs can offer unique advantages over others.  The  promising contributions 

towards many technological applications like targeted drug delivery, magnetic resonance imaging (MRI), 

bio sensing, bio separation etc increases the attention of researchers towards this engineered material. The 

inexpensive production, biocompatibility and safety to environment and other living being, made great 

contribution to develop interest to investigate this noble material [1-5]. Among the other properties Iron 

oxide NPs are physically and chemically stable that can be manipulated under the influence of an external 

magnetic field. Due to the reduction in size, magnetic ordering inside the particle changes, at the same 
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time surface property also changes remarkably [6].  Magnetic behaviour shown by many NPs can be 

attributed to many factors like chemical composition, structural distribution, amount of defectiveness and 

type of defectiveness present in crystal lattice. The size, shape and morphology of the particle and its 

interaction with the surrounding matrix and neighbouring particles provide major contribution in deciding 

magnetic nature of the particles.  Among various magnetic metal oxides iron oxides (FexOy) NPs are 

considered to be technologically more important, eco-friendly and comparatively less hazardous.   

        Iron oxides are found to be exists in nature in many forms. Magnetite (Fe3O4) and Maghemite (γ- 

Fe2O3) and Hematite (𝛼-Fe2O3) are most commonly found iron oxide forms in nature [11]. Among these 

commonly available iron oxides Magnetite and Maghemite has got more attention and investigation on 

its application in the field of biomedical. Both Magnetite (Fe3O4) and Maghemite( γ- Fe2O3)  shows their 

biocompatibility and low toxic nature towards human health and other living world. 

     Magnetite (Fe3O4) and Maghemite (γ- Fe2O3) generally found to contain single domain of about 5–20 

nm in diameter and therefore possess large surface area as compared to volume. The quantum size effects 

at nanodimension also lead to some dramatic change in magnetic behaviour of the iron oxide material 

resulting in superparamagnetic behaviour and quantum tunnelling of magnetisation as well. The Fe3O4 

nanocrystal shows spinal structure where Fe3+ ions are distributed randomly between octahedral and 

tetrahedral sites. Fe2+ ion occupies solely the octahedral sites having six oxide ions as the nearest 

neighbours [7]. Basically they are ferromagnetic and show the properties of spontaneous magnetisation 

in bulk state.  

    Synthetic route is one of the various factors that can affect the magnetic properties of a material. A 

synthetic route can affect strongly in determining the magnetic properties of Iron Oxide NPs also. Further 

it is reported by Margulies et al. that magnetic behaviour of magnetite nanoparticle changes with crystal 

morphology. The coercivity of the magnetite NPs are observed to be changed as sphere < cubes < 

octahedral [8,9]. The routes followed during preparation and the coating medium used may play key role 

in determining the size distribution, morphology, magnetic behaviour and surface chemistry of the 

magnetic nanoparticles. Hence the preparation method is one of the responsible factors for determining 

the intrinsic properties as well as the applications of iron oxide nanomaterials. A large variety of synthetic 

routes have been reported in the literature for the preparation of iron oxides (FexOy) NPs which includes 

chemical co-precipitation method, hydrolysis, thermal decomposition, sol-gel method, microemulsion, 

sonochemical etc. [3,4,10].These routes may be distinguished as aqueous routes and non -aqueous routes. 

Aqueous routes could draw more attention in the sense of their low cost high productivity side and are 

highly sustainable. Chemical co-precipitation method is the most commonly used versatile method for the 

production of Fe3O4 or γ-Fe2O3 NPs. This method critically affects the physical and chemical behaviour 

of nanoscopic iron oxide particles and generates wide variety of particles with wide size distributions. 
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Moreover it is observed that Fe 3O4/γ-Fe2O3 NPs without coating or naked are highly reactive and shows 

high tendency of aggregation. This high tendency towards aggregation can result poor magnetism, 

reactivity and mobility of NPs produced. Hence to avoid aggregation, chemical stability of the NPs is 

highly desirable and surface modification is very much necessary.  To achieve chemically stable and less 

aggressive NPs the following methods may be adopted to stabilize nanoparticles as desired (a) Surface 

coating of NPs by using appropriate polymer stabilizers/surfactants (eg; carboxylates, phospates) (b) By 

deposition of a layer of inorganic metals (e.g., gold) or nonmetals (e.g., graphite), or oxides (e.g. SiO2)        

(c) By the generation polymeric shells that avoid cluster growth after nucleation (composite particles, 

nanocapsule). (d)  Forming lipid-like coatings (e.g., liposomes/ lipid NPs) around the magnetic core.  

Surface coating can result with improved quality of the nanoparticles in terms of chemical stability in the 

solvent. Particles with Surface coating reduce the particles aggregation remarkably hence this approach 

is very much popular in the field of biotechnology and medical science applications. [11, 12]. In the 

present work, our basic objective is to design ecofriendly co-precipitation method to synthesize magnetic 

iron oxide NPs with low cost additives and to analyse the results by studying morphological as well as 

enhanced magnetic properties due to size effect. 

 

1. MATERIALS AND METHODS 

1.1 Synthesis method 

wet chemical method has been designed to synthesize the magnetic iron oxide NPs, as template based wet 

chemistry methods is reported to be the most appropriate, efficient and low cost method for the preparation 

of metal oxide NPs.  The conventionally used co-precipitation method comprises the mixing of ferric and 

ferrous ions in 1: 2 molar ratios in high concentration of basic solutions at room temperature or at high 

temperature. The size and shape of the iron oxide NPs  produced depends on the type of salt used,  ion 

ratio of ferric and ferrous salt , temperature of the reaction, value of pH, stirring rate and speed of dropping 

of basic solution to the mixture  of salts [13,14,15]. The reaction mechanism may be represented as 

Fe2+ + 2Fe3+ + 8OH-   = Fe (OH) 2 + 2Fe (OH) 3 = Fe3O4 + 4H2O 

 

        A schematic synthesis procedure opted in this present study is presented by Scheme 1. 
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Scheme 1.  Schematic representation of co-precipitation synthetic route 

1.2 Sample preparation 

 Fe3O4 nanoparticles were prepared in the lab using the conventional co-precipitation method. Sample 

preparation has been done using anhydrous iron chloride (FeCl3, 98% purity) and Iron Sulphate 

heptahydrate (FeSO4 7H2O, 98.5% purity) from Merck and. NaOH as the basic solution. Methyl 

cellulose is used to give polymer coating to stabilize the nanoparticles and to avoid aggregation.  Ferric 

and ferrous ions were mixed in the ratio1:2 molar units in basic solution at different elevated 

temperatures. The reaction took place under the constant stirring of three hours duration using 

magnetic stirrer.  A wide variety of factors has been adjusted to tune the size and morphology as well 

as to set the magnetic behaviour and surface properties of the produced iron oxide NPs. The 

temperatures were set at 500 C, 600C,700 C etc; The size and shape of nanoparticles were monitored 

controlling the pH value, adjusting the strength and nature of ion and salt and ion ratio of Fe (II) /Fe 

(III). The black precipitations produced after reaction were collected and were isolated to do the 

further treatment. The produced products were washed and centrifuged at 10000- 15000 rpm for three 

times and were dried.  This conventional procedure is cheap and suitable for large scale production.  

1.3 Characterisation of samples  

1.3.1 TEM image study 
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The products obtained were prepared for analytical treatment. The TEM images of the samples have 

been taken to study the morphology and the size distribution of nanoparticles. TEM image shows that 

the particles are almost uniform and cubical in shape and are poorly mono-disperse. 

  

 

 

Figure 1.  TEM  image of IONP at 500 C. 

 

 

                                    

                                               Figure 2.   TEM image of IONP at 600 C. 
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Figure 3.   TEM image of IONP at 700 C 

 

 Figure 1, figure 2 and figure 3 show the TEM images at temperatures 500 C, 600 C and 700 C respectively. 

The ensemble shows well separated particle variation and cubical shape structure. 

 

1.3.2 VSM study 

 In order to study the magnetic behaviour of Fe3O4 NPs, the magnetization measurement of NPs were 

done with VSM. VSM is being the commonly used versatile method of measuring magnetic properties 

which determines the magnetic moment by vibrating the sample perpendicular to the uniform magnetic 

field in between a set of coils. The results have been analysed to study the Hysteresis loop of the sample.  
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Figure 4.  Hysteresis Curve of IONP at 600 C 
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Figure 5.  Hysteresis Curve of IONP at 700 C 

Figure 4 and figure 5 show the Hysteresis curves of Fe3O4 NPs at 600 C and  700 C. A plot has been drawn 

with Magnetic field Vs Magnetic moment and the Hysteresis curves of Fe3O4 NPs were prepared. The 

resulted hysteresis loops are seen to be appeared like   S shape or sigmoid shape. The thin curve shows 

no remanence and negligible coercivity.  

2. RESULTS & DISCUSSION 

TEM analysis shows that sizes of the particles are uneven and indicates agglomeration. Agglomeration is 

observed in all the prepared samples, but with rise in temperature magnetite particles becomes more 

uniform in size distribution. Although alglomeration is very difficult to avoid in magnetite nanoparticle, 

high centrifuge rate and surface coating by polymer can help to some extent.  

VSM analysis results show that hysteresis loops obtained possess no particular area but they shows a 

curve passing through origin. This is a kind of typical paramagnetic behavior. This particular behaviour 

of hysteresis curve indicates the superparamagnetic properties of cubical shape Fe3O4 NPs. It shows a 

very sharp and steep rise in magnetisation in the initial state following a gradual and smooth change of 

magnetisation with increasing magnetic field and finally reaching the saturation. 

 The term superparamagnetism refers to the physical description of non- interacting magnetic particle 

ensemble when particle size is reduced below a critical dimension in ferromagnetic or ferrimagnetic 

materials. Below critical size nanoparticles show unstable magnetization.  This particular behaviour is 

due to quantum size effects and increased surface area of nano sized particles.  At nano size, spin wave 

energy becomes comparable to thermal energy, hence spin-spin interaction becomes more prominent over 
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thermal energy hence energy barrier potential becomes in sufficient to control spin exchange. The  

exchange coupling that exist between the magnetic dipoles at room temperature or elevated temperature 

can result in random orientations of magnetic spins inside the particles which can  result in zero remnant 

magnetisation and zero coercivity. This particular phenomenon is observed in magnetic nanoparticles if 

the thermal energy kBT is of the same order of magnitude of anisotropy energy of the particles. This 

condition effectively leads to zero measured magnetic moment of the sample. The magnetization inverts 

spontaneously, as thermal enegy kBT is comparable to the anisotropy energy. Nanoscopic magnetic 

particles showing the phenomenon of superparamagnetism, thermal fluctuations play an important role in 

the magnetization process. This behaviour seems to be similar to paramagnetic behaviour but with a much 

steeper increase of susceptibility (higher susceptibility). The saturation magnetization which represents 

the spin alignments of the magnetic sample decreases with particle size [16-20].  

  The prepared sample of Fe3O4 NPs shows superparamagnetism by flipping the magnetic moments 

resulting paramagnetic behavior. This is one of the important aspects of magnetic properties of Fe3O4 

NPs, at nanodimension.The saturation magnetisation Ms value for magnetic iron oxide NPs prepared have 

been observed to be around 20-30 emu/g which is smaller than the bulk saturation magnetisation value 

i.e. around 100 emu/g. 

 

3. CONCLUSION 

Transition metals are the most abundantly studied magnetic material because they are more relevant to 

the application in various fields. Scientific interest has been developed to study the basic and fundamental 

properties of Magnetic iron oxides in a more profound way.  In the present work cubical shape Fe3O4 / γ-

Fe2O3 NPs were prepared using precipitation method. Particle system displays superparamagnetic 

behaviour at elevated temperature with the reduction of particle size at nanolevel.  Saturation 

Magnetization value observed to be decreases compared to bulk value. Magnetite or Maghemite particles 

truly show the size effect when dimension is reduced to nearly atomic scale. Near future it is going to 

prove its great potentiality in the field of medical science. 
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ABSTRACT 

The optical absorption (OA) properties of interacting Ni nanoparticles (NPs) of radius 10 nm 

embedded in dielectric have been studied theoretically, using modified Maxwell-Garnett (MG) 

model. The OA spectra for non-interacting NPs exhibit two broad absorption bands 

corresponding to 3.69 eV and 6.06 eV in lower and higher energy region. These absorption bands 

come from surface plasmon resonance (SPR) in Ni NPs.  Here, we have considered interacting 

Ni NPs and the interaction is represented by a parameter K. For our calculation we have varied 

the value of K from 0 to 50. Interestingly, the plasmon resonance peak shift towards lower energy 

with increase of K. This can be explained on the basis of driven damped harmonic oscillator 

model. It is well known that Ni is a strong ferromagnetic material. Therefore, the simultaneous 

existence of ferromagnetic and plasmonic properties make the Ni NPs more superior and can be 

used as optical nano-antennas for magnetic manipulation and also in different optoelectronic and 

photonic devices. 

 

Keywords: Ni nanoparticles, surface plasmon resonance, interparticle interaction, redshift 

INTRODUCTION: 

The studies of optical absorption (OA) properties of interacting metal nanoparticles (NPs) and 

their assemblies attracted a lot of attention due to their transport and guiding ability to the 

electromagnetic wave in nano-optics [1]. The most of the research work have been focused on 

the surface plasmon resonance (SPR) in noble metal NPs and their assemblies. For interacting 

noble metal NPs, the plasmon mode has been demonstrated for interparticle separation much less 

than the wavelength of exciting electromagnetic radiation [2-4]. Although, several works have 

been done in this direction, but the less attention has been paid to transition metal like Ni, Co and 

Fe. Due to much higher SPR energies, the Ni NPs could also be of technological interest for UV 

photonic applications than those of noble metals. However, the application of SPR in Ni NPs is 
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not limited to UV regime rather; it finds applications in photonics, non-linear optics, 

optoelectronics [5], biosensors [6] and others. The SPR is very important phenomenon of the 

optical properties of metal. The theory of SPR depends on the Drude free electron model of metal. 

For free electron like metals this model is highly applicable, although, some departures from the 

model can be found in case of few metals for their SPR energies lying very close to the d-band 

and hence the interaction between them cannot be neglected [7].  

Recently, multiple SPR absorption bands corresponding to non-interacting Zn [8, 9] and Ni NPs 

[10, 11] embedded in dielectric (silica) has been reported [12].  In both the cases the OA bands 

were recognized as SPR [8, 10, 11, 12]. A considerable peak shift with interaction in case of 

noble metals has also been observed [13].  

In this article, the interparticle interaction is taken into account to calculate the OA spectra of Ni 

NPs using the modified MG model [14]. Here, we have varied the parameter K from 0 to 50 for 

a particle of radius 10 nm. Interestingly the both SPR peaks show redshift with increase of the 

parameter K and arise due to the SPR of the surface electrons in Ni NPs. This property of 

interacting transition metal NPs can be used to tune the plasmon resonance from UV to visible 

region of electromagnetic spectrum. 

 

CALCULATION METHOD 

 

 The SPR properties of the small spherical metal particles have been generally studied using Mie 

theory in the “quasi-static limit”. In this limit, extinction can be regarded as absorption. But in a 

relatively denser medium one uses the MG type effective medium theory [14]. The details of the 

theory can be found in the reference [15].  In the calculation the concept of effective dielectric 

function has been used and we have considered the interacting Ni NPs. The interaction is 

regarded as a parameter designated by K whose values were taken from 0 to 50 with a fixed 

particle size (R = 10 nm). The volume fraction (f = 0.1) and dielectric function (DF) of the 

surrounding medium were kept fixed. 
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RESULTS & DISCUSSION 

 

In Fig. 1(a) we have shown the calculated OA spectra of spherical non-interacting Ni NPs, of 

radius 10 nm embedded in silica glass. The spectra show two broad absorption bands at around 

3.69 and 6.06 eV which are believed to be appeared due to surface plasmon resonance [1]. The 

OA spectra corresponding to interacting Ni NPs also exhibit the two SPR absorption peaks as 

shown in the Fig. 1(b). The SPR peaks are found to become prominent and shift towards lower 

energy side with increase in the values of the parameter K. The observation of the shift of plasmon 

absorption peak clearly indicates that there is a substantial redshift in both the bands with increase 

of K.  

 

                 

      Fig. 1: The OA spectra as function of energy for (a) non- interacting and (b) interacting Ni 

NPs of radius 10 nm embedded in silica. Inset shows the spectra for some other particle size. 

 

Further, the intensity of the absorption peaks has been found to increase with increase in the 

interaction with corresponding reduction in its full width at half maximum (FWHM). The 

existence of such SPR bands has also been observed experimentally in Ni NPs embedded in silica 

matrix with peak positions around 3.3 eV and 6.0 eV respectively [10]. Although, there are some 

differences between the experimental and theoretical results due to inconsistency in the available 

literature data for the dielectric constants of Ni. The effect of this interaction on the SPR 

absorption for Ni is as strong as that of SPR absorption in noble metal NPs [14]. For transition 

metal NPs the size dependent SPR energy is determined using the following condition [5, 10, 16] 

given by the equation 
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            =++ )]()}(2)([{ 2

2

2

1  m Minimum,                                                                     (1) 

where Ɛ1 and Ɛ2  are the real and imaginary parts of the DF of the metal NPs, and Ɛm  is the 

dielectric constant of the medium. All the parameters are frequency dependent. In most of the 

cases, for simplicity the following condition is used to find the SPR criterion [12], 

            )}(2)({ 1  m+  = 0                                                                                                     (2) 

instead of Eq.(1). Although, it is derived and found by neglecting Ɛ2 (ω) from Eq.(1). We can 

make such assumption for small values of Ɛ2 (ω) but for larger values Eq. (2) cannot be used. 

The actual mechanism of SPR absorption of Ni has been explained clearly in the ref.[13] and one 

can confirm that both the bands appeared due to SPR [12]. For interacting Ni NPs the SPR 

frequency can be estimated by considering the point dipole approximation. However, the SPR 

energy may be changed with the size but such change for interacting NPs is weaker in comparison 

to the change due to dipole-dipole interaction. When the particles come close to each other, the 

electromagnetic interaction comes into play and the electric field get distorted [17]. The amount 

of distortion depends on the separation between the particles and hence the interaction. Such 

changes lead to splitting of the SPR energy due to two types of polarization modes namely 

transverse and longitudinal [18]. The higher energy peak is associated with the transverse 

polarization while the lower energy peak is with the longitudinal polarization mode [19]. The 

SPR peak energy decreases linearly with the increase of K as shown in Fig. 2(a)-(b). 

 

      

Fig. 2 The variation of the (a) lower and (b) higher energy SPR Peak with the parameter K 
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Thus the range of tunability of the SPR absorption is greatly enhanced by considering interaction 

between the particles. Although, in case of the lower energy peak, the variation is nonlinear but 

more or less the trend of the shift is the same i.e. both the peak show redshift. It is also seen that 

the shift of both the SPR peak for interacting particles is more pronounced than the corresponding 

shift of SPR peak for non-interacting nanoparticles (i.e. K=0),that means the effect of 

interparticle interaction on the SPR absorption is more than that of the effect of particle size on 

the SPR in case of Ni NPs. Actually the plasmon peak shift is associated with the materials 

intrinsic plasmon damping which can be explained on the basis of driven damped harmonic 

oscillator model in which the oscillator amplitude is associated with near field amplitude and the 

energy dissipation is associated with far field extinction [19].  Although, the damping is not only 

the reason of the spectral shift, rather in nanostructure the size effect and larger value of the 

imaginary part of the dielectric function also play an important role [19]. 

 

CONCLUSION 

The OA spectra of interacting Ni NPs of radius 10 nm embedded in silica have been calculated 

theoretically using modified MG model. The calculated spectra exhibit two absorption bands, 

one in the higher energy side and other in the lower energy region. The positions of both the 

absorption band have been found to shift towards lower energy side with increase in the value of 

K. Such observation is mainly due to the dipole-dipole interaction. The higher energy peak is 

stronger than that of the lower energy peak. In addition due to the large spectral shift between 

the lower and higher energy peaks, and simultaneous ferromagnetic and plasmonic properties, 

the Ni NPs is suitable material for use of plasmonic antenna and in nanophotonic devices etc. 
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ABSTRACT 

TOAD is an important all-optical switch having various applications in all-optical logic gates 

and processors. It also finds applications in designing different types of processors for optical 

networking like code converters, parity checkers, generators etc. Most of the TOAD based 

designed so far reported used Semiconductor Optical Amplifier (SOA) for designing the TOAD, 

but in this communication, conventional SOA is replaced by quantum dot SOA or QDSOA. This 

enables the device to operate with a high speed as demanded by modern-day optoelectronic 

communication systems. QDSOA has a higher operating speed due to its lower gain recovery 

time compared to conventional SOA. This paper investigates TOAD based on QDSOA as an 

optical switch..  

Keywords: TOAD; Quantum dot SOA; Optical Switch; Extinction ratio 

INTRODUCTION: 

Tera-Hertz Optical Asymmetric Demultiplexer (TOAD) is an important device for all-optical 

signal processing [1-5]. These TOADs use single Semiconductor Optical Amplifier (SOA) for 

its operation. Another variant of TOAD is found in the works [6-10] is called dual control dual 

SOA TOAD or DCTOAD.  The application of DCDSTOAD makes the system hardware less 

complex. However, most of these TOADs use conventional SOAs with bulk semiconductor 

materials. Semiconductor optical amplifiers also use quantum dots in place of bulk materials to 

show improvements in the performance of the devices [11]. Quantum dot SOA (QDSOA) has 

advantages over its bulk counterparts as they show higher saturation power, larger gain 

bandwidth, pattern effect free nonlinearities like cross gain modulation (XGM), cross-phase 

modulation (XPM), and four-wave mixing. Moreover, QDSOAs have a slower population and 

polarization relaxations are the reason for these improved nonlinearities. Therefore, QDSOA 
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based devices will show improved performance [12]. The work [12] describes a 4bit digital to 

analog converter (DAC) using quantum dot SOA based TOAD (QDSTOAD). This motivates to 

use QDSOA in TOAD and see the effects as optical switch. In Figure 1, self-assembled InGaAs 

quantum dots on GaAs substrate is used to design the QDSOA, in which the wetting layer is 

grown with Stranski- Kranstanow mode[11].  

 

Figure 1. Quantum dot SOA 

TOAD based on QDSOA is shown in figure 2. It consists of a fiber loop with a QDSOA 

placed asymmetrically acts as a nonlinear element. The control power changes the gain and phase 

of the data signal which after circulating the loop from opposite direction interfere and gives two 

outputs at destructive and constructive ports.  
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The outputs of constructive port and destructive ports are given by  

𝑃𝑇,𝑅 = 0.25𝑃𝑖𝑛[𝐺0 + 𝐺(𝑡) ± 2√𝐺0G(t) cos(∆𝜃)                                (1),  

where G0 is the unsaturated gain and G(t) is the time-dependent gain and Δθ is the phase 

difference between interfering co and counter-propagating data signals Dcw and Dccw as shown 

in figure 2.  

MATHEMATICAL MODELING:   

To investigate dynamics of the QDSOA, rate equation model described in [12, 13] is considered. 

The following equations (2) to (5) are numerically solved to calculate extinction ratio(ER): 

𝜕𝑁

𝜕𝑡 
=

𝐽

𝑒𝐿𝑤
−  

𝑁(1 − ℎ)

𝜏𝑤2
+

𝑁𝑄

𝜏2𝑤𝐿𝑤   
−

𝑁

𝜏𝑤𝑅
                                                                (2) 

𝜕ℎ

𝜕𝑡 
= −

ℎ

𝜏2𝑤
− 

𝑁(1 − ℎ)𝐿𝑤

𝜏𝑤2𝑁𝑄
+

(1 − 𝑓)ℎ

𝜏21
−

𝑓(1 − ℎ)

𝜏12
                                             (3) 

𝜕𝑓

𝜕𝑡 
=

(1 − 𝑓)ℎ

𝜏21
−  

𝑓(1 − ℎ)

𝜏12
+

𝑓2

𝜏1𝑅
−

𝐿𝑤𝑔𝑚𝑎𝑥(2𝑓 − 1)𝑃

𝑁𝑄𝐴𝑒𝑓𝑓ℎ𝜈
                                      (4)   

Here N,h, and f are the occupation probabilities of wetting layer, excited state, and ground-state 

respectively. Signal propagation along the length (z-direction) of the QSDSOA is given by[13], 

𝜕𝑃

𝜕𝑧
=

[𝑔𝑚𝑎𝑥(2𝑓 − 1) − 𝛼𝑖𝑛𝑡 ]𝑃

𝐴𝑒𝑓𝑓ℎ𝜈
                                                                        (5)    

Where P is the total input power injected into the QDSOA.  

SIMULATION RESULTS AND OPERATION:  

Table 1 shows the parameters for the simulation used in this paper. These parameters (except the 

universal constants) are optimized for the performance of the device TOAD. The extinction ratio 

is defined as ER= 10log10(P1
min/P0

max), where P1
min, and P0

max
 are minimum power of output '1' 

and a maximum power of output bit '0' respectively.  
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Table 2. Parameters used for simulations[12] 

Spontaneous lifetime(radiative) in the WL(τwR) = 0.2 ns 

Relaxation time of electron from the WL to ES(τw2) = 3 

ps 

Relaxation time of electron from ES to GS(τ21) = 0.16 ps 

Group velocity(Vg) = 8.3 x107m/s 

Escape  time of electron from ES to WL(τ2w) = 1 ns, 

Escape time of electron from GS to ES(τ12) = 1.2 ps 

Radiative lifetime(spontaneous) in Quantum Dot(τ1R) = 

0.4 ns 

Material gain coefficient, gmax = 14 cm-1 

internal loss αint = 2 cm-1 

Injection current density, J = 1kA/cm2 

Lw = 250nm 

Transparent current density, NQ = 5.0 x 1010 

Effective area, Aeff = 0.75 μm2. 

 

We have first optimized the QDSTOAD for the control power. It is found that an ER value of 

3.86dB, and 28.5dB are calculated for 1.5mW of control power for transmitted port and reflected 

port respectively (Figures 3 and 4). This shows that the reflected port has better ER than the 

transmitted port and has better switching operation.  
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Figure 3. Variation of ER of transmitted port with control power 
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Figure 4. Variation of ER of reflected port with control power 

Figure 5 optimizes ER for line-width enhancement factor (LEF) and it is found that a maximum 

ER of 3.86dB is for LEF equals to 5 for the transmitted port. However, ER values decrease with 

LEF for the reflected port as clear from figure 5.  
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Figure 5. Variation of ER with LEF 

CONCLUSIONS: In this paper, QDSOA based TOAD is designed and investigated 

theoretically using numerical modeling and ER is calculated for both the ports. The reflected port 

shows ER value as high as 28.5dB. In the future, the TOAD needs further investigation in terms 

of different parameters like amplitude modulation(AM), contrast ratio(CR), Quality factor(Q), 

etc.  
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ABSTRACT 
 

Herein, the monodisperse Co3O4 with various morphology is reported. Within this demonstration, a series 

of Co3O4 with different morphology was synthesized using cobalt ammonium carbonate as precursor by 

hydrothermal method. In the present work we successfully synthesize pure phase of Co3O4 microcube by 

direct (one step) hydrothermal process by carbonate-based precursor. The materials were characterized 

by XRD, SEM, TEM, EDX, TGA analysis. The kinetics have been studied for the formation mechanism 

of the materials. The materials were used for the post synthesis of core-shell type materials for different 

task specific applications. 

Keywords: Co3O4, Nanostructure, Cube, Hydrothermal 

INTRODUCTION: 

Co3O4 has been widely considered as an efficient electrocatalyst [1-4]. Co3O4 with spinel crystal 

structure is beneficial for the electron transport between Co2+ and Co3+ ions and considered an 

effective catalyst for OER processes [5-8]. But due to its low electrical conductivity and 

dissolution, short active site density and agglomeration nature during electrocatalytic processes, 

the electrocatalytic activity is not superior [8]. To overcome this problem research on faceted 

Co3O4 nanostructure materials has been explored extensively [9-13]. Among the various faceted 

Co3O4, cubelike structure is one of the major morphology due its exposed {100} facet [14-17]. 

There are few reports for the synthesis of cubes like template assisted synthesis [14, 15], solution 

based hydrothermal process [16-17]. In some cases, the reaction time is longer by using urea as 

a reagent [16]. In these literatures strong base like NaOH was used [17]. For the synthesis of 

metal oxides using carbonates yields metal carbonate as an intermediate which upon heating 

produce the metal oxide. So, an additional step is required to synthesize the metal oxides. Direct 

synthesis of Co3O4 nanoparticles without calcination process is a promising technique for the 
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development of Co3O4-based functional nanomaterials [17]. So, direct synthesis of faceted Co3O4 

nanostructures is the main focus of the present work. 

In the present work, we report the direct hydrothermal synthesis of pure phase of Co3O4 

nanomaterials by carbonates. Elimination of strong hydroxide base or any organic or inorganic 

template for the synthesis of Co3O4 cubes. Co3O4 is used as a template for core shell void 

Co3O4@ CoS2. The OER performances of the synthesized materials are quite good and expected 

to be a good energy material. 

MATERIALS & METHODS 

Chemicals. 

Cobalt (II) Chloride, Hexahydrate was procured from Oriental Chemical Industry, South Korea; 

ammonium carbonate was purchased from Samchun Chemicals, South Korea. Potassium ethyl 

xanthogenate was purchased from Sigma Aldrich. All the chemicals were used as-obtained 

without any further purification. Water with a resistivity of 18 MΩ cm-1, obtained from a 

Millipore water purifier, was used for all the performed experiment. 

Synthesis of Cube like Co3O4 

11 g of Cobalt (II) Chloride, Hexahydrate dissolved in 500 mL of water. 40 ml of the solution 

was taken and 1.8 g of solid ammonium carbonate was added with continuous stirring (500 rpm). 

Within 2–3 min the solution became clear. Then, 160 ml of water was added to the clear solution 

and stirred (500 rpm) for 5 min. 50 ml of the resultant solution was diluted to 200 ml and then 

50 ml transferred to Teflon lined stainless steel autoclave and kept in a pre-heated oven at 200°C 

for 2h. The resultant black materials were collected through centrifugation and washed with 

water for several times. The materials were dried at 70–80 °C for 6 h. 

Synthesis of Cube like Co3O4@CoS2 

In typical procedure, 0.5 gm Co3O4 was dispersed in 40 ml water. Then 1 gm of Potassium ethyl 

xanthogenate was added to the solution and stirred for 5 min and transferred to Teflon lined 

stainless steel autoclave and kept in a pre-heated oven at 200°C for 4h. The resultant black 

materials were collected through centrifugation and washed with water for several times. The 

materials were dried at 70–80 °C for 6 h. This synthesized Co3O4@CoS2 treated with different 

temperatures in N2, N2/H2 atmosphere. 
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RESULTS & DISCUSSION 

Synthesis and characterization 

From the XRD data it is confirmed that the pure Co3O4 phase is obtained after hydrothermal 

treatment (Fig. 1a). JCPDS card No. 43-1003) and confirmed the formation of phase pure 

Co3O4. Fig. 1b represents the phase of Co3O4 and CoS2. The XRD pattern of the Co3O4 

nanoparticles present diffraction peaks at 19° (111), 31° (220), 37° (311), 39° (222), 45° 

(400), 55° (422), 60° (511) and 65° (440), which are indexed to the cubic phase of Co3O4 

spinel structure. The XRD pattern (Fig. 1b) of the CoS2 at 27° (111), 32° (200), 39° (211), 

46° (220), which are index to CoS2 phase [18]. 

 

Fig. 1 (a) XRD pattern of Co3O4 and (b) Co3O4@CoS2  

 

In the TG analysis (Fig. 2), a very little weight loss (~1%) is observed. No distinct weight loss 

indicates the pure Co3O4 phase in asynthesize product.  

 

 

 

Fig. 2 TGA analysis of asynthesized 

Co3O4. 

 

 

 

 

Low-magnified SEM image (Fig. 3a) of Co3O4 shows a cube like structure. From the SEM 

analysis it is also confirmed that the synthesized materials are monodisperse (~ 95%). The 
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individual cubes are around 200-300 nm. TEM images of the hydrozincite also confirmed the 

cube like structure of Co3O4 nanoparticles (Fig. 3b). All the TEM observations also support 

the SEM observations. The EDX mapping shows the Co and O (Red and Blue colour) in 

cubes and indicates the pure phase of Co3O4 (Fig. 4). 

 

Fig. 3 (a) SEM images and (b) TEM images of asynthesized Cube like Co3O4. 

 

 

 

Fig. 4 (a), (b) & (c) EDX mapping of Cube like Co3O4 structure. 

 

Formation mechanism: 

The formation mechanism of Co3O4 is interesting and still a scope of research. Major focus was 

given to understand the core-shell formation mechanism. But the formation mechanism of 

Co3O4@CoS2 is well understood by the controlled experiments (Table 1). From the TEM 

analysis it is observed that when the Co3O4:Xanthate ratio is increased then the coating occurs 

effctively (Fig. 5). Fig. 6 represents the mechanism of Void core-shell formation [19, 20]. In 

our case kirkendall difussion is the most probable mechanism as per the experimental 

observation. 
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Fig. 5 Controlled experiments (a) No coating, (b) partial coating and (c) full coating of 

CoS2 on Co3O4. 

 

Fig. 6 (a) & (b) Schematic representation of Void core-shell mechanism 

From the controlled experiments the following equation can be predicted. The previous 

literatures also support the following reaction [20, 21]. Initially, xanthate decompsed to carbon 

disulphide (Eq. 1), CS2 in presence of wáter and CS2 reacts with Co3O4 to form core-shell 

structure (Eq. 2). 

𝐶2𝐻5𝑂𝐶𝑆𝑆−𝐾+  + 𝐻2𝑂 = 𝐶2𝐻5𝑂𝐻 + 𝐶𝑆2 + 𝐾𝑂𝐻    ( Eq. 1) 

𝐶𝑜3𝑂4 + 𝐶𝑆2 = 𝐶𝑜3𝑂4@ 𝐶𝑜𝑆2      (Eq. 2) 
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Table 1 Phase and morphology controlled by Potassium ethyl xanthate 

Co3O4 :X 

X= Potassium ethyl 

xanthate (mol ratio) 

Phase Morphology 

1:0.5 Co3O4@CoS2 No coating 

1:1 Co3O4@CoS2 Partial coating 

1:1.5 Co3O4@CoS2 Full coating 

 

OER Performances: 

The OER performaces of Co3O4 and Co3O4@CoS2 was performed. The Co3O4@CoS2 -H-

500 C showed best perfomances amoung other synthesized catalyst. (Fig. 7) 

Co3O4@CoS2 -H-500 C shoed the OER perfomances at 1.75 V (Vs. RHE) at O.1 M KOH. 

This catalyst showed the lower overvoltage among the synthesized catalysts. The effect 

of calcinature temperature with different gaseous environment on OER performances can 

be explained by increased crystallinity for better electron transport. But from the data it is 

shown that the OER performances of Co3O4@CoS2 is better than Co3O4. This is due to 

the fast electron transfer between heterojunction of core-shell structure.  

 

 

Fig. 7 OER performaces of Co3O4 and Co3O4@CoS2. 
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CONCLUSION 

Monodisperse nanostructured Co3O4 with different morphology was synthesized using cobalt 

ammonium carbonate as precursor by hydrothermal method. In the present work we successfully 

synthesize pure phase of Co3O4 microcube by direct (one step) hydrothermal process by 

carbonate-based precursor. The materials were used for the post synthesis of core-shell type 

materials for different task specific applications. The kinetics have been studied for the formation 

mechanism of the materials and xanthate concentration play an important role for formation of 

void in core shell structure. The synthesis of this material requires simple laboratory instruments. 

The Co3O4@CoS2. core-shell material showed quite good OER performances and expected to 

be a useful energy material. 
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ABSTRACT: 

The increasing demand and depletion of fossil fuels in India lead us to shift our focus to 

renewable sources which are not only the future unlimited source of energy but also ecofriendly 

and viable for environment. Solar energy is a form of renewable energy and is a very efficient 

method of saving electricity which does the same functioning as the electricity but the main 

difference is that the major source is solar energy. This paper focuses on the design of solar 

modules serve as a source of charger through solar charge controller to the battery and inverter 

for converting the direct current into an alternating current for house hold application. It has 

more advantages because it needs less maintenance, no use of fuel, light in weight, rugged, 

noiseless and does not require an alternating current for charging.  

Keywords: Solar cell, Inverter Circuit, MOSFET 

INTRODUCTION: 

It is evident that solar energy is renewable source of all. It is a process in which solar energy is 

converted into electrical energy using solar panel. Solar energy is the radiant energy. The earth 

receives 174 watts of solar radiation at the upper atmosphere 30% reflected back to space and 

rest is observed by clouds, ocean, and mass. Human harness solar energy in many different ways 

space heating and cooling, lighting, hot water, cooking etc. the solar energy are only limited by 

human ingenuity. 

Solar technologies are characterized as either passive or active depending on the way the energy 

captured converts and distributed [1]. Active solar techniques use photovoltaic panel which we 

are going to use this type of solar panel in circuit, as we all know that solar energy is a renewable 

source of energy and is inexhaustible. Using sun’s energy we can charge a 12V battery through 
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charger circuit, we can even charge our cell phones with the help of mobile charger circuit and a 

CFL bulb can be glown with the designed inverter circuit. 

1. EXPERIMENTAL WORK 

           The block diagram demonstrates about solar inverter which converts the solar energy in 

to electrical energy for house hold application. Hence it is renewable source of energy and more 

efficient. Through this process we can consume solar energy for our daily life requirement. As 

its energy in the form of electrical energy is used to charge the mobiles and batteries too.          

 

 

 

 

 

 

 

                           

      Figure 1. Block diagram of inverter circuit 

i. SOLAR PANEL  

           Collection of solar cells is known as solar panel. Combinations of small solar cells 

together can be used for generating power that can be used over a large area. The electricity 

produced by a solar cell depends upon the mount of light that hits a cell. The principle on which 

solar panel works is photo voltaic effect is a physical and chemical phenomenon in which voltage 

or current created in a material when sunlight falls on it [2, 3].  

ii. SOLAR CHARGER CIRCUIT  

          When solar radiation falls on solar plate then it absorbs sun rays as a source for generating 

electricity. These sun rays are the light energy (photon) directly coming from the sun. In this 
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circuit a diode of series In 4001 is placed which is used to give a unidirectional flow of current 

in the circuit i.e., current could only flow from solar panel to battery and not from battery to solar 

panel. After the battery an IC of series LM317 is used as voltage controlling device [4].  

iii. BATTERY 

          A battery is a device that stores the charge for further application. In this circuit the main 

function is to store power and during storage of AC power supplied it acts as a beneficial source 

of power via inverter to AC load. Lead acid battery or Ni – Cd battery banks can be charged with 

the help of solar charger circuit. For this at stationary locations series of solar Cells are installed. 

These solar cells can be directly connected to battery banks to store energy for off peak hours.  

They can also be used in peak hours for saving energy during day time. The range of charging 

voltage produced from solar panel depends upon the intensity of the Sun. Thus to protect the 

solar charger circuit [5] from over charging or over voltages a voltage regulator must be used 

along with the solar charger circuit. 

iv. AC LOAD  

         It is the output of the inverter circuit. The inverter circuit converts the DC source into 220V 

AC which is consumable for appliances.   

v. DC LOAD 

         It is the output power which we can directly obtain from the battery. It is efficient in 

supplying the power to gadgets operating on low DC voltage.  

4.   Inverter  

        Inverter is a device that converts Direct current (or DC) to Alternating Current (or AC) using 

transformers, switching circuits and control circuits. Home inverters or home UPS takes the DC 

power from the batteries and converts it into AC power used by the load connected at home. 

Similarly, an off grid solar inverter operates. In case of grid connected, solar inverter the DC 

power is generated from the solar panels and AC power is given to the grid. In case of “grid 

connected ”  solar inverter when the power is coming from the grid , the UPS and Inverter system 

charges the batteries using the power coming from the grid . When the power coming from the 

grid is off, then the inverter takes the DC power from the batteries and converts it into AC to 
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appliances. An automatic switch is used to sense whether the power is coming from the grid and 

if not then it switches the UPS into battery mode. 

i. IC CD4047 

        It is a CMOS low power mono stable / a stable multivibrator with logic techniques 

incorporated to permit positive or negative – edge triggered 14 - lead hermetic dual – in-line 

ceramic packages. It can operate in only one mode at a time. It requires an external capacitor 

(between pin 1 & 3) and an external resistor (between pin 2&3) to determine the output pulse 

width in the mono stable mode, and the output frequency in the a stable mode. Its various features 

are wide supply voltage range: 3V to 15 V, high noise immunity, true and complemented buffered 

out puts, low power compatibility, low power consumption and only one external R and C is 

required. 

ii. MOSFET IRFZ44 

        MOSFET IRFZ44 [6] is an N-channel enhancement mode standard level field –effect power 

transistor in a plastic envelope using trench technology which is used for both amplifying and 

switching purpose. MOSFETS are the most common transistors used because of its main 

advantage that it requires lesser amount of current to turn on while it delivers much higher amount 

of current to load. The device features very low on-state resistance and has integral zener diodes 

giving ESD protection up to 2KV, maximum VDS (Drain source voltage) as 55 V and can handle 

continuous drain current up to 49A. 

iii. TRANSFORMER (12-0-12)  

        A transformer is a static device that transfers electrical energy from one circuit to another 

through electromagnetic induction at constant frequency. Transformers are used in circuits to 

increase or decrease the voltages value. In this paper the transformer used is of 12-0-12 Volt and 

5A. It has 230V primary windings and centre tapped secondary winding.  

iv. RESISTORS   

        In this circuit the resistors of different ratings are used. Those are resistors of 100ohm, 1 K 

ohm and 100 K ohm variable resistor.  
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v.   CAPACITOR (0.22uf) 

        In this circuit the capacitor used is of 0.22µF. 

5.   WORKING OF INVERTER CIRCUIT  

         DC supply to the inverter circuit is provided by 12V battery. In this a combination of ‘R’ 

& ‘C’ is used which works as an oscillating circuit. This circuit endows the frequency of 

oscillation. Through this oscillation circuit capacitor gets fully charged and thus triggers the IC 

when it reaches at threshold voltage. Once the capacitor is completely charged, it starts 

discharging through the resistor and the common line. At pin 4, 5, 6 & 14 of IC positive supply 

comes and at pin 7,8,9 & 12 of IC negative supply comes . IC used in the circuit is such that one 

time we get out put at IC pin number 10 and second time we get out put at IC pin number 11. 

Thus due to the output of IC, MOSFET get triggered.   

         When we get output at IC pin number 10 at that time MOSFET 1 gets triggered. It act as a 

closed switch. Thus the primary circuit of transformer will get completed due to which voltages 

would be induced in the secondary of the transformer. When MOSFET 1 acts as closed switch 

at that time the direction of flow of current in the primary winding would be clockwise and at the 

same time the direction of flow of current in the primary winding would be clockwise and at the 

same time the direction of flow of current in the secondary would be anti-clockwise. The output 

obtained from secondary winding of transformer would be square wave. This wave would be 

positive in nature. 

          When we get out put at IC pin number 11 at that time MOSFET 2 gets triggered [7]. It will 

now act as a closed switch. Thus the primary circuit of transformer will get completed due to 

which voltages would be induced in the secondary of the transformer. When MOSFET 2 acts as 

closed switch at that time the direction of flow current in the primary winding would be 

anticlockwise and at same time the direction of flow of current in the secondary would be 

clockwise. The output obtained from secondary winding of transformer would be square wave. 

This wave would be negative in nature.  Thus the net output obtained would be complete square 

wave.  
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                                         Figure 2. Circuit diagram of inverter 

6. PROTECTIVE FUNCTIONS OF THE SOLAR INVERTER   

i. OVERLOAD PROTECTION  

When the power consumption of the appliance /appliances exceeds the total power of the solar 

inverter, it will then revert to the protection state within 20 seconds until you reduce the load.    

ii. SHORT CIRCUIT PROTECTION 

If an appliance short circuits, the solar inverter will revert to the protection state until the 

appliance is removed. 

iii. THERMAL PROTECTION 

As inverter is semiconductor-based equipment, sensitive to overheating and operate best at cooler 

temperatures. If the temperature of the solar inverter gets too hot it will protect with automatic 

temperature controlled section developed by front end electronics. 

 

iv.  REVERSE POLARITY PROTECTION 

         If connected incorrectly no current will pass through the solar inverter. For that purpose a 

diode (IN5408) is connected to the positive terminal of the inverter. 
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7.    CONCLUSION 

         A solar panel using inverter with charger and charge controller had successfully been 

designed and developed. Solar charger was used to store DC power which was generated by 

photovoltaic effect of solar panel.  To protect from over charging of the battery simple auto cut 

off circuit is designed and tested. The output of charger circuit is fed to auto cut off circuit using 

relay which is completely automatic which protects the battery from over charging. Inverter 

circuit is used to convert DC power into AC power which is used to drive the loads. Level 

indicator circuit helps to determine the amount of charge left in the circuit which can easily be 

implemented in real life to increase the efficiency of solar inverter. Using microcontroller instead 

of relay the system of solar inverter circuit will be made more attractive and reliable. 
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ABSTRACT 

Discarded fruit peels create various environmental pollutions, the reuse of such waste peels reduces 

pollution, waste as and it also sustains environmental balance. In this communication, we have reported 

the synthesis of copper oxide nanoparticles using aqueous extract of citrus maxima peel and copper nitrate 

as precursor. The prepared CuO NPs were characterized by XRD, SEM, EDS, FTIR, PL and UV-visible 

spectroscopy.  The obtained result revealed that the synthesized CuO nanoparticles were spherical in 

shape with monoclinic crystal structure. UV-visible diffuse reflectance spectroscopy was used to estimate 

the direct and indirect band gap energy of CuO nanoparticles. Photoluminescence (PL) was carried out to 

investigate materials imperfection and recombination mechanism.  

 

INTRODUCTION:  

In recent year, the green synthesis becomes an alternative method for material fabrications because of 

various environmental issues. The method utilizes green chemistry for the synthesis of nanoscale 

materials for various potential applications and attracted the attention of researcher in contrast to the 

traditional method which produces harmful waste product for the environment. In general, the traditional 

method employed organic solvent, harsh reducing agent, flammable, toxic and corrosive chemical 

compounds and required sophisticated instruments and time consuming. However, green technology 

utilizes the only environmentally available natural product and reduces the usages of chemical reagents 

with improvement in crystal quality along with the efficiency of method. 

Nanomaterials have various applications in the field of science and technology and biomedical 

applications because of its unique and remarkable properties as compare to the bulk counterparts [1]. Due 

to the large surface area and high surface energy of nanoparticles, metal oxide nanoparticles are used 

broadly in the form of nanoscale [2-4]. Electronic, magnetic, antibacterial, catalysis, sensing and optical 

properties made the nanomaterials superior in nanoscale. Among various type of nanomaterials, Copper 

Oxide (CuO) is another p-type semiconductor with narrow indirect band gap energy ~1.2 eV [5,82] with 
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excellent superconducting properties and widely used in the field of catalysis [7], gas sensor [8], dye-

sensitized solar cell [4] etc. due to its low cost, non-toxicity and thermal stability.  

The various method has been employed for the synthesis of CuO nanoparticles (NPs) such as microwave- 

assisted [9], Hydrothermal [10], sol-gel [11], thermal decomposition [12], and chemical precipitation [13]. 

Recently, different kind of plant, peel and root extract has been used for the synthesis of NPs as a 

stabilizing or capping agent [14,15].  Plant extract contains various biological compounds such as 

flavonoids, alkaloids, phenolic compounds, quinol, amino acid, and chlorophyll pigments which acts as a 

reducing agent and itself act as a stabilizing agent to reduce metal ions to nanoparticles and eliminates the 

use of any other stabilizing agent [14]. Different kind of plants and peels extract like Calotropis gigantean 

[4], Punica granatum [16], Thymus vulgaris [17], Cassia auriculata [18] has been used for the synthesis 

of CuO NPs. Along with plant extract, fruit peels extract was also useable for green synthesis of NPs. 

Citrus maxima is a fruit of citrus family, its peel contains polysaccharide, essential oil, pectin, and 

flavonoids, and so on [19,20]. Iron NPs were synthesized using an aqueous solution of citrus maxima peel 

as a reducing agent [21]. A thorough literature review suggested that none have reported aqueous solution 

of citrus maxima peel for the synthesis of CuO NPs using copper nitrate precursors. However, these peels 

are discarded in an environment which causes environmental issues. Re-use of such waste products avoids 

pollutions in an environment. Concerning all these, current work reports the use of citrus maxima peel 

extract as a reducing and stabilizing agent for the production of CuO NPs using copper nitrate precursor 

and structural, morphological and optical properties were carried out.       

MATERIALS AND METHODS:  

Synthesis of CuO nanoparticles 

Fresh Citrus maxima fruit was peeled and washed several times with distilled water and then cut into 

pieces and air-dried. 50 gm of said peel pieces were then boiled in 150 ml distilled water at 70-80oC for 

1 hour. A light yellow solution was formed which was cooled at room temperature and filtered several 

times using Whatmann No. 1 filter paper. 30 ml extract was taken from the stock solution and stirred. 

Afterward, 1 gm of copper nitrate trihydrate [Cu(NO3)2.3H2O)] was added into the extract and then the 

solution was heated slowly until the temperatures reaches to  80oC. The solution was heated until it 

changed to brown colored paste and then cooled. The paste was transferred to the ceramic crucible and 

sintered at 400oC for 1 hour. Black powder was collected and ground in mortar pestles and stored in 

vacuum desiccators for further characterizations.   

Characterization of CuO NPs  

Different techniques were used for the characterization of the materials. The phase purity of the material 

was characterized by powder X-Ray diffraction (PANAlytical E’XPERT, Netherlands) with CuKα as a 

incident beam (λ=1.54 Å) in the range of 30-800 at scanning rate of 10/min. The morphology, particle size 

and elemental composition were analyzed using Scanning Electron Microscopy (SEM) and Energy 

Dispersive X-Ray Spectroscopy (EDS). Optical properties and band energy were evaluated using UV-Vis 
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NIR spectroscopy with diffuse reflectance. Function group of the material was studied by Fourier 

Transform Infrared (FTIR) Spectrometer, Shimadzu FTIR 8201. The room temperature 

photoluminescence (PL) was carried out using spectrophotometer, RF 6000 for the identification of defect 

state. 

RESULTS AND DISCUSSION 

The crystal structure, crystallite size was examined using powder X-Ray diffraction spectroscopy. Figure 

1. shows the powder XRD diffraction pattern of the synthesized sample. All the diffraction peaks of XRD 

patterns are well matched with JCPDS Card No. : 45-0937 of CuO with a monoclinic crystal structure. 

The sharp and intense peaks indicate the high crystallanity of CuO NPs. No other diffraction peaks from 

Cu2O, Cu(OH)2 and impurity were observed which confirms the pure monoclinic phase formation of 

grown product. From the figure-1 it is clear that (-111) and (111) have a stronger intense peak than others, 

indicates that the strong preferential orientation in the (-111) and (111) direction. The average crystallite 

size (D) of the CuO NPs was determined using Debye-Scherrer’s formula - 

 𝐷 =
𝑘𝜆

𝛽ℎ𝑘𝑙𝑐𝑜𝑠𝜃
       (1) 

where k  and λ represents shape factor (0.9) and wavelength of incident radiation (1.5406Ǻ). 𝛽ℎ𝑘𝑙 and θ 

are full width half maxima (FWHM) and scattering angle. The average crystallite size was 18.32 nm.  

 

 

 

 

 

 

 

Figure 1. (a) XRD pattern of sample of 

CuO NPs 

 

 

Fourier transform- infrared (FTIR) spectroscopy was used to analyze the functional group present in the 

material and the spectrum is shown in Figure 2. The presence of broad band in the region of 3540-2800 

cm-1 may be due to the stretching vibration of O-H and C-H [21,23]. The peak positioned at 2358.07 cm-

1 indicates the presence of CO2 molecules. The band at 1639 cm-1 indicates the stretching vibration of 

C=O in aldehydes and ketones which confirms the presence of phenolic acid and terpenoid on the surface 

of NPs. In addition to it, the stretching vibration of C-N at 1206 cm-1 indicates the presence of aliphatic 

amines [21]. The absorption band at around 1389.79 cm-1 can be attributed to the C-C stretching of the 

aromatic ring. The sharp and intense peak at around 531.39 cm-1 is due to the characteristic stretching 

(a) 
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vibration of Cu-O along the [101] direction on the monoclinic crystal structure of CuO, which confirms 

the formation of CuO. Moreover, the absence of band at 610 cm-1 indicates that there is no phase formation 

of Cu2O and confirms the phase purity of CuO [24]. FTIR spectroscopy suggested the presence of 

phenolic acid, terpenoid, aliphatic amines, and aromatic ring on the surface of CuO NPs which were 

thought to act as capping or stabilizing agents for the formation of CuO NPs. 

 The Scanning electron microscopy (SEM) and energy dispersive x-ray spectroscopy (EDS) of 

CuO NPs were carried out to evaluate morphology and elemental composition and it is shown in Figure 

3 (a-b). The SEM image reveals the distinguishable spherical morphology of CuO NPs with an average 

size of about 33.44 nm and it is in good agreement with the size computed from XRD patterns. It is clear 

from the SEM image that CuO NPs synthesized using citrus maxima peel aqueous extract produce 

uniform spherical morphology. The peaks of Cu and O in EDX spectrum display that NPs are composed 

of Cu and O only and the absence of extra peak indicates the purity of synthesized CuO NPs and this 

result supports the XRD spectra of CuO NPs. However, an extra peak is observed from the substrate used. 

CuO NPs are constituted with 75.04 and 24.96 wt% of Cu and O respectively. The overall result suggested 

the pure phase formation of CuO NPs using aqueous citrus maxima peel extract.  

 

 

 

 

 

 

 

Figure 2. FTIR spectra of 

CuO NPs synthesized using 

aqueous peel extract. 

 

 

UV-Vis NIR spectroscopy in diffuse reflectance mode was carried to analyze the spectral response of the 

sample as shown in Figure 4(a). Kubelka-Munk formula [22] was employed to estimate the band gap 

energy of the material. F(R) was derived from 𝐹(𝑅) =
(1−𝑅)2

2𝑅
 , here F(R) is equivalent to the absorbance 

coefficient, and R is the absolute reflectance. From the spectrum, it was clear that sample exhibit 

absorption peak at 256 nm associated with Cu2+ ion in the zeolite structure. Also, the absorption band at 

427 nm attributed to the Cu2+ was also observed which is related to the electron transmission of d orbitals 

[25,26]. This confirms the presence of copper (II) ion in the material. Moreover, peak around 550 nm 

belongs to Cu2O resulting from the decomposition of CuO [27]. The optical band-gap of indirect and 

direct band-gap was calculated using Tauc’s plot by plotting [F(R)×hʋ]^0.5 and [F(R)×hʋ]^2 versus 

photon energy (Figure 4(b)&4(c)) and the energy was observed by extrapolating liner portion to the 

energy axis and the observed value was 1.4 eV and 3.17 eV respectively and the result is in accordance 
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to other reported literature [5].The higher direct band gap energy to that of indirect indicates the 

crystallanity of the materials [28]. However, the observed indirect band gap energy is greater than the 

bulk counterparts of CuO (~1.2 eV) which could be attributed to the quantum confinement effect for the 

small individual crystal size observed in SEM analyses. When the size of the materials decreases to the 

nanoscale, the wavelength of light becomes large with respect to the size of the materials and the low 

coordination atoms with lower atomic interaction increases on the surface of the materials. As the size of 

the particle becomes smaller than Bohr radius the electrons are become more confined in the particle. Due 

to this confinement effect the band gap energy increases [29].  

 

 

Figure 3 (a) SEM micrograph of CuO  and (b) Elemental composition spectra of the sample 

Figure 5. corresponds to room temperature photoluminescence (PL) spectra of CuO NPs. The spectra 

consist of four peaks located at 380, 402, 426, and 524 nm. A strong UV emission band known as near 

band edge (NBE) emission is observed at 380 nm attributed to the recombination of electron-hole pair in 

free excitons [30]. Violet and blue emission at 402 and 426 nm was also observed in the visible region 

attributed to the oxygen vacancy and interstitial oxygen [22] and this result is consistent with the 

luminescence band of CuO reported by other literature [31,32]. In addition to it, the broad small hump 

which is known to be green emission band around 528 nm could be associated with singly ionized oxygen 

vacancy originated from the recombination of electrons with holes [33,34]. However, the origin of 

luminescence in CuO is still in contradiction and only few reports are available. S. Dagher et al. reported 

different NBE emission peak depending upon the size of colloidal CuO nanoparticles [35]. The different 

PL emission peaks suggests that depending upon the morphology, particle size, CuO exhibit different 

emission peaks. 
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Figure 4. Optical spectra of CuO NPs (a) . Tauc’s 

plot of CuO NPs (b) Indirect transition and (c) direct transition. 

 

 

 

 

 

 

 

Figure 5. Photoluminescence spectra of 

CuO NPs. 
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CONCLUSIONS: 

In this work, we have reported the synthesis of CuO through environmentally friendly method 

using aqueous extract of citrus maxima. XRD result showed the pure monoclinic phase of the 

materials supported by FTIR and EDS analysis. FTIR result indicated the presence of phenolic 

acid, terpenoid, aliphatic amines and aromatic ring which acts as reducing or capping agent.SEM 

result showed spherical morphology of particles with an average particle size of 33.44 nm. The 

indirect optical band gap energy was evaluated from Tauc’s plot and found to be 1.4 eV which 

suggested that the materials will be useful for photocatalytic applications. PL spectra showed 

both UV and Visible emission peaks with   dominant NBE emission peak at about 380 nm. The 

green synthesis method using aqueous peel extract will contribute to environmental issues and 

create economic benefits. Finally, while recognizing our limitation of analysis, the work 

presented in this paper leave avenues for further study of present materials. In view of 

application, we propose further study may be carried out in future for application of the 

synthesized materials. 
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Abstract: 

The frequency encoded all-optical single bit memory unit operation is described using Tera Hartz 

Optical Asymmetric Demultiplexer (TOAD) based interferometric switch. Terahertz Optical 

Asymmetric Demultiplexer (TOAD) is a fundamental optical switch in an optical communication 

system. In the frequency encoding scheme, the states of information '0' and '1' are denoted by 

signals of frequency υ1 and υ2, respectively. This single-bit memory unit's output shows in the 

form of a truth table in terms of wavelengths. 

 

Keywords: TOAD; Frequency encoding; SOA; Memory unit. 

 

1. Introduction:  

All-optical signal processing has emerged as an alternative to an electronic system[1]. The 

demand of high-speed logic gates and processing units boosted the research in semiconductor 

optical amplifier based devices to implement different types of all-optical processors [2-7]. This 

includes all-optical logic gates, two's complement generator, comparator, and many others. Tera 

hertz optical asymmetric demultiplexer or TOAD is an all-optical switch uses SOA in such a way 

that the speed is increased considerably compared to simple SOA and many proposals for all-

optical logic gates and processors have been designed using TOAD and its variant dual control 

TOAD(DCTOAD)[7-13]. Frequency encoding for states of information has many advantages[1-

4,7,10], and hence TOAD based designs with frequency encoding are very much attractive for 

future optical technologies. In this communication, a frequency encoded single bit memory unit 

using TOAD is designed and analyzed and shows improved performance compared to our earlier 

work described in[1]. In this communication, frequency encoded memory using TOAD is 

developed and interpreted for the first time as far as the author's knowledge goes.    
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2. TOAD based optical switch: 

Tera Hartz Optical Asymmetric Demultiplexer (TOAD) is an interferometric switch. It is consists 

of a loop mirror with one Semiconductor Optical Amplifier (SOA), circulator, 2×2 coupler, and 

filters. It has one control input, one data signal input, and two outputs one is called output port 1, 

and the other is output port 2. When there is no control signal present only data signal enter into 

the TOAD, data signal break into two components one is the clockwise component, and the other 

is the counterclockwise component, which propagates around the loop and reaches the SOA at a 

different time. These components experience the same unsaturated SOA gain and recombine at 

the coupler. As no phase difference is introduced between them, and data signal comes from the 

output port 2. If the control signal is present, due to the gain saturation of the SOA and refractive 

index change, the two components will experience a different phase shift. If the phase difference 

is π, they recombine in the coupler, and the data signal will exit through output port 1. TOAD-

based optical switch as shown in figure 1.  

 

3. Frequency encoded single bit memory unit: 

Frequency encoded TOAD-based single bit memory unit as shown in figure2. It is consists of 

four TOAD-based switches, filters (υ1 pass and υ2 pass), beam splitters (BS), and mirrors. It has 

one input A and two outputs Y1 and Y2. 

 

3.1 Working Principle of single bit memory unit: 

We have used the data signal, and the control signal has different frequencies. 

Case 1: When the input A is a signal of frequency υ1, i.e.'0', it passes through the υ1 pass filter. 

So the TOAD T1 output generates a signal of frequency υ2, i.e., '1'. So the output of Y1 is υ2, i.e., 

'1'. A part of this output frequency υ2, i.e., '1', is applied in the input of TOAD T4 through the υ2 

pass filter and generates a signal of frequency υ1, i.e.'0'.So the output of Y2 is υ1, i.e.,'0'. Now let 

td 

SOA 

∆X 

 

Filter 

 
Filter 

 

Output port 1 

Control Signal 

 Data Signal 

        

Figure1. TOAD based optical switch 

Output port 2 
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us explain what happens when the input is made off. In this condition, TOAD T1 still receives a 

signal of frequency υ1 from the output Y2 and generates an output signal of frequency υ2, i.e., '1'. 

So the output of Y1 is υ2, i.e., '1'. A part of this output of frequency υ2, i.e., '1' is applied in the 

input of TOAD T4 through the υ2 pass filter and generates a signal of frequency υ1, i.e.'0' as Y2 

as output. So the previous condition is verified when the input is made off. Thus the device has 

a memory. So the memory unit is stored a high state signal even if the input signal made off 

because of feedback. When storing the new information into the memory, first erase the 

previously stored memory. This is called clearing memory. To clear the memory data signal 

frequency remains made off. There are no output exits from any TOAD T1 and TOAD T4, i.e., 

there is nothing at the outputs Y1 and Y2. This is the memory unit' clear state, and now the 

memory unit is ready to store new information. 

                                           

Figure2. Frequency encoded single bit memory unit circuit using TOAD 
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Case2: When the input A is a signal of frequency υ2, i.e., '1', it passes through the υ2 pass filter. 

So the TOAD T2 output generates a signal of frequency υ1, i.e. '0'. So the output of Y1 is υ1, i.e., 

'0'. A part of this output frequency υ1, i.e. '0', is applied in the input of TOAD T3 through the υ1 

pass filter and generates a signal of frequency υ2, i.e., '1'.So the output of Y2 is υ2, i.e., '1'. Now 

let us explain what happens when the input is made off. In this condition, TOAD T2 still receives 

a signal of frequency υ2 from the output Y2 and generates an output signal of frequency υ1, i.e., 

'0'. So the output of Y1 is υ1, i.e., '0'. A part of this output of frequency υ1, i.e. '0', is applied in the 

input of TOAD T3 through the υ1 pass filter and generates a signal of frequency υ2, i.e., '1' as 

output Y2. So the previous condition is verified when the input is made off. Thus the device has 

a memory. So the memory unit is stored low state signal even if the input signal is made off 

because of feedback. When storing the new information into the memory, first erase the 

previously stored memory again. To clear the memory data signal frequency is made off again. 

So the figure 2 can store single bit optical information in terms of frequency. This single-bit 

memory unit's output is shown in the truth table1. 

                  Table1. Truth table of single bit memory unit  

Input Output 

A Y1 Y2 

υ1(0) 

λ1=1550 nm 

υ2(1) 

λ2=1560 nm 

υ1(0) 

λ1=1550 nm 

υ2(1) 

λ2=1560 nm 

υ1(0) 

λ1=1550 nm 

υ2(1) 

λ2=1560 nm 

 

4. Simulation and Result: 

Simulated input and output of the TOAD based single bit memory unit are shown in figure 3 and 

figure 4. Figure 3 shows the optical power spectrum when the input A is a signal frequency υ1 

and outputs Y1= υ2 and Y2= υ1. Figure 4 shows the optical power spectrum when the input A is 

a signal frequency υ2 and outputs Y1= υ1 and Y2= υ2. We have used control signal and data signal 

pulse as gaussian pulse[3], and we choose the two wavelengths λ1=1550 nm for the frequency υ1 

and λ2=1560 nm for the frequency υ2. In [4], SOA parameters are use for this simulation.        
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Figure3. Simulated optical power spectrum of the TOAD based single bit memory unit when 

input A is a signal frequency υ1(λ1=1550 nm) and outputs Y1= υ2(λ2=1560 nm)and Y2= 

υ1(λ1=1550 nm). 

 

Figure4. Simulated optical power spectrum of the TOAD based single bit memory unit when 

input A is a signal frequency υ2(λ2=1560 nm) and outputs Y1= υ1(λ1=1550 nm) and Y2= 

υ2(λ2=1560 nm). 

 

Conclusion:  

Frequency encoded all-optical single bit memory unit using TOAD is successfully analyzed and 

characterized. This single-bit memory unit's operation is based on frequency conversion and 

simulated by MATLAB. We have shown the output optical spectrums of the single-bit memory 

unit. The output of a single-bit memory unit shows the possibility of various applications in 

optical and electrical communication systems.  
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ABSTRACT 
 

Single phase samples of Mn(Co1-xFex)2O4 (x = 0 – 0.5) were synthesized by using sol-gel route. 

Rietveld refinement of the room temperature X-ray diffraction patterns reveal cubic spinel 

structure of the samples with Fd 3m  space group. The lattice parameter is found to increase 

systematically with increase in the Fe concentration. Magnetization measurements show 

ferrimagnetic transition in all the samples and the transition temperature is found to increase with 

increase in Fe concentration, i.e. from 176 K for x = 0 to 446 K for x = 0.5. From the Curie-Weiss 

fit of the susceptibility data in the paramagnetic region, the possible cationic distribution in this 

compound is found to be of the type Co2+[Co1−2𝑥
3+ Fe2𝑥

3+Mn3+]O4 with Co3+ in low spin state. The 

saturation magnetization and the theoretical as well as the experimental effective magnetic 

moment are found to increase with increasing Fe concentration. Both parent and Fe doped 

samples show an unusual hysteresis behavior below a certain temperature. This unusual 

hysteresis behavior is attributed to the domain wall pinning effect which is found to decrease 

with increasing Fe concentration. 

Keywords: Spinel Cobaltite; MCo2O4; Ferrimagnetic 

INTRODUCTION: 

Spinel compounds with general chemical formula AB2O4, containing two or more types of 

cations in tetrahedral A and octahedral B sites, have been studied for decades owing to their 

interesting electric, magnetic, optical and catalytic properties [1-10]. Out of several spinel 

compounds, transition metal cobaltite MCo2O4 (M = Mn, Ni, Zn, Cu, Mg etc.) have attracted 

significant interest for fundamental research and also for technological applications in many 

areas such as colossal magnetoresistance (CMR), magnetic sensors, fuel cell electrodes, electrical 
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catalysts, microwave absorption, etc. [3-10]. Among these cobaltite, spinel MnCo2O4 has been 

studied widely due to its promising applications as a magnetic material and its unusual hysteresis 

behavior [9-12]. MnCo2O4 is in general described as an inverse spinel oxide with Fd 3m  space 

group in which the manganese cations show preference for octahedral sites [3]. However, the 

cationic distribution of MnCo2O4 is still not well established. Several cationic distribution have 

been proposed for stoichiometric MnCo2O4 and non-stoichiometric MnxCo3-xO4+δ on the basis of 

(i) electrical conductivity: Co2+[Co2+Mn4+]O4 or Co3+[Co3+Mn2+]O4 [3, 13], and (ii) neutron 

diffraction and magnetic measurements: Co2+[Co2−𝑥
3+ Mn𝑥

3+]O4 [3, 13,14] and Co2+[Co2+Mn4+]O4 

[3, 13].  Bulk MnCo2O4 is a long range ferrimagnetic (FIM) oxide with the transition temperature, 

TC ≈ 185 K [9-11]. Also a peak at TP ≈ 177 K is observed in the temperature dependent zero field 

cooled magnetization curve due to Hopkinson effect [10]. An unusual magnetic hysteresis 

behavior at temperatures below 130 K is observed by Joy and Date [9, 10]. In this temperature 

range, the initial magnetization curve lies outside the main loop while for T > 130 K, normal 

hysteresis loops are observed. This unusual behavior of magnetic hysteresis loop is explained in 

terms of irreversible domain wall movements. An evolution of such unusual magnetic properties 

is studied by Borges et al. [11] for different crystallite size of MnCo2O4. Philip and Kutty have 

reported a change in the temperature coefficient of resistivity of MnCo2O4 from negative to 

positive value below 100 K and this temperature is compared to the TC of the material [7]. 

According to them the conduction in MnCo2O4 is mainly due to hole hopping between Mn3+ and 

Mn4+. In this present work, we have substituted Fe3+ ions with relatively larger magnetic moment, 

in place of Co3+ ions and carried out the study of structural and their interesting magnetic 

properties. 

 

MATERIALS & METHODS 

Mn(Co1-xFex)2O4 (x = 0 – 0.5) samples were synthesized by using sol–gel method. Stoichiometric 

ratio of C4H6MnO4.4H2O, Co(NO3)2.6H2O and Fe(NO3)3.9H2O of 99 % were weighed, dissolved 

in distilled water and mixed in a beaker. Citric acid and ethylene glycol were added to the solution 

and then the solution was heated slowly to evaporate the solvent, leaving a precipitate.  The 

precipitate was grinded and calcined at 600 °C and 800 °C for 12 hours followed by final sintering 

in pellet form at 1000 °C for 24 hours. Powder X-ray diffraction pattern at room temperature was 

recorded by using Rigaku make X-ray diffractometer of model TTRAX III with Cu-Kα radiation. 
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Magnetization measurement both as a function of temperature and magnetic field were 

performed by using Lakeshore make Vibrating Sample Magnetometer (VSM) of model no. 7410. 

 

RESULTS & DISCUSSION  

The X-ray diffraction (XRD) patterns obtained for all the samples at room temperature are found 

to be in single phase form. The XRD patterns were analyzed by Rietveld refinement technique 

by using Fullprof program. Refinement shows that all the samples crystallize in cubic spinel 

structure with Fd 3m  space group. Figure1 shows the XRD pattern of x = 0 and 0.5 samples 

along with the Rietveld refinement data. For x = 0 sample the lattice parameter is found to be a 

= 8.2753 Å which is comparable to those reported in literatures [11, 12]. The lattice parameter is 

found to increase systematically with increase in Fe concentration. It can be easily explained in 

terms of Fe3+ ions having larger ionic radius (0.645 Å) replacing the Co3+ ions (0.61 Å) in the 

octahedral site. Thus the doped Fe3+ ions indeed get substituted in Co site. The lattice parameters 

and the reliability factors related to Rietveld refinement of the samples are listed in table I. The 

occupancy value of Fe is found to be comparable to the nominal starting composition.  

 

Figure 1. XRD patterns along with Rietveld refinement data for (a) x = 0 and (b) x = 0.5. Y-

Obs and Y-Cal represent the experimental and refined data respectively. 

Magnetization as a function of temperature is measured for all the samples under zero field 

cooled (ZFC) and field cooled (FC) conditions for the applied field H = 500 Oe. ZFC and FC 

curves for x = 0, 0.2, 0.3 and 0.5 samples are shown in Figure. 2. Sharp magnetic transitions at 

the Curie temperature highlights the FIM behavior of the samples. The transition temperature 

determined from dM/dT versus T plot is found to be TC = 175 K for x = 0 sample and is 

comparable to that reported in literatures [11, 12]. The FIM TC is found to increase with increase 
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in Fe concentration.  This increase in TC is due to the substitution of Fe3+ ions with higher 

magnetic moment (5 µB) in place of the Co3+ ions in low spin state as such substitution 

strengthens the superexchange interactions between A and B site ions [14]. The overall shape of 

the ZFC curve is almost similar for all the samples. Strong irreversibility of magnetization is 

observed between ZFC and the FC curve at T < TC due to the presence of large 

magnetocrystalline anisotropy. Such irreversibility is similar to the earlier reports for MnCo2O4 

[10] and also to some ferromagnetic (FM) and FIM oxides [15, 16]. Moreover, for each samples 

a maximum magnetization (TP) is observed just below the transition temperature in the M-T plot 

under ZFC condition and then it drops off to a very low value. This peak is observed due to 

Hopkinson effect. It is a competition effect between the applied magnetic field and the 

magnetocrystalline anisotropy which changes with temperature. The domain wall pinning effect 

is also responsible for the shape of the ZFC curve. When the sample is heated in a small applied 

magnetic field the mobility of the domain walls may be increased i.e. the pinning of the domain 

wall is reduced as the temperature increases and the walls may be displaced easily along the 

direction of the applied field and this leads to a slight increase in the magnetization. When the 

sample is heated further, the magnetocrystalline anisotropy is reduced and this reduction may 

make the magnetization of the grains to orient easily in the direction of the magnetic field leading 

to an increase in magnetization. On the other hand, with increasing temperature the thermal 

agitation increases which leads to a decrease in magnetization. However, in the temperature range 

just below TC, the easy magnetization rotation may dominant over the thermal agitation which 

leads to overall increase in magnetization. After this temperature the sample become 

demagnetized and the magnetization falls off to zero at TC. Therefore, a peak is observed in the 

ZFC curve just below the TC [17]. With increase in Fe concentration, along with TC, the TP value 

also increases and become enlarged. However, the TP value decreases with increase in the applied 

magnetic field as shown in Figure 3 for x = 0 and x = 0.1. Since the magnetocrystalline anisotropy 

decreases with increase in temperature and applied field, in case of high applied field it may be 

much easier to rotate the spins in the field direction relatively at low temperature. This is the 

reason of shifting of TP towards low temperature with increase in the applied field. 

In order to determine the valence state of Co, Mn and Fe and their distribution in tetrahedral and 

the octahedral sites, we have compared the experimental effective magnetic moment, µeff with 

the theoretical effective magnetic moment, µth. For this purpose, the susceptibility data in the 

paramagnetic region were fitted to the Curie-Weiss (CW) law χ = C/ (T –ΘC). The values of 
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effective magnetic moment, µeff   determined from the above fit are found to be 6.29 µB for x = 0 

sample and this value increases with increase in Fe3+ (3d5) concentration as expected. The Curie-

Weiss fit for four of the samples are shown in the inset of Figure 2. The estimated theoretical 

values of magnetic moment µth are determined by considering spin only contribution of Mn3+ 

and Co2+ and considering Co3+ in low spin state (S = 0) and also considering the cationic 

distribution of the type Co2+[Co1−2𝑥
3+ Fe2𝑥

3+Mn3+]O4 . The values of µth are found to be comparable 

to the experimental values. Thus the cationic distribution obtained here is in accordance with that 

given by Wickham and Croft [14]. However, a slightly smaller value of µeff than µth for x = 0.4 

and 0.5 samples are due to the possibility that some of the Mn3+ ions in the samples may be in 

higher valence state, say Mn4+. However, we have not determined the actual valence state of the 

ions. Also the µeff increases with increasing Fe concentration as expected. 

 

Figure 2. Temperature dependence of ZFC and FC magnetization for (a) x = 0 and (b) x = 0.2 

and that of (c) x = 0.3 and (d) x = 0.5 samples at high temperatures. Insets show the Curie-

Weiss fit for the respective samples. 
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Figure 3. Temperature dependence of ZFC magnetization at different fields for (a) x = 0 and 

(b) x = 0.1 samples. 

Table 1. The lattice parameter a, goodness of fit χ2, RP, RBrag, RF, TC, μeff, μth and Ms of  

Mn(Co1-xFex)2O4. 

x a (Å) χ2 RP 

(%) 

RBrag(%) RF(%) TC 

(K) 

μeff 

(µB) 

μth 

(µB) 

Ms 

(µB/f.u) 0 

 

8.2753 3.84 9.68 3.63 3.32 175 6.29 6.25 

 

0.34 

0.1 8.3110 3.88 10.80 2.54 2.36 226 6.79 6.78 1.24 

0.2 8.3450 4.82 8.99 3.66 3.81 277 7.18 7.28 1.93 

0.3 8.3737 3.74 8.06 2.95 3.02 329 7.67 7.74 2.33 

0.4 8.3927 4.35 7.41 2.67 2.75 388 7.87 8.18 2.73 

0.5 8.4125 3.72 7.50 3.07 2.90 446 8.02 8.60 3.45 

  

Typical M-H loops recorded at 25 K for all the samples are shown in Figure 4(a). The Fe doped 

sample shows enhanced saturation magnetization, Ms compared to the parent compound and it 

gradually increases with increasing Fe concentration as expected. The values of Ms obtained after 

subtracting the linear contribution are listed in table I. The coercivity, HC decreases first with Fe 

concentration up to x = 0.2 but starts increasing again as shown in Figure 4(b).  
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Figure 4. (a) M-H loops of Mn(Co1-xFex)2O4 at 25 K and (b) variation of HC with Fe 

concentration at 25 K and 50 K. 

The M-H loops recorded for both parent and Fe doped samples show unusual hysteresis behavior 

below a certain temperature. The initial magnetization curve lies outside the main hysteresis loop. 

In order to clearly display this phenomenon, the M-H loops for x = 0, 0.2 and 0.5 at some certain 

temperatures are shown in expanded scale in Figure 5. It is found that for x = 0 and x = 0.2 

samples up to 125 K such unusual behavior is observed but at 150 K the initial curve lies 

completely inside the loop. However, for x = 0.5 sample the unusual hysteresis behavior is 

observed only at 25 K and after that normal hysteresis behavior is observed. For x = 0.1, 0.3 and 

0.4 this unusual hysteresis behavior is observed up to 125 K, 100 K and 75 K respectively (not 

shown). Thus with increase in Fe concentration this behavior is gradually shifted towards lower 

temperatures and may be disappeared if the Fe concentration is increased above 50 %. Such 

unusual hysteresis behavior is earlier observed for MnCo2O4 [9, 10] and for some other 

compounds also [18-21]. Since the shape of the initial curve at low applied field is controlled by 

the domain wall motion, such unusual behavior is associated with irreversible domain wall 

motion which indicates the presence of domain wall pinning effect. In this case may be the 

domains are in minimum energy states by increasing the number of domains and thus bringing 

the domain walls to interact with pinning sites. Therefore, to move or to unpin the domain walls 

a higher magnetic field is required and because of this at small applied fields the domain walls 

move slowly and the initial magnetization curve lies outside the hysteresis loop. As the field is 

increased sufficiently, the pinning of the domain wall is overcome by the applied field and a 

normal initial curve is observed at higher field. 
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Figure 5. Initial magnetization (red line) and part of the hysteresis loop (black line) of (a) x = 0, 

(b) x = 0.2 and (c) x = 0.5. 

However, the initial curve lies outside the loop only up to a certain temperature as mentioned 

above. Since the samples are cooled through the TC for both the ZFC curve and the hysteresis 

loop measurements, the ZFC curve and the initial magnetization curve can be compared to 

understand this behavior. Figure 6 shows the ZFC magnetization curves (solid lines) recorded at 

500 Oe and the initial magnetization values (open circles) at the corresponding field strength at 

different temperatures for x = 0, 0.1, 0.2 and 0.5 samples. Both are found to be identical as 

expected. Upon ZFC, the domain walls are pinned into random orientations and thus when a low 

field is applied, there is a competition between the random local magnetization orientation of the 

individual domain and the applied magnetic field, and the former one dominates at low 

temperature resulting in a magnetization lower than the expected. As discussed earlier, when the 

temperature increases the pinned domain walls become activated and slow motion of the domain 
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walls takes place resulting in a slow increase in magnetization. When temperature is further 

increased this pinning effect is completely overcome by the magnetic field energy and the 

increasing thermal activation energy, and the magnetization value reaches a maximum in the 

ZFC curve. This temperature is found to be about 150 K for x = 0, 0.1 and 0.2 samples which 

corresponds to the temperature at which the initial curve lies completely inside the hysteresis 

loop and below this temperature it lies outside. For x = 0.5 sample, though the complete peak in 

the ZFC curve is not observed but the increase in the magnetization occurs from about 30 K 

which means that the domain wall pinning effect become weaker at lower temperatures compared 

to the others and this is the reason for the initial curve to lie inside the hysteresis loop even at 50 

K for this sample. Similar behavior is observed for the x = 0.3 and 0.4 samples which are not 

shown here. Similar unusual hysteresis behavior at low applied field and temperature is also 

likely to occur if competing antiferromagnetic interactions are present in the samples. Although 

the presence of such antiferromagnetic interactions at low temperature was not reported yet on 

MnCo2O4 based samples, further investigation is required to eliminate it in the present samples. 

 

Figure 6. ZFC magnetization curve (Solid lines) for x = 0, 0.1, 0.2 and 0.5 at H = 500 Oe. The 

open circles correspond to magnetization values at 500 Oe taken from M-H loop at different 

temperatures. 
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CONCLUSION 

Mn(Co1-xFex)2O4 (x = 0 – 0.5) samples were prepared by sol-gel route and all the samples were 

found to be crystallized in cubic spinel structure with Fd 3m  space group. The lattice parameter 

is found to increase systematically with increase in the Fe concentration. All the samples show 

FIM behavior and the TC is found to increase with increase in Fe concentration.  From the Curie-

Weiss fit of the susceptibility data in paramagnetic region, the possible cationic distribution in 

this compound is found to be of the type Co2+[Co1−2𝑥
3+ Fe2𝑥

3+Mn3+]O4 with Co3+ in low spin state. 

The M-H loops recorded for both parent and Fe doped samples show unusual hysteresis behavior 

below a certain temperature which can be compared with the ZFC curve of each sample. Both 

the shape of ZFC curve and the unusual hysteresis behavior is attributed to the domain wall 

pinning effect which is found to decrease with increasing Fe concentration. However, further 

investigation is needed to confirm the absence of any competing antiferromagnetic interaction at 

low temperature. 
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ABSTRACT 

Study of transition metal dichalcogenides (TDMCs) has become very crucial due to their wide 

range of applications in various fields such as sensors, supercapacitors, biological imaging, etc. 

Molybdenum Disulfide (MoS2) nanosheet is a 2D TMDCs semiconductor, which is considered 

to be an ideal substrate as it gets easily hybridized in presence of functional group and results in 

formation of MoS2-based nanocomposites. Amongst the different types of MoS2-based 

nanocomposites, Metal-MoS2 nanocomposite are unique due to their unusual and extraordinary 

properties. In this review, we will be focussing on the various techniques of synthesis and 

properties displayed by Ag-MoS2, Au-MoS2, Pd-MoS2 and Pt-MoS2 nanocomposites. 

Keywords: Molybdenum Disulfide, Metal-Molybdenum Disulfide, Surface plasmon resonance 

(SPR). 

1. INTRODUCTION: 

The study of Molybdenum Disulfide (MoS2) plays an important role due to their wide range of 

applications in lubricants, catalysis, sensors, supercapacitors, etc, [1-8]. MoS2 nanosheets are 2D 

semiconductor which possess great chemical and thermal stability, large active surface area, high 

reactivity, and exhibit increased adsorption capacity [9-11]. Multi-layered MoS2 nanosheets have 

indirect bandgap whereas monolayered MoS2 nanosheets possess direct bandgap structure due to 

hybridization between the d orbitals of Mo atoms and pz orbitals of S [12]. Various methods such 

as spin coating, metal organic chemical vapour deposition, sputtering technique, etc. are used for 

the synthesis of the MoS2 nanosheets [13-20]. Deposition of metal nanoparticles such as silver 

NPs, gold NPs, palladium NPs and platinum NPs on the surface of the MoS2 nanosheets enhances 

its properties due to the surface plasmon resonance (SPR) effect displayed by these NPs [21,22].  

2. SYNTHESIS OF METAL-MOLYBDENUM DISULFIDE NANOCOMPOSITE  
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Embedding metal nanoparticles on the surface of MoS2 nanosheets results in enhancement of 

properties displayed by the nanocomposite along with it the intrinsic properties of the nanosheet 

are also maintained [1].  

Here, we have reviewed some of the popularly used techniques by the researchers present in 

literature for the synthesis of the Metal-MoS2 nanocomposite. 

2.1. Self-Assembly / Hierarchical Assembly method 

For the preparation of Gold-Molybdenum Disulfide (Au-MoS2) nanocomposite, Onur Parlak et 

al. dispersed MoS2 nanosheets in phosphate buffer solution (PBS) and added AuNPs solution to 

it [20,23,24]. For synthesis of Silver-Molybdenum Disulfide (Ag-MoS2) nanocomposite, Xiao-

Dong Zhu et al. dissolved silver nitrate (AgNO3), mercaptosuccinic acid (MSA) and sodium 

borohydride (NaBH4) solution together and to it MoS2 powder, Ag–MSA NPs and dehydrated 

copper dichloride (CuCl2) was added [25-27].  

2.2. Chemical synthesis method 

Shao Su et al. prepared Au-MoS2 nanocomposite, for which MoS2 powder was dissolved in n-

butyllithium solution in presence of argon (Ar), to it carboxymethyl cellulose (CMC) and 

HAuCl4·3H2O was added and the solution was heated in a microwave reactor [28]. A. J. Cheah 

et al. prepared Ag-MoS2 nanocomposite, for which 2.0 mmol Na2MoO5 and 10.0 mmol L-

cysteine (HO2CCHCH2SH) were mixed together and kept in an autoclave, and then to it 

hydrazine and the AgNO3 solution were added dropwise [29].  

2.3. Hydrothermal Method  

M. Sookhakian et al. prepared Ag-MoS2 nanocomposite for which ammonium heptamolybdate 

((NH4)6Mo7O24) and thioacetamide (C2H5NS) were dissolved together and transferred to an 

autoclave. And then finally, silver-ammonia (Ag(NH3)2OH) solution was added to it [30].  

2.4. Laser beam and Microwave assisted method  

Chorng Haur Sow et al. prepared Au-MoS2 nanocomposite by the laser assisted method for which 

initially a beam of laser was focused on the MoS2 nanosheets which converted it into 

micropatterns containing active nucleation sites and then the nanosheets were dipped into auric 

chloride (AuCl3) solution [31]. Lihui Yuwen et al. also prepared Au–MoS2 nanocomposite by 

microwave assisted method for which MoS2 nanosheet solution was dissolved in a mixture of 
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ascorbic acid (AA) aqueous solution, CMC aqueous solution and HAuCl4 aqueous solution under 

microwave irradiation [32,33]. 

3. PROPERTIES OF METAL-MOLYBDENUM DISULFIDE NANOCOMPOSITES 

3.1. Structural studies by X-Ray Diffraction method (XRD) 

Structural properties of Ag-MoS2 were determined by X. Wu et al. by using powder XRD method 

as shown in figure.3.1.(I). From the XRD data they have obtained it can be observed that the 

diffraction peaks at (002), (100), (103), and (110) refers to the MoS2 nanosheets and additional 

diffraction peaks obtained at (111), (200), (220) and (311) are for the nanocomposite due to the 

contribution of the characteristic peaks of the AgNPs [34]. The XRD patterns of Au-MoS2 

nanocomposite obtained by Prianka Sharma et al. shown in figure 3.1.(II), displays diffraction 

peaks at (111), (200) and (220), which suggests that AuNPs on the surface of MoS2 nanosheets 

are face centred cubic. Further, it can also be found that the intensity of the diffraction peaks 

obtained due to AuNPs increases with increase in concentration of AuNPs but it also decreases 

the diffraction peaks which are obtained due to MoS2 as the AuNPs creates an obstruction for 

MoS2 nanosheets and as a result it hinders its exposure area [35-37]. Eunjik Lee et al. 

characterised Pd-MoS2 nanocomposite with XRD as shown in figure 3.1.(III). The peak of PdNPs 

at (111) indicates expansion of the lattice due to uptake of hydrogen and epitaxial relationship 

between Pd on MoS2 which provides extra stability to the structure [38-44]. Lihui Yuwen et al. 

studied the XRD plots for Au-MoS2, Ag-MoS2, Pd-MoS2 and Pt-MoS2 nanocomposite. The XRD 

pattern obtained by them as shown in figure 3.1.(IV), reveals emergence of strong diffraction 

peaks at 38.5, 38.1, 40.3, and 40.0 upon deposition of AuNPs, AgNPs, PdNPs and Pt NPs, 

respectively on the surface nanosheets for the (111) cubic lattice planes of the NPs. The 

diffraction peak for MoS2 becomes weaker as a result of surface modification of the nanosheets 

by metal NPs as they decrease the ordered restacking process of the MoS2 nanosheets [33]. 
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3.2.  Morphological Properties 

3.2.1. Morphological studies by using Transmission Electron Microscopy (TEM) 

The TEM images for Ag-MoS2 nanocomposite obtained by A. J. Cheah et al. shown in figure 

3.2.1.(I) displays slight structural change in the MoS2 nanosheets upon deposition of AgNPs as 

a result of partial removal of the S2- ions by the use of the reducing agent, further the AgNPs also 

did not diffuse into the lattice of MoS2 hence, no alloy was formed [29,45,46]. The TEM analysis 

for Au-MoS2 nanocomposite was performed by Shao Su et al. as shown in figure 3.2.1.(II) depicts 

slight amount of change in the structure of nanosheets upon deposition of the AuNPs as the 

presence of NPs results in high density of energetic defects near the edges of MoS2 nanosheets 

[47-49]. The TEM images for Pd-MoS2 studied by Eunjik Lee et al. as shown in figure 3.2.1.(III) 

displays only horizontal interconnection between the PdNPs on the surface of nanosheet for low 

concentration of PdNPs, but when there is increase in concentration of PdNPs, one PdNPs gets 
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stacked over another, due to increase in electron density caused by thickening of the PdNPs layers 

on surface of MoS2 nanosheets [38]. The TEM images obtained by Sagar H. Patil et al. as shown 

in figure 3.2.1.(IV), depicts that the spacing between lattice fringes of PtNPs was 0.22 nm which 

corresponds to the face centred cubic (111) planes of Pt NPs [50,51]. 

 

 

3.2.2. Morphological studies by Scanning Electron Microscopy (SEM) 

 

Ameena Nazneen et al. used the SEM analysis to study the morphology of Ag-MoS2 

nanocomposite as shown in figure 3.2.2.(I), the images depict that on depositing AgNPs on the 

surface of MoS2 nanosheet the sheet-like MoS2 nanostructures change to particle like form, it 

occurred due to the presence of the AgNPs which increases the number of active sites and 

structural defects on the surface of MoS2 nanosheet [52]. According to the SEM data of Au-MoS2 
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obtained by Haofan Sun et al. as shown in figure 3.2.2.(II), the MoS2 nanosheets were very thin 

and were highly exfoliated and the AuNPs were homogeneously dispersed on the surface the 

nanosheets [53]. Cihan Kuru et al. studied the morphological properties of Pd-MoS2 as shown in 

figure 3.2.2.(III) it reveals that Pd-MoS2 nanocomposite forms a continuous film in a self-

assembled manner and the MoS2 nanosheets were highly exfoliated as they appeared to be 

transparent [54]. From SEM images obtained by Sha Li et al. for Pt-MoS2 nanocomposite shown 

in figure 3.2.2.(IV) reveals that PtNPs helps in maintaining the high edge defects in MoS2 

nanosheet and it also benefits by providing a real surface area to the active edges to the 

nanosheets [55]. 

 

3.3. Optical Properties 

 

3.3.1. Optical studies by UV-Vis Spectroscopy  

A.J. Cheah et al. used the UV-Vis spectroscopy to study the optical characteristics of the Ag-

MoS2 nanocomposite. The spectral data obtained by them is shown in figure 3.3.1.(I) which 

displays a broad absorption spectrum with peak centred at about 635 nm for MoS2 nanosheets as 
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a result of excitation from the occupied to unoccupied 4d orbital of Mo, the absorption peak of 

Ag-MoS2 nanocomposites also shows slight amount of blue shift and the presence of AgNPs on 

the surface of the nanosheet enhances the absorbance peak of the nanocomposites. At 400 nm 

and 438 nm, two small bumps or peaks were formed due to the localized surface plasmon 

resonance (SPR) of the AgNPs which occurs as a result of collective oscillation of the electrons 

in the conduction band, when the AgNPs interact with the incoming visible-light [29,56-60]. 

Shao Su et al. obtained two absorption peaks as shown in figure 3.3.1.(II), one intense peak was 

observed at around 260 nm and another at 320 nm for MoS2, on addition of AuNPs the absorption 

peak which was earlier at 260 nm got blue shifted to 210 nm and another new peak was formed 

at around 550nm, which corresponds to the characteristic SPR peak for AuNPs. As the 

concentration of HAuCl4 was increased, initially the absorption peak got red shifted but later on 

further increase in concentration of HAuCl4 a blue shift of the absorption peak was observed 

which is due to plasmon coupling and refractive index effects displayed by the AuNPs [28,61-

64]. Lihui Yuwen et al. studied the optical properties of Ag-MoS2, Au-MoS2, Pd-MoS2 and Pt-

MoS2 as shown in figure 3.3.1.(III). In case of Au–MoS2 nanocomposite, along with slight shift 

in position of absorption peak significant enhancement of the absorbance peak at 500 nm to 1200 

nm can also be observed, which is due to the of coupling of the SPR of the AuNPs. For Ag-MoS2 

a wide absorption peak was formed beyond 400 nm which corresponds to the SPR peak of the 

AgNPs. For both Pd-MoS2 and Pt-MoS2 no new peaks were observed but the absorbance peak 

starting from 300 nm to 1200 nm increased to a great extent, which is due to a wide absorption 

range but no distinct absorption peaks in the UV-Vis or in the near infrared region for the case 

of PdNPs and PtNPs [33,65-67]. 
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3.3.2. Optical studies by Raman Analysis 

X. Wu et al. used the Raman analysis to study the optical properties of Ag-MoS2 nanocomposite 

as shown in figure 3.3.2.(I). From the figure, it can be observed that the characteristic peak of the 

20wt.% Ag-MoS2 nanocomposites was stronger compared to the low concentrations of the NPs 

on the nanocomposite samples, as higher concentration of AgNPs is responsible for large local 

intense electromagnetic fields due to surface plasmon resonance effect which is significantly 

localized at the nanoscale junctions [34,68]. Ameena Nazneen et al. investigated the molecular 

vibrations in Ag-MoS2 nanocomposite. They observed that the active modes of the Raman bands 

of MoS2 nanosheet are located at the peaks of 280 cm-1 (E1g) and 381 cm-1 (E2g). The band formed 

at 381cm-1 was formed as a result of antipodal vibration of two S atoms with a Mo atom. For low 

concentration of AgNPs, a low frequency vibrational mode (A1g) was observed at 366 cm-1, 

which occurs due to the distortion in structure due to the addition of AgNPs into the MoS2 lattice. 

On further increasing the concentration of AgNPs, the low-frequency vibrational mode (A1g) got 

shifted to 315 cm-1. For higher concentration of AgNPs, many low-frequency vibrational modes 

appeared at 354 cm-1 (A1g), 364 cm-1 (A1g), 343 cm-1 (A1g), 333 cm-1 (A1g), and 323 cm-1 (A1g). 
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Upon comparing these peaks with that of the MoS2 nanosheets it can be justified that on 

increasing the concentration of AgNPs, slight shifts and variation in the peaks at 280 cm-1 and 

380 cm-1 were observed, which depict increase in structural defects [52,69-77]. Prianka Sharma 

et al. investigated the vibrational modes of Au-MoS2 nanocomposite as shown in figure 3.3.2.(II). 

When AuNPs was added to the nanocomposite to form Au-MoS2, a red shift of the E1
2g and A1g 

modes can be observed and the new frequency difference between E1
2g and A1g modes came out 

to be about 25 cm-1. This shifting of the peak occurs as the lattice sites gets strained due to 

presence of AuNPs on the MoS2 nanosheets. Increasing the concentration of AuNPs enhances 

the intensity peaks of the Raman spectra due to localized surface plasmon resonance (LSPR) 

displayed by AuNPs. Presence of AuNPs increases the electric field near the surface of AuNPs 

and thus, a peak of sharp intensity was obtained. This phenomenon is termed as Surface 

Enhanced Raman Scattering (SERS) [35,78,79]. L. Z. Hao et al. studied the properties of Pd-

MoS2 nanocomposite as shown in figure 3.3.2.(III). It was observed that the MoS2 film exhibits 

two characteristic Raman peaks one of E1
2g mode at 376 cm-1 due to the S and Mo atoms as they 

were oscillating in the antiphase parallel to the crystal plane and another of the A1g mode at 410 

cm-1 due to the S atoms oscillating in the antiphase out-of-plane. When the PdNPs were decorated 

on the surface of the MoS2 nanosheet, red shift of about 6.0 cm-1 of the A1g peak was observed 

whereas, there was no change in position of the E1
2g peak, due to which the separation between 

the E1
2g and A1g peaks decreases, which is due to the fact that for Pd-MoS2 the A1g phonons 

couple more tightly with electrons than E1
2g phonons, which causes a significant change in the 

electronic structure and semiconductor characteristics of the nanocomposite [41,80].                      
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CONCLUSION 

Among the different types of Metal-MoS2 nanocomposites, the Ag-MoS2 nanocomposites are 

most useful due to their tuneable optical (PL) properties, excellent electrical conductivity and 

extraordinary magnetic properties. The type of the band gap displayed by the MoS2 nanosheets 

depends on the number of layers of the nanosheet. Occurrence of blue or red shift in the 

absorption peak of MoS2 depends upon the size of metal NPs deposited on the surface of MoS2 

nanosheets. In case of Au-MoS2, the peak obtained at 210 nm got blue shifted due to the small 

size of the nanoparticles embedded on the nanosheets. For both Ag-MoS2 and Au-MoS2 

nanocomposite another characteristic peak at 430nm and 550 nm, respectively was observed due 

http://www.emnsdconference.in/


 

EMNSD 2020              www.emnsdconference.in            15-16 December 2020                       Page 90  

 
 

to the SPR phenomenon displayed by these noble metals NPs, but for Pd-MoS2 and Pt-MoS2 no 

new peaks were formed but a huge increase in the existing absorbance peak was observed, as 

both PdNPs and PtNPs do not display any distinct absorption peaks due to SPR phenomenon in 

the UV-Vis or in the near infrared region. The XRD diffraction peaks suggest that the Metal-

Molybdenum Disulphide nanocomposites are hetero crystalline in structure. The intensity of the 

peaks for Raman spectra has also been enhanced by embedding the NPs on the surface of the 

nanosheets due to the increase in structural defects which resulted in formation of new peaks. In 

case of Pd-MoS2 the A1g phonons couple more tightly with electrons than E2g
1 phonons which 

results in significant change in the electronic structure and semiconductor characteristics of the 

nanocomposite. Analysing the morphological properties, it was found that certain nanocomposite 

which were prepared by using the chemical reduction process displayed structural defect due to 

the partial removal of the S2- ions by the use of reducing agent. 
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ABSTRACT 

This paper presents a high power analysis of Junctionless field effect transistor (JLFET) with High 

K Spacer and Low Work Function Gate Material. The structure consists of Hafnium Oxide (HfO2) 

as spacer. The work function of the gate material is selected in such a way that the device is Normally 

off in the absence of externally applied gate field. The high K spacer helps in reducing off-state 

leakage while low work function gate material results reduction of on-state loss making the device 

suitable for high power applications. Various performance parameters such as off current, on-state 

resistance etc of the proposed structure are compared with conventional JLFET and Power Metal 

oxide semiconductor field effect transistor (MOSFET) on Cogenda VisualTCAD 1.8.2 simulation 

platform. The simulation results shown that the device exhibits lower off current, lower on-state 

resistance and lower subthreshold swing compared to that of conventional JLFET and Power 

MOSFET. 

  

Keywords: High power, JLFET; Low work function; High K Spacer` 

    INTRODUCTION: 

 

Power semiconductor devices are unavoidable part of almost all modern industries. Power MOSFET 

is one of the most widely used power devices as it possesses very low switching loss and handle very 

high power. However the on-state resistance of Power MOSFET is comparatively higher which 

causes a significant increase in on-state loss in small dimensions. A Junctionless Field Effect 

Transistor (JLFET) exhibits much lower on-state resistance compared to Power MOSFET. But it 

posses higher off state loss. Therefore a novel technique to reduce the off-state loss while keeping 
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the on-state loss to a minimum is proposed in the paper. The structure uses a high K spacer and low 

work function gate material which improves the performance of the device by a fringing field. 

DEVICE STRUCTURE AND SIMULATION: 

 

 

 

 

 

 

 

 

 

Figure 1. Symmetric Double gate JLFET with high K spacer 

 

The simulation work is performed in COGENDA VisualTCAD platform. Carrier statistics used for 

the study is Fermi-Dirac statistics without impact ionization.  

RESULTS AND DISSCUSSIONS 

Variations of on current and off current for different values of drain voltages, gate oxide thicknesses, 

channel thicknesses, doping concentration and gate dielectric materials are  shown in table 1 to table 

5.  

Higher drain voltage results in higher current (both on and off) as it is the biasing voltage and Drain 

induced barrier lowering effect is more for higher drain voltage.  

Thinner gate oxide implies higher gate capacitance and higher gate controllability. Therefore off 

current is lower while on current is higher for thinner gate oxide. 

Thicker channel results in lower channel resistance causing both on and off current to rise. Higher 

doping concentration results in higher current due to increase in total charge in the channel.  

Gate dielectric material with higher dielectric constant results in higher gate capacitance. Therefore 

off current is lower while on current is higher for a high K dielectric such as HfO2.  

 

From all the tables it can be seen that proposed structure exhibits better characteristics with reduced 

off current and larger on current because fringing field resulting from the spacer. 
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Table1. On-current and Off-current for various drain voltages 

 

 

 

 

 

 

 

 

Table2. On-current and Off-current for various gate oxide thicknesses 

 

 

 

 

 

 

 

 

 

 

 

 

Drain Voltage(V) Off-current (A) On Current (A) 

Proposed 

Structure 

Conventional 

Structure 

Proposed 

Structure 

Conventional 

Structure 

100 0.57x10-6 0.835 x10-6 11.2 8.35 

140 1.04 x10-6 1.38 x10-6 15.4 10.8 

180 1.17 x10-6 1.52 x10-6 16.64 11.3 

Gate oxide 

thickness (nm) 

Off-current (A) On Current (A) 

  

Proposed 

Structure 

Conventional 

Structure 

Proposed 

Structure 

Conventional 

Structure 

2 0.57x10-6 0.835 x10-6 11.2 8.35 

4 6.15 x10-6 3.28 x10-6 7.41 6.62 

6 10.72 x10-6 8.23 x10-6 4.64 3.31 
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Table3. On-current and Off-current for various channel thicknesses 

 

 

 

 

 

 

 

 

 

Table4. On-current and Off-current for various doping concentration 

 

 

 

 

 

 

  

Channel 

thickness (nm) 

Off-current (A) On Current (A) 

  

Proposed 

Structure 

Conventional 

Structure 

Proposed 

Structure 

Conventional 

Structure 

10 0.57x10-6 0.835 x10-6 11.2 8.35 

20 9.3 x10-6 12.38 x10-6 25.4 15.8 

30 16.7 x10-6 18.2 x10-6 44.64 21.2 

Doping 

Concentration 

(/cm3) 

Off-current (A) On Current (A) 

Proposed 

Structure 

Conventional 

Structure 

Proposed 

Structure 

Conventional 

Structure 

1019 0.57x10-6 0.835 x10-6 11.2 8.35 

1018 0.18 x10-6 0.27 x10-6 9.52 7.6 

1017 0.023 x10-6 0.036 x10-6 7.61 5.3 
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Table5. On-current and Off-current for various gate dielectric 

 

 

 

 

 

 

 

  

CONCLUSIONS 

 High power analysis has been done for a JLFET with high K spacer with low work function gate. 

Off current and on current of the proposed structure of the proposed structure has been compared 

with conventional structure. The simulation study shows that the proposed structure exhibits 

higher on current and lower off current compared to that of conventional structure. 
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ABSTRACT 

 

Two-dimensional (2D) layered materials such as graphene oxide (GO) and transition metal 

dichalcogenides (TMDs) have drawn growing attention due to their excellent physical and structural 

properties and have been considered as a promising candidate in photonics, electronic, energy storage, 

sensing, optoelectronic devices. Here, different synthesis processes of layered materials have been 

reviewed. Recent progresses of non-volatile memory devices based on these materials with and without 

polymer have been discussed and trying to focus on memory characteristics such as Ion/Ioff ratio, switching 

voltages, endurance, retention which are very important parameter for designing next generation 

electronic devices. 

 

Keywords: Graphene oxide, transition metal dichalcogenide, layered, endurance, retention                                

 

INTRODUCTION: 

During the past few years, a wide research is going on in the field of 2D layered materials such 

as graphene, TMDs etc. Graphene was first introduced as a wonder material with 2D sheet of 

carbon atoms [1]. Prof A. K. Geim and K.S. Novoselov was awarded Nobel prize for their 

groundbreaking discovery of graphene [2]. The schematic diagram of graphene has been 

presented in Fig.1.  

 

 

 

 
Figure 1. Schematic diagram of graphene. 
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The term graphene emanates from the prefix graph from graphite and the suffix ene from 

polycyclic aromatic hydrocarbons as for e.g., naphthalene, anthracene etc. It is a two-

dimensional layer of sp2 hybridized carbon atoms with π electrons. Graphene have grabbed 

increasing attention because of their outstanding physical, chemical and structural characteristics 

which include high intrinsic strength of 136 GPa, specific area of 2620 m2/g, Young’s modulus 

of 1 TPa, high electrical and thermal conductivity [3] and have perceived promising applications 

in various modern technologies such as electronic devices, sensors, energy storage devices etc. 

[4,5]. Despite of all these properties it has major drawback of low dispersibility in water which 

limits its applications. Moreover, due to zero band gap in graphene causes major limitations in 

data storage applications. On the other hand, GO shows increased band gap, improved solubility, 

and also displays considerable mechanical and electrical properties. To overcome this drawback, 

oxygen functional groups are introduced on the graphene sheets by chemical oxidation. 

Oxidation of graphite-to-graphite oxide was discovered by Schafhaeutl and Brodie in 1840 and 

1855, respectively [6-8]. The method of synthesizing graphene oxide (GO) had already been 

developed by Brodie in 1859 where he accomplished a reaction between graphite and KClO3 [9]. 

After that Staudenmaier increased the acidity of the mixture by adding H2SO4 and chlorate during 

the whole process in 1898.  Later Hummer and Offeman enhanced the procedure by oxidation 

using NaNO3, KMnO4 and Concentrated H2SO4 [10]. Hummers’ formulated the experimental 

method where graphite was oxidized by taking KMnO4, NaNO3 in concentrated H2SO4 in 1958 

[11]. It is schematically presented in Fig.2. 

 

 

 

 

 

 

 

 Figure 2. Schematic diagram of synthesis of GO by conventional Hummers’ method. 
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GO can be synthesized by ultrasound assisted modified Hummer’s method from expanded 

graphite [12]. This method is highly productive, less energy consuming and time saving. Use of 

NaNO3 emit toxic gases therefore, in improved Hummers’ method NaNO3 is replaced by H2SO4 

and H3PO4 which gives the advantages such as equivalent conductivity, emission of no toxic gas, 

hydrophilic carbon nanomaterials as shown in Fig 3.  

 

 

 

GO is a single thick layer of 

graphite oxide which 

contains oxygen functional 

groups such as carboxylic (-

COOH), carbonyl (-C=O), 

hydroxyl (-OH), epoxy (-O-) 

at the edges and the basal 

planes respectively [13, 14]. 

A diagram of graphene oxide 

is schematically presented in 

Fig. 4. 

 

 

 

 

 

Figure 4. Schematic diagram of graphene oxide 

(GO). 

  

Figure 3. Schematic diagram of synthesis of GO by improved Hummers’ method. 
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It can be exploited for memory application because of their outstanding electrical and structural 

properties [15]. Due to the existence of energy gap and defect states in graphene oxide, it 

becomes an outstanding charge trapping layers in resistive memory devices [16]. Classification 

of memory is schematically shown in Fig. 5. 

Figure 5. Schematic diagram of classification of memory 

Alongside, 2D layered transition metal dichalcogenides (TMDs) (MX2 where M corresponds to 

Sn, Mo, W etc. and X corresponds to S, Se etc.) have drawn immense attention due to their 

distinctive electronic and optical properties [17,18]. Diagram of TMDs is schematically 

presented in Fig. 6. 

. 

Among different TMDs, MoS2 is one of the promising 2D layered material after graphene and 

having direct band gap of about 1.9 eV [19]. In MoS2, Mo layer has been sandwiched between 

two sulfur layers via van der Walls forces similar to graphite [20] and have potential application 

 

Figure 6. Schematic diagram of MX2 (Metal dichalcogenide). 

 

Figure 5. Schematic diagram of classification of memory. 
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in electronics after conventional silicon. MoS2 nanostructure can be synthesized through simple 

hydrothermal method [21] schematically shown in Fig.7. 

 

 

 

 

 

 

 

Resistive switching in organic/ inorganic nanofillers have drawn promising attention because of 

their considerable physical and structural characteristics. Recently, carbon-based material 

particularly GO and TMDs have been under comprehensive investigation due to their broad 

exploitation in resistive memory devices because of their outstanding charge transport properties. 

Recently, Jeong et al. fabricated the device Al/GOs/Al which showed bipolar resistive switching 

with retention time more than 105 sec and Ion/Ioff 102 [22]. Wu et al. fabricated the multistacking 

layered device PS/SLG/PMMA/SLG/PMMA and observed the tristable resistive memory 

characteristics with current on/ off (Ion/Ioff) ratio of about 104 [23]. He et al. fabricated the 

Cu/GO/Pt device and observed that the device showed bipolar resistive switching nature with a 

retention time longer than 104 s and Ion/Ioff about 20 [24]. Liu et al. fabricated the device Al/GO-

PVK/ITO and the device showed bistable electrical conductivity switching with endurance up to 

108 [25].  Rehman et al. fabricated the device Ag/WS2/Ag and observed the bipolar resistive 

switching behavior with retention 105 s and Ion/Ioff 103 [26]. Lee et al. fabricated the Al/ WS2 

NSs: PMMA/ITO/PEN device, which exhibited bipolar switching nature and Ion/Ioff ratio up to 

104 [27]. Deepak et al. fabricated the Al/MoS2(PVDF-HFP)/ITO device and the device showed 

the bipolar resistive switching with Ion/Ioff 104 [28]. Memory device structure is schematically 

presented in Fig.8.  

 

 

Figure 7. Schematic diagram of synthesis of MoS2. 
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Figure 8. Schematic diagram of memory device structure. 

 

DIFFERENT SYNTHESIS PROCESSES OF 2D LAYERED MATERIALS 

Various approaches have been followed over the years for the production of low cost, high 

quality and highly efficient 2D layered materials. The methods include hydrothermal 

method, sol gel technique, top-down approach, bottom-up approach etc.  

Hydrothermal Method: It is one of the very well-known and suitable methods for the synthesis 

of nanomaterial. In this process the production of nanomaterial can occur in a temperature that 

ranges from room temperature to very high temperatures. The desirability of the method is its 

capability to produce crystalline phases that are not steady at the melting point.  

It is an efficient method for the synthesis of GO based material which is carried out in high 

vapour pressure and temperature. Moreover, this method is very environmentally friendly, cost 

effective. Hydrothermal method can also be regarded as solvothermal method which is 

performed in a teflon lined stainless steel autoclave and where the temperature ranges from 160 ͦ 

C to180 ͦ C [29-31].  

Sol gel technique: Sol gel process is a very known method. It is a wet chemical process use for 

the synthesis of solid materials from small molecules. The sol gel derived inorganic compounds 

need very low temperature for the synthesis [32]. 

Top-down approach: It involves the breakdown of bulk materials into small nanomaterials 

schematically shown in Fig. 9 (a). This method implies that the nanostructured materials are 

synthesized after removing the crystal planes which are present in the substrate. It has the 

V 
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advantage of large-scale production, moreover, chemical purification is not required in this 

method. This approach includes liquid phase exfoliation method, micromechanical exfoliation. 

Liquid phase exfoliation method is widely used for synthesizing cost effective two-dimensional 

nanosheet. It is one of the largely acceptable procedure for the large-scale production of few 

layered 2D nanomaterial which is cost effective [33]. 

Micromechanical exfoliation is a method for producing low defects, high quality, and thin 

materials. It is a widely used method that offers high quality 2D nanostructured materials, 

allowing to study the properties, and outstanding device performances [34].  

Bottom-up approach:  It involves physical or chemical process for constructing larger 

compounds from basic units’ atom by atom, molecule by molecule, schematically shown in Fig. 

9(b). It has many advantages such as high accuracy, less wastages etc. Ultra-fine nanoparticles 

can be produced, but in this method large-scale production is very difficult, and chemical 

purification is needed. This method includes physical vapour deposition, chemical vapour 

deposition etc. [35].  

  

 

 

 

 

 

 

 

Figure 9. Schematic diagram of (a) Top-down approach (b) Bottom-up approach. 

 

(a) (b) 
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 2D LAYERED MATERIAL BASED NON-VOLATILE MEMORY DEVICES  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.10 shows the publications of layered material-based memory devices over the past few years. 

Functionalized layered nanohybrid materials have been exploited in various applications such as 

sensor, supercapacitor, and resistive random access memory devices. Recently, researcher have 

been focussing on the fabrication of memory devices with simple structure and easy fabrication 

technique. The important parameters for designing high performance memory devices are high 

density, high Ion/Ioff ratio, long retention time, good endurance property, reproducibility, and high 

switching speed. To achieve such memory properties various semiconducting and insulating 

materials are explored to exhibit the resistive memory properties. Among the different known 

organic-inorganic layered nanohybrid materials two-dimensional layered carbon-based materials 

and transition metal dichalcogenides with or without polymeric materials have drawn immense 

attention because of their outstanding performances in modern electronic devices. Various 2D 

layered material-based memory devices and their memory characteristics is shown in Table 1. 

(c) 

(b) 

 

Figure 10. Publication vs Year graph of (a) Graphene oxide (GO) nanomaterials (b) GO 

based non-volatile memory devices (c)Transition metal dichalcogenides (TMDs) (d) TMDs 

based non-volatile memory devices (Data obtained from Google Scholar). 

(a) 

(d) 
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                    Table 1. Two-dimensional layered material-based memory device 
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MEMORY 

DIODE 

BEHAVIOR. 

RGO/ MOS2- 
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RGO/PET 

- - 104 
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RRAM: Resistive Random-Access Memory; PS: Polystyrene; PVA: Polyvinyl Alcohol; PVP: 

Polyvinyl pyrrolidone; P123: Poly (ethylene glycol)- poly (propylene glycol)-poly (ethylene 

glycol); ZIF8: Zeolitic imidazolate framework; PMMA: Poly (methyl methacrylate). 

CONCLUSION 

In summary, different methods have been investigated for the synthesis of low cost, 

environmentally friendly, high quality and highly efficient two-dimensional layered materials in 

this review article. Micromechanical exfoliation and liquid phase exfoliation provide the highest 

material quality and compatible for modern research and large-scale industrial production. 

Recent progresses of non-volatile resistive memory devices based on various organic/inorganic 

layered material such as GO, TMDs e.g., MoS2 are discussed thoroughly. From the review it can 

be summarized that layered materials hold promising attention as active layers in next generation 

electronic devices. Different electrical switching behaviors such as current on/off (ION/IOFF) ratio, 

retention time, switching voltages are investigated here to compare the reliability of the memory 

devices. Current research on 2D layered materials and their nanocomposites are highly 

appreciated because of their outstanding physical and electronic properties in non-volatile 

memory devices. 
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ABSTRACT 
 

Radon activities and radon exhalation rates have been measured in soil samples collected from different 

locations of oil field area of Tinsukia District (Digboi) of Assam, India.  ‘Can Technique’ using LR115 

(type II) detectors, has been used for the estimation of radium concentration & radon exhalation rate. 

Radium concentration observed for soil samples has been found to be varying from 1.33 Bq/Kg to 1.6 

Bq/Kg .The Radon exhalation rate in these samples has been found to be varying from 0.834 to 0.998 

mBqm-2 h-1.A positive correlations with (R2 =0.99) have been found between radon exhalation rate and 

radium concentration in the samples for the investigated area. The obtained results indicate normal levels 

of indoor radon concentration and effective radium content in all locations of the studied area. Life threats 

to the dwellings in the particular area.In the importance of a study of radon has been recognized globally. 

So we have taken up a study to compare the radon datas with respect to our present study. Institutions 

like EPA, WHO, ICRP and many more world recognized organizations have taken up the study of radon 

and its importance.  So,a qualitative analysis and comparison is highly essential in context to world 

concern. 

. 

Keywords: Can technique, radon exhalation, emanation, effective radium content 

INTRODUCTION: 

Radon is produced in the soil due to the presence of 238U and is transported to atmosphere by 

turbulent diffusion (J.E.Tanner). Once formed by the decay of the parent 226Ra, the 222Rn atoms 

are free to diffuse through the interstices between mineral or soil particles where they become a 

minor constituent of soil. The processes effective in transporting 222Rn from soil to the surface 

are related directly to the size and configuration of the space occupied by the soil gas. Radon 
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concentrations in soil pores (J.Porstendorfer) at depth are dependent directly upon the radium 

content of the soil, emanating power for radium and soil moisture content. Exhalation of 222 Rn, 

a radioactive inert gas, is associated with the presence of 226 Ra and its ultimate precursor uranium 

in the earth crust. Although these elements occur in virtually all types of rocks and soils, their 

concentration varies with specific sites and geological formation of materials. 

The rate at which radon escapes or emanates from solid into the surrounding air is known as radon 

exhalation rate of the solid. This may be measured by either per unit mass or per unit surface area 

of the solid. Measurement of radon exhalation rate of soils and rocks are helpful to study radon 

health hazards. Radon exhalation is the amount of radon (radon activity) as obtained from a given 

layer (geological material on the surface/surface exposure) mainly the outer thinner part of  the 

crust. On the other hand, emanation dependents on the nature of uranium and/or thorium. Radon 

enters into buildings through the soil or building materials. So radon exhalation rate from the soil 

or building material is an important parameter for estimating local environmental radon level. On 

the basis of epidemiological studies it has been established that the enhanced levels of indoor 

radon in dwellings can cause health hazards and may cause serious deceases like lung cancer in 

human beings ( F.Bichichi, R.W.Field). A number of studies of exhalation rates of radon/thoron 

from soil and building materials are available which are same as observed by 

(F.W.Wilkening,M.Folkerts,Singh, R.Prasad). Threfore, it is also necessary to check the 

correlation between the radium concentration and radon exhalation rate of the source material. In 

the present study we have applied solid state nuclear track detectors (LR-115,TYPE II) for the 

analysis of radium and radon exhalation rate measurements in the soil samples taken from wide 

range of areas of oil field areas of Assam, India. 

 

MATERIALS & METHODS 

 

The ‘Can technique’ is used for the measurement of radium and radon exhalation rates in some 

soil samples collected from different study areas. The dried samples collected from different 

places are finely powdered and sieved through a 200 mesh sieve. The fine powder (250g) of 

samples from each site is placed in different glass bottles and scaled with thin polyethylene sheets 

for 30 days so as to attain the equilibrium. After one month, LR-115 (type II) plastic track 

detectors are fixed on the lower side of cork lids, which are then gently pressed against the 

polyethylene sheets on the glass bottles (acting as emanation chambers) as shown in Fig1. so that 
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the equilibrium is not disturbed or there is minimum possible disturbance, if any. The bottles are 

then sealed and left as such for 90 days so that the detectors can record tracks produced by the 

decay of radon. The exposed detectors are etched in 2.5N, NaOH solution at (60 ±1)0C for 90 

minutes . The tracks are counted using an (Olympus) optical microscope at 400X magnification. 

                                                         

 Fig 1: The Can technique used for the study of radium content and radon exhalation rate of soil 

samples 

The track density ρ (tracks.cm-2) so obtained was converted into the units of (Bq m−3) of radon 

concentration CRn using the following equation (F.Saad, H.A.Hend, &N.A. Hussein;M.A. 

Ayman & A.Ali; I.Tayseer & M.A.Ayman): 

                  C Rn  = ρ / kt         …………………..(1)  

where t is the exposure time of distributed LR-115 detector in (days) and k is the calibration 

factor tracks of CR-39 in (tracks.cm-2. day-1/Bqm-3) (F.Saad; M.A.Ayman &A. Ali; I.Tayseer & 

M.A.Ayman) The effective radium content CRa (Bq/Kg) can be calculated from the relation 

                   C Ra = ρhA /kT M       ………………….. (2)  

                            where ρ.is the counted track density (tracks.cm−2 ), h is the distance between 

the detector and the top of the sample (m), A is the area of cross section of the can (m2 ), K is the 

calibration factor of the  detector, M is the mass of the sample (Kg) and Te is The effective 

exposure time (in hour) which can be determined using the following equation. 

                           Te = T – (1-𝑒−𝜆Rn𝑇)/ λ………………………………..              (3)  
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where T is the exposure time, and λRn  the decay constant for radon. The radon exhalation rate in 

terms of area, EA (mBqm−2 h−1 ) can be calculated from the (F.Saad, M.A. Ayman &A. Ali; 

I.Tayseer & M.A.Ayman): 

                          EA =   C Rn Vλ /A[T +1/ λ (𝑒−𝜆𝑇 − 1) ……………………….(4) 

 Where A, V, λ and T are the area of the can in (m2 ), the effective volume of the can in (m3 ), 

decay constant for radon in (h−1 ), and the exposure time in hours, respectively. The radon 

exhalation rates in terms of mass, EM (mBqm−2 h−1) can be calculated by the following formula   

                          EM =   C Rn Vλ /M[T +1/ λ (𝑒−𝜆𝑇 − 1) ……………………………(5) 

    Where M is the mass of the sample (250 gm) 

 The risk of lung cancer from domestic exposure due to radon and its daughters can be computed 

directly from the equivalent effective dose. The annual effective dose, D (mSvy−1 ) was 

computed from the integrated radon concentration using the following formula (Gupta, Mahur, 

Sonkawade, & Verma, 2010): 

                               D = C Rn  0.4 x 3.88 x 7000 /170 3700    …………………… (6) 

 Where D and CRn are the annual effective dose in (mSvy−1) and the integrated radon 

concentration in (Bq.m−3 ) respectively. The equilibrium factor and the ICRP conversion factor 

(ICRP, 1993) are 0.4 and 3.88 mSv.WLM, respectively. 7000 is the number of hours per year, 

and 170 is the number of hours per working month 

RESULTS & DISCUSSION  

 

Table 1 represents the activity concentrations of indoor Radon-222, effective Radium content 

(Bq/kg) and radon exhalation rate (mBqm−2 h−1 ) were measured at different locations  in oil field 

areas of Digboi, Assam.The soil samples are collected from different locations near oil industry 

within the range 2 – 4 Kms. The values of radium content at Digboi varies from 1.33 Bq/Kg to 

1.6 Bq/Kg and radon exhalation rate varies from 29.37 mBqm−2h−1 to 31.18 mBqm−2h−1.From 

these data, a good positive correlation have been observed between radium content and radon 

exhalation rate in soil samples. The results show that there is a variation in radon exhalation rate 

from one location to other which depends on the geological formation. The variation in values 
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of radon exhalation rate may be due to the differences in radium content (T.V.Ramachandran 

and M.C.Subba Ramu) and porosity (M.Folkerts) of the soil. The values of effective radium 

content are less than the permissible value of 370 Bq kg−1 as recommended by Organization for 

Economic Cooperation and Development (OECD 1979). Hence, the result shows that these study 

areas are safe as far as the health hazards of radium are concerned.  

Table1: Values of Radon Exhalation Rates and Radium Content in Soil Samples Collected From 

Different areas of Digboi 
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Fig2: Co-relation co-efficient between radium content and rad. Exhalation rate in area at Digbo 
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CONCLUDING OBSERVATIONS: 

Based on the results obtained in this study the following concluding observations may be drawn 

as follows: 

 1. With increase of radium content of soil samples the radon exhalation rate also increases in 

the studied locations. 

 2. The average values of effective radium content at the locations of the studied area are lower 

than the OECD recommended value.  

3. A good positive correlation have been observed between effective radium content with radon 

exhalation rate of soil samples. 
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ABSTRACT 

 

In recent times, semiconductor transition metal-oxide nanoparticles have gained a lot of attention because 

of their unique physio-chemical properties which mainly depend on size, shape, crystallographic phase 

and routes of synthesis. Palladium Oxide Nanoparticles (PdO NPs) belonging to the platinum group metal 

oxide possesses potential application in catalytic conversion of organic molecules and gas sensing 

application. Different methods have been reported for the synthesis and low-pressure phase transition of 

PdO NPs. Herein we report a simple endophytic fungus Fusarium oxysporum assisted novel approach for 

the biofabrication of face-centered cubic PdO NPs (f-PdO NPs) from tetragonal PdO (t-PdO) powder. 

The change in crystallographic properties under fungal stress was confirmed by XRD analysis while TEM 

images show biotransformed PdO NPs of average particles of size 6-8 nm. FTIR spectrum confirmed the 

presence of capping protein which made PdO NPs water dispersible with very high shelf-life. Anti-

oxidant activity and optical band gap energy (1.9 eV) have also been estimated using UV-VIS-NIR 

spectrophotometry.  

 

Keywords: Anti-oxidant activity, crystallographic phase transition, Endophytic, Fusarium oxysporum, 

PdO NPs. 

INTRODUCTION: 

The increased multidisciplinary applications of nano-size materials and their unique properties 

have drawn researchers toward the field of nanotechnology research. Although different methods 

have been employed for the fabrication of nanomaterials, biological routes of nanoparticle 

synthesis using plants and micro-organisms have gained much more attention as they provide 

highly stable, naturally protein-capped nanoparticles with very high shelf-life. A range of 

nanoparticles like metal, metal oxide, metal chalcogenide, quantum dots and biomineral 
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nanoparticles have been successfully synthesized using biological routes and some of them are 

in use in commercial and industrial products. Various types of biofabricated nanoparticles with 

different physiochemical properties have also been reported by our group [1-5]. These novel 

physicochemical properties mainly depend on particle size, chemical composition, surface-to-

volume ratio, morphology and crystalline structure of NPs. It was also known that the 

thermodynamic stability of NPs is highly dependent on their crystallographic phase. High-

temperature annealing methods for the phase transition of barium titanate NPs, Fe2O3 NPs and 

TiO2 NPs have been reported previously [5-8]. Fungus base phase, size and shape transformation 

of TiO2 were also reported by our group [9]. Arora K., Sandil D. et al studied the effect of a low-

pressure hydrogen environment on crystallographic properties of PdO nanoparticles [10]. 

Antioxidants are substances that inhibit the production of reactive oxygen species or reduce 

oxidative stress by scavenging free radicals. Reactive oxygen species which are the byproduct 

of metabolic processes cause serious diseases including Alzheimer’s disease, Parkinson’s 

disease, Cancer, etc [11]. As many antioxidant exhibits anticancer activity, the antioxidant 

activity of different metal and metal oxides nanoparticles were evaluated [12-14]. It was also 

established that ultra-sonication enhances the antioxidant activity of metal oxide nanoparticles 

by increasing reaction feasibility [15].   

Palladium oxide nanoparticles, a transition metal oxide, belong to the platinum oxide group has 

been widely used in organic reaction catalysis [16-18], formic acid oxidation [19] and gas 

sensing applications [20]. DNA binding properties of PdO NPs and anticancer activity of many 

palladium complexes have also been studied as palladium complexes show structural similarity 

with platinum-based drugs [21]. As PdO NPs become an important candidate for selective 

catalysis of various organic reactions, various methods have been reported for the synthesis of 

PdO NPs from the precursor salt of palladium [22-26]. Herein we have investigated the effect of 

fungal stress on t- PdO powder and evaluated the antioxidant activity of biotransformed f-PdO 

nanoparticles. 

MATERIALS & METHODS 

Isolation, purification and maintenance of endophytic fungus Fusarium oxysporum 
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The endophytic fungus Fusarium oxysporum was isolated from the plant parts such as leaves. 

Then isolated and purified strains of Fusarium oxysporum were transferred on potato dextrose 

agar (PDA) slants and these slants were incubated in B.O.D incubator at 25℃. After 96 h 

incubation of the freshly prepared slant, fungal mycelia were inoculated from stock PDA slant 

to 500 ml Erlenmeyer flask containing 100 ml of MGYP medium which is composed of 0.3% 

Malt extract, 1% Glucose, 0.3% Yeast extract and 0.1% Peptone. The mycelia-containing MGYP 

medium was then placed on a rotary shaker (200 rpm) at 25℃ and it was kept under systematic 

review. After 96 h of fermentation at pH 7, the fungal biomass was separated from the culture 

broth by centrifugation (7000 rpm) which was performed at 15℃ for 20 min. The obtained 

biomass was then washed thrice with sterile distilled water. All the processes were performed 

under sterile conditions. 

Investigation of fungal stress on t-PdO powder and f-PdO NPs formation 

The investigation of the stress of fungus Fusarium oxysporum on t-PdO powder was 

accomplished by adding 20 gram of fungal biomass in a 500 ml Erlenmeyer flask having 100 ml 

aqueous suspension of 0.1% t-PdO powder. The reaction mixture was then kept on a rotary 

shaker (200 rpm) at 25℃ and was monitored for 96 h. After 96 h, the reaction product was 

filtered out by using a simple filtration method. The filtrate solution containing f-PdO NPs was 

then lyophilized to powder for further characterization and investigation. 

CHARACTERIZATION 

UV-Vis- NIR Spectroscopy 

After completion of reaction, the aliquots of biotransformed f-PdO NPs (3.5 ml) was subjected 

to double beam Cary 5000 UV-Vis-NIR spectrophotometer (Agilent, USA) for the measurement 

of optical absorption and band gap. The spectrum was recorded at a resolution of 1 nm and 

wavelength range of 350-500 nm. 

Transmission electron microscopy (TEM) 

TEM images of biotransformed f-PdO NPs were captured by transmission electron microscopy 

(JEM-JEOL, JAPAN) operated at the magnification of 100,000X to explore the shape, size and 

particle size distribution of nanoparticles.  For TEM analysis, the biotransformed f-PdO NPs 
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were loaded onto the carbon coated copper grids by drop casting. These grid was also used for 

the recording of Selected Area Electron Diffraction (SAED) pattern at an angular magnification 

of 0.001 nm per degree. 

X-ray diffraction (XRD)  

XRD (Rigaku, Tokyo, Japan) measurement was carried out to investigate the effect of fungal 

stress on crystallographic properties of PdO powders and establish the crystallographic structure 

of f-PdO NPs. XRD patterns of both t-PdO powder and lyophilized f-PdO NPs were recorded in 

the 2θ range of 20–80° with a step size of 0.04° and a time of 5 seconds per step at 40 kV voltage 

and a current of 30 mA. 

Fourier transform infrared spectroscopy (FTIR) 

The FTIR spectrum of t-PdO powder and f-PdO NPs were recorded using Perkin Elmer (USA) 

Fourier transform infrared spectrophotometer to examine the characteristic metal-oxide bond 

vibration and confirm the presence of capping biomolecules (proteins) onto the surface of 

nanoparticles. For FTIR study, thin pellets of KBr containing nanoparticles were analyzed while 

a pure KBr pellet was used for background scan. 

Antioxidant activity evaluation 

Antioxidant activity of biofabricated f-PdO NPs was evaluated using 2,2-Diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging assay [27]. To execute the experiment, 50 ml 

methanolic solution (0.01 mM) of DPPH and different concentration (0.05 mg/ml, 0.1 mg/ml, 

0.15 mg/ml, 0.2 mg/ml, 0.25mg/ml) of aqueous test solution of f-PdO NPs were prepared while 

aqueous solution of ascorbic acid with 0.05 mg/ml concentration was used as control. 1 ml of 

each NPs solution and standard solution were added with 3 ml of DPPH solution separately. The 

obtained mixtures were then incubated for 10 min at room temperature. The antioxidant activity 

of f-PdO NPs was evaluated by measuring the absorbance of all mixtures at 513 nm against 

methanol as blank. 
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RESULTS & DISCUSSION  

UV-Vis-NIR spectrum of biotransformed f-PdO NPs was recorded in the wavelength range 350-

500 nm (Fig. 1a.) and the appeared absorption band at 407 nm confirms the existence of PdO 

NPs [23]. Using UV-Vis-NIR data direct bandgap energy was estimated from tauc plot (Fig. 1b.) 

as 1.9 eV which is approximately the same as the reported band gap energy 1.8 eV for PdO NPs 

[10]. 

Figure 1. (a) UV-Visible spectrum of an aqueous solution of f-PdO NPs. (b) Optical band gap 

estimation using Tauc plot.  

Figure 2. (a,b) TEM images and (c) SAED pattern of biofabricated f-PdO NPs. 

Fig. 2a. and Fig. 2b. shows the TEM images of biotransformed f-PdO NPs. These TEM images 

indicate the formation of f-PdO NPs having an average particle size of 6-8 nm. Selected Area 

(a) (b) 

 
 

(a) 
 

(b) 

 

(c) 
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Electron Diffraction (SAED) pattern (Fig. 2c) was also captured during TEM analysis which 

confirmed the crystalline nature of biotransformed f-PdO NPs. 

XRD diffraction pattern of PdO, before (Fig. 3a.) and after (Fig. 3b.) treatment with fungus 

Fusarium oxysporum, was recorded to investigate the effect of fungus stress on the 

crystallography phase.  Diffraction peak appeared (Fig. 3a.) at 2θ angle of 33.82°, 40.47°, 54.7°, 

59.16° and 73.12° correspond to the planes (002), (110), (112), (103) and (202) ensure the 

tetragonal phase of precursor PdO powder (JCPDS file No. 043- 1024) [10],[28]. After 

biotransformation of t-PdO powder, the relative intensity of the peak at 40.47° (110) get 

increased and four new diffraction peaks were indexed (Fig. 3b.) at 28.03° (111), 31.25° (200), 

44.78° (220) and 66.17° (400) which confirm the PdO nanoparticles with a face-centered cubic 

structure having lattice parameters 5.642A˚ (JCPDS file No. 046-1211) [22].The increased 

intensity of the diffraction peak and newly appeared peaks established the biotransformation of 

the crystallographic phase during nanoparticles formation. 

Figure 3. XRD pattern of (a) t-PdO powder and (b) biotransformed f-PdO NPs. 

The FTIR spectrum of t-PdO powder and biotransformed f-PdO NPs was recorded in the 

wavenumber range of 400-2000 cm-1 at room temperature (Fig. 4.). The recorded spectrum of 

control t-PdO powder shows two characteristic absorption peak at 590 and 650 cm-1 corrospond 

to stretching vibration of  Pd-O bond [21]. In case of f-PdO NPs, these absorption bands were 

shifted towards lower wavenuber (545 and 614 cm-1) along with two new additional peaks were 

appeared at 1554 cm-1 (N‒H bending, amide II ), and 1645 cm-1 (N‒C=O stretching, amide I). 

The change in peak positions and newly appeared amide bands demonstrated that the 

biofabricated f-PdO NPs were capped by protein molecules [24, 29]. 

(a) (b) 
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Figure 4. FTIR spectra of t-PdO powder and f-PdO nanoparticles 

Antioxidant activity of biotransformed, protein-capped f-PdO NPs was performed where 

ascorbic acid was used as a positive control. The UV-VIS absorption study (Fig. 5.) shows the 

DPPH radical scavenging activity of biotransformed f-PdO NPs. The absorption peak appeared 

at 514 nm correspond to DPPH decreases with increasing concentration of f-PdO NPs while the 

absorption at 407 nm associated with f-PdO NPs increases. The change in color and the gradual 

decrease in absorption maxima at 514 nm with increasing concentration of f-PdO NPs indicates 

its good potential to act as an antioxidant agent. 

 

Figure 5. UV-VIS absorption spectra of (A) Pure DPPH, (B-F) DPPH 

with increasing concentration of t-PdO NPs, (G) DPPH with ascorbic 

acid. 

Conclusion 

At the flourishing time of green nanoscience and nanotechnology, crystallographic phase 

transitions of different materials are being carried out using harsh chemicals and extreme heating 

conditions. However, we have developed a simple fungus-based green approach to obtain f-PdO 

NPs with an average particle size of 6-8 nm from t-PdO powder. The biosynthesized NPs were 

characterized by well-recognized techniques and antioxidant activity has been investigated using 
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DPPH radical scavenging assay. The experimental result demonstrated significant antioxidant 

activity of biotransformed f-PdO NPs. 
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Preface

The Springer International Conference on Trends in Modern Physics (TiMP) 2021,
the third annual conference of the Physics Department of Assam Don Bosco Univer-
sity (ADBU), was organised from 26 to 27 February, 2021, by the department, in
collaboration with Indian Association of Physics Teachers, after successfully organ-
isingTiMP2019andTiMP2020.A large number of participants, fromvarious univer-
sities, colleges and institutes of India and abroad, presented around hundred research
papers in the event. Due to the restrictions imposed by the COVID-19 pandemic,
the conference was held in hybrid mode, with half of the participants making their
presentations online and the remaining half presenting offline, in person. The organ-
isers of the conference made all possible efforts to ensure that every delegate is able
to seamlessly access all the presentations, irrespective of whether the presenter or the
presentation is online or offline. To this end, all the offline presentations were also
streamed live via web-conferencing and all the posters were made available online.
Selected papers of TiMP 2021 have found their place in the proceedings after going
through the due processes of peer reviews.

It was a felt need by the department to hold yearly national conferences on
TiMP, as in this region there were no such yearly conferences of physics, where
young researchers can share their ideas and get suggestions and help from renowned
academicians of the country and other parts of the world. It may be noted, in this
context, that the Physics Department, ADBU, ever since its inception in 2018, has
beenworking at different levels to popularise elementary as well as advanced physics
though various other approaches, like symposiums, workshops, refresher course, etc.
The TiMP conference series has not been confined to any specific branch of physics,
but, practically, to all the major disciplines of physics with the following underlying
philosophy. While it is true that each discipline of physics has become so highly
specialised that it is not easily legible to a person of another discipline, we must
remember that over the history of the development of modern science, physicists’
contributions were not only across different branches of physics but also to various
other fields of science. For example, Marie Curie, a physicist, won a Nobel Prize in
chemistry, apart from a Nobel Prize in physics. James Watson who got the Nobel
Prize for proposing the double helix structure of the DNA molecule was actually

v
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inspired by physics Nobel Laureate Erwin Schrödinger’s book, “What Is Life?”.
World Wide Web (WWW) was invented in a physics research institute, CERN. The
first computer simulation was developed in nuclear physics. Physicists’ contribution
to mathematics can be exemplified by the development of calculus by Isaac Newton.
Venki Ramakrishnan, a Ph.D. in physics, got the Nobel Prize for his studies of the
structure and function of the ribosome which is important in the production of antibi-
otics. The list of physicists contributing to other fields of science is actually too long.
Thus, it is evident that if people from physics can make so many contributions to
additional domains of science outside the realm of physics, it is both productive and
likely for them, even if they are from specific branches of physics, to contribute to
and collaborate with other disciplines within physics. With that philosophy in mind,
this multidisciplinary physics conference series was conceptualised and has been
being implemented successfully.

We thank the convener of the international conference, Mr. Parag Bhattacharya,
together with the co-conveners, Dr. Debajyoti Dutta and Dr. Ngangom Aomoa. We
also express our gratitude to all the reviewers, Dr. Lalthakimi Zadeng, Dr. Yubaraj
Sharma, Dr. Simanta Chutia, Prof. Sunandan Baruah, Dr. Sumita Kumari Sharma,
Dr. Kaustubh Bhattacharyya, Dr. Shantu Saikia, Dr. Debajyoti Dutta, Dr. Ngangom
Aomoa, Prof. Atri Deshamukhya, Dr. Subhankar Roy, Dr. Debasish Borah, Dr.
Wandahun Longtrai Reenbohn, Dr. Rashi Borgohain, Prof. Pritam Deb, Dr. Pralay
Kumar Karmakar, Dr. Ashok Kumar Jha, Dr. Umananda Dev Goswami, Dr. Hemen
Kumar Kalita and Dr. Subhaditya Bhattacharya. Finally, we thank all the authors for
their contributions in the proceedings.
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Chapter 32
Review on Magnetism in Nanomaterials
and Superparamagnetism

Bandana Gogoi and Upamanyu Das

Abstract Nanotechnology plays a prominent role in the fabrication of novel mate-
rials by controlling the structure ofmatter at the nanometric scale changing properties
at a molecular level. The particles with nanodimensions change their material prop-
erties in a dramatic way showing uniqueness in behaviour with modified properties.
In many ferromagnetic materials when the size is reduced to the nanoscale level, the
magnetic properties enhance in a unique way, thus leading to a superparamagnetic
state. The magnetic moment of the material randomly flips the direction of their
magnetization, and the random orientations of magnetic spins inside the particles
result in zero remanent magnetization and zero coercivity. An unusual change in the
hysteresis loop shows the magnetization curve passing through the origin, showing
the state of zero magnetization.

32.1 Introduction

At the nanoscopic dimension, the magnetic behaviours of magnetic nanomaterial
show significant differences from those observed at bulk scalewith the same chemical
composition [1–3]. As the size is reduced material property gradually moves from
the regime of bulk material behaviour to molecular-level material behaviour. Drastic
changes in properties took place at the molecular level.

With the reduction of size, the basic magnetic properties or magnetism connected
to different bulk ferro and anti-ferromagnetic material changes to develop in different
modified ways. These changes may be shown to occur from the dimension of the
material which becomes comparable to some of the basic fundamental characteristic
lengths of one or more of various physical properties that are more relevant to the
magnetic properties (e.g. the size of magnetic domains, exchange length etc.). With
reduced size to nanoscale level, translation symmetry of themagneticmaterial breaks
giving rise to specific sites with reduced coordination numbers, broken exchange and
a higher proportion of atoms on the surface increasing surface effect. A high surface
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to volume ratio brings more close contact with the exterior system. The spin-wave
spectrum of the nanometric material also tends to change and this change can be
observed as spin-wave energy becomes comparable to the thermal energy which
plays a prominent role in developing new magnetic properties [3–12].

Nanoscale magnetism has been basically studied to be developing from unpaired
d-orbital electrons as well as the coupling effect of these electrons with nuclear spins.
At nanosized dimension, the surface area gets more exposure to the exterior neigh-
bouring system, as a result of which the material achieves higher modified function-
alities like increased reactivity, higher catalytic action and decreased melting point
due to surface effect. The surface energy increases with increased surface area and
hence surface effect dominates over the other observed effects at nanosized dimen-
sion. This increased surface energy effect also helps in developing extraordinary
magnetic behaviours in magnetic nanomaterials. Particle size plays a significant role
in determining the basic material property of any material like magnetic, electrical,
optical or electronic property. Therefore increasing interest has been developed to
study magnetic nanomaterials in recent times due to their size-dependent properties
[13, 14].

Figure 32.1 shows the typical hysteresis loop of any bulk ferromagnetic material.
In order to observe the changes of magnetic properties of ferro or anti-ferromagnetic
materials with particle size, the magnetic hysteresis curve of normal bulk ferromag-
netic material needs to be understood. In normal ferromagnetic behaviour, the curve
is observed to have a remanence and a coercive field, i.e. the line of magnetization
curve does not pass through zero or origin.

Fig. 32.1 Magnetization curve of ferromagnetic material in a bulk state
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The development of uniqueness in the magnetic property of magnetic materials
can be studied to be originated from the division of magnetic material into distinct
andwell-separatedmagnetic domains withmagnetic moment alignment. The change
in magnetic moment directions in magnetic domains may correspond to the total
cancellation of the magnetic moment or may tend to minimize the total average
magnetization to become nearly zero.

There are various interaction terms in a magnetic system that contribute to the
total internal energy of a magnetic material and can be expressed as

Etot = Eex + EA + Ems + Eext (32.1)

Exchange interaction (Eex) is responsible for the establishment of magnetic
order in magnetic materials. This interaction arises from a quantum effect due to the
indistinguishability of the electron.

H = − 2J Si S j where J is the exchange constant. Si and Sj are spins.
Magnetostatic energy (Ems) or dipolar energy is the measure of the magnetic

energy of a magnetic sample because of its own magnetic field. This field is the
demagnetizing field that arises from the divergence of magnetization.

Magnetic anisotropy (EA) is crystallogenic in origin. The shape of the sample,
the stress in the material and atomic segregation determine the value of magnetic
anisotropy energy. The energy of a magnetically ordered sample depends on the
relative direction of the magnetization and the structural axes; for example, a solid
has an axis along which the energy is at a minimum. The anisotropy energy EA is
written as a function of the direction cosines α1,α2 and α3 defined in relation to the
axes of the crystal.

Uniaxial anisotropy is the approximation that in some samples anisotropy
depends only on the angle θ between the magnetization and a given axis. The
anisotropy energy per unit volume takes the form

EA/V = K1sin
2θ + K2sin

4θ (32.2)

where θ is the angle of magnetization with the single axis, and depending on the
magnitude of anisotropy constants K1 and K2, the sample can have an easy axis or
easy plan.

Magnetoelastic energy andmagnetostriction is the elastic energy of a magnetic
material that arises from the interaction between the magnetization and the strains.
Magnetoelastic energy is the increase in the anisotropy energy of magnetic mate-
rial when submitted to stress. Magnetostriction, the intrinsic property of magnetic
material, is the coupling between magnetic and elastic energy, i.e. when subjected
to magnetic field magnetic material changes shape [3, 14–16].

Exchange interaction is responsible for the ordering of atomic magnetic moments
which causes the atomicmagneticmoments to becomeparallel and showingmagnetic
ordering in ferromagnetic material. But the presence of other interactions such as
anisotropy, dipolar, magnetoelastic etc. leads to the formation of magnetic domains,
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where the magnetic moments are perfectly ordered [3]. As the size of the particle is
reduced, the energy necessary to divide itself into magnetic domains is higher than
the energy needed to remain as a single magnetic domain or monodomain [10, 17].

The size of themagnetic material has a great influence in determining its magnetic
behaviour, e.g. a ferromagnetic material below a critical particle size (15 nm) can
possess a single magnetic domain and can show paramagnetic behaviour above a
characteristic temperature called blocking temperature (TB).With the increase of the
size of the magnet, the number of magnetic domains increases, and as a result, the
number of domain walls also increases. During the whole process, there is a decrease
in magnetostatic energy while there is an increase in the exchange and the anisotropy
energies because of the more number of domain walls [8, 18]. This dependency
of magnetic property on the size of the magnetic material can be illustrated by
considering the coercivity of the magnet and the dependence of coercivity on the
size of the magnet as shown in Fig. 32.2 [3, 16, 19].

For very small particles, with a diameter smaller than the critical diameter of
superparamagnetism (Dspm), the particle shows unstable magnetization with flipping
spin and it results in zero coercivity (Hc). For the diameter in the range betweenDspm

and the critical diameter of a single domain (Dsd), the magnetic moment shows stable
nature and hence coercivity (Hc) does not become zero. Coercivity increases with the
increase of single-domain diameter Dsd and after reaching the multidomain region
with the increasing diameter, coercivity again decreases. Hence the magnet shows
the maximum coercivity when the diameter is equal to the single-domain diameter,
Dsd [8, 10, 20–22].

Fig. 32.2 Dependency of
coercivity on the size of the
particle diameter of magnetic
nanomaterial
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32.2 Basic Concept of Superparamagnetism

Superparamagnetism (SPM) is a type of magnetism that develops in small nanopar-
ticles of ferromagnetic or anti-ferromagnetic materials which possess single-domain
non-interacting magnetic moment grains. Nanosized material with a single magnetic
domain can show superparamagnetic behaviour below TB (blocking temperature)
also when the size is sufficiently reduced below blocking volume (VB), which is the
maximum volume below which superparamagnetism starts at a particular tempera-
ture and that possibly arises due to spin-based momentum of the unpaired electrons
present in the material [21–23].

The energetic stability of a single magnetic domain was theoretically predicted
and established byKittel in 1946 [24].Magnetic nanoparticles generally show a pref-
erence along the direction where magnetic alignment takes place and are said to be
anisotropic along these directions. Nanoparticles generally show uniaxial anisotropy,
which means that there are two easy directions of magnetization pointing in oppo-
site directions (antiparallel) and are separated by an energy barrier. For single-
domain magnetic material, all the magnetic moments are aligned along the preferred
anisotropy axis, therefore the free energy contribution from exchange and anisotropy
becomes zero. Hence the magnetostatic energy becomes the only relevant energy
term.

The critical diameter of the single domain (Dsd) of magnetic material has a close
relationship with the anisotropy constant K. For identical saturation magnetization
(Ms) single-domain diameter Dsd increases with domain wall energy, i.e. Dsd is
proportional to the domain wall energy. When the size reduction of the particle is
sufficiently large then thermal energy overcomes the anisotropy energy. At this stage
ofmagnetizationmagneticmoment shows fluctuating nature rather than stable nature
[8, 20, 21].

At a given temperature, as the size is reduced to a large extent, spin-wave
energy modifies and becomes comparable to thermal energy in single-domain non-
interacting magnetic grain or particle, and thermal energy becomes insufficient to
overcome the spin–spin interaction and can lead to random orientations of magnetic
spins inside the particles. The critical diameter Dspm is the maximum size below
which the superparamagnetic behaviour starts at a particular temperature and the
corresponding volume at which a particle goes from blocked to unblocked state is
called blocking volume (VB) [22, 23].

At blocking temperature (TB), thermal energy overcomes the anisotropy barrier
of nanoparticles. Above blocking temperature (TB), thermal fluctuations dominate
andmagneticmoments are randomly orient. Nanoparticles with a uniaxial anisotropy
randomly flip the direction of their magnetization and show a spontaneous reversal of
magnetization when thermal fluctuation is sufficient enough to overcome the barrier
potential that is supposed to arise from magneto crystalline in origin and due to
magnetoelastic and shape anisotropy. It was Neel [25] who shows that above TB

a stable magnetization cannot be established due to thermal fluctuations acting on
small particles, and as a result, the system shows superparamagnetic behaviour. The
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typical time of average laps between two flips is calledNeel-relaxation time τN . If τm

is considered to be themeasuring time of themagnetic effect of a particular nanomag-
netic material for its observed magnetic behaviour, then the following observations
can be made in a nanomagnetic material [25, 26].

If τm < τN, the material is in a blocked state and the magnetization flip does not
take place.

If τm > τN , magnetic flip occurs and magnetic behaviour alters. The material
shows superparamagnetism.

This shows that the observed magnetic behaviour in nanomagnetic material
depends on measuring time τm. In most practical applications the measuring time
τm is tried to keep constant. The transition between superparamagnetic and blocked
state is used to study as a function of applied temperature.

The first and basic theory that describes the basic understanding of nanoparticle
magnetism is the Stoner-Wolfforth model [14, 27]. In this model, each nanoparticle
is considered as an ellipsoidal homogenous single-domain non-interacting grain.
According to this theory, depending on the spin configuration nanoparticles may
have a single domain, vortex or multidomain state. Nanoparticles in the smallest
range of diameter do not behave as stable magnet but exhibit the phenomenon of
superparamagnetism [3]. However, this model is suitable at T = 0K and is applicable
to nanoparticles with uniaxial anisotropy only. The large surface to volume ratio in
nanoparticles enhances the magnetic moment and anisotropy [27].

32.2.1 BasicTheory

The energy expression for single-domain magnetic grain with uniaxial anisotropy in
the presence of external magnetic field H can be expressed as the sum of magnetic
anisotropy energy and Zeeman energies:

E = KV sin2 (� − θ) − μ0MsV H cos� (32.3)

where V is the grain volume of the nanoparticle, K being the uniaxial anisotropy
constant parameter and Ms is the saturation magnetization. All the three quantities,
external magnetic fieldH, grain magnetization and magnetization easy axis lie in the
same plane. Φ represents the angle between magnetization and magnetizing field
and θ represents the angle between magnetization easy axis and magnetizing field
[10, 17, 25, 28].

In absence of an external magnetic field, two equally energetically favourable
directions exist. Both directions are parallel to the energetically favourable sponta-
neous magnetization direction also called magnetization easy axis for anisotropic
magnetic material and there possess the energy barrier �E between them in KV. At
temperatures higher enough, the thermal energy kT is capable of overcoming the
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barrier potential and alteration of magnetization direction takes place. While in pres-
ence of an external magnetic field, the symmetry of the two magnetization easy axis
directions breaks down.Whenmagnetization direction is along the external magnetic
field, domain energy of the nanoparticle grain decreases and therefore energy barrier
for spin fluctuation becomes high. The reverse is the case whenmagnetization directs
in opposite direction to an externally applied magnetic field, the energy barrier for
spin fluctuation decreases and reversal of magnetization takes place spontaneously.
So nanoparticles with uniaxial anisotropy flip the direction of their magnetization
randomly and spontaneously. The thermally initiated fluctuations of the magnetiza-
tion direction between the two easy axis directions are called superparamagnetic
(Neel) relaxation and the typical expression for Neel-relaxation time τN can be
expressed by the Neel-Brown expression as

τN = τ0exp (�E /kT ) (32.4)

where τ0 is the length of time and is the function of the characteristic of the material
and usually lies between 10−12 s and 10−9 s. τ0 depends weakly on temperature and
various material parameters such as magnetic anisotropy constant, particle volume
and saturation magnetization [10, 16, 17, 25, 28].

In this regard, a definition of blocking temperature TB can be given as the temper-
ature at which the relaxation time τN equals the experimental time τm or TB can
be defined as the temperature between the blocked and the superparamagnetic state
[25, 28].

Equation (32.4) represents the connection between the time τN and the tempera-
ture T.

AtτN = τm TB = �E/kln
(
τm/τ0

)
, (32.5)

A clear distinction between the two states can be expressed as

• The state is blocked when τm < < τNor T < TB.
• The state becomes superparamagnetic when τm > > τNor T > TB.

The first reveal of single-domain particle magnetization presented by Stoner and
Wohlfarth [14] suggested the existence of high coercivity fields below TB. The
anisotropy energy arising from magnetocrystallogenic origin becomes comparable
to thermal energy and the direction of the magnetic moment starts fluctuating sponta-
neously andgoes through a rapid superparamagnetic relaxation.The supposed system
of uniform non-interacting nanoparticles at T > TB overcomes barrier energy and the
magneticmoments started flipping between the easymagnetization directions. AtT <
TB, the magnetocrystalline-originated anisotropy energy barrier cannot be overcome
by the thermal energy and the magnetic moment of each particle rotates from the
field direction back to the nearest easymagnetization axis because of which non-zero
coercivity results. The total magnetization decreases with increasing temperature as
the nanoparticles and the corresponding easy magnetization directions are randomly
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Fig. 32.3 Ferromagnetism in large and small magnetic particle,a large particle magnetism (U1. >
kT), no spin flipping takes place, b small particle superparamagnetism (U2. < kT), with spin flipping

oriented and the randomness increases with temperature [20, 21, 28]. Figure 32.3
shows the ferromagnetism in large particles and superparamagnetism in small
nanoparticles.

32.3 Brief Discussions

The typical behaviour of large particle ferromagnetism and small particle ferromag-
netism can be observed from the thermal energy transition curve. For two vectors
spin directions (vector upward ↑ and vector downward ↓), if spin vector cannot
move from one direction to other, there exist some net magnetization and the mate-
rial shows ferromagnetism, i.e. when exchange energy U1 > kT vector spin cannot
flip or re-orient. In the energy plot (thermal energy as a function of the orientation of
the spin) if one spin magnetic moment vector lies in the first stability zone (minimum
energy) and if it has to come to the next stability zone (with minimum energy) it has
to overcome the energy barrier. The energy barrier is proportional to the grain particle
volume (V ). The energy barrier potential for a large particle is large. If the spin has
to change its direction it has to overcome the large energy barrier. For a small-sized
particle of nanodimension, this energy difference is much smaller; therefore, it is
easy for the magnetic vector to change its direction crossing the potential barrier. At
room temperature also the thermal energy is much greater than the exchange energy
between the magnetic vectors [10, 28].

Hence for large particles, at room temperature, the thermal energy is much less
than the energy required to cross the barrier, but this energy is sufficiently more than
the energy required crossing the barrier in small particles changing the magnetic
vector. Hence there is an automatic reversible change in the direction of magnetic
vector or spin. At normal temperature also this spin flipping can take place in a
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Fig. 32.4 Curve showing
superparamagnetism with
remanence MR = 0 and HC
= 0

nanodimensional particle; hence both the possibilities of stable state are possible in
the system. This spin flipping leads to the property of superparamagnetism in the
nanosystem. Whenever the energy required or exchange energy U2 is less than kT
(thermal energy) then it can have spin fluctuation and it results in superparamag-
netism. Figure 32.4 presents the typical behaviour of the superparamagnetism nature
of magnetic nanoparticles, where the magnetization curve passes through the origin.

32.4 Conclusions

For large particle, the hysteresis loop possesses a particular area. When the particle
size is reduced sufficiently (around 10–12 nm), these particles do not show the
hysteresis loop but a plot that goes through the origin, which is like both rema-
nence and coercive field are zero. This represents the typical paramagnetic behaviour.
Although these particles are small they have several moments comprising ions or
molecules. These moments are flipping among themselves and the resultant is a
paramagnetic behaviour. This is one of the important aspects of the magnetic prop-
erties of nanostructures [29]. When the particle size is large it shows the hysteresis
loop, but for the same material particle when the size is reduced to nanodimension
it does not show hysteresis but passes through the origin with no remanence and
coercive field, i.e. superparamagnetism is a function of the size of the particle.
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Abstract— Object detection is a technique to tag objects 

present in the frame of an image, video sequence, and real-

time video. In recent years, the world has been reshaped 

around deep learning algorithms. This paper makes the 

user aware of the obstacles present in his environment. 

There are two fundamental parts in this paper: the 

software part and the hardware part. The state-of-the-art 

You Look Only Once (YOLO) algorithm was applied in 

the present work for object identification. The overall 

analysis shows that this algorithm produces accurate 

results for real-time object detection and can be 

considered faster object identification.  

Keywords— Tensor flow, Object detection, Real-time 

video YOLO, Raspberry pi 3. 

I. INTRODUCTION 

The world we know is mainly designed keeping in mind the 

comfort of people without any visual problems. As a result, 

this creates a gap in communication for visually impaired 

people. Around 37 million individuals worldwide are blind or 

visually impaired, accounting for a significant part of the 

global population. Because of their handicaps, these visually 

challenged people encounter several challenges in their daily 

lives. They have the same right to education and information 

as everyone else. However, their capacity to learn new things 

is severely limited [1],[13-18]. They must rely on 

conventional and orthodox means of obtaining information, 

such as tactile sensations like finger Braille, manual alphabets, 

and the print on palm technique, but these methods are 

arduous, slow, and inefficient, and are not suitable for usage in 

a computer context. As a result, they are unable to access the 

internet, which is the information hub [2]. The proposed 

model helps to solve the object detection and identification 

problem for visually impaired people both indoors and 

outdoors. This project also adds a security layer for these 

specially-abled people. 

II. LITERATURE REVIEW 

Many researchers have proposed various models for helping 

visually impaired people, and few of them have a very good 

extent to abolish these problems.  

P. Angelov et al. have proposed a model for real time 

independent object detection and tracking [3] was based on 

object detection and object tracking with color specific 

implementation. It was a visual project where video/image 

data was applied as an input into the model using a webcam 

with the Raspberry Pi connected. The model proposed by the 

Aydin Akan et al. [4] for obstacle detection and tracking for 

visually impaired people on sidewalks . A proposed concept 

for an obstacle detection and warning system on sidewalks 

was designed to assist visually impaired persons. On the 

hardware side, this model was created using a Raspberry Pi 

and three vibration sensors. The speaker was utilised as an 

output to communicate the object's name to the user. Python 

was selected as the programming language because to its 

speed, compatibility with the Raspberry Pi, and availability of 

packages. Tensorflow, a Python tool, was utilised to conduct 

object identification and classification using a pre-trained 

model in this study. 

The method proposed by Amir et al. [5] was 

the Implementation of the Line Tracking Algorithm using the 

Raspberry Pi. The hardware implementation of the model was 

done on the Raspberry Pi due to its optimum size. The 

accuracy of the model was sufficient, although the FPS rate 

was not enough. The work done by Srivastava et al. [6] was a 

prototype of a hand glove for visually impaired people which 

converts the OCR text to speech. Problems can be reduced to 

some extent. MATLAB and Arduino were the two software 

tools used to implement this work. The image processing 

operations were done using MATLAB, while the ultrasonic 

sensor programming was done with Arduino. The effort then 

moved on to obstacle detection, picture to text conversion, and 

finally text to voice translation. 



In another work a smart glove was developed to assist the  

visually impaired people in [7]. A prototype of the smart glove 

was designed utilising a deep neural network and an object 

tracking algorithm. It is capable of directing the blind to the 

desired item in an interior setting. A USB camera is included 

in the palm of the glove, which transmits live video to the 

Raspberry Pi for processing. Its entire implementation cost 

was in the neighbourhood of sixteen thousand dollars, which 

is fairly high. It also made use of Intel movidius NCS, which 

distinguished it from the previous work. Our suggested model 

is adaptable to practically any maritime environment and may 

be used to accomplish the objective for which it was 

developed. 

The suggested method entails creating a portable system 

capable of labelling objects using the OpenCV and 

Tensorflow frameworks. The second component of this study 

is the translation of tagged text to voice and then the output in 

the form of auditory signals to make the blind person aware of 

the item or barrier in front of him. This model consists of a 

hand glove attached to a pi cam. The camera captures real-

time video and the algorithm performs object detection. It 

gives the output to the user as an audio signal through a 

speaker/earphone. This work is also implemented using the 

Raspberry Pi (version 3) platform, which makes the model 

portable. The model detects the object from a predefined and 

trained class that contains a particular label.  This model is 

also capable of detecting objects from an image or from a 

video. Hence, this model can contribute greatly to the mobility 

and safety of visually impaired people. 

. 

 

III. PROPOSED METHODOLOGY 

In the proposed work, the YOLO algorithm has been used, 

considering its advantages above all other algorithms. 

-YOLO stands for You Look Only Once. 

-This algorithm outperformed all of them. 

-It divides the image into certain grid cells. 

-The output is based on a confidence score. 

-The limitation of YOLO is that it struggles with small 

images. 

The object detection and categorization method You Only 

Look Once (YOLO) is a helpful one-stage technique. YOLO 

is an object identification method that employs just one neural 

network. Unlike previous object detection algorithms, which 

sweep the picture bit by bit, this approach analyses the entire 

image and reframes object detection as a single regression 

issue, going straight from image pixels to bounding box 

coordinates and class probabilities. The flow chart diagram in 

fig.1 depicts the steps that we have used during 

implementation of this work.   

The proposed system consists of the following steps given 

below.  

1. Real-time video is given as input 

2. Image is captured for each frame 

3. The captured image is compared to the pre-

existing trained data set with the help of the YOLO model 

4. The converted image is then further 

processed for text to speech conversion using the GTTS 

library. 

5. In the last step, the converted speech is 

given as output with the help of an earphone/speaker 

 

 

Fig. 1  Flow chart of the proposed model 

The entire system can be divided into two sections: 

1. Hardware section 

2. Software section 

1. Hardware section 

Raspberry Pi 3: 

The Raspberry Pi [8] is a very small, low-cost, and low-

powered system on a chip (SoC).It has significantly less 

processing power than a regular PC or even most modern 

smartphones, but due to its versatility and cost, it has become 

popular even outside the initial target audience.  The 

Raspberry Pi 3, which has been used here, boasts some new 

and improved features, but uses the same SoC as the Model B, 

at slightly higher clock rates, but with the same amount of 

RAM. The systematic diagram of the Raspberry Pi 3 is given 

in fig.2.  

Table 1: Specifications of Arduino 

Parameter Specifications 

Raw Voltage input 5V, 2A power source 

Maximum total current 
drawn from all I/O pins 

54mA 

Clock Frequency 1.2GHz 



 

 

Fig. 2. Raspberry Pi 3 model. 

 

Pi Camera : 

 Pi camer [9] is used in this work to get a real-time video of 

the environment. Other cameras could also be used, but the pi 

cam is more portable with a raspberry pi, so we have used it 

for this work. The specifications of the used Arduino are given 

in table 1, and the used Pi camera is shown in fig 3.  

. 

Fig. 3  Pi Camera used in model. 

Audio Output -  

The detected object is converted from text to speech, to get 

audio output from the used speaker. We have used a 

bluetooth speaker particularly for demonstration purposes to 

make this model more handy and portable earphones could 

also be used. 

2. Software section: 

The algorithm code for object detection was written in the 

Python language. There were a series of steps involved, from 

writing the code to implementing it. In the first step, all the 

required Python packages were installed, such as YOLO 

packages, num pi, openCV [10], and tensor flow for running a 

shell script command in a software environment. The 

installation of all the libraries was performed in a sequential 

manner, one by one. If any image is captured by the Raspberry 

Pi webcam, the width and height of the image are calculated. 

Based on this height and width, several classes are created, 

such as boxes, classes, and scores. That boxes were used to 

particularly bind the objects detected with random colours, 

and classes were used to name the objects detected, while 

scores were used to give the confidence value. This whole 

process gets calculated in a loop for all the detected objects. 

One key point of this model is that any object is detected only 

when the confidence value is greater than the threshold value 

(in this case, the threshold value assigned is 60%).  

To convert the detected object into speech, a separate class 

was created in the code. The Python library used for 

converting text to speech is gTTS [11]. A new object is 

created which contains the object to be detected (having an 

accuracy equal to or greater than 60) along with the language 

in which the audio will be played and the pace at which the 

audio is going to play as an argument. The audio after getting 

converted from text gets stored as an mp3 file which gets 

played after each image detection. 

 

IV. RESULT AND DISCUSSION 

The results were obtained after implementation of the above 

algorithm for object detection. The steps of the proposed 

model are presented in fig. 4. This model can work for three 

kinds of input:- 

a.) Image (.png)   

b.) Video  

c.) Real-time video 

 

 

Fig. 4. Proposed model step 

a) The portable network graphics (.png) file was given as 

input. The screenshots of the obtained results are shown in 

fig.5. 
.  



 

Fig. 5. Detected object in uploaded image.  

1.) Video as an input: - The uploaded video is shown in 

fig.6 

 

Fig. 6. Detected object in a uploaded video. 

2.)  Real-time video as an input  

 

Fig. 7. Detected object during real-time video. 

The proposed model worked completely well, satisfying all 

the conditions. However, real-time video processing took a bit 

of extra time to process when compared to the feed video. As 

mentioned above all the results obtained were as expected.  

The proposed model was tested on all three given input 

formats, where the achieved results were found satisfactory. 

The speaker was connected to the Raspberry Pi with 

Bluetooth. The speaker produces the output as soon as the 

confidence value score crosses 60%. The limit was given as 

such to increase efficiency. However, there is sometimes 

negligible audio lag when compared to each frame processed. 
The proposed model was further compared with the existing 

models to validate the performance of the model. The method 

given in [3] only uses the YOLO algorithm and neither 

portable nor audio as an output. The methods proposed in [4] 

and [6] were capable of producing audio as an output, but 

neither the portable nor the YOLO algorithm used there. The 

models in [5] and [12] were portable, but the YOLO algorithm 

was not used there. Our proposed model produces the audio as 

an output, is portable, and uses the YOLO algorithm to 

achieve object identification. The overall comparison of the 

proposed model was performed in table 2.  

Table 2. Comparison of the models 

S. 
No. 

Existing Model Authors 
name 

Audio 
Output 

Portable Yolo 
algorithm 

Used 

1 Real time 
approach to 

autonomous 

novelty 
detection and 

object tracking 

P. Angelov 
[3] 

No No Present 

2 Designing an 
obstacle 

detection and 

alerting system 
for visually 

impaired people 

on sidewalk 

Aydin Akan 
[4] 

Yes No No 

3 NETRA(2019) N.K. 
Srivastava[6] 

Yes No No 

4 Line tracking 

algorithm using 
Raspberry Pi 

Samreen 

Amir [5] 

No Yes No 

5 Object detection 

and human 

identification 
using Raspberry 

Pi 

R.S.M. [12] Yes Yes No 

6 Proposed Model J. Rahul Yes Yes Yes 

 

 

V. CONCLUSION 

A prototype of an AI-enabled Smart Glove has been designed 

which is effective in helping the navigation of visually 

impaired people. It detects any object indoors as well as 

outdoors with the help of a trained data set. The device is 

compact and portable. The accuracy obtained using the YOLO 

algorithm is comparatively higher when compared to other 

algorithms like CNN and RCNN. When compared to other 

existing works, it also takes less time to process the video file. 

We have observed better accuracy when the image is given as 



an input as compared to that of video and real-time video. The 

idea of detecting the object only after it reaches a minimum 

threshold value makes the model more precise and accurate, 

hence avoiding any false detections. 
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ABSTRACT

Cardiovascular disease (CVD) is a broad term encompassing a group of heart and 
blood vessel abnormalities that is the leading cause of death worldwide. The most 
popular and low-cost diagnostic tool for assessing the heart electrical impulses is 
an electrocardiogram (ECG). Automation is required to reduce errors and human 
burden while interpreting ECG signals. In recent years, deep learning shows better 
performance in ECG classification and has also shown that automated classification 
of ECG signals can improve accuracy and efficiency. In this chapter, the authors 
review the research work on ECG signals using deep learning methods like deep 
belief network (DBNK), convolutional neural network (CNNK), long short-term 
memory (LSTMY), recurrent neural network (RNNK), and gated recurrent unit 
(GRUT). In the research articles published between 2017 and 2021, CNNK was 
found to be the most appropriate technique for feature extraction.
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Chapter 25
QOL Barometer for the Well-being
of Citizens: Leverages during Critical
Emergencies and Pandemic Disasters

Arindam Chakrabarty, Uday Sankar Das, and Saket Kushwaha

Abstract Improving the quality of life for its citizens has been the focal point of any
governmental system across the globe. Every state is committed to providing good
governance to its countrymen. Society is moving through the Fourth Industrial
Revolution (4IR) where the e-governance ecosystem has become the priority need
of the hour. The days of mechanistic bureaucracy have become unpopular and
outdated. The modern democracies desire an organic, citizen-friendly governmental
system where information needs to be collected from the people at the bottom of the
pyramid so that the state could ensure delivery of improvised and augmented public
goods and services effectively and efficiently keeping in view its commitments for
achieving all the UN-SDGs by 2030. This chapter has devised a dedicated model
based on an e-governance framework. This QOL Barometer would be designed
using the 4IR ecosystem. The innovative QOL Barometer or the “CARE-Protocol”
may be developed and implemented for improving the quality of life of its citizens.
This protocol would be conceptualized, based on inputs and insights from secondary
sources. The benefits of this model can be leveraged during critical emergencies and
pandemic disasters.
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25.1 Introduction

Qualities of life for the citizens are the real measures in the efficacy of governance. In
the era of automation and knowledge and economy, it is imperative to provide
prompt and quality solutions to the countrymen. Society deserves a dedicated
comprehensive and robust mechanism so that the state can render appropriate
services to its target audience. The fourth industrial revolution has been strengthen-
ing E-Governance systems to energize for the superior momentum of public service
and distribution framework. It is observed that the developed states have been
prioritizing creating an improvised E-Governance ecosystem to fulfill the commit-
ment toward good governance.

25.1.1 Idea of Quality of Life

Mankind has been on a constant quest for the betterment of his living conditions
since the inception of humanity. As humans grouped themselves under the societal
banners many pre-scientific philosophers, thinkers, and administrators attempted at
understanding the basics of quality and how it might be applied for improving the
human condition.

These frugal attempts found a base when psychiatrist Viktor Emil Frankl con-
ceptualized “Logotherapy” inspired by the works of Sigmund Freud & Alfred Adler.
The idea of “Logotherapy” was simply an inquiry into the three basic psychological
philosophical pointers, i.e., (a) Freedom of Will, (b) Will to Meaning, (c) Meaning in
Life (VFI/Logotherapy and Existential Analysis n.d.). These ideas were derived
from the experiences of his struggle to remain hopeful for a better life while
imprisoned in a German Nazi Camp; the ordeal of which later turned out to be a
best seller (Frankl 1963). The works of Viktor Emil Frankl silently conceptualized
the idea called “Quality of Life” and cemented it in academics, literature, polity,
healthcare, and global policies from the 1970s onward often without landing any
credits to his works or perhaps simply denying it as an idea pulled out of thin air.

Quality of Life became the catchphrase of decision makers in determining the
qualitative aspect of human life. Several symposiums derived and concluded several
measurement tools to quantify the dimensions into measurable terms (Environmen-
tal Protection Agency USA 1973). Quality of Life (QOL) measurement is sometimes
looked upon as a means of needs satisfaction for the holistic distribution of goods
and services to propagate social justice (McCall 1975). Different academic streams
tried to utilize the idea of QOL and formulate measurement tools for various fields
like economics, healthcare, marketing, and organizational psychology (Michalos
et al. 2006).

QOL is often modeled around a three-dimensional aspect of an individual’s
being, belonging, and becoming (Quality of Life Research Unit n.d.). Over the
years QOL has turned out to be a favorite tool to assesses and quantify the qualitative
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aspect of human life for both researchers and policymakers across the globe, pitching
it up as a de-facto choice.

25.1.2 QOL as a Part of Holistic Development

The answer to the quest for refining the human condition is answered with improving
the quality of life to achieve holistic development. Several indices and indexes are
either formulated or incorporated in existing policy reports to measure the quality of
life for a very long time.

One of the early attempts to measure the QOL in this direction was possibly the
Physical Quality of Life Index (PQLI) that aimed at avoiding the limitations posed
by Gross National Product by measuring literacy, infant mortality, and life expec-
tancy (Morris 1978).

The “Human Development Report” produced by the United Nations Develop-
ment Programme incorporated the QOL parameter in 1997 in the form of the Human
Poverty Index based on figures like access to safe drinking water, and prevalent
poverty(Undp 1997). The 1990s saw the indexing of countries based also known as
the Human Development Index, which was later adjusted to the Inequality-adjusted
Human Development Index from the year 2010 onward. The Human Development
Report also measures gender gaps as Gender Development Index calculating the
disparities between men and women in the health, knowledge, and living standards
dimensions (Unit 2005).

Another such attempt in the same direction was attempted by the Economist
Intelligence Unit of The Economist also known as “Quality of Life Index” that
tracked the non-monetary social indices through its Life satisfaction survey, that
quantified figures like material well-being, health, political freedom, security and
stability, family and community life, climatic conditions, job security, and gender
equality (International: The lottery of life|The Economist n.d.). This was later
renamed as Where to be born Index as the lottery won predetermine the success of
an individual based on the favorable dependent factors in a particular place (lessons
from Bhutan on the pursuit of happiness above GDP|World Economic Forum n.d.).

The mountain nation of Bhutan is on a marathon run to promote QOL in the form
of Gross National Happiness comprising not just the economic factors but also the
moral development among its citizens. This was to be achieved riding on the back of
good governance, environmental protection, cultural safeguard, sustainable and
equitable economic development, and stepping into the future technologies for a
holistic overall development (Interrogation 2008; World Happiness Report 2020 |
The World Happiness Report n.d.). Good ideas resonate throughout the globe and it
gave birth to the concept of measuring world happiness in the shape of the World
Happiness Report by the United Nations Sustainable Development Solutions Net-
work that added happiness and well-being along with the economic indicators for
measuring the development vector of the country (About the HPI | Happy Planet
Index n.d.). Another similar index is the “Happy Planet Index” that combines four
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parameters namely well-being, life expectancy, inequality and injustice, average
ecological footprint, which factors for a long happy life (WVS Database n.d.). A
noteworthy mention at this stage would be of the World Values Survey (WVS) that
tries to quantify and measure the intangible values like social, economic, religious,
cultural, and political change in values of the global fraternity (Gender Development
Index (GDI) | Human Development Reports n.d.).

A dimension of “Welfare Economics” popularly referred to as “Happiness Eco-
nomics” is often vetted against traditional developmental economics as a much more
inclusive and appropriate measure for a rounded development (What are the eco-
nomics of happiness? | Yale Insights n.d.; The Economics of Happiness | Greater
Good n.d.; The Economics of Well-Being n.d.; Why we need to choose happiness
over economics | World Economic Forum n.d.).

Quality of life is not just about holistic development and economic well-being it
has a hidden aspect, the factor of disposable time. The lack of which is referred to in
the popular culture as “Time Poverty” which essentially means the individual does
not have enough time for the contribution to social and human capital development
(Kalenkoski and Hamrick 2014). QOL is also extensively used in the health care
sector to measure the success or outcome of various medical procedures. According
to the World Health Organization (WHO), QOL is an individual perceptual context
based on individual standards, expectations, standards centered around the cultural
value systems. WHO has created an instrument known as WHOQOL (WHOQOL-
100 and WHOQOL-BREF) to measure the quality of life (WHO 2014).

25.1.3 Socioeconomic Changing Roles and New Dimensions
of Governance: Good Governance and E-Governance

The world has been mostly governed by a democratic setup. In a democracy, every
citizen of a county can choose their representative and the government is formed
with the majority of a particular representative group. The role of the government in
democratic orientation was to provide goods and services to its countrymen. This
system is perfectly alright when there is no such competition, complexities, or higher
commitments toward achieving improvised quality of life in consonance with rapid
technological development. The state-controlled machinery has an inherently limited
aspiration for higher growth trajectories rather it develops conservative and status
quo syndrome with the growth of population it becomes unrealistic to provide goods
and services to all its citizens. The momentum of liberalization privatization and
globalization (LPG) coupled with the technological revolution had mended all of us
into a massively competitive world both at an individual level and in a collective
manner. It has made the state untenable to act as a provider of all utility products and
services there is a paradigm shift that the state has initiated the role of being
facilitator so that new entrepreneurial expeditions can be improvised and innovative
startups can be patronized. The notion of good governance has become the focal
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point not only to maintain law and order rather enhance a vibrant economy and
ensure superior quality of life for its countrymen. There are two schools of thought of
any good governance ecosystem of which a section of experts advocate for a higher
order of human intervention with an increased face of humanistic touch to make the
governance system highly acceptable and adaptable. On the contrary, the other
school conservatively believes indiscriminate human intervention in the governmen-
tal machinery necessarily makes the system biased prejudiced ambiguous, and most
importantly a genesis of corruption. Human-centric governance essentially suffers
from procrastination syndrome. To address all these challenges and emerging
dynamics of societal aspirations good governance has become the minimum condi-
tion for gaining and retaining power in the political corridor of the country where a
substantial function can be accomplished by the e-governance ecosystem.

25.1.4 Revolution in E-Governance Ecosystem across
the World

The United Nations Department of Economic and Social Affairs under the banner of
the Division for Public Administration and Development Management devised a
tool United Nations E-Government Development Database (UNeGovDD) that
tracks the global E-Readiness for the member states of the UN. This database lists
Denmark (Rank 1), Republic of Korea (Rank 2), Estonia (Rank 3), Finland (Rank 4),
Australia (Rank 5), Sweden (Rank 6), United Kingdom of Great Britain, and
Northern Ireland (Rank 7), New Zealand (Rank 8), the United States of America
(Rank 9), Netherlands (Rank 10) among the top ten performers for the year 2020 out
of 193 participant nations. Countries in the Indian subcontinent is ranked in the same
list in the following order Sri Lanka (Rank 85), India (Rank 100), Bhutan (Rank
103), Maldives (Rank 105), Bangladesh (Rank 119), Nepal (Rank 132), Myanmar
(Rank 146), Pakistan (Rank 153), and Afghanistan (Rank 169) (UN E-Governance
Knowledgebase 2020). These rankings are derived using the United Nations
E-Government Development Index (EGDI) that is based on the weighted average
of Telecommunications Infrastructure Index (TII) essentially measuring the data
connectivity as monitored by the International Telecommunications Union (ITU),
Human Capital Index (HCI) measured by the United Nations Educational, Scientific
and Cultural Organization (UNESCO), and Online Service Index (OSI) which is an
independent survey conducted by United Nations Department of Economic and
Social Affairs (UNDESA) in the form of an Online Service Questionnaire (OSQ).
Each of the three indices contributes one-third of the value for calculating EGDI of
any nation along with a section of Member State Questionnaire (MSQ), all these
questionnaires try to assess the online delivery of services, openness of government
data, digital divides, use of ICT and implementation in the whole of government.

More countries across the globe are adopting the E-government strategy in
various innovative ways to reach the entire society with the whole of government,
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with formulations like e-participation, data-centric focus revolving around technol-
ogies like artificial intelligence and blockchain to reduce the digital divide through
digital kiosks in far-flung areas and achieve the development of smart cities/smart
villages. Approximately 65% of the member countries now are in the high or very
high group of EDGI ranking while 22% have moved up the rank since the year 2018.
It is noteworthy to mention that the EDGI ranking has a positive correlation with the
income level of the country. In the new normal of COVID19 E-Governance is facing
a massive stress test as most of the face-to-face services were disrupted due to the
social distancing guideline. It was evident that countries with robust E-Government
infrastructure were able to steer clear through this pandemic with much more ease
than those which lacked such facilities. However, the hope notation is that around
85% of the countries globally offer at least one transactional online service. Approx-
imately an average of 14 different services can be availed through the E-Governance
platforms of the member states, some of the most common services include applying
for a birth certificate, registering or applying for a new business, and paying utility
bills online (United Nations E-Government Survey 2020).

If one is to look with the magnifying glass to inspect landmark victory for
principalities in the journey of human development then perhaps the bicycle nation
of Denmark would possibly beat every other candidate black and blue in every
parameter with radical margin. This still stands true for E-Governance where the
nation has surpassed Estonia which happens to be an early bird to catch the
E-Government train. The Danish governments’ official website claims that the
nation is digital by default hence you can get all your official work done from the
comfort zone of your computer screen within a span of 24 hours be it registering a
business, reporting a bicycle theft, or even dealing with a health care issue (The key
to Denmark’s digital success n.d.). None the less tiny nation of Estonia is still a tough
competitor in the E-Governance space with 99% of the services offered online 24 by
7 and an astounding 44% of the citizen’s vote digitally using the i-voting platform.
The tall claim of this nation not only stops at this, they also officially claim to have
saved 844 years of working hours and becoming a hassle-free nation (EAS 2019).
Some of the key measures that helped this tiny nation achieve this feat are the
digitization of registers to support e-services based on a platform called X-Road,
provision of digital id’s and making digital signature equivalent to physical signa-
tures. This was backed by the early success of e-banking which helped the nation
accept the idea of digital governance. Estonia is experimenting with blockchain in
creating a digital embassy and promoting e-residency programs (How Estonia
became an e-government powerhouse–Tech Republic n.d.).

India launched the “Digital India” campaign back in the year 2015 with the vision
not to miss the train of the information age, the outcome of which was to accesses the
various strengths for this adventure. The program revolves around three pillars of
digital infrastructure, i.e., (i) Digital infrastructure as utility, (ii) On-demand Services
and Governance, and (iii) Citizen Empowerment through Digitization.

India is among the top three digital economies with one of the largest unique
digital identification program (AADHAAR), the digital divide is also reducing day
by day as mobile services are penetrating the remote hinterlands. India also aims to
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digitize the healthcare services sector, education sector, and built on a robust
E-Governance ecosystem for the future (India’s Trillion-Dollar Digital Opportunity
2019). Although these are great ambitions for a nation, however, the base of digital
society needs to be built on the backbone of digital governance as is evident in the
case of Denmark, Estonia, or South Korea.

25.1.5 Recent Experience of E-Governance Protocol
for Mitigating COVID Pandemic

The COIVD pandemic struck the global community with shock and awe strategy
paralyzing normal life, halting economic activities, even hitting very hard at the core
of community life with forced social distancing, quarantining, and strict contain-
ment. The pandemic created such an atmosphere that even the most democratic
governments of the world were forced to enact dictatorial practices and enforce
sudden lockdowns as a choice between life and death. Several silver bullets were
fired as a solution to this pandemic however least was achieved. One of the early
outcomes of this pandemic was a global frenzy to trace and isolate COVID-positive
cases. This phenomenon gave birth to a new trend of contact tracing apps across the
world by governments as a measure to tackle COVID as a non-medical intervention
in the form of basic E-Governance (Table 25.1).

Most of these applications track positive COVID cases the users’ proximity to
access a risk profile. Some of the applications are also able to trace the routes used by
a user and alert any possible risk outcome to other users. The “Thai Chana”
application possibly differs from the rest as it is designed to be a post COVID
measure to step out in the world and perform day-to-day activities including
commercial activities.

Even local governments used such half-baked applications as a non-medical
intervention or even to disperse E-Governance services like the one launched by
the Government of Delhi-NCR in India called “Delhi Corona” that was specifically
designed to provide information about the availability of hospital resources and
reduce the rush and run around in a massive, populated city like National Capital
Region (Kejriwal launches ‘Delhi Corona’ app for real-time information on avail-
ability of hospital beds–The Hindu n.d.). It is not that any government could have
produced a perfect application in these desperate times but a much more coordinated
effort perhaps could have yielded better results.

World Summit on Information Society (WSIS) is a UN forum that keeps a track
of E-Governance progress across the world. It is a forum that keeps a track of the
growing digital divide in the world. Around 40% of the global population lives in
poverty-prone nations, and approximately 1 billion people have no access to ICT.
Poverty and the digital divide are correlated. Several solutions are proposed to
overcome the digital obstacle policy solutions like easy user-friendly web services,
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Table 25.1 Indicative list of contact tracing apps for COVID-19 across the world

SL.
No.

Country of
origin Name of the app

1. Australian COVID safe (COVIDSafe n.d.)

2. Austria Stopp Corona (Stopp Corona n.d.)

3. Azerbaijan E-Tabib (Download the “E-DOCTOR” mobile application n.d.)

4. Bahrain BeAware Bahrain (Kingdom of Bahrain–eGovernment Apps Store:
BeAware Bahrain n.d.)

5. Bangladesh Corona tracer BD (Corona Tracer BD–Apps on Google Play n.d.)

6. Canada COVID alert (Download COVID Alert today–Canada.ca n.d.)

7. China Close contact detector (China launches coronavirus “close contact
detector” app–BBC News n.d.)

8. Colombia Coronapp (Coronapp n.d.)

9. Croatia STOPcovid19 (STOPcovid19–STOPcovid19 n.d.)

10. Czech
Republic

eRouška (eRouška–chránímsebe, chránímtebe n.d.)

11. Denmark Smittestop (Stop udbredelsenaf COVID-19–Smitte|stop n.d.)

12. France StopCovid (StopCovid | economie.gouv.fr n.d.)

13. Germany Corona-warn-app (Bundesregierung | Aktuelles | Veröffentlichung der
Corona-Warn-App n.d.)

14. Ghana GH Covid-19 tracker app (Bawumia launches GH COVID-19 Tracker
App n.d.)

15. Hungary VírusRadar (VírusRadar–a Koronavíruskövetéséreés a COVID-19
ellenivédekezésre n.d.)

16. Iceland Rakning c-19 app (Information about Covid-19 in Iceland n.d.)

17. India AarogyaSetu Mobile app (AarogyaSetu Mobile App | MyGov.in n.d.)

18. Ireland COVID tracker app (COVID Tracker App–Ireland’s Coronavirus
Contact Tracing App n.d.)

19. Israel HaMagen (HaMagen–The Ministry of Health App for Fighting the
Spread of Coronavirus n.d.)

20. Italy Immuni (Immuni - Download Immuni n.d.)

21. Japan COVID-19 contact-confirming app (New Coronavirus Contact
Confirmation Application (COCOA) COVID-19 Contact–Confirming
Application|Ministry of Health, Labor and Welfare n.d.)

22. Jordan Aman app (Aman n.d.)

23. Latvia ApturiCovid (ApturiCovid n.d.)

24. Malaysia MyTrace (MyTrace, a Preventive Counter Measure and Contact Tracing
Application for COVID-19–KementerianSains, TeknologidanInovasi
(MOSTI) n.d.)

25. Nepal COVIRA (COVIRA n.d.)

26. New Zealand NZ COVID tracer app (NZ COVID Tracer app | Ministry of Health NZ
n.d.)

27. North
Macedonia

StopKorona (StopKorona!–tracing of Coronavirus exposure and
protection from COVID-19 n.d.)

28. Norway Smittestopp (Smittestopp–app–helsenorge.no n.d.)

29. Qatar Ehteraz (Qatar makes COVID-19 app mandatory, experts question
efficiency | Qatar News | Al Jazeera n.d.)

(continued)
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installation of e-kiosks, or simplified mobile devices like “Simputer.” Some of the
factors determining good e-governance are:

• Cooperation between national and international governments.
• Normalization of the legal framework.
• Reasonable costing for interoperable services.
• Holistic promotion of digital literacy, e-learning, etc.
• Preparing underprivileged society for the Tsunami of Information Society

(e-Readiness).
• Increased transparency and promotion of e-participation, e-services, etc..
• Overall all citizens inclusive public administration process to address bureau-

cratic deadlocks.
• Access to knowledge through e-services to achieve an overall improvement in

“Quality of Life” (Stoiciu 2011).

Open Government Partnership is another popular concept based on the idea of
responsive, accessible, accountable, open governance with long-term benefits across
a broad range of issues and citizen engagement in overseeing governmental activities
using digital tools (Open Government Partnership 2020).

Some unique technology-led solutions were also innovated during this Pandemic.
For example delivery of essential goods to the households in containment zones/
risk-prone areas with participation from hand card vendors and reducing footfalls in
local markets, preserving social distancing. Time allocation for consumers for the
purchase of particular goods from a particular shop was also a prominent
e-governance feat achieved in some cities in India (Covid-19: Use of new-age
technologies for e-governance, Government News, ET Government n.d.).

25.2 Literature Review

Tons of literature are present about QOL, E-governance and COVID pandemic,
however, a focused approach is applied to narrow down available relevant recent
literature, specifically that devise assessment models for measuring QOL relevant to
the present study.

Table 25.1 (continued)

SL.
No.

Country of
origin Name of the app

30. Singapore TraceTogether (TraceTogether n.d.)

31. Spain App radar Covid (App Radar Covid, la aplicación de rastreoparaEspaña |
Noticias de Tecnología en Diario de Navarra n.d.)

32. Switzerland SwissCovid app (SwissCovid app and contact tracing n.d.)

33. Thailand Thai Chana quick response (Thailand wins n.d.)
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25.2.1 Measuring Quality of Life

A dimension of QOL is strictly related to the health of an individual, with this view
the “World Health Organization” endeavored to build a tool to measure the “Health
for All” with a holistic vision of prompting social, mental, and physical well-being.
This tool was named WHOQOL that assessed an individual’s relative perception
about his expectations, goals, and concerns in the context of his/her culture and value
system. The scores are derived from a multidimensional profile of six domains and
24 subdomains (WhoQOL Group 1995). A pilot survey was eventually conducted
containing 236 questions 29 dimensions of QOL divided across 6 domains. Each
dimension had approximately four sets of questions of perceived and self-reported
types of questions. This highly standardized questionnaire was administered after
prepping the target population for about two weeks (Group 1998).

WHOQOL has been established over the years as a reliable de facto instrument to
measure QOL in various cultural, language settings across the globe. An example is
that “WHOQOL-l00 Hindi” was found to be a suitable instrument to measure QOL
and “WHOQOL-l00 BREF Hindi” was found ideal for measuring results of a drug
trial (Saxena et al. 1998). Similarly in the USA and UK, the standard “WHOQOL-
l00” was found effective in meaning QOL for medical patients (Skevington 1999;
Bonomi et al. 2000). Again the “WHOQOL-l00 BREF” passed its reliability test in
both Korea and Brazil in the localized version. (Min et al. 2002; Berlim et al. 2005).

HRQOL is mostly administered in a pen and paper mode in a self-report, in
person, or via a telephonic interview. This rudimentary technique is not just
old-fashioned but also lacks the impunity ease provided by the much more respon-
sive digital technologies like a computer or mobile-based instruments. Both the
administrator and the responder showed a positive inclination to the use of technol-
ogy in a survey conducted among 134 patients (Crawley et al. 2000). Several
organizations both academic and non-academic are working toward developing
instruments to measure HRQOL. Among them are the international society for
quality of life research (ISOQOL) and the Scientific Advisory Committee (SAC).
The Scientific Advisory Committee is focused on the refinement and development of
HRQOL instruments reducing gaps and making them culturally inclusive, easily
interpretable (Lohr 2002).

The 1960s played a significant role in highlight hidden poverty using social
indicators and reporting. A proposed QOL barometer in public administration is to
shift the scale of measurement from material welfare to universal common concerns
of the society. This mechanism would help determine the how-to and what-to
aspects of public administration through public participation in effectively resolving
social issues (Johansson 2002). There stands a conflict between the established
“Gold-Standard” translation norms and canonical methods in translating HRQOL
instruments. This is specifically true when the barrier of language is deep between
the original language of the instrument and the translated language. Alternative
methods like an adaption of a dual translation pattern may prove to be efficient in
such cases of need bases QOL measure (Swaine-Verdier et al. 2004). Asia may be
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considered as a prominent example in such a scenario where a large chunk popula-
tion speaks Mandarin followed by Hindi and other languages like Japanese, Malay,
and Tamil. As most HRQOL instruments are adaptions designed in the western
hemisphere major issues are incorporated in the process of translation that makes it
ill fit for the Asian problem given the strict translation protocols. Asian countries are
still infested with illiteracy and remoteness leaving these instruments designed to be
self-completed infective and useless in the ocean of linguistic dialects that differs
very often. The result is a biased reporting of economic developments rather than the
ground-level picture of disease burden. These instruments may be designed keeping
in purview the cross-cultural adaptions needed specific to Asian provinces (Cheung
and Thumboo 2006).

The European Parliament made its intention clear regarding the measurement of
holistic development and look beyond the GDP numbers in 2009 with five-point
indicators. This was essential at a time when the world was preparing for measuring
societal progress beyond economic growth only (Bache 2013). EuroQOL or EQ-5D
is an inter-disciplinary EuroQOL instrument developed by the efforts of five coun-
tries composed of a three-level five-dimensional approach designed to measure the
health status. The instrument ran into several issues with the initial translation in
multiple languages the rectification of which further enhanced the instrument. This
experience also resulted in two more versions of the instrument EQ-5D-5L and
EQ-5D-Y for youth. None the less EuroQOL is also a popular instrument of choice
for measuring QOL across the globe (Devlin and Brooks 2017).

Several sociodemographic variables play a vital role in determining the health
and happiness of the community. This was evident in the case of the community
residing in Juarez, Mexico (Molina-Herrera et al. 2019). To determine the impact of
the multifactorial problem on the quality of life of its citizens a multivariable analysis
is needed for understanding community-oriented problems (Callejo et al. 2019).

25.2.2 Governance and E-Governance

The United Nations have initiated e-Government measurement initiatives among
178 member states under the “e-Government Readiness Index” and “e-Participation
Index” also known as e-PI and e-GRI using an e-Government Readiness Assessment
survey based on Innovation Management Measurement Framework. The IMMF is
built on Input, Knowledge Management, Innovation Strategy, organization and
culture, portfolio Management, project management, and commercialization
headers. These 7 constructs and 19 sub-constructs try to measure and promote
e-Governance across the globe (Potnis 2010). An evaluation of three countries
India, Ethiopia, and Fiji showed positive results that can help reduce corruption in
government administration. Limited usage of e-governance in developing countries
has deprived those countries of the benefits of e-governance mechanisms. However,
an important point is that ICT technologies need to be revamped to effectively
incorporate governmental plans and reduce the digital divide (Singh et al. 2010).
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The single project, single governance, and single jurisdiction model is not
efficient and hampers the applicability of administration and researches in continu-
ation. e- Governance is a probable solution to solve this crisis and improve upon the
existing mechanisms (Kaye 2011). Cloud computing as technology has significant
application in the e-governance space as it frees the local governments which are
often underfunded and has an infrastructure bottleneck for implementing successful
online portals or governance sites. This also makes the portals much more reliable
and available as the downtime is almost reduced to zero (Tripathi and Parihar 2011).

The Indian e-governance space is still nascent and there is tremendous scope for
improvement and it needs to go through several phases of change management
before it can achieve a self-sustainable model. Policy gaps exist in every facet of the
e-government aspect as ICT is not completely incorporated into the system. The
implementation framework is also not as robust and immense opportunities exist for
improvement in the sector (Singh and Kiran 2013).

E-governance of e-commerce is still an under-investigated area. Research in a
similar direction between government, business, and civil society highlighted severe
lacuna and compromise in the system. E-consumer protection needs to be looked at
from the angle of all the three dimensions as mentioned earlier rather than just from a
marketing perspective. E-consumer protection will ensure the voice of the consumer
is protected by the implementation of e-governance in this era of e-retail (Ha and
McGregor 2013).

The early 1990s gave rise to the concept of New Public Management and
E-Governance. Increased consumer expectations have left have pressurized local
governments across the world to improve upon the governance mechanism and
promote good governance. Information and communication technology lead gover-
nance is much more transparent and accountable and successful implementation of
e-governance requires injection of finances, human resource, administrative, and
citizen-oriented changes to be effective. India can achieve this feat by developing
well-directed leadership intended to achieve these goals (Sapru and Sapru 2014).

The popular blockchain technology is found to be reliable, safe, and anonymous
for building e-governance applications and when coupled with technologies like the
Internet of Things will help the creation of e-democracy tools powered by automa-
tion and minimizing the security risk of exposed or open systems. This blockchain
technology is a decentralized information exchange, used by millions across the
globe as it shields the common user from the risks of the world wide web by default,
which is unprecedented in historical terms (Qi et al. 2017).

Digital technologies have made citizen participation in the arena of public
policymaking by reducing the cost of public participation to a minimum level.
However, people would still need encouragement for deliberate participation in
these processes. The scope of influence digital technologies can exert from lobbying
to e-governance, e-participation, citizen budget, etc. (Baxter 2017). E-governance
website has the probability to enhance the democratic nature of government
(Lee-Geiller and Lee 2019).

It is a known fact that e-governance has improved the government machinery
across the globe making it transparent and accountable. Investigations in the
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literature show a major contribution of information system management, social
networks, and open data in building such governments robust and resilient (Bindu
et al. 2019).

25.2.3 Changing Scenarios of E-Governance and Digital
Divide in COVID Pandemic

One thing that is already clear in this COVID world is no one will come out of this
without something or the other. The lessons of COVID-19 will be a renewed struggle
among the fittest in postmodernity testing both the strengths and skills of an
individual and the nations as well. This is the new reality social freedom will no
longer mean the same things that we once perceived. Old world order will have to
stand the test of time against the rising powers. Information technology,
e-governance, commerce, health, and artificial intelligence will play a much more
potent role than earlier. There is a possibility of human rights conflict with extensive
technology-driven monitoring systems for the citizens (Sharfuddin 2020). Taiwan is
approximately 200 kilometers far away from the COVID-19 epicenter in China. The
collaborative model of governance in Taiwan is often hailed for the early success
against COVID as cooperation helped mobilize the essentials at a very early stage
(Huang 2020).

COVID-19 pandemic quickly shifted hotspot from China to Europe and other
Asian countries depending on the sociocultural context and soon hospitals were
overwhelmed with resulting tragic stories. However, based on the responses East
Asian countries were able to counter and manage this pandemic in a much effective
manner, and an exaggerating amount of similarities exists between the responses of
these countries (Shaw et al. 2020).

COVID-19 has pushed the digital agenda to the forefront of the society where
normal functioning of day-to-day activities was only possible safely in the digital
space. Also, governments across the world were using digital tracking and tracing
systems (DTTS) or contact tracing apps to trace individual’s locations and behavior
patterns for risk analysis. This is where the question gets complicated and twisted as
it directly hinders the agenda of cyber-surveillance and is perhaps a step closer than
what we expect. The question of digital ethics is an unfinished agenda in this
pandemic. While digital is the only answer to function as a normal society without
interacting with the risks of COVID (Taddeo 2020).

COVID-19 has exposed many of the drawbacks of our public infrastructure and
the lack of attention it has been facing for ages. New normal came with reinvented
old terms like social distancing and quarantine soon enough the medical community
and the medical systems also switched over to technology-infused solutions to
safeguard their personal life. This exposed another dimension of our society the
existing digital divide in our rural and remote communities where most of the
vulnerable and poor people lived. This switchover left these communities deprived
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of the so-called digital medicine due to accessibility issues. The telemedicine
expansion also was gravely hampered by this digital divide (Ramsetty and Adams
2020; Bakhtiar et al. 2020).

25.3 Objectives

1. To explore and devise QOL Barometer as an integral part of the e-governance
initiative by a state for achieving the holistic development of the citizens.

2. To leverage the QOL barometer and IoT ecosystem for combating humanitarian
crises due to critical emergencies and pandemic disasters.

25.4 Research Methodology

The present study is designed to harness the appropriate e-Governance ecosystem for
holistic development for citizens. The paper floats an idea of creating a dedicated
Quality of Life Barometer, especially designed mobile application (Web-Enabled as
well) which could become instrumental for enhancing QOL of its fellow users. The
paper is developed using secondary information like relevant literature, reports, and
recent experiments and experiences undertaken by various governments to handle
this COVID pandemic. The exploratory model—QOL Barometer app or CARE
protocol has been described with appropriate diagrams and algorithms. These recent
experiences of the COVID-19 pandemic exhibit that the global communities have
adopted a mobile-based app for exploring real-life databases to mitigate the vulner-
ability of COVID-19 infection. This has improvised the authors to conceptualize an
innovative framework of mobile app-based comprehensive mechanisms for enhanc-
ing QOL of its citizens on a broader perspective rather than being confined to
mitigating disaster or pandemic situations.

25.4.1 Analysis I

The Comprehensive Automated Result-oriented E-Governance (CARE) Protocol is
illustrated in Fig. 25.1. This would function through the following indicative
sequence. A nationwide mobile app “CARE App” (web enabled) will be developed
which needs to be installed by the citizens of India. This app may be made
compulsory for mobile Original Equipment manufacturers (OEM) operating in
India. The app would be supported by state-controlled dedicated “Expert Monitoring
Team (EMT)” for its operation, up-gradation, and e-governance manifestations in
India. The EMT group would cover various dimensions of governance by providing
relevant information asking for citizen’s expectations, impediments, aspirations,
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quizzes, test batteries, and psychometric analysis so that the state of mind of every
citizen can be mapped for predictive and prescriptive analytics along with indicators
of holistic development matrix. The indicative list of dimensions may be as follows:

• Real-time information on localized emergency or vulnerability issues (landslide,
forest fire, epidemic, endemic, pandemic, etc.)

• Individualized severe ill Health information for providing appropriate and imme-
diate support facilities.

• Various law and order issues.
• Local-level information and feedback on community service on the functioning

of respective public health engineer/municipality/Panchayati Raj intuitions.
• Individualized information for household activities, income, and participation in

other developmental vectors.
• Various dimensions are covered under UNSDGs, etc.
• Appropriate information from all the citizens of India would be transmitted and

stored in World Wide Web servers through dedicated satellites.

Fig. 25.1 QOL barometer for E-Governance—CARE protocol
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• From the server extreme cases in terms of life threats, livelihoods or socioeco-
nomic critical factors both for the individual as well as collective modes would
get automatically transferred to the respective expert domain for an appropriate
recommendation, advisory, or instructions using Big Data analytics (BDA—
Preventative, Predictive and Prescriptive Analytics) or intensive case studies.

• The appropriate recommendation, advisory, or instructions would be communi-
cated to the respective, responsible local authorities (DM/DC, SP, SDO, BDO,
etc.) through satellite system for immediate action and successful implementation
of e-governance ecosystem using GIS/GPS-based tracking system.

• The local administration would identify the user and provide need-based support
available within the jurisdiction of the authorities concerned on a real-time basis
so that every citizen of India could be provided improvised good governance
system by rendering immediate and need-based support facilities both for an
individual level or collective purposes.

• The concerned local authority may also record the action taken report (ATR) they
have taken against the corresponding advisory or instructions which would be
communicated to all concerned through satellite.

• Through the entire process, the aspirations of data privacy and protection would
be maintained until and unless the individualized score on a certain parameter or
domain appears to be absurd, exceeding critical ranges. In that case, a GPS
tracking system would be operationalized to provide instant/immediate support
for the individual or group. Otherwise, the commitment of the state to good
governance would be defeated. In general deplorable health hazards accidents
emergencies, acute distress threats to life, extreme poverty, absolute hunger, etc.
would have to identify for administering instant support by the concerned local
authority. However appropriate data privacy and protection protocol as well as
ethical practices would be followed without any deviations.

The CARE Protocol if implemented successfully will have several benefits that
would percolate in all levels of society. In case of any unprecedented situations like
COVID governments and administrative bureaucracy automatically goes to shock
and are forced to implement or try policies whose benefits and losses cannot be an
estimate or even speculated before the consequence of chain reactions that triggers
massive public outrage and media frenzy.

The CARE protocol is a default deterrent and a mechanism to organically connect
with the massive population of a country or even a region that may be dispersedly
populated. Some of the hypothetical direct benefits transfers for existing situations
are listed below:

• In India, approximately 10 people commit suicide every day. Out of which it was
found that approximately 12% of victims were illiterate 17% are educated up to
primary level, 19% up to middle level, and 23% were educated up to matriculate
level (National Crime Records Bureau 2018a). This shows that there is a high
degree of stress among the literate population which can be mitigated by exam-
ining the psychological status of an individual and application of CARE protocol.
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• It was also seen during the same period, out of the number of cases resisted under
IPC crimes against women showed that approximately 31% of women faced
some kind of domestic violence 26% faced assault on modesty, 22% were
kidnapped, and a staggering 10% rape victims (National Crime Records Bureau
2018b). The CARE protocol is a citizen-centric e-Governance model and thus
provides direct access to the concerned authority in the virtual sphere with real
outcomes. This will drastically reduce the number of attempted assaults as it may
be used to trigger alarms in case of perceived threat by the potential victim.

• Out of the total cases registered under IPC Crime against Children were approx-
imately 44% kidnapping, 34% child sexual offense, or child rape (National Crime
Records Bureau 2018c). Children are indeed voiceless victims often not in a
situation to either assess the attempt to assault or report abuse in case if it was
already late thus saving other children from getting victimized. The CARE
protocol may be designed to instruct parents and responsible adults to further
train children to avoid escape or report such a situation.

• There are various forms of law and order issues (National Crime Records Bureau
2018d; United Nations Department of Economic and Social Affairs (UNDESA).
2015; Chakrabarty 2019) that may be overcome if the care protocol is effectively
and efficiently administered.

• The CARE protocol has the potential to fulfill the commitments made to achieve
UNSDGs by 2030. It will fulfill Goal 1 (No Poverty), Goal 2 (Zero Hunger), Goal
3 (Good Health and Well-being), Goal 5 (Gender Equality), Goal 10 (Reducing
Inequality), Goal 16 (Peace, Justice, and Strong Institutions), Goal 17 (Partner-
ships for the Goals)(El-nafaty and Bashir n.d.) directly and indirectly if it is
implemented and improvised on a continuous cycle.

Hence, the CARE protocol would act as a change agent for the citizen of a
country through a comprehensive e-Governance framework. It would bring trans-
formative changes in the lives of the people by elevating QOL or minimizing the
impact of social evils and menace. The CARE protocol would embrace with robust,
real-time, and responsible manner to accelerate the social developmental process.

The CARE Protocol would ideally be a mobile application as it is targeted at
individuals. The installation would form a recognizable flexible, reliable source. The
application would be authenticated based on a primary key and two factor or
multifactor security authentication mechanisms as illustrated in (Fig. 25.2). The
Care Protocol is the QOL Barometer that will help identify, monitor, and fix issues
that are concerned with the well-being of a Citizen.

25.4.2 Analysis II

Due to the recent COVID pandemic, it is observed that various countries have taken
a digital-based platform for identifying victims. So that appropriate strategies like the
social distancing quarantine process and other advisories could be implemented
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immediately. The modus operandi of this software or mobile apps essentially have
worked on Digital Tracking and Tracing Systems (DTTS). The digital platform
enables the user to register their health-related information regarding the COVID
pandemic. Based on this the concerned authority can take up steps to facilitate the
victims for treatment. On the contrary, the noninfected citizens can get to know that
the status and nature of the outbreak in the locality so that they can adopt appropriate
defense mechanisms like improvising health hygiene issues and self-induced pre-
cautionary measures. However, the state needs to play a better role to improve the
QOL of its citizens during pandemic disasters the world has witnessed severe
economic downfall leading to loss of jobs, pay cut, struggle to maintain basic
needs and amenities. It has a tantamount effect on the physiological state of
individuals it has literally challenged the societal ecosystem. The entire discussions,
deliberations, thought process and even media broadcasts have been overshadowed
by COVID nemesis. The COVID pandemic generally doesn’t differentiate in terms
of wealth, gender, race, age, or geographic location but the worst victim, of this
pandemic, were people belonging to the poor, and people working in the informal
sector through long term collateral damage which is anti-thesis of UNSDG’s. The
developed nations have been supporting the unemployed youth’s old age people
under its social security schemes but it is a far cry from the people residing in

Fig. 25.2 Installation procedure of CARE app using primary key
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developing and underdeveloped nations. Vaccines, antibiotics, medicines, and other
health facilities essentially help the victims to get rid of infections but the long-term
effect of an economic pandemic impacts the entire society both the victims and
non-victims. Under this critical juncture, the state may provide such financial
support to the needy and helpless people saving them from destitution in consonance
with the philosophy of Universal Basic Income (National Crime Records Bureau
2018d). The CARE protocol can function as the depth and breadth of the severity
that occurred due to critical emergencies and pandemic disasters.

In consonance with the CARE protocol, the state can use the IoT ecosystem in
critical emergency and pandemic hotspots. For instance, in identified hotspots, the
IoT devices would be installed along with peripheral roads and lanes in the contain-
ment zones.

Based on various inputs received from various stakeholders and real-time infor-
mation received through QOL Barometer critical zones (for emergency crisis) or
containment zones (during pandemic disasters) would get identified further to reach
the root of the targets. The appropriate IoT ecosystem may be installed with the short
vicinity of the target area. The IoT devices would be strengthened by incorporating
appropriate sensors. The sensor would support for analyzing image-based analytics,
temperature sensor/ heat-sensing cameras (Udgata and Suryadevara n.d.), sound
pattern recognition sensors, for instance, the COVID infected patients have certain
symptoms like high or mild fever, cough, and cold, and breathing distress. The
image sensor would identify the movement of trace passers within and around the
containment zone while the thermal sensor would enable the IoT to understand any
case of unreported fever, especially at night time within its range. Sound pattern
recognizers would help to understand the high frequency of coughing sounds/
nebulization sounds coming out of the containment zones. This would further enable
the response team to take appropriate and immediate steps as depicted in Fig. 25.3.

Indicative algorithm of the system:

• First, the containment zone or critical zones would be identified.
• Appropriate IoT ecosystems would be installed which would be embedded with

an appropriate set of sensors relevant to the nature of the emergency pandemic
management.

• The IoT ecosystem would be connected to the specific portals of local authorities
and the response team via satellite.

• The IoT devices would capture all information that is imagery information, sound
pattern recognition, and thermal image from the targeted critical/containment
zone. Entire information would be passed instantly to the assigned portals
through satellite communication. It would also provide the user with approximate
Lat/Long of the source location.

• Based on the inputs local authorities and response teams would identify the place,
rush to the location, and take appropriate action as per the standard operating
procedures.
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Apart from this the local authority may also capture information, images by using
appropriate unmanned aerial vehicles or drones which may be of additive value for
taking a strategic decision.

25.5 Conclusion

In the era of the Fourth Industrial Revolution, it is inevitable for any government to
choose an electronic medium for its long-term sustenance. During the issues like
critical emergencies and pandemics, disasters are it is so important to sustain the
existence of the civilization that the e-governance ecosystem has to be revamped by
incorporating modern technological interfaces. This chapter has recommended
devising a QOL barometer, a specially designed application known as CARE

Fig. 25.3 IoT enabled emergency and pandemic management
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protocol for a country like India where the system would enable the policymakers,
planners as well as local authorities and response teams to act immediately on a real-
time basis. There are numerous experiences where various nations adopted similar
kinds of approaches during the recent COVID pandemic, but qualitatively this model
is somehow different simply because it is not for mitigating only emergency or
pandemic issues this can be a weapon for the state to foster holistic development and
well-being of the society. Apart from the natural practice this app could be revital-
ized and leveraged during emergencies and pandemic disasters.
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Preface
Health informatics involves multidisciplinary domains to extract information and 
knowledge from physiological data to use in decision making for improved human 
health through the effective use of recently developed technologies and algorithms. 
The aim is to provide a cross-disciplinary forum to share information on research, 
simulations and modeling, measurement and control, analysis, information extrac-
tion, and monitoring of physiological data in clinical medicine and the biological sci-
ences. Emphasis is placed on contributions dealing with the practical, applications-led 
research on the use of methods and devices in clinical diagnosis, disease prevention, 
patient monitoring, and management. Health informatics is closely related to artifi-
cial intelligence where heuristic as well as metaheuristic algorithms are designed to 
provide better and optimized solutions in reasonable amounts of time. These algo-
rithms have been successfully applied to different application domains in biomedical, 
bioinformatics, and biological sciences. The practice of recent biomedical research 
requires sophisticated information technologies to manage patient information, and 
plan for diagnostics, prognostics, procedures, interpretation, and investigations. This 
provides a conceptual framework and practical inspiration for the quickly growing 
and promising engineering and scientific disciplines of computer science, decision 
science, information science, cognitive science, and biomedicine. The objective of 
this book is to provide the researchers a platform to present state-of-the-art inno-
vations, research, design, and implement methodological and algorithmic solutions 
to data processing problems by designing and analyzing evolving trends in health 
informatics and computer-aided diagnosis. This book will provide support and aid 
to the researchers involved in designing decision support systems that will permit 
the societal acceptance of ambient intelligence. The overall goal of this book is to 
present the latest snapshot of the ongoing research as well as shed further light on 
future directions in this space. This book presents novel technical studies as well as 
position and vision papers comprising hypothetical/speculative scenarios.
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1.1  INTRODUCTION

Cardiovascular diseases are grouped into diseases based on problems of the heart 
and blood vessels [1], including acute coronary syndrome and coronary artery dis-
ease (CAD). CAD occurs when the heart has not received adequate amounts of oxy-
gen and blood due to plaque buildup within the coronary arteries, and CAD is the 
most common type of heart disease. The deposition of cholesterol (known as athero-
sclerosis) and other materials (called plaque) within the coronary arteries causes the 
arteries to narrow and harden, which affects the blood supply to the heart. If such 
deposition continues, then it will lead to heart failure. According to the World Health 
Organization, CAD is one of the leading causes of morbidity and mortality and is 
also the leading cause of death.

1
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According to the American Heart Association, among several risk factors for 
coronary heart disease, the components of the lipid profile, namely triglycerides, 
low-density lipoprotein cholesterol (LDL-C), direct high-density lipoprotein cho-
lesterol (HDL-C), and total cholesterol are very common. According to the Centers 
for Disease Control and Prevention (CDC), CAD is the leading cause of death in 
the United States for both men and women. CAD alone is responsible for more than 
4.5 million deaths worldwide [2].

Risk factors associated with CAD include lifestyle, environment, and genetic 
factors [3]. Previous CAD studies have documented the association of the lipid pro-
file; in this sense, intensive lifestyle changes can also stop or reverse its progres-
sion without the use of lipid-lowering drugs [4]. According to the American Heart 
Association, the recommended normal range prescribed for a lipid profile is: total 
cholesterol <  200  mg/dL, triglycerides < 200 mg/dL, HDL-C > 40 mg/dL, and  
LDL-C < 130 mg/dL. The lipid profile acts as a diagnostic tool for the detection and 
clinical management of cases of CAD. For example, in dyslipidemia, patients with 
CAD, LDL-C, total cholesterol and triglycerides, will be higher, and HDL-C choles-
terol will be lower [5]. It is also well known that in patients with CAD, triglycerides 
[6], total cholesterol, and LDL-C are significantly higher, and HDL-C is significantly 
lower [7–10].

The influence of gender on the components of the lipid profile is also studied in 
various situations. Total cholesterol levels in women are significantly reduced in the 
25- to 49-year age group and are higher in the 50- to 64-year age group than in men 
[11]. Total cholesterol, LDL-C, and the ratio of total cholesterol to HDL-C levels 
are significantly higher in older women (> 50 years) than in younger women (30–46 
years), but in men, these levels do not change dramatically with age [12]. The impact 
of gender on triglycerides turns out to be significantly different [13–15].

In a study [6], it had shown that 13.3% of the population older than 55 years were 
affected by CAD and, among them, the percentage of men was higher than that 
of women. The appearance of CAD is associated with changes in the lipid profile, 
which is influenced by several factors, and among them, the sex of an individual is 
also an important factor. Therefore, the objective of the present study is to exam-
ine the impact of sex on the lipid profile in patients with CAD. For this study, the 
data set from the National Health and Nutrition Examination Survey (NHANES), 
2015–2016, was used. The study population is made up of people 50 years of age 
or older. To compare the differences in the lipid profile between the sexes when 
the sample size is comparatively small, both a classic two-tailed Student test and a 
non-parametric Wilcoxon rank sum test, as well as the Bayesian t-test were adopted. 
Statistical significance was measured using p-values in the context of the Student’s 
t-test and the Wilcoxon rank sum test, while the Bayes factor was used for the 
Bayesian t-test.

1.2  METHODS

For the evaluation of the health and nutrition component of the noninstitutional-
ized population in the United States, since the early 1960s, the CDC has conducted 
the NHANES. The NHANES program was initiated to assess the level of health 
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and nutritional status in the United States, collecting information on various charac-
teristics—household, physical, and medical examinations of sampled children and 
adults. In this study, we used NHANES 2015–2016, which was launched with 15,327 
people. The NHANES (2015–2016) database was considered, which included 9,971 
individuals, who completed the interview.

1.2.1  Study Population

Participants aged less than 50 (n = 8635) and lipid profiles were not observed or 
declared (n = 291), are excluded. There were 1,045 participants, aged 50 years or 
older, and among them, 91 were clinically diagnosed with CAD and the remain-
ing 945 did not have CAD (non-CAD), and their lipid profiles were observed and 
reported.

1.2.2 L aboratory Methods 

Information on laboratory parameters, including lipid profiles, including triglycer-
ides (mg/dL), LDL cholesterol (mg/dL), direct HDL cholesterol (mg/dL), and total 
cholesterol (mg/dL), were obtained from the participants, who were recommended 
too fast for at least nine hours before physical examination at the mobile examination 
center (MEC) for blood collection.

The criteria of the lipid standardization program of the CDC were used to stan-
dardize the parameters of the serum lipid profile due to changes in laboratory meth-
ods during years of research to ensure accuracy and comparability of measurements 
between studies.

1.3  STATISTICAL ANALYSIS

For the comparison of the descriptive statistics among gender, the results were 
expressed as Mean (µ ) ± Standard Deviation (s ) and percentage (%). Under the 
assumption that the variation among the components of lipid profile and other con-
tinuous differences based on sex (for male ( sM Mµ , ); female ( sF Fµ , )) are fixed quanti-
ties, to test the hypothesis

	 H HM F M Fµ = µ µ ≠ µ: vs :0 1 	 (1.1)

the classical two-tail Student’s t-test and Wilcoxon rank sum test under parametric 
and nonparametric setup, respectively, were appropriately used and discussed, and 
statistical significances were measured using their p-values. For testing the hypoth-
esis of equation (1.1), the test statistic takes the following form under the classical 
paradigm:

	 t
x x

n s n s

n n
n

M F

M M F F

M F

= −
− + −

+ −




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where, n n nM F( )= +θ
−1 1 1

, the degrees of freedom are  n nM Fτ = + − 2, xi  and  iµ   

respectively, denotes the sample and population mean corresponding to each the 
continuous quantity of the ith gender,  i Male M Female F={ ( ),  ( )}.

In real sense, the exact characterization of the randomness inherent in the quanti-
tative measurement is ignored. Under such situation, the comparison of any continu-
ous quantities and their assessments under a traditional test of significance becomes 
a serious concern. Therefore, the present work emphasizes another promising para-
digm of the statistical framework that can address such a situation by considering the 
formulation under the Bayesian t-test. In this analytical procedure, a reasonable and 
useful prior has suggested to obtain a closed form of Bayes factor for emphasizing 
the statistical significance. To test the hypothesis under two-sided alternatives, the 
Bayesian version of the two-sample t statistic under the null and alternative hypoth-
eses was adopted, and the decision was made using the value of Bayes factor (B). In 
the present study, common variance, say  σ  2 , has assumed both sex corresponding 
to each quantity. In order to work with the Bayesian paradigm, we need to specify 
the prior distribution of the effect size (difference) that needs to be tested. Under 
the suggested hypothesis of a nonzero difference, the standardized difference  M Fµ − µ

σ
has prior mean, say θ , and prior variance, say σθ

2 . The Bayes factor for testing H0 
against H1 of equation (1.1) is:

	 B
T t

T t n n
( ) =

θ + σ
τ

τ θ θ θ
x ( | 0,1)

( | ,1 ) 2 	 (1.3)

where T t α βτ( | , )  denotes the value that results from plugging t into noncentral 
t  distribution probability density function with  f  degree of freedom and parame-
ters α  for location and  β  1/2  for scale [16]. The rule of thumb [17–18] followed for 
inference is as follows, if log B( )( )x10  varies between 0 and 0.5, the evidence against 
null hypothesis H0 will be poor, if log B( )( )x10  lies between 0.5 and 1, it is sub-
stantial, if it is between 1 and 2, it is strong, and if it is above 2 it is decisive. The 
results are simulated by following the Gibbs sampling, with 100,000 iterations, by 
using R-software version 3.6.2, and data processing is done using the SAS University 
edition.

1.4  RESULTS

1.4.1 D escriptive Characteristics

Table 1.1 shows the comparison of patients with CAD and non-CAD, which includes 
the age at which CAD occurred, its duration, if the doctor ever said the person 
was obese and/or to reduce salt and fat/calories intake. A total of 91 CAD and 954 
non-CAD participants [males (CAD = 55; non-CAD = 450) and females (CAD = 36; 
non-CAD = 504)] were included in this study. The overall mean age ± general 
standard deviation of the participants was 69.8 ± 7.5 years in CAD (54–80 years) 
and 64.5 ± 9.2 in non-CAD (50–80) years. The mean age of presentation to seek 
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treatment for CAD in men (57.2 years) was earlier than in women (60.4 years). The 
duration of CAD in men (12.2 years) was longer than in women (10.1 years). Most of 
the patients with CAD were obese (51.7%), and it was recommended to reduce their 
salt intake (52.8%) and diet control (57.8%). Among non-CAD participants, the per-
centage distribution of obese people prescribed to reduce salt intake and diet control 
is almost the same.

1.4.2 C linical Features

A comprehensive gender comparison between the lipid profile parameters as 
well as some of the derived parameters, namely triglycerides (mg/dL), LDL cho-
lesterol (mg/dL), direct HDL cholesterol (mg/dL) and total cholesterol (mg/dL), 
non-HDL cholesterol, TC: HDL and LDL: HDL ratio are listed in Tables 1.2–1.4. 
The gender association between the various components of the lipid profile and 
their derived proportions has been measured under the classical (both parametric 
and nonparametric) and Bayesian paradigms. Furthermore, the empirical gender-
wise distribution pattern of each of the lipid parameters and their means are 
shown in Figures 1.1–1.2, participants without CAD (n = 945) and CAD partici-
pants (n = 91).

In Table 1.2, it was hypothesized (null hypothesis) that there is no gender dif-
ference in the lipid profile of the participants (independent of CAD and absence 
of CAD). The classical t-test and nonparametric Wilcoxon rank sum test based 

TABLE 1.1
Demographic and Clinical Characteristics of the Patients with CAD Versus 
No CAD

Characteristics and Categories

CAD (n = 91)
(Mean ± SD/ 

Percentage) (Range)

No CAD (n = 954)
(Mean ± SD/ 

Percentage) (Range)
Age (in years)
(Mean ±SD) (range)

Male 69.3 ± 7.2 (54–80) 64.5 ± 8.9 (50–80)

Female 70.6 ± 7.9 (57–80) 64.5 ± 9.4 (50–80)

All 69.8 ± 7.5 (54–80) 64.5 ± 9.2 (50–80)

CAD Occurrence Age (in years)
(Mean ±SD)

Male 57.2 ± 9.8 NA

Female 60.4 ±10.5 NA

All 58.5 ± 10.2 NA

Duration of period of CAD
Male 12.2 ± 8.1 NA

Female 10.1 ± 8.9 NA

All 11.4 ± 8.4 NA

“Doctor ever said you were overweight”* Yes 47 (51.7) 370 (38.8)

“Doctor told to reduce salt in diet” * Yes 48 (52.8) 350 (36.7)

“Doctor told to reduce fat/calories”* Yes 47 (57.7) 371 (38.9)

*From the questionnaire used in the study.
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on participants (n  =  1,045) suggested a significant difference between the sexes 
(p < 0.05) for triglycerides, LDL cholesterol, direct HDL cholesterol, total choles-
terol, and non-cholesterol, HDL, TC:HDL ratio and LDL:HDL ratio of the lipid 
profile. The similar significant gender difference in lipid profiles was also captured 
by Bayesian t-tests and revealed that the Bayes factor (Log (B)) is greater than 2 

FIGURE 1.1  Gender-wise empirical distributional patterns of the lipid parameters pattern 
of no CAD participants (Male = 450; Female = 504), black denotes male and dashed denotes 
female.

FIGURE 1.2  Gender-wise empirical distributional patterns of the lipid parameters pat-
tern of CAD participants (Male = 55; Female = 36), black denotes male and dashed denotes 
female.
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as triglycerides (Log  (B)  =  8.58), LDL cholesterol (Log (B) = 2.76), direct HDL 
cholesterol (Log  (B)  =  16.96), total cholesterol (Log (B) = 14.03) and non-HDL 
cholesterol (Log (B) = 5.11), TC: HDL ratio (Log (B) = 2.73) and LDL: HDL ratio 
(Log (B) = 2.29).

The classical t-test and nonparametric Wilcoxon rank sum test based on no-CAD 
participants (n = 945) is presented in Table 1.3, which was also suggesting a sig-
nificant (p < 0.05) gender-wise difference among Triglyceride, LDL cholesterol, 
direct HDL cholesterol, total cholesterol and non-HDL cholesterol, TC:HDL ratio 
and LDL:HDL ratio of lipid profile. Significant differences among lipid profiles of 
males and females were also captured by Bayesian t-tests with Bayes factor (Log(B)) 
greater 2, that is, triglyceride (Log(B) = 4.76), LDL cholesterol (Log(B) = 2.45), 
direct HDL cholesterol (Log(B) = 32.62), total cholesterol (Log(B) = 22.79) and non-
HDL cholesterol (Log(B) = 3.51), TC:HDL ratio (Log(B) = 4.54) and LDL:HDL ratio 
(Log(B) = 4.06).

The classical t-test and nonparametric Wilcoxon rank sum test based on CAD 
participants (n = 91) is presented in Table 1.4, which suggested significant gender-
wise differences only among LDL cholesterol, direct HDL cholesterol, total cho-
lesterol, and non-HDL cholesterol, of lipid profile. On the other hand, Bayesian 

TABLE 1.2
Classical and Bayesian Evaluation of Gender Differences in Association of 
Lipid Profile Among Total Patients (Large Sample Size)

Parameter Gender (n = 1,045) Parametric Test 
for Difference in 

Mean

Nonparametric
Wilcoxon rank 

sum test

Bayes Factor
(Log(B))

Male  
(nM = 505)
Mean ± SD

Female  
(nF = 540)
Mean ± SD

t-value p-Value p-Value

Total 
Cholesterol 
(mg/dL)

178.80 ± 39.91 200.30 ± 40.97 –8.56 < .0001 < .0001 14.03

LDL 
Cholesterol 
(mg/dL)

105.90 ± 36.25 115.80 ± 36.54 –4.39 < .0001 < .0001 2.76

Direct HDL 
Cholesterol 
(mg/dL)

53.02 ± 16.73 63.41 ± 18.93 –9.37 < .0001 < .0001 16.96

Non-HDL 
Cholesterol

125.80 ± 38.28 136.80 ± 39.68 –4.57 < .0001 < .0001 5.11

Triglyceride 
(mg/dL)

99.21 ± 46.07 105.00 ± 46.66 –2.00 0.0457 0.0347 8.58

TC:HDL ratio 3.60 ± 1.11 3.36 ± 1.03 3.69 0.0002 < .0001 2.73

LDL:HDL 
ratio

2.17 ± 0.94 1.98 ± 0.85 3.40 0.0007 0.0005 2.29
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t-tests suggested significant gender-wise differences among all lipid profile param-
eters with Bayes factor (Log(B)) greater 2, that is, triglyceride (Log(B) = 7.21), LDL 
cholesterol (Log(B) = 2.52), direct HDL cholesterol (Log(B) = 3.36), total choles-
terol (Log(B)  =  3.38) and non-HDL cholesterol (Log(B) = 4.55), TC: HDL ratio 
(Log(B) = 4.55) and LDL: HDL ratio (Log(B) = 3.76).

1.5  DISCUSSION

Table 1.1 shows that the mean age of participants with CAD is higher than that of 
non-CAD participants. The mean age of onset of CAD in men was lower than that of 
women; therefore, the mean duration of the CAD period was longer in men than in 
women. The age factor is an important predictor for CAD. The majority of the CAD 
prevalence occurred between the ages of 50 and 70, approximately four times the 
prevalence in people older than 70 years. Among patients with CAD compared to 
non-CAD, more than 50% of the individuals corresponding to each of the risk fac-
tors of being overweight, high salt intake, and high fat/calorie intake were prescribed 
to reduce the intake and food control. This suggests the need to focus on the daily 
routine of the participants.

TABLE 1.3
Classical and Bayesian Evaluation of Gender Differences in Association of 
Lipid Profile Among Patients with No CAD (Large Sample Size)

Parameter Gender (n = 954) Parametric Test 
for Difference in 

Mean

NonParametric
Wilcoxon Rank 

Sum Test

Bayes Factor
(Log(B))

Male  
(nM = 450)
Mean ± SD

Female  
(nF = 504)
Mean ± SD

t-Value p-Value p-Value

Total 
Cholesterol 
(mg/dL)

182.20 ± 39.67 201.10 ± 40.29 –7.28 < .0001 < 0.0001 22.79

LDL 
Cholesterol 
(mg/dL)

109.00 ± 36.14 116.60 ± 36.26 –3.23 0.0013 0.0006 2.45

Direct HDL 
Cholesterol 
(mg/dL)

53.76 ±16.62 63.72 ± 18.84 –8.61 < .0001 < 0.0001 32.62

Non-HDL 
Cholesterol

128.50 ± 38.04 137.40 ± 39.51 –3.55 0.0004 0.0003 3.51

Triglyceride 
(mg/dL)

97.12 ± 42.47 103.80 ± 44.28 –2.38 0.0176 0.0193 4.76

TC:HDL ratio 3.61 ± 1.10 3.35 ± 1.02 3.81 0.0001 < 0.0001 4.54

LDL:HDL 
ratio

2.20 ± 0.94 2.00 ± 0.86 3.68 0.0003 0.0001 4.06
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Nonsignificant results obtained in both of the classic nonparametric Wilcoxon 
rank sum t-tests for some of the important lipid parameters, namely triglycerides, 
TC:HDL ratio and LDL:HDL ratio, which is considered a good predictor of CAD, 
was found significantly different in Tables 1.2 and 1.3, which suggests that the null 
hypothesis is contrary to the theory of the difference between the sexes, and is also 
observed in the empirical densities shown in Figure 1.1–1.2.

Previous studies that focused on the impact of triglycerides, the TC:HDL ratio, and 
the LDL:HDL ratio on CAD have shown that elevated triglyceride levels increase the 
risk of prevalence of coronary heart disease and is lowered through clinical manage-
ment in addition to diet control, regular exercise, and pharmacotherapy [19]. This is 
of great importance for public health since such a suggestion can have positive rein-
forcement among patients toward adopting a healthy dietary pattern in their daily 
routine. The higher value of the LDL:HDL ratio shows a positive association with 
the prevalence of hypertension and hypercholesterolemia in men and women [20] 
and the higher TC:HDL ratio was considered an independent indicator of extensive 
coronary disease [21]. As with the classic t-test and nonparametric Wilcoxon rank 
sum paradigms, some of the important lipid parameters, namely triglycerides, the 
TC:HDL ratio, and the LDL:HDL ratio were not found to differ significantly across 

TABLE 1.4
Classical and Bayesian Evaluation of Gender Differences in Association of 
Lipid Profile Among Patients with CAD (Small Sample Size)

Parameter Gender (n = 91) Parametric Test 
for Difference in 

Mean

Nonparametric
Wilcoxon Rank 

Sum Test

Bayes Factor
(Log(B))

Male  
(nM = 55)

Mean ± SD

Female  
(nF = 36)

Mean ± SD

t-Value p-Value p-Value

Total 
Cholesterol 
(mg/dL)

151.02 ±29.92 188.58 ±48.37 –4.15 < .0001 0.0004 3.38

LDL 
Cholesterol 
(mg/dL)

80.80 ±26.14 105.28 ±39.24 –3.29 0.0017 0.0039 2.52

Direct HDL 
Cholesterol 
(mg/dL)

46.96 ±16.60 59.14 ±19.88 –3.16 0.0021 0.0007 3.36

Non-HDL 
cholesterol

104.10 ±95.08 129.40 ±115.30 –3.21 0.0018 0.0054 4.55

Triglyceride 
(mg/dL)

116.29 ±66.93 120.8 ±71.31 –0.30 0.7613 0.8806 7.21

TC:HDL ratio 3.50 ±1.17 3.43 ±1.15 0.24 0.8110 0.5976 6.14

LDL:HDL 
ratio

1.91 ±0.90 1.91 ±0.79 –0.01 0.9893 0.9418 3.76



10 Smart Computational Intelligence

gender, which were found to be different in earlier studies. Based on the results 
obtained, data-based estimates for lipid profile parameters were found to be consis-
tent with clinical characteristics and were also found to be effective in demonstrating 
statistical significance with clinical significance. Therefore, the quality of the data 
was not questioned regarding the insensitivity to distinguish the theory from the null 
hypothesis. However, to clinically link the data to theory, apart from certain lipid 
parameters, namely LDL cholesterol, direct HDL cholesterol, total cholesterol, and 
non-HDL cholesterol, these were found to be nonsignificant in the classical tests, 
Bayesian technique was adopted in Table 1.4. The Bayesian t-test suggested evidence 
of differences in the lipid profile across gender and was also observed in the empiri-
cal densities shown in Figure 1.1. The significant difference in elevated levels of lipid 
parameters, namely triglycerides, LDL cholesterol, direct HDL cholesterol, and total 
cholesterol in women with CAD as compared to men, has also been discussed in 
several other studies [22–26], which has also been observed under the Bayesian test 
paradigm.

The lipid parameters of LDL cholesterol, direct total HDL cholesterol, and non-
HDL cholesterol that were significantly different between sexes according to the 
classical test paradigms also corresponded to the Bayesian paradigms. On the other 
hand, the reverse is not true, as triglycerides, TC:HDL ratio, and LDL:HDL ratio 
also differed significantly across gender in Bayesian t-tests and were discussed in 
previous studies, but they were not captured in the conventional classical tests, pos-
sibly due to a small sample size.

1.6  CONCLUSION

In the study, the Bayesian inferential procedure is presented, where the sample size is 
comparatively smaller, with emphasis on the possible differences in the parameters 
of the lipid profile of patients with CAD between men and women. Assuming that 
the differences in parameters due to gender are fixed, the classical t-test and the 
nonparametric Wilcoxon rank sum test were not fully compatible to capture sig-
nificant changes in lipid parameters due to gender. On the other hand, even with a 
small sample size, the results obtained on the basis of Bayesian t-tests turned out to 
be more reliable for concordance of clinical practices on the sex difference in the 
association of lipid profile in patients. Patients with CAD whose results were not 
fully recognized in the conventional t-tests and Wilcoxon rank sum nonparametric 
tests, viz. Triglycerides (p-value = 0.7613 (0.8806), Log (B) = 7.21), TC:HDL ratio 
(p-value = 0.8110 (0.5976), Log (B) = 6, 14) and LDL:HDL ratio (p-value = 0.9893 
(0.9418), Log (B) = 3.76).
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Revitalizing Liberal Education: Cross 

Fertilization of ldeas Across Disciplines 

IP.K. Acharya", Monika Gohain'and Elora Swain 

Abstract

India is a developing country starvingfor the best quality education in its 

every stage. Changes have been occurred since the last policy on education 

has been introduced in India. Now in the era of science and technology needs 

and requirements are different. So there is a need to introduce new strategies 

to its education system and after thirty years government of India launched

the New Education Policy 2020 which focuses on each level of education 

right from pre-primary to higher education. This policy came up with the 

idea of revitalizing liberal education to higher education which will bring 

new enthuusiasm, a fresh work culture and abundant confiudence, creativity 

among the youngsters. It becomes the need of the hour to completely 

transform the traditional higher education to a more liberal one. 

Keywords: Liberal education, Holistic development, Higher education, 

Quality education. 

THE PROLOGUE
In India students are being specialized in one discipline. They are being taught 
in one specified area like Mathematics, Physics, Fine Art, History, Geography 

etc. Institutions try to dut students into one vessel of science, humanities, 

commerce or any other professional or vocational course. They are bound

and confined to focus in one section from the broader scope of education. But 
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Self- Blended Learning among the 
Learners of Higher Education:A Nesd 

in Post Covid-19 Pandemic Period
Dilima Siga", P.K. Acharya' and P. K. Barik

Abstract 

This review paper explains the needful iniportance of inmplementing sel 
blended learning also known as Heutagogy or self determined learnino 
appronch or digital pedagogy among the learners of higher education 

during post COVID- 19 pandemic period. The importance of self- blendei
learning even before the COVID-19 pandennic has an important initiative 
for providing learners' learning and the organizational needs of the higher
education (De George-Walker & Keeffe, 2010). In the present paper, the 

17estigators highlight the blended approach in the ligltof self- deternmined 

learning enphasizing learners' ouon learning pace for optimum learning
engagement during post pandemic period. It reviews some of the gaps found
in online learning behavior, issues sought defining 'resources inequity' and 

imposed distance learning' that often pose a serious concern over their
attitude toward learning engagement during such unprecedented time. The 

findings indicate that Self- Blended Learning is necessary and practical 
appronclh among the learners of higher education which provides freedo

of accessibility' and learning satisfaction 'while being engaging in digitnt
learning. The paper concludes with some limitations, suggestions m 

Juture nplications to put more light into the self- blended learning coneep 

in theoretical manner.
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Ouality of Higher Education in 
Arunachal Pradesh:

Issues and Challenges 

IMillo Mamung", Prasanta Kumar Acharyat and Narender Singh#

Abstract

The word quality is very dynamic and has a broad concept; there are 
diferent aspects of quality in higher education. The nation's urgency is the 

skillful citizens and adequate knowledge to procure a good development in 
the education system. The excellencies in higher education are significant 
o adress the diverse needs of the learner and for the pro�uctioity of 

the education system. The growth and development of quality educatiom 

emerged with the excellencies in the education present system. The main 

purpose of paper is to study the quality in higher education and to analyze
the challenges that prevail in higher education. The paper notifies the quality

m ngher education and challenges published in different articles, v1ews, ana 
ungs of the investigators and the stakeholders considering the different

Ispects of the quality education. 
tihors used the conceptual and research paper to study the quality

f ges in higher education, the information and data collected 

u ational and international articles based on the quality education 

D1Challenges of the higher education institutions. Consequently, the 

eaucation can be assessed and evaluated in terms of resources, 
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Chapter 15

Biosensor-based early
diagnosis of gastric cancer
Saptaka Baruah, Bidyarani Maibam and Sanjeev Kumar
Department of Physics, Rajiv Gandhi University, Itanagar, India

15.1 Introduction
Gas​tric can ​cer is one of the most com​monly found can ​cers world ​wide (Kono, 2016). Gas​tric ade​no​car ​ci​no​mas con ​sti​tute
most of the stom​ach can ​cer or gas ​tric can ​cer, and based on the anatom​i​cal lo ​ca​tion of the tu ​mor, it is sub-di​vided into car ​dia
(gas ​tro-esophageal junc​tion) and non​car ​dia (true gas ​tric) tu ​mors (Van Cut ​sem, Sagaert, Topal, Hauster ​mans, & Pre ​nen,
2016). Gas​tric can ​cer is un​com​mon in all pop​u​la​tions be​low the age of 50, and the in ​ci​dence rate in ​creases with the in ​crease
in age, reach ​ing its peak at the age of 55–80 years. The fre​quency of gas ​tric can ​cer is two- to three​fold higher in men than in
women. The age-stan​dard ​ized in ​ci​dence rate is 15.7 per 1,000,000 men and 7 per 1,000,000 women in 2018 (Thrift & El-
Serag, 2020). The high ​est in ​ci​dence rate was seen in the high-in ​come Asia Pa​cific re​gion (29.5 per 100,000 pop​u​la​tion,
age-stan​dard ​ized), es ​pe​cially Japan, South Ko​rea, and East Asia (28.6 per 100,000 pop​u​la​tion). In East Asia, China con ​-
tributed about half of the global in ​ci​dent in 2017, fol​lowed by East ​ern Eu ​rope and An​dean Latin Amer​ica. Other than these
re​gions, Mon​go​lia and Afghanistan had the over ​all high ​est age-stan​dard ​ized in ​ci​dence rates. South​ern and east ​ern sub-Sa​ha​-
ran Africa and high-in ​come North Amer​ica ex ​pe​ri​enced the low ​est in ​ci​dence rates. The high ​est age-stan​dard ​ized death rate
is ex ​pe​ri​enced by East Asia, fol​lowed by An​dean Latin Amer​ica and cen ​tral Asia (Etemadi et al., 2020). In ​dia falls in the
low in ​ci​dence cat​e​gory in the con ​text of gas ​tric can ​cer. There is a huge re​gional dif ​fer ​ence in gas ​tric can ​cer oc​cur ​rence
across In ​dia. Ac​cord ​ing to the na​tional can ​cer reg ​istries, gas ​tric can ​cer is the lead ​ing prob ​lem in the north ​east ​ern and south​-
ern states of the In ​dian sub​con ​ti​nent. As per the avail​able re​port, Aizawl, Mi​zo ​ram, has the high ​est recorded in ​ci​dence of
gas ​tric can ​cer fol​lowed by Tamil Nadu. The low ​est in ​ci​dence of gas ​tric can ​cer in In ​dia is re​ported in Gu​jrat. Gas​tric can ​cer
is the fifth most fre​quent can ​cer among men and sixth among women in In ​dia. It is also the sec​ond most com​mon rea​son for
can ​cer-as ​so​ci​ated death in In ​dian men and women among the age group of 15–44. De​tec​tion of gas ​tric can ​cer in the ad ​-
vanced stage in most of the pa​tients leads to a de​crease in the 5-year sur​vival rate in com​par ​i​son with the coun ​tries where
early di​ag ​no​sis is made. The treat​ment stan​dard and pro ​to ​col in most of the in ​sti​tu ​tions are good as any other coun ​try, al​-
though it is not ob​served evenly across the coun ​try (Dik ​shit, Mathur, & Mha ​tre, 2011; Ser ​varayan Mu ​ruge ​san et al.,
2018; Sharma & Rad ​hakr ​ish ​nan, 2011). The in ​ci​dence of stom​ach can ​cer re​mark ​ably de​creases in the last half cen ​tury.
Nonethe​less, stom​ach can ​cer is in the fifth and third po​si​tions of can ​cer in ​ci​dence and deaths due to can ​cer, re​spec​tively, all
over the world (Bal ​akr ​ish ​nan, George, Sharma, & Gra ​ham, 2017).

Helicobacter pylori (H. pylori) in ​fec​tion is the most im​por ​tant risk fac​tor which causes a pro ​longed in ​flam​ma​tory re​ac​-
tion of the im​mune re​sponse (Crew & Neugut, 2006; Rawla & Bar ​souk, 2019). Salt and salt pre​served food may also in ​-
crease the threat of stom​ach can ​cer. A de​crease in stom​ach can ​cer is as ​so​ci​ated with a re​duc​tion of H. pylori in ​fec​tion
(Cisco, Ford, & Nor ​ton, 2008). The de​cline in in ​fec​tion rate is due to bet​ter san​i​ta​tion, hy​gienic prac​tice, and bet​ter food
preser ​va​tion meth ​ods (Sharma & Rad ​hakr ​ish ​nan, 2011). Stom​ach can ​cer epi​demi​ol​ogy has sig​nif ​i​cant ge​o​graph ​i​cal di​-
ver ​sity lead ​ing to at least a 10-fold vari​a​tion of in ​ci​dence world ​wide (Ser ​varayan Mu ​ruge ​san et al., 2018). Part of this
vari​a​tion is re​lated to H. pylori in ​fec​tion fre​quency through ​out the pop​u​la​tion, and en ​vi​ron ​men ​tal fac​tors which are also re​-
spon​si​ble for stom​ach can ​cer (Etemadi et al., 2020). Cig ​a​rette smok​ing is a risk fac​tor for both the type of can ​cer. Be​cause
of the higher oc​cur ​rence of risk fac​tors such as smok​ing or hor ​monal fac​tors, both the can ​cers are more com​mon in males.

Biosensor Based Advanced Cancer Diagnostics. https://doi.org/10.​1016/​B978-0-12-823424-2. ​00023-5
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2 Biosensor Based Advanced Cancer Diagnostics

The de​cline in gas ​tric can ​cer is not uni​ver ​sal (Bal ​akr ​ish ​nan et al., 2017). Re​duc​tion in the in ​ci​dent cases and deaths in
East Asia will lead to a de​crease in ab ​solute in ​ci​dent cases and death, as half of the in ​ci​dent cases and death oc​cur there. Mi​-
grant stud​ies and sec​u​lar trends in stom​ach can ​cer rates re​veal that en ​vi​ron ​men ​tal fac​tors play a sig​nif ​i​cant role in the patho ​-
gen ​e​sis of stom​ach can ​cer. In con ​trast, only about 1–3% are known to be hered ​i​tary syn​dromes (Thrift & El-Serag, 2020;
Van Cut ​sem et al., 2016). Re​duc​tion in high salt food con ​sump​tion in Asian coun ​tries is an ap ​proach to de​crease stom​ach
can ​cer since lifestyle, par ​tic​u​larly high sodium di​ets in East Asian peo ​ples and smok​ing in males, plays a sig​nif ​i​cant part in
stom​ach can ​cer bur ​den. The main fo ​cus is on pre​vent​ing H. pylori in ​fec​tion, since it is the most cru ​cial el​e​ment of dan ​ger
for stom​ach can ​cer.

Gas​tric can ​cer is grouped into two: (1) early gas ​tric can ​cer (EGC, stages I and II) de​fined as the ma​lig ​nant tu ​mor con ​-
fined to the mu ​cosa and sub​mu ​cosa ir ​re​spec​tive of lymph node metas ​ta​sis; and (2) ad ​vance gas ​tric can ​cer (AGC, stages III
and IV); there is lack of a ho​mo ​ge​neous de​f ​i​n​i​tion of ad ​vance gas ​tric can ​cer. How ​ever, gas ​tric can ​cer is a can ​cer that has at​-
tacked the mus ​cu ​laris pro ​pria or gas ​tric wall (Cisco et al., 2008; Ooki et al., 2009; Sarag ​oni, 2015). Surgery can treat
EGC, but AGC usu​ally re​quires mul​ti​dis ​ci​pli​nary treat​ment. Early di​ag ​no​sis and care​ful stag​ing can re​duce mor ​tal​ity. De​-
spite all this, gas ​tric can ​cer stag​ing is fac​ing dif ​fi​cul​ties be​cause of the lack of de​fined risk fac​tors. Thus, late di​ag ​no​sis and
in ​ad ​e​quate stag​ing arrange​ments may cause an in ​crease in mor ​tal​ity. So a fast and non​in ​va​sive method is needed for early
di​ag ​no​sis and stag​ing of gas ​tric can ​cer.

Gen​eral can ​cer treat​ment pro ​ce​dures are re​lated to char ​ac​ter ​iz​ing the can ​cer cells at the early stages, like chemother ​apy,
surgery, and ra​di​a​tion. So the di​ag ​no​sis of can ​cer is es ​sen​tial for timely in ​di​vid ​u​at​ing a vi​able can ​cer treat​ment. Ex ​ist ​ing tu ​-
mor di​ag ​no​sis de​pends on an as ​sort​ment of com​pli​cated clin ​i​cal set​tings, which in ​clude x-ray, mag ​netic res ​o​nance imag ​ing
(MRI), com​put​er ​ized to ​mog ​ra​phy (CT), en ​doscopy, positron emis ​sion to ​mog ​ra​phy (PET), cy ​tol​ogy, sonog​ra​phy, ther ​mog ​ra​-
phy, and biopsy. In ad ​di​tion, both ge​nomic- and pro ​teomic-based mol​e​c​u​lar tools are pro ​gres ​sively used, such as poly ​merase
chain re​ac​tion (PCR), ra​dioim​munoas ​say (RIA), en ​zyme linked im​munosor​bent as ​say (ELISA), im​muno ​his ​to ​chem​istry
(IHC), and flow cy ​tom​e​try (Al ​t ​in ​tas & Tothill, 2013; Mit ​tal, Kaur, Gau ​tam, & Man ​tha, 2017; Prab ​hakar, Shende, &
Au ​gus ​tine, 2018). The cur ​rent tech ​nolo ​gies and meth ​ods are pro ​fi​cient, but most of them are in ​va​sive, costly, time-con ​-
sum​ing, and re​stricted to lab ​o​ra​tory cen ​ters in big hos ​pi​tals (Cui, Zhou, & Zhou, 2019). For in ​stance, an in ​va​sive method
biopsy is a med ​ical process that needs the in ​ser​tion of the med ​ical tool into the pa​tien ​t’s body to de​duce spe​cific tis ​sues to be
ex ​am​ined to find the pres ​ence of can ​cer cells. Such a pro ​ce​dure is te​dious, and fur ​ther, has nu​mer ​ous con ​straints. Pa​tients
ex ​pe​ri​enc​ing biop ​sies com​plain of weak health, nau ​sea, sleep​ing dis ​or ​der with fur ​ther post​biopsy im​pacts. There​fore, the re​-
quire​ment for non​in ​va​sive de​tec​tion has come into sig​nif ​i​cance in the pre​sent time. Also, rapid de​tec​tion is needed to give
pa​tients in ​stant re​sults to start treat​ment with​out wast​ing any time. So the re​quire​ment of rapid non​in ​va​sive de​tec​tion of can ​-
cer has dri​ven the re​searchers to de​velop in ​stru​ments that would iden ​tify can ​cer early with​out an in ​va​sive tech ​nique. This
lead to the de​vel​op​ment of biosen ​sors for non​in ​va​sive early de​tec​tion of can ​cer (Devi & Laskar, 2018).

15.2 Biomarker for gastric cancer
Re​searchers and sci​en ​tist from all around the world have turned their at​ten ​tion to the non​in ​va​sive di​ag ​no​sis of can ​cer us ​ing
can ​cer bio ​mark ​ers due to nu​mer ​ous draw ​backs of the in ​va​sive process of can ​cer de​tec​tion (Devi & Laskar, 2018; Gross ​-
mann, Ave ​nar ​ius, Mast ​boom, & Klaase, 2010; Wu & Qu, 2015). Can ​cer bio ​mark ​ers are es ​sen​tial in ​di​ca​tors of can ​cer
sta​tus (Kar ​ley, Gupta, & Ti ​wari, 2011). They are uti​lized not only to an ​a​lyze and mon ​i​tor dis ​ease but also to pro ​vide a
prog ​nos ​tic ap ​proach to deal with treat​ment (Chat ​ter ​jee & Zetter, 2005; Mayeux, 2004). The Na​tional Can ​cer In ​sti​tute
(NCI) (Park, Ross, Klagholz, & Be ​vans, 2018) de​fines a bio ​marker as “a bi​o​log ​i​cal mol​e​cule found in blood, other body
flu ​ids, or tis ​sues that is a sign of a nor ​mal or ab ​nor ​mal process or a con ​di​tion or dis ​ease.” A bio ​marker may be used to see
how well the body re​sponds to a treat​ment for a dis ​ease or con ​di​tion (Bio ​mark ​ers De ​f ​i ​n ​i ​tions Work ​ing Group, 2001).
Bio ​mark ​ers can be of sev​eral mol​e​c​u​lar ori​gins, count​ing DNA (i.e., spe​cific mu ​ta​tion, translo ​ca​tion, am​pli​fi​ca​tion, and loss
of het​erozy ​gos ​ity), RNA, or pro ​tein (i.e., hor ​mone, an ​ti​body, onco ​gene, or tu ​mor sup​pres ​sor). The ex ​is ​tence of bio ​mark ​ers
in blood or some other body fluid con ​firms the pres ​ence of can ​cer cells in the body (Tothill, 2009). There are dif ​fer ​ent bio ​-
mark ​ers for dif ​fer ​ent types of can ​cers (Meyer & Rustin, 2000; Smith, Humphrey, & Cat ​alona, 1997; Tothill, 2009).
The max ​i​mum of these bio ​mark ​ers still has to ex ​hibit ad ​e​quate sen​si​tiv ​ity and speci​ficity for trans ​la​tion into rou ​tine clin ​i​cal
use or treat​ment mon ​i​tor ​ing. This is an area that biosen ​sor tech ​nol​ogy can im​prove upon (Bo ​hu ​nicky & Mousa, 2011).

There are sev​eral bio ​mark ​ers avail​able for the early di​ag ​no​sis of gas ​tric can ​cer (Fu, 2016). Fig. 15.1 dis ​plays the sum​-
mary of gas ​tric can ​cer bio ​mark ​ers. Serum pro ​tein bio ​mark ​ers of gas ​tric can ​cer are gas ​tric tis ​sue spe​cific or re​lated to gas ​tric-
spe​cific in ​fec​tions and di​vided into two types: gas ​tric can ​cer-spe​cific mark ​ers, and gen ​eral tu ​mor mark ​ers. Pro​teins such as
pepsino ​gen I (PGI or PGA), pepsino ​gen II (PGII or PGC), and gas ​trin 17 are con ​sid​ered spe​cific mark ​ers of gas ​tric can ​cer ​
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FIGURE 15.1 Sum​mary of gas ​tric can ​cer bio ​marker.

be​cause of their gas ​tric spe​cific gene ex ​pres ​sion (Hal ​lis ​sey, Dunn, & Field ​ing, 1994; Sh ​iotani et al., 2005). An​ti​bod​ies
linked to gas ​tric spe​cific in ​fec​tions such as H. Pylori, CagA, and an ​tipari​etal cell an ​ti​bod​ies, which re​flect cur ​rent or past
gas ​tric in ​fec​tions as ​so​ci​ated with gas ​tric can ​cer growth, are use​ful bio ​mark ​ers for as ​sess​ing gas ​tric can ​cer risk (Kaise et al.,
2013; Kikuchi, Crab ​tree, For ​man, & Kuro ​sawa, 1999; Sugiu et al., 2006). Many pro ​teins are re​garded as gas ​tric can ​-
cer screen ​ing mark ​ers, al​though most of them are not gas ​tric can ​cer spe​cific. These pro ​teins com​prise car ​ci​noem​bry ​onic
anti​gen (CEA), pyru ​vate M2 ki​nase, can ​cer anti​gen 125 (CA125), can ​cer anti​gen 19-9 (CA19-9), Al​pha-fe​to ​pro ​tein (AFP),
serum amy ​loid A, macrophage mi​gra​tion in ​hibitory fac​tor, lep ​tin, dick ​kopf (Dkk), ol​fac​tomedin 4, VAP-1, UPA, cathep ​sin
B, HMW kinino ​gen, P53 an ​ti​body, cy ​tok ​er ​atin 18, Re​gIV, IPO-38, S100A6, throm​bin light chain, fib ​rinopep ​tide A, an ​-
giopoi​etin-like pro ​tein 2 (Capelle et al., 2009; Chan et al., 2007; Ebert et al., 2005, 2006; Gao, Xie, Ren, & Yang,
2012; Ghosh et al., 2013; Hao et al., 2008; Har ​beck et al., 2008; Her ​szenyi et al., 2008; Ick et al., 2004; Ka ​plan et
al., 2014; Ku ​mar, Tapuria, Kir ​mani, & David ​son, 2007; Lee et al., 2012; Liu, Sheng, & Wang, 2012; Mi ​tani et al.,
2007; Sup ​piah & Green ​man, 2013; Tas, Karab ​u ​lut, Ser ​ilmez, Ciftci, & Du ​rany ​ildiz, 2014; Umemura et al., 2011;
Yu, Wang, & Chen, 2011; Zhang, Zhang, Jiang, & Zhang, 2014). Among them, car ​ci​noem​bry ​onic anti​gen (CEA) and
can ​cer anti​gen 19–9 (CA19–9) are most com​monly used. CEA was firstly rec​og​nized by Gold and Freed ​man in 1965 (Gold
& Freed ​man, 1965) and was first used for the di​ag ​no​sis of early gas ​tric can ​cer in 1980 (Tat ​suta et al., 1980). CEA is cur ​-
rently re​garded as the most valu ​able serum pro ​tein marker for iden ​ti​fy ​ing pa​tients at risk of de​vel​op​ing gas ​tric can ​cer and
for the di​ag ​no​sis of early-stage gas ​tric can ​cer (Jin, Jiang, & Wang, 2015). CEA was ob​served to im​prove colon car ​ci​noma
cells’ metas ​ta​sis with its sialo​fu ​co ​sy​lated gly ​co ​forms which func​tion as se​lect​ing lig ​ands (Deng et al., 2015; Kikuchi et
al., 1999). CEA is pro ​duced in a high amount of car ​ci​no​mas in nu​mer ​ous dif ​fer ​ent or ​gans (Kikuchi et al., 1999; Ku ​mar
et al., 2007). CEA sig​nif ​i​cantly af ​fects the tu ​mor prog ​no​sis be​cause of its ef ​fect on tu ​mor metas ​ta​sis and may be con ​nected
with gas ​tric can ​cer prog ​no​sis. Gas​tric can ​cer pa​tients show ex ​panded CEA lev ​els, which are as ​so​ci​ated with pa​tient sur​vival
based on an or ​ga​nized analy ​sis of serum mark ​ers for gas ​tric can ​cer (Sugiu et al., 2006). As per lit​er ​a​ture, pre​op​er ​a​tive
CEA lev ​els could pre​dict gas ​tric can ​cer (Ick et al., 2004; Schnei ​der & Schulze, 2003), yet few re​ports deny this thought
(Chan et al., 2007; Ku ​mar et al., 2007; Moshkovskii, 2012). There is still dis ​cus ​sion en ​com​pass ​ing gas ​tric can ​cer pa​-
tients’ prog ​no​sis with ex ​panded CEA lev ​els (Gao et al., 2012; Lee et al., 2012). Hence​forth, it is im​por ​tant to build up a
state-of-the-art, highly spe​cific, and sen​si​tive CEA de​tec​tion tech ​nique for clin ​i​cal ex ​am​i​na​tion and di​ag ​nos ​tics (Tao, Du,
Cheng, & Li, 2018). CA19–9 is a gly ​co ​pro ​tein highly as ​so​ci​ated with ma​lig ​nant tu ​mors and a com​monly used marker in
gas ​troin ​testi ​nal can ​cer; how ​ever, it is pre​sent in some can ​cer types, par ​tic​u​larly pan ​cre​atic, col​orec​tal, and gas ​tric can ​cer.
The CA 199 test com​bined with the CEA test is a ben ​e​fi​cial aide for ob​serv ​ing car ​ci​noma of the stom​ach; though, the sen​si​-
tiv ​ity of per ​form​ing these tests con ​cur ​rently is sim​i​lar to per ​form​ing the CEA test alone in gas ​tric car ​ci​noma (Szy ​mendera,
1986).

War ​burg ef ​fect (i.e., can ​cer cells’ de​pen ​dence on gly ​col​y​sis for en ​ergy and nor ​mal cell de​pen ​dence on ox​ida​tive phos ​-
pho​ry ​la​tion) is the most im​por ​tant dif ​fer ​ence be​tween can ​cer cells and nor ​mal cells (Van ​der Hei ​den, Cant ​ley, & Thomp ​-
son, 2009; Lib ​erti & Lo ​casale, 2016). In gas ​tric pa​tien ​t’s serum or tis ​sue sam​ples, level of lac​tate which is a re​sult of glu ​-
cose gly ​col​y​sis was found to in ​crease con ​stantly (Ab ​bassi-Ghadi et al., 2013; Hi ​rayama et al., 2009). Be​sides, can ​cer
cells have a high pro ​tein syn​the​sis rate. Hence, in gas ​tric can ​cer pa​tients, nu​mer ​ous meta​bolic stud​ies showed an in ​crease of
amino acids; for ex ​am​ple, glycine, as ​paragine, me​thio ​n​ine, ty ​ro ​sine, and as ​par ​tate. More​over, can ​cer cells have a high nu​-
cleotide syn​the​sis rate for the grow ​ing de​mands of DNA syn​the​sis and DNA re​pair. Re​ports also sug​gested al​tered nu​-
cleotide metabo ​lites in a cer ​tain type of can ​cers. Some of the re​searchers stud​ied the fatty acid me​tab ​o​lism metabo ​lites in
gas ​tric can ​cer pa​tients. Though both in ​creased fatty acid syn​the​sis (FASN) and fatty acid ox​i​da​tion (CP ​T1A) have been re​-
lated to can ​cer growth. Fatty acid ox​i​da​tion metabo ​lites, such as β-hy​drox ​y​bu​tyrate and ace​tone, have been rec​og​nized as
pos ​si​ble bio ​mark ​ers of gas ​tric can ​cer (Fu, 2016).

Biosensor-based early diagnosis of gastric cancer
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Usu​ally, RNA is in ​ap ​pro ​pri​ate for can ​cer as bio ​mark ​ers since it is an un​steady species of bio ​mol​e​cules. But cur ​rent re​-
search pro ​posed that cer ​tain serum non-cod ​ing RNA could also be pos ​si​ble gas ​tric spe​cific mark ​ers, for ex ​am​ple, RNA
HULC and H19 were fa​vor ​able novel bio ​mark ​ers in plasma of gas ​tric can ​cer pa​tients (Ab ​bassi-Ghadi et al., 2013). Mi​-
croRNA (miRNA) is a com​par ​a​tively sta​ble type of RNA in the serum. In gas ​tric can ​cer, 21 in ​di​vid ​ual miR ​NAs and six
miRNA clus ​ters are con ​sis​tently up​reg ​u​lated, while miR29c, miR30a5p, miR148a, miR375, and miR638 are usu​ally down​-
reg ​u ​lated (Tat ​suta et al., 1980). The most fre​quently used tu ​mor mark ​ers, such as CEA and CA19–9, have lim​ited ap ​pli​ca​-
tion in early di​ag ​no​sis of gas ​tric can ​cer since they have in ​suf​fi​cient sen​si​tiv ​ity and speci​ficity. Thus, the foun ​da​tion of novel
ro ​bust def ​i​nite bio ​mark ​ers with ad ​e​quate sen​si​tiv ​ity is a per ​fect ap ​proach for im​prov ​ing the early de​tec​tion and the cure rates
for gas ​tric can ​cer pa​tients. Also, these bio ​mark ​ers should be easy to es ​ti​mate and con ​sis​tently linked with clin ​i​cal re​sults.
miR ​NAs are seen as a de​sir​able can ​cer bio ​marker be​cause of the ac​cep ​tance of their part in tu ​mori​ge​n​e​sis. Dis​cov ​ery of
miR ​NAs and the ap ​proval of their role in tu ​mori​ge​n​e​sis and the de​vel​op​ment of var ​i​ous can ​cers have pre​sented them as suit​-
able can ​cer bio ​mark ​ers. There is also de​vel​op​ing ev ​i​dence that miR ​NAs ex ​ist in cells as well as in an as ​sort​ment of body
flu ​ids, count​ing blood, saliva, and urine. Those miR ​NAs that can be found in the cir ​cu ​la​tion sys ​tem are called cir ​cu ​la​tory
miR ​NAs. They are gen ​er ​ally can ​cer-spe​cific, and their ex ​pres ​sion pat​terns are in ​cred ​i​bly com​pa​ra​ble among healthy per ​sons
and pa​tients. The cir ​cu ​la​tory miR ​NAs are re​mark ​ably re​sis​tant to RNase di​ges ​tion, non-phys ​i​o​logic pH val​ues, and high
tem​per ​a​ture. Hence​forth, these miR ​NAs have been con ​sid​ered as a ca​pa​ble bio ​marker for early de​tec​tion of can ​cer
(Danesh ​pour, Omid ​far, & Ghan ​bar ​ian, 2016). But the se​lec​tion of a high ref ​er ​ence gene is an es ​sen​tial el​e​ment in us ​ing
miRNA as a tu ​mor bio ​marker.

Volatile or ​ganic com​pounds (VOCs) re​leased from can ​cer cell me​tab ​o​lism are con ​sid​ered sig​nif ​i​cant mark ​ers for bio ​-
chem​i​cal pro ​ce​dures are hap ​pen ​ing in can ​cer cells. The study of VOCs may be ca​pa​ble of pre​dict​ing and di​ag ​nos ​ing early
can ​cer. Volatile metabo ​lites as ​so​ci​ated with ge​nomics and pro ​teomics rep ​re​sent path ​way feed ​back mech ​a​nisms, which pos ​i​-
tively point out the pos ​si​ble patho ​phys ​i​o​log ​i​cal growth in can ​cer cells. To a cer ​tain point, volatile metabo ​lites em​body the
sta​tus of can ​cer cells. Con​sid​er ​ing volatile bio ​mark ​ers from gas ​tric can ​cer cells and cre​at​ing an ul​tra​sen​si​tive de​tec​tion
method will help early warn ​ing and di​ag ​no​sis of gas ​tric can ​cer (Capelle et al., 2009; Chan et al., 2007; Ebert et al.,
2005, 2006; Gao et al., 2012; Ghosh et al., 2013; Hao et al., 2008; Har ​beck et al., 2008; Her ​szenyi et al., 2008;
Ick et al., 2004; Ka ​plan et al., 2014; Ku ​mar et al., 2007; Lee et al., 2012; Liu et al., 2012; Mi ​tani et al., 2007;
Sup ​piah & Green ​man, 2013; Tas et al., 2014; Umemura et al., 2011; Yu et al., 2011; Zhang et al., 2014).

15.3 Biosensor and gastric cancer
Ev ​i​dence rec​om​mends that a grow ​ing amount of at​ten ​tion have been fo ​cused on de​vel​op​ing rapid tech ​niques named
“biosen ​sor tech ​nol​ogy” for the iden ​ti​fi​ca​tion, de​tec​tion, and check ​ing of hu​man health-re​lated con ​di​tions (Is ​lam & Ud ​din,
2017). A biosen ​sor is an an ​a​lyt​i​cal de​vice used to iden ​tify bi​o​log ​i​cal an ​a​lytes, be it en ​vi​ron ​men ​tal or bi​o​log ​i​cal in the
source (i.e., in ​side the hu​man body). A usual biosen ​sor con ​tains a recog ​ni​tion el​e​ment, a trans ​ducer, and a sig​nal-pro ​cess ​ing
unit (Qian et al., 2019). The sig​nal in the form of an an ​a​lyte is de​tected by a mol​e​c​u​lar recog ​ni​tion com​po​nent con ​verted
into an elec​tri​cal sig​nal by a trans ​ducer (Bo ​hu ​nicky & Mousa, 2011). Cam​mann used the word “biosen ​sor” first (Cam ​-
mann, 1977), and the In ​ter ​na​tional Union of Pure and Ap​plied Chem​istry (IU ​PAC) in ​tro ​duced its de​f ​i​n​i​tion (Thévenot,
Toth, Durst, & Wil ​son, 2001) and Clark and Lyon​sin started biosen ​sor ap ​pli​ca​tion jour ​ney in 1960s (Clark & Lyons,
1962). Biosen ​sors’ ap ​pli​ca​tions for can ​cer di​ag ​no​sis are very promis ​ing for con ​ven ​tional meth ​ods since it pro ​vides bet​ter
per ​for ​mance in terms of speed, flex ​i​bil​ity, au ​toma​tion, and costs (Bal ​aji & Zhang, 2017; Bo ​hu ​nicky & Mousa, 2011;
Jain ​ish & Prittesh, 2017; Li, Li, & Yang, 2012; Mit ​tal et al., 2017; Pasin ​szki, Krebsz, Tung, & Losic, 2017). The
recog ​ni​tion of can ​cer bio ​mark ​ers pre​sent in the blood is the most chal​leng ​ing task be​cause of the low bio ​mark ​ers’ con ​cen ​tra​-
tion in early-stage pa​tients. A biosen ​sor can mea​sure shal​low lev ​els of bio ​mark ​ers in phys ​i​o​log ​i​cal sam​ples, which can help
di​ag ​nose can ​cer at an early stage (Choi, Kwak, & Park, 2010).

Fig. 15.2 demon ​strates the work​ing pro ​ce​dure of biosen ​sors for the de​tec​tion of can ​cer. The process com​prises three key
steps: dis ​cov ​ery of bio ​marker, bio ​marker de​tec​tion with biosen ​sors, and analy ​sis of data. Every stage plays a vi​tal role and
de​cides the out​comes of the biosen ​sor de​vice (Qian et al., 2019).

15.3.1 Role of electrochemical biosensors in early detection of gastric cancer

Among all biosen ​sors, elec​tro ​chem​i​cal sen​sors have been of great in ​ter ​est, mainly be​cause they are sim​ple, portable, sen​si​-
tive, in ​ex ​pen ​sive, and of ​fer a fast re​sponse (Top ​kaya, Az ​imzadeh, & Oz ​soz, 2016). Elec​tro ​chem​i​cal biosen ​sors use elec​-
tro ​chem​i​cal trans ​duc​ers that trans ​fer a bi​o​log ​i​cal en ​tity (i.e., pro ​tein, RNA, and DNA) into an elec​tri​cal sig​nal that can be
an ​a​lyzed and de​tected (Qian et al., 2019; Wang, 2006). Am​per ​o​met​ric and po​ten ​tio ​met​ric trans ​duc​ers are most com​monly ​
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FIGURE 15.2 Work​ing pro ​ce​dure of biosen ​sors for can ​cer di​ag ​no​sis.

used in con ​junc​tion with elec​tro ​chem​i​cal biosen ​sors. In po​ten ​tio ​met​ric de​vices, the an ​a​lyt​i​cal in ​for ​ma​tion is ob​tained by
con ​vert​ing the biorecog ​ni​tion process into a po​ten ​tial sig​nal in con ​nec​tion to the use of ion se​lec​tive elec​trodes (ISE). Am​-
per ​o ​met​ric biosen ​sors op​er ​ate by ap ​ply ​ing a con ​stant po​ten ​tial and mon ​i​tor ​ing the cur ​rent as ​so​ci​ated with the re​duc​tion or
ox​i​da​tion of an elec​troac​tive species in ​volved in the recog ​ni​tion process. An am​per ​o​met​ric biosen ​sor may be more at​trac​tive
be​cause of its high sen​si​tiv ​ity and wide lin ​ear range (Wang, 2006). Elec​tro ​chem​i​cal im​ped ​ance spec​troscopy (EIS), dif ​fer ​-
en ​tial pulse voltam​me​try, square wave voltam​me​try, ca​pac​i​tance mea​sure​ment, and di​elec​trophore​sis spec​troscopy have also
been used to mea​sure biosen ​sor re​sponse to bio ​mark ​ers.

Danesh ​pour et al. (2016) fab ​ri​cated a novel elec​tro ​chem​i​cal nano biosen ​sor us ​ing a dou​ble-spe​cific probe ap ​proach
and a gold-mag ​netic nanocom​pos ​ite as trac​ing tag to de​tect miR-106a gas ​tric bio ​marker. EIS and cyclic voltam​me​try (CV)
ap ​proaches were used to con ​firm the elec​trode’s suc​cess ​ful mod ​i​fi​ca​tion and hy​bridiza​tion with the tar ​get miRNA. For
quan ​tifi​able es ​ti​ma​tion of miR-106a, record ​ing the re​duc​tion peak cur ​rent of gold nanopar ​ti​cles DPV ap ​proach was used.
The pro ​posed biosen ​sor showed no​table se​lec​tiv ​ity, high speci​ficity, lin ​ear ​ity rang ​ing from 1×10  p.m. to 1×10  p.m.,
agree​able stor​age sta​bil​ity, and great per ​for ​mance in real sam​ple in ​ves ​ti​ga​tions and of ​fered a promis ​ing ap ​pli​ca​tion to be
used for med ​ical early de​tec​tion of gas ​tric can ​cer. B. Li et al. (Bal ​aji & Zhang, 2017; Bo ​hu ​nicky & Mousa, 2011; Jain ​-
ish & Prittesh, 2017; J. Li et al., 2012; Mit ​tal et al., 2017; Pasin ​szki et al., 2017) car ​ried out a two-stage cyclic en ​zy ​-
matic am​pli​fi​ca​tion method (CEAM) to de​ter ​mi​nate miRNA-21in in the blood serum of gas ​tric can ​cer pa​tients. The elec​tro ​-
chem​i​cal biosen ​sor ex ​hibits a low de​tec​tion limit of 0.36fM with no​table speci​ficity. Most im​por ​tantly, it can be em​ployed to
study the ex ​pres ​sion level of miRNA in the gas ​tric can ​cer pa​tient blood serum. Tao et al. (2018) de​vel​oped a se​lec​tive and
sen​si​tive sand ​wich-type elec​tro ​chem​i​cal ap ​tasen ​sor based on Pt/​Au/​DN-graphene-CEAapt2-Tb bio ​con ​ju ​gate to de​tect gas ​-
tric can ​cer. The pro ​posed method was demon ​strated to be sen​si​tive, as in ​di​cated by the im​proved elec​tro ​chem​i​cal re​sponse,
since the den ​dritic Pt/​Au/​DN-graphene showed per ​ox​i​dase-mimic ac​tiv ​ity for the re​duc​tion of H O  in ​tro ​duced into the
elec​trolytic cell, thereby con ​firm​ing its de​sir​able catal ​y​sis ca​pac​ity. Since den ​dritic Pt/​Au/​ND-graphene is very con ​duc​tive
and pos ​sesses per ​ox​i​dase-mimic ac​tiv ​ity, the elec​tro ​chem​i​cal re​sponse sig​nal and the charge trans ​fer were pro ​moted through
catal ​y​sis of H O  re​duc​tion in ​tro ​duced into the elec​trolyte cell. Hence, ap ​tasen ​sor was found to en ​hance an ​a​lyt​i​cal ca​pac​ity
and at​tained de​sir​able sen​si​tiv ​ity. Amouzadeh Tabrizi et al. (Amouzadeh Tabrizi, Sham ​sipur, Saber, Sarkar, &
Sherkatkhameneh, 2017) also fab ​ri​cated a sand ​wich type elec​tro ​chem​i​cal ap ​tasen ​sor for the sen​si​tive de​tec​tion of ade​no​-
car ​ci​noma gas ​tric cell AGS can ​cer cells in the pres ​ence of H O  by us ​ing MW​CNT-Au​nano as a nanoplat​forms and the sec​-
ondary ap ​tamer-Au@Ag nanopar ​ti​cles as the la​beled ap ​tamers. The ap ​tasen ​sor was also used in the de​tec​tion of AGS can ​cer
cells in a hu​man serum sam​ple. The de​vel​oped ap ​tasen ​sor showed a wide lin ​ear range and good sta​bil​ity and se​lec​tiv ​ity. Ilie
and Ste ​fan-van Staden (2019) de​vel​oped a graphite paste mod ​i​fied with 2, 6-bis((E)-2-(fu ​ran-2-yl) vinyl)-4-(4,6,8-
trimethy ​lazulen-1-yl) pyri​dine based elec​tro ​chem​i​cal sen​sor for the de​tec​tion L-tryp ​to ​phan gas ​tric can ​cer bio ​marker, which
is an amino acid in real whole blood sam​ples. The pro ​posed gas ​tric can ​cer sen​sor ex ​hibits a high sen​si​tiv ​ity with a low limit
of de​tec​tion. Zhang, et al. (Y. Zhang et al., 2014) de​vel​oped an ul​tra​sen​si​tive elec​tro ​chem​i​cal biosens ​ing in ​ter ​face based on
Au-Ag Al​loy coated MW​C​NTs to de​tect volatile bio ​mark ​ers of gas ​tric can ​cer cells. Re​sults dis ​played that eight var ​i​ous
volatile bio ​mark ​ers were screened out be​tween MGC-803 and GES-1 gas ​tric can ​cer cells. Fig. 15.3 shows cyclic voltam​-
mo ​gram of MWNTs/​AU-Ag/​GCE was ex ​posed to the head space of MGC-803 gas ​tric can ​cer cells, GES-1gas ​tric mu ​cosa
cells, and cell-free medium. The par ​tic​u​lar volatile bio ​mark ​ers of MGC-803 gas ​tric can ​cer cells and the well-adapted elec​-
tro ​chem​i​cal sys ​tem have sub​stan​tial po​ten ​tial in the near fu ​ture for ap ​pli​ca​tions, for ex ​am​ple, screen ​ing and warn ​ing of early
gas ​tric can ​cer. Rah ​man et al. fab ​ri​cated an Ag-Cu bimetal ​lic al​loy nanoscale based elec​tro ​chem​i​cal sen​sor (Rah ​man et al., ​
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6 Biosensor Based Advanced Cancer Diagnostics

FIGURE 15.3 CVs of MWNTs/​AU-Ag/​GCE ex ​posed to the head space of MGC-803 gas ​tric can ​cer cells, GES-1gas ​tric mu ​cosa cells, and cell-
free medium.

2015) for the mon ​i​tor ​ing of 2-bu​tanone. The sen​sor showed the best sens ​ing prop ​er ​ties for the de​tec​tion of 2-bu​tanone with 0.1
 μM de​tec​tion limit. It was ex ​pected that the de​signed sen​sor could ef ​fec​tively be ap ​plied to de​tect the early stages of gas ​tric
and lung can ​cer caused by 2-bu​tanone. Wu and Qu de​vel​oped a novel and sen​si​tive nonen ​zy ​matic sand ​wich type elec​tro ​-
chem​i​cal im​munosen ​sor (Devi & Laskar, 2018; Gross ​mann et al., 2010; L. Wu & Qu, 2015) for the de​tec​tion of gas ​tric
can ​cer bio ​marker CA72–4 us ​ing dumb ​bell-like PtPd-Fe O  nanopar ​ti​cles (NPs). The im​munosen ​sor was fab ​ri​cated by mod ​-
i​fy ​ing the glassy car ​bon elec​trode by rGO-TEPA for ef ​fec​tive im​mo ​bi​liza​tion of pri​mary anti-CA72–4 an ​ti​body, and the sec​-
ondary anti-CA72–4 an ​ti​body was ad ​sorbed onto the PtPd-Fe O  NPs. The pro ​posed im​munosen ​sor showed wide lin ​ear ​ity
rang ​ing from 0.001–10 U/​mL with a low de​tec​tion limit of 0.0003 U/​mL and pos ​sessed out​stand ​ing clin ​i​cal value in can ​cer
screen ​ing along with suit​able point-of-care di​ag ​nos ​tics. To meet the clin ​i​cal de​mands for early de​tec​tion of gas ​tric can ​cer,
Yao et al. (Yao et al., 2015) de​vel​oped a dis ​pos ​able easy-to-use elec​tro ​chem​i​cal mi​croflu ​idic chip com​bined with mul​ti​ple
an ​ti​bod​ies against six kinds of bio ​mark ​ers. The elec​tro ​chem​i​cal mi​croflu ​idic chip showed lin ​ear ​ity rang ​ing from 0.37–90 ng 
mL , 10.75–172 U mL , 10–160 U L , 35–560 ng mL , 37.5–600 ng mL , and 2.5–80 ng mL  for CEA, CA19–9, HP,
P53, PG I, and PG II bio ​mark ​ers, re​spec​tively (Fig. 15.4). This method showed im​proved sen​si​tiv ​ity com​pared with ELISA
re​sults of 394 spec​i​mens of gas ​tric can ​cer sera. The elec​tro ​chem​i​cal mi​crofluid chip is a promis ​ing can ​di​date for early
screen ​ing of gas ​tric can ​cer, ther ​a​peu ​tic eval​u​a​tion, and real-time dy​namic re​view of gas ​tric can ​cer ad ​vance​ment in the near
fu ​ture. Mo ​ham ​mad Shafiee and Parhizkar (2020) suc​cess ​fully fab ​ri​cated Au nanopar ​ti​cles/ ​g-C N  mod ​i​fied elec​tro ​-
chem​i​cal gas ​tric can ​cer biosen ​sor for the de​tec​tion of miRNA. The sen​sor used a hair ​pin locked nu​cleic acids probe and
Zn  func​tion ​al​ized TiP nanos ​pheres la​bels. The sen​sor showed lin ​ear ​ity rang ​ing from 0.6 nM to 6 nM with a limit of de​tec​-
tion to 80 pM. For the de​tec​tion of miR-100 in the sera gas ​tric can ​cer pa​tients, Zhuang, Wan, and Zhang (2021) de​vel​-
oped a rapid, se​lec​tive, and sen​si​tive biosen ​sor based on Au elec​trode (AuE) mod ​i​fied with gold nanopar ​ti​cle (AuNP) which
was at​tached with DNA cap ​ture probes (CPs) (CPs/​AuNP-AuE). The range of de​tec​tion and de​tec​tion limit of the biosen ​sor
for miR-100 was 100 a.m. to 10 p.m. 100 a.m. re​spec​tively.

15.3.2 Role of SPR biosensor in early detection of gastric cancer

In re​cent decades, var ​i​ous op​ti​cal biosen ​sor ap ​proaches have been es ​tab ​lished, count​ing sur​face plas ​mon res ​o​nance (SPR)
(Nel ​son, Grim ​srud, Liles, Good ​man, & Corn, 2001), el​lip ​som​e​try (Ar ​win, Poksin ​ski, & Jo ​hansen, 2004), and quartz
crys ​tal mi​crobal​ance (QCM) (Frank, Elke, Neil, Kenichi, & Yoshio, 1997). Amongst them, the SPR-based method is a
rep ​re​sen​ta​tive type of la​bel-free pro ​ce​dure for check ​ing bio ​mol​e​c​u​lar in ​ter ​ac​tions in a real-time (Nguyen, Park, Kang, &
Kim, 2015). SPR is an op​ti​cal phe​nom​e​non take place in the over ​all in ​ter ​nal re​flec​tion of light at a metal film-liq ​uid in ​ter ​-
face (Van Oss & van Re ​gen ​mor ​tel, 1994; Raether, 1988). At the point when the in ​ci​dent light is com​pletely re​flected, a
part of the in ​ci​dent light mo ​men ​tum named as evanes ​cent wave pen ​e​trates the liq ​uid medium near the metal (gen ​er ​ally Au)​

3 4

3 4

−1 −1 −1 −1 −1 −1

3 4

2+

UN
CO

RR
EC

TE
D 

PR
OOF



29/05/21, 3:09 PM

Page 7 of 13https://elsevierbooks.proofcentral.com/en-us/index.html?token=da12av670f667e92cdc600020b47da

UN
CO

RR
EC

TE
D 

PR
OOF

  Chapter  |   15 7

FIGURE 15.4 Lin ​ear de​tec​tion ranges of six kinds of bio ​mark ​ers (A) CEA, (B) CA19–9, (C) HP, (D) P53, (E) PG I, and (F) PG II by dif ​fer ​en ​-
tial pulse voltam​me​try.

sur​face. In the thin metal film sur​face, the evanes ​cent wave in ​ter ​acts with lon ​gi​tu ​di​nally os ​cil​lat​ing free elec​trons termed
sur​face plas ​mon. Dur​ing SPR, metal film ab ​sorbed the en ​ergy of in ​ci​dent light, de​creas ​ing the light in ​ten ​sity. While the an ​-
gle of in ​ci​dence is fixed, the res ​o​nance phe​nom​e​non hap ​pens only at an ac​cu ​rately de​fined wave​length, which de​pends upon
the medi​um’s re​frac​tive in ​dex (RI) near the metal sur​face. RI changes in a di​rect ex ​tent to the mass and di​elec​tric per ​mit​tiv ​-
ity of the pre​sent medium. Im​mo ​bi​liza​tion of an ​ti​bod​ies on the metal sur​face causes the cor ​re​spond​ing anti​gen to bond on
the sur​face when it touches the liq ​uid sam​ples. The bind ​ing method can be ob​served via ob​serv ​ing the SPR wave​length
which de​pends on the quan ​tity of an ​ti​body-anti​gen bind ​ing. The SPR biosen ​sor is sen​si​tive to re​frac​tive in ​dex ad ​just​ments
or thick ​ness of bio ​ma​te​ri​als at the in ​ter ​face be​tween a metal thin film and a sur​round ​ing medium. There​fore, us ​ing an ​ti​bod​-
ies pe​cu ​liar to pathogens of in ​ter ​est can mea​sure the num​ber of path ​o​genic bac​te​ria ex ​is ​tents in a sam​ple by quan ​ti​fy ​ing the​
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change in re​frac​tive in ​dex and char ​ac​ter ​ize in ​ter ​ac​tions of bio ​mol​e​cules on the sur​face in real time with​out la​bel​ing (Brock ​-
man, Nel ​son, & Corn, 2000; Fang et al., 2010; Green et al., 2000)

For the early di​ag ​no​sis of gas ​tric can ​cer, Fang et al. (2010) fab ​ri​cated a SPR sen​sor based on the de​tec​tion of MG7-Ag,
a gas ​tric can ​cer-spe​cific tu ​mor-as ​so​ci​ated anti​gen in hu​man sera. The mea​sure​ments con ​tained two cases of healthy blood
donors, nine cases of gas ​tric can ​cer pa​tients, and an MKN45 can ​cer cell lysate sam​ple so​lu ​tion for pos ​i​tive con ​trol. Re​sults
showed the bind ​ing of MG7-Ag onto the sen​sor sur​face was ob​served from SPR spec​tra. The pre​pared SPR biosen ​sor
showed po​ten ​tial for the early di​ag ​no​sis of gas ​tric can ​cer, but the limit of de​tec​tion and mea​sure for can ​cer risk as ​sess​ment
in early di​ag ​no​sis was not con ​firmed. F. Liu (Capelle et al., 2009; Chan et al., 2007; Ebert et al., 2005, 2006; Gao et
al., 2012; Ghosh et al., 2013; Hao et al., 2008; Har ​beck et al., 2008; Her ​szenyi et al., 2008; Ick et al., 2004; Ka ​-
plan et al., 2014; Ku ​mar et al., 2007; Lee et al., 2012; Liu et al., 2012; Mi ​tani et al., 2007; Sup ​piah & Green ​man,
2013; Tas et al., 2014; Umemura et al., 2011; Yu et al., 2011; Zhang et al., 2014) used sur​face plas ​mon res ​o​nance
phase sens ​ing to de​tect EGFR on ac​tive hu​man gas ​tric can ​cer BGC823 cells. The re​sults showed that the SPR phase sens ​ing
is pro ​fi​cient of real-time recog ​ni​tion of mol​e​c​u​lar in ​ter ​ac​tions and cel​lu ​lar re​sponses on liv ​ing cells. It also pro ​posed that
more stud​ies on the mech ​a​nism and method might let SPR sens ​ing be​come a use​ful tool for the es ​sen​tial re​search of cell bi​-
ol​ogy, yet also for med ​ical di​ag ​no​sis and drug de​vel​op​ment.

15.3.3 Role of surface- ​enhanced Raman spectroscopy sensor in early detection of gastric cancer

Amongst op​ti​cal nano biosen ​sors, those es ​tab ​lished on sur​face-en ​hanced Ra​man scat​ter ​ing (SERS) spec​troscopy have been
draw ​ing sig​nif ​i​cant at​ten ​tion. It is be​cause of the com​bi​na​tion of the in ​trin ​sic pre​rog ​a​tives of the tech ​nique, such as struc​-
tural speci​ficity and sen​si​tiv ​ity, and the high de​gree of mod ​i​fi​ca​tion in nano-man ​u​fac​tur ​ing, which trans ​lates into con ​sis​tent
and ro ​bust real-life ap ​pli​ca​tions. In SERS, the ex ​ci​ta​tion of lo ​cal​ized sur​face plas ​mon res ​o​nances (LSPR) at the sur​face of
nanos ​truc​tured met​als with light in ​duces the mas ​sive in ​ten ​si​fi​ca​tion of the Ra​man scat​ter ​ing from mol​e​cules lo ​cated close to
the metal​lic sur​face. This ef ​fect yields an ul​tra​sen​si​tive plas ​mon-en ​hanced spec​tro ​scopic tech ​nique that re​tains Ra​man spec​-
troscopy’s in ​trin ​sic struc​tural speci​ficity and ex ​per ​i​men ​tal flex ​i​bil​ity. As im​pres ​sive ad ​vances in in ​stru​men ​ta​tion and
nanofab ​ri​ca​tion tech ​niques en ​abling the en ​gi​neer ​ing of finely tuned plas ​monic nano ​ma​te​ri​als con ​tinue, SERS is pro ​gres ​-
sively ex ​pand ​ing into the realm of vi​able bio ​med ​ical ap ​pli​ca​tions (Guer ​rini & Al ​varez-Puebla, 2019).

There are 14 VOC bio ​mark ​ers in hu​man breath used for dif ​fer ​en ​ti​at​ing gas ​tric can ​cer pa​tients from healthy per ​sons.
Chen et al. (2016) fab ​ri​cated a SERS sen​sor based on breath analy ​sis to iden ​tify VOC bio ​mark ​ers to dis ​tin ​guish EGC and
AGC can ​cer pa​tients from healthy per ​sons. They pre​pared a clean SERS sen​sor us ​ing hy​drazine va​por ad ​sorbed in graphene
ox​ide (GO) film by in situ for ​ma​tions of gold nanopar ​ti​cles (AuNPs) on re​duced GO (RGO) de​prived of any or ​ganic sta​bi​-
lizer. The SERS sen​sor ef ​fec​tively an ​a​lyzed and dis ​tin ​guished var ​i​ous sim​u​lated breath sam​ples and 200 breath sam​ples of
med ​ical pa​tients with over 83% and 92% sen​si​tiv ​ity and speci​ficity, re​spec​tively. Yun ​sheng Chen et al. (2018) fab ​ri​cated
non-in ​va​sive, cheap, fast SERS sen​sors based on sali​vary analy ​sis to screen early and ad ​vance gas ​tric can ​cer pa​tients. The
de​vel​oped graphene ox​ide nano ​scrolls wrapped with gold nanopar ​ti​cle (A/​GO NSs)-based SERS sen​sors de​tect the bio ​mark ​-
ers in 220 clin ​i​cal liq ​uid saliva. These sen​sors suc​cess ​fully an ​a​lyzed and dis ​tin ​guished var ​i​ous stim​u​lated and med ​ical pa​-
tients’ sam​ples with sen​si​tiv ​ity and speci​ficity greater than 80% and 87.7%, re​spec​tively. For the de​tec​tion of miR-34a bio ​-
marker, Lee et al. (Capelle et al., 2009; Chan et al., 2007; Ebert et al., 2005, 2006; Gao et al., 2012; Ghosh et al.,
2013; Hao et al., 2008; Har ​beck et al., 2008; Her ​szenyi et al., 2008; Ick et al., 2004; Ka ​plan et al., 2014; Ku ​mar
et al., 2007; Lee et al., 2012; Liu et al., 2012; Mi ​tani et al., 2007; Sup ​piah & Green ​man, 2013; Tas et al., 2014;
Umemura et al., 2011; Yu et al., 2011; Zhang et al., 2014) fab ​ri​cated a uni​form, highly ro ​bust, and ul​tra-sen​si​tive sur​-
face-en ​hanced Ra​man scat​ter ​ing sub​strate by us ​ing sil​ver nanos ​truc​tures grown in gold nanobowls (SGBs). They were ac​-
com​plished by con ​sis​tent and di​rect de​tec​tion of miR-34a in hu​man gas ​tric can ​cer cells by ap ​ply ​ing the ad ​van ​tages of SGBs
in SERS sens ​ing. An es ​sen​tial chemokine named in ​ter ​leukin 8 (IL-8) plays a vi​tal part in tu ​mor growth and an ​gio ​gen ​e​sis
and has been found in var ​i​ous hu ​man tu ​mors, count​ing gas ​tric and breast can ​cer. Zhen-yu Wang et al. (Qian et al., 2019;
Wang, 2006) fab ​ri​cated a dou​ble an ​ti​body sand ​wich for ​mat-based SERS im​munosen ​sor for the de​ter ​mi​na​tion of IL-8. The
im​munosen ​sor showed high sen​si​tiv ​ity, se​lec​tiv ​ity, and low de​tec​tion lim​its for the de​tec​tion of IL-8 in PBS and hu​man
serum, hence, pro ​vid ​ing a great pos ​si​bil​ity for ap ​pli​ca​tion in clin ​i​cal di​ag ​no​sis.

15.3.4 Role of GMI- ​based biosensing system in early detection of gastric cancer

In re​cent times, the gi​ant mag ​ne​toim​ped ​ance (GMI) ef ​fect has at​tracted con ​sid​er ​able at​ten ​tion due to its pos ​si​ble ap ​pli​ca​tion
in mag ​netic field sens ​ing (Wang et al., 2017). The GMI ef ​fect is the change of com​plex im​ped ​ance of soft mag ​netic ma​te
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ri​als con ​vey ​ing al​ter ​nat​ing cur ​rent upon the use of the ex ​ter ​nal mag ​netic field in Beach and Berkowitz (1994), Kno ​bel
and Pirota (2002), Phan and Peng (2008), and Pan ​ina and Mohri (1994)

Kurlyand ​skaya et al. (2003) in ​tro ​duced a GMI sen​sor into the field of biosen ​sors. A GMI-based biosens ​ing sys ​tem
link ​ing with the mag ​netic la​beled tech ​nol​ogy was used to dis ​tin ​guish gas ​tric can ​cer cells (Chen et al., 2016). For the recog ​-
ni​tion of func​tional nanopar ​ti​cles-probed gas ​tric can ​cer cells, Lei Chen et al. (2011) planned, fab ​ri​cated, and tested a GMI-
based biosens ​ing sys ​tem with a Co-based rib ​bon sens ​ing el​e​ment. Func​tion ​al​ized nanopar ​ti​cles were struc​tured by coat​ing
Fe O  with chi​tosan and con ​ju ​gat​ing with cyclic RGD pep ​tides. This fab ​ri​cated sys ​tem can rec​og​nize the dis ​sim​i​lar ​i​ties
among tar ​geted and non​tar ​geted cells.

15.3.5 Other types of biosensor in early detection of gastric cancer

Dif​fer ​ent types of biosen ​sors can also de​tect gas ​tric can ​cer re​lated bio ​mark ​ers. Ste​fan-van Staden et al. (Ste ​fan-Van
Staden, Ilie-Mi ​hai, Pogacean, & Pruneanu, 2019) de​vel​oped an ex ​fo ​li​ated graphene (E-NGr) based high sen​si​tive sto​-
chas ​tic sen​sor used for pat​tern recog ​ni​tion of CEA, CA19-9, and p53 in whole blood and urine sam​ples of pa​tients found in
very early and later gas ​tric can ​cer stages.

15.4 Conclusion and future perspectives
Due to the nu​mer ​ous lim​i​ta​tions in con ​ven ​tional de​tec​tion meth ​ods of can ​cer, sci​en ​tists and re​searchers are show ​ing their at​-
ten ​tion to biosen ​sors’ de​vel​op​ment for ef ​fec​tive rapid non​in ​va​sive de​tec​tion of can ​cer mark ​ers. In the body, pres ​ence of can ​-
cer cells is con ​firmed by can ​cer mark ​ers. These mark ​ers ex ​ist in saliva, blood, or some other body flu ​ids. As a com​plex het​-
ero ​ge​neous dis ​ease, gas ​tric can ​cer is one of the most widely rec​og​nized ma​lig ​nan ​cies around the world. Gas​tric ma​lig ​nant
growth is the fifth most reg ​u​lar kind of dis ​ease and the sub​se​quent dri​ving rea​son for the third lead ​ing ma​lig ​nant growth-re​-
lated mor ​tal​ity (ac​counted for 8.2%) over ​all (Sitarz et al., 2018; Zhou et al., 2018). Early gas ​tric can ​cer can be cured
with surgery. In con ​trast, ad ​vanced gas ​tric can ​cer of ​ten needs com​bined mul​ti​dis ​ci​pli​nary ther ​apy, and de​layed di​ag ​no​sis and
in ​ad ​e​qua​cies of the stag​ing sys ​tem may in ​crease mor ​tal​ity. There​fore, it is very de​mand ​ing to de​velop a rapid and non​in ​va​-
sive di​ag ​no​sis tech ​nique to re​al​ize early de​tec​tion of gas ​tric can ​cer and si​mul​ta​ne​ous stag​ing. Con​se​quently, it is chal​leng ​ing
to cre​ate a rapid and non​in ​va​sive di​ag ​no​sis tech ​nique to re​al​ize early de​tec​tion of gas ​tric can ​cer and si​mul​ta​ne​ous stag​ing.
Early de​tec​tion of gas ​tric can ​cer promi​nently in ​creases the prob ​a​bil​i​ties for ef ​fec​tive treat​ment and sur​vival rates of can ​cers.
Sev​eral types of biosen ​sors have been pro ​posed to de​tect gas ​tric bio ​mark ​ers and have shown an ex ​cel​lent op​por ​tu ​nity for the
early di​ag ​no​sis of gas ​tric can ​cer.
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Abstract 

Periyar is still relevant and contextual in the 

contemporary modern society for his lifelong struggles against casteism, social injustice, irrational thinking, superstition, blind 
adherence to religion, custom and tradition, exploitation of 
weaker and vulnerable sections of the society, etc. He was the 
champion of social justice and campaigner of marginalized society. He is recognized as the father of Dravidian Movement 
who struggled throughout his life for the rights and reverence of 
the oppressed and depressed class peoples. He was a strong Opponent of Brahmanism as in his view, it was against the social 
Justice, equity and equality in the society, and rational thinking nat would paralyze the process of establishment of progressive SOciety ahead. Rationalism and non-violence were the core elements of Periyar's philosophies and principles. The prominent 
eradicatio of all the religions and annihilation of caste system. 

mission of his life was to establish a progressive society through 

an iconic igure of social justice and rationality across the globe. 

Periyarism an jc is nothing but adherence to Periyar's ideology. He is 
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