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Evaluation of resistance for propiconazole against Sclerotium rolfsii sacc. causing fruit rot of ridge
gourd

S L Soudagar!, N K Khandare?, M B Waghmare!
! Department of Botany, The New College, Kolhapur, Maharashtra, India
2 Department of Botany, Krantisinh Nana Patil College, Walwa, Maharashtra, India

Abstract

Ridge gourd (Luffa acutangula L.) is a pantropical climbing herb belongs to cucurbitaceae. It is affected by fruit rot disease
caused by Sclerotium rolfsii Sacc. The present investigation exhibits the sensitivity of Sclerotium rolfsii Sacc. against different
concentration of propiconazole. There was quite a large variation in MIC (Minimum Inhibitory Concentration) of
propiconazole among the 14 isolates of S. rolfsii collected and isolated from different districts of Maharashtra and Karnataka.
MIC on agar plate (In vitro) was ranged from 40 pl/ml to 60 pl/ml, while on fruit (/n vivo) ranged from 24 pl/ml to 35 pl/ml.
The MIC result showed that, isolate Sr-6 was sensitive from Sangola (Solapur) and Sr-11 was resistant from Waddwadi

(Kolhapur).

Keywords: fruit rot, Luffa acutangula L., MIC, propiconazole, Sclerortium rolfsii sacc.

Introduction

Ridge gourd is a pantropical climbing herb belongs to
cucurbitaceae. It is believed to have originated in India. but
has now spread pantropically to all areas with high rainfall.
It is a healthy food with high amount of fiber, vitamins,
minerals and antioxidants.

Ridge gourd get infected by many fungal pathogens causing
diseases like, fusarium wilt, collar rot, pythium rot, powdery
mildew, downy mildew, anthracnose, alternaria blight, stem
and fruit rot. Among these diseases fruit rot caused by
Sclerotium rolfsii Sacc. is the most severe disease. Which
affect quality and quantity of fruit. So, there is urgent need
to management of fruit rot disease. The aim of present
investigation was to evaluate the sensitivity of Sclerotium
rolfsii Sacc. to propiconazole causing fruit rot of ridge
gourd.

Material and Methods

Isolation of pathogen S. rolfsii Sacc. from diseased
samples

Isolation was made from the infected fruit of ridge gourd
(Luffa acutangula L.) showing fruit rot were collected from
different localities of Maharashtra (Sangli, Kolhapur, Satara,
Solapur, Pune and Latur) and Karnataka (Bijapur and
Belgaum). The diseased fruit showing symptoms were
washed thoroughly with water, small pieces of infected fruit
parts were cut with the help of sterilized blade. These pieces
were surface sterilized with 0.1% mercuric chloride (HgCl»)
solution for 30 seconds followed by three washings with
sterile distilled water to remove traces of HgCl,. The pieces
were then transferred aseptically to petri plates containing
sterilized CDA (Czapek’s Dox Agar) medium and incubated
at 28420 for seven days and examined at frequent intervals
to see the growth of the fungus developing from different
pieces. when fungal colony appeared, they were transferred
to CDA slant for purification of culture. The isolated
pathogen was identified by following relevant literature

(Subramanian,1971., Sahana N. Banakar et al., 2017) Bl and
the isolates were numbered and abbreviated as Sr
(Sclerotium rolfsii). The pathogenicity test was determined
by Koch’s postulates (Koch, 1893) P!,

In vitro evaluation of propiconazole against S. rolfsii
Sacc. by food poison technique:

Evaluation of resistance for propiconazole to Sclerotium
rolfsii Sacc. was determined by food poisoning test (Dekker
and Gielink, 1979) Bl. For evaluation of MIC In vitro
Czapek dox agar plates were prepared containing different
concentration (40-60 pl/ml) of propiconazole (Trade name-
Tilt). Seven days old mycelial mat (6 mm disc) inoculated at
the center of the plate in triplicate. The inoculated plates
were incubated at 28%2% in BOD incubator and radial
growth was recorded at 24 hr. time interval. Plates without
fungicide were served as control. Percent inhibition was
calculated by (Vincent, 1949).

In vivo evaluation of propiconazole against S. rolfsii
Sacc. by food poison technique

In vivo resistance was tested on healthy ridge gourd fruit by
doing a well of lcm deep with the help of cork borer.
Healthy fruits (replicates of three) were treated with
concentration of propiconazole solution. After 24 hours,
these propiconazole treated fruits were inoculated with 10
ml. spore suspension (10° spores/ml) of Sclerotium rolfsii
Sacc., prepared from 7 days old culture in sterile deionized
water. After inoculation percentage of infection was
recorded by 0-4 scale (Kareem, 2007) (7.

Result and discussions
The fruit rot of ridge gourd was firstly reported by Kousik et
al. (2016) 4. The pathogen was regPonsible,
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In vitro and In vivo conditions. The MIC of propiconazole
among 14 isolates of Sclerotium rolfsii Sacc. on agar plate
(In vitro) and on fruit (In vivo) ranged from 24-60 pg/ml
respectively (Table.1). The resistance was observed more in
the isolate Sr-11 i.e., 60 pg/ml (In vitro) while there was 35
pg/ml of MIC was observed in Sr-6 (In vivo). There are
many workers who determined sensitivity of a pathogen
against different fungicides. Apte and Kamble (2008) [,
studied efficacy of carbendazim in combating caster blight

www.botanyjournals.com

in western Maharashtra. Waghmare et al. (2011) I'71 studied
efficacy of carbendazium against Botrytis cinerea. Khandare
and Kamble (2013) 8], observed sensitivity of carbendazim
against Alternaria alternata. Rangarani et al. (2017) U8,
observed sensitivity of different fungicides against
Sclerotium rolfsii Sacc. Nattapatphon et al. (2020) !9,
reported efficacy of fungicides in controlling rice blast and
dirty panicle disease. The above study was very useful for
further investigation of resistance.

Table 1: MIC of propiconazole against Sclerotium rolfsii Sacc. isolates causing fruit rot of ridge gourd (Luffa acutantgula L.).

Sr. no. Locality Isolates MIC of Sclerotium rolfsii (In vitro) pl/ml  MIC of Sclerotium rolfsii (In vivo) pnl/ml|
1 Shahuwadi (Kolhapur) Sr-1 48 30
2 Jath (Sangli) Sr-2 44 28
3 Panhala (Kolhapur) Sr-3 52 30
4 Asta (Sangli) Sr-4 42 26
5 Pandharpur (Solapur) Sr-5 46 26
6 Sangola (Solapur) Sr-6 40 24
7 Baramati (Pune) Sr-7 48 32
8 Koregaon (Satara) Sr-8 48 24
9 Walwa (Sangli) Sr-9 58 30
10 Indi (Bijapur) Sr-10 44 28
11 Waddwadi (Kolhapur) Sr-11 60 35
12 Nipani (Belgaum) Sr-12 52 28
13 Nilanga (Latur) Sr-13 54 24
14 Barshi (Solapur) Sr-14 44 26
Conclusion and infections krankhelten,” (in german). J. Hyg,

It was observed that there was variation in the minimum
inhibitory concentration of propiconazole. MIC on agar
plates ranged from 40-60 pg/ml and 24-35 pg/ml on fruit.
Isolate Sr-6 was sensitive to propiconazole and Sr-11 was
resistant to propiconazole and showed 60 pg/ml. In vitro
and In vivo bioassay study revealed that Propiconazole is
very effective in management of Sclerotium rolfsii Sacc.
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A Study of Multiple Threads of Homosexual and
Gay Relations in R. Raj Rao’s The Boyfriend

Banasode Ramadas Shamarao
Assistant Professor,
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Abstract:

LGBT in English Literature has occupied a new corpus and radical identity especially in the
postmodern literature. For Indian English literature, the area of LGBT is new and at some
level, it is considered as alien and taboo subject, but R. Raj Rao has delineated realistic and
radical picture of LGBT society of Bombay’s gay culture in his literary oeuvre. The novel, The
Boyfriend, explores multiple threads of homosexual and gay relationships with prime focus on
social reality of LGBT class and Bombay’s gay culture. The present research paper also
explores the emotional rapport of gay relationship between Yudi and Milind with multiple
facets of the world of gay people, gay society and gay life in the metropolitan cities like
Bombay.

Key Words: Gay culture, homosexuality, radical and political identity, social realism, queer
studies.

Introduction

QUEER Studies is also known as the LGBT (Lesbian, Gay, Bisexual and Transgender)
studies. Sexuality in English literature has occupied a new corpus and typical identity especially
in the postmodern era. Teresa De Lauretis is the name who coined this term ‘Queer’ in the
conference at the University of California in 1990. The prime theme of the conference was the
study of gay and lesbian class. The queer theory consists of the prime themes like sexualities
and identification or representation of sex in the society. Homosexual has been a common term
in the current society. Therefore, in literature, it has a new status with new identity. It can be
stated that the Queer Theory is born out the Gay and Lesbian studies. Every physical identity is
biological not social. Therefore, LGBT class has a core and essential identity. Here, sexuality is
also a constructive identity. The terms like language, queer, LGBT, gender, culture and society
are key semantic domains in the study of queer literature.

The present research paper explores multiple threads of homosexuality and gay relations
in the novel The Boyfriend. R. Raj Rao’s The Boyfriend is one of the first gay novels in English
literature that “captures the mixed-up and messy reality of being gay in Bombay.”(The
Statesman, 2003) The novel is considered as one of the first considerable literary works in the
field of Indian queer literature in English. It is the remarkable story of a gay journalist named
Yudi, a freelance reporter. Yudi (Yudhister) is a well-educated and affluent rich Bramhin
protagonist who is gay in the novel. The novel, The Boyfriend, is the story of gay relations
between Yudi and Kishore Mahadik (original name is Milind Mahadik). Yudi is a
“journalist...reporter....a freelance journalist...write for different newspapers and
magazines.”(Rao, 2003: p.15) Kishore Mahadik belongs to lower class of society. He is in
search of job and his family belongs “to the working class.”( Rao, 2003: p.29) Yudi does not
like the love of Gouri. She is in love with Yudi but he rejects the advances made by Gouri and
her love. Here, the interest of Yudi is not in opposite sex but in same sex and that is
homosexual relation. It means, Yudi is an openly gay young man whose adwzifioaiire Notpygyi§ed
like Kishore underscore his gay identity. The separation between Yudi and %@!ﬁﬁ#ﬁwﬁm
realize Yudi that he is in love with Milind Mahadik. LO22041930 0y aVDYALAYA
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The present novel explores multiple threads of gay relations. While going to the flat of
Yudi’s mother in South Bombay,  close by New Marine Lines, “Yudi put his finger to his
heart and then to his lips.”(Rao, 2003: p.18) When Yudi and the Boy (Kishore Mahadik) reach
at the flat of Yudi’s mother in South Bombay, Yudi asks him “Shuru Karen? Shall we
beging?”(Rao, 2003: p.11) Here, the words ‘shall we begin’ indicate the beginning of
homosexual relationship between Yudi and Kishore. Yudi is about forty. As a gay, he is always
in search of homosexual relation with boys. Yudi’s homosexual and gay relations with strangers
had been since many years. He had experience of many years with strangers as “Whenever
Yudi picked up strangers and took them home, he gladly offered them the active role in the bed.
”(Rao, 2003: p.11) Yudi never thinks of society. He is free from any social or religious shackles
and restrictions. He never minds if someone calls him as Hijra. Yudi never worroried about
what people talk of him as “Yudi didn’t mind it if his lovers thought of him as a hijra.”(Rao,
2003: p.12)

The novel opens with the first homosexual penetration between Yudi and Kishore. The
minute details of Yudi’s homosexual relationship with Kishore at the flat (Yudi’s mother in
South Bombay, close by New Marine Lines) explores multiple threads of homosexuality in the
present novel. Mahadik is nineteen who is gutkha addict but Yudi does not like the smell of
Mahadik’s mouth during the sex in the flat of Yudi’s mother in South Bombay as “This boy,
however, was a gutkha addict; though the strong, sweet smell gave him a headache, it was
preferable to the foul odour of fish or onions.”(Rao, 2003: p.12) During sex with the boy
(Kishore Mahadik), Yudi does not like the speaking of Kishore. The boy named Kishore
Mahadik was a novice in the art of penetration, so he frequently questions Yudi, but Yudi does
not like this as “Yudi hated it when his partners spoken during the sex.”(Rao, 2003: p.12)

In this way, Yudi, a man of 40, is in love with the boy named Kishore Mahadik, a boy
of 19. The novel prominently explores the gay relations between Yudi and KishoreThe boy
named Mahadik is nineteen years old, but still he didn’t have a beard yet when Yudi asked this
question, he gave an amazing reply as “Because when I was a kid, I used to eat my food straight
from the tava.”(Rao, 2003: p.45) Kishore Mahadik is from “Khed Taluka, Raigad
district.”’(Rao, 2003: p.13) At the end of novel, there is the reunion of gay relation between
Yudi and Kishore (Milind) as “A speechless Yudi welcomed his Milya with open arms. He
wasn’t at all bitter about the manner in which Milya had dumped him. He was too old for self-
respect, and too much in love. Tears flowed down his cheeks. His heart was full of gratitude
and joy, so that when his prodigal lover complained about how long he had walked,”(Rao,
2003: p.125)

Overall, multiple voices of homosexuality and whirlwind romance between the two gay
men prevail in the present novel that explores the complex and dark sight of Bombay’s gay
culture. Another striking aspect in the gay relationship of love between Yudi and Milind is that
it lacks emotional love. It is remarkable and thought-provoking that the novel dismantles the
hierarchy of caste and class in the metropolitan city- Bombay. It is also important to note that
R. Raj Rao has openly depicted the life of gay in novel which is only hinted by other writers in
Indian English Literature. Rao appears to be radical in talking about homosexuality in the city
life and realities of gay culture. It is also significant to note that R. Raj Rao is also India’s
leading gay right activists in the present time. In this connection, Oliver Ross comments “The
Boyfriend presents Yudi’s Brahminism as one of the ineluctable constituents of identity that
coexist and overlap syncretically with his self-consciously Westernized homosexual orientation
and preclude its ideal embodiment.”(Ross, 2006: p.107) The novel is replzI ??&?ﬁ%ﬁ\gﬁ?ed
threads of politics of representation, ineluctable gay relations with the impactref"Wes Anized”
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homosexual orientation with open radical gay identity of Yudi and homosexual relationship

between Yudi and Milind.
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Introduction

The international Charter of Physical Education and Sports, UNESCO 1978 says,
“Every human being has a fundamental right of access to physical education and sport,
which are essential for the full development of his personality. The freedom to develop
physical, intellectual and moral powers through physical education and sport must be
guaranteed both within the educational system and in other aspects of social life.” (Soni,
2022) Today physical education has gained national status. In current situation physical
education profession is a highly valued and prestigious in society. Today modern physical
education recognizes its responsibility for man’s total development. The current scenario
in physical education and sports is the integral part of society and educational curriculum
also. The government has successfully run its five years plans for progress of physical
education and sports in different ways. This paper focuses on the current scenario of
physical education in India.(Ray, 2019)

Objectives
1. To study nature and scope of Physical Education in India
2. To study current issues in Physical Education in India
Physical Education: Issues and Future Prospects

Physical education is the integral a part of general education, which combines the
physical social and psychological aspects of human life through well directed physical,
activates. Physical education is a science as well as arts. Today in the world of science ,
physical education like any other educational endeavour , it has imbided a scientific
outlook and science oriented course . In current scenario, physical education as a
discipline and physical education as a profession have undergone tremendous change, it
should not depend on drill and marching, physical training also. (Ray, 2019).

The main goals in teaching modern physical education are: (Wikipedia.com)
e To expose children and teens to a wide variety of exercise and healthy activities.
Because P.E. can be accessible to nearly all children, it is one of the only opportunities
that can guarantee beneficial and healthy activity in children.
e To teach skills to maintain a lifetime of fitness as well as health.
 To encourage self-reporting and monitoring of exercise.
e To individualize duration, intensity, and type of activity.
e To focus feedback on the work, rather than the result.
e To provide active role models

The physical education is being taught as a part of curriculum in all the schools
but lack of adequate time and trained teachers, good facilities are responsible for little
interest in this field.(Rath,2019). Our traditional physical education classes provide too
little activity for few students only to participate and it offers little or no guidance for
maintaining a healthful lifestyle.

There are many issues that are of interest to all educators, issues that pose a
challenge to all of those who seek to teach children. These include discipline problems,
student drug abuse, violence, insufficient resources, lack of parental support for
education, large classes, teacher burnout, and perhaps most importantly, a concern for the
health and well-being of all children.

By far the greatest issue facing physical education in K—12 institutions is the
reduction of time in the curriculum allotted to this important subject. The neg% nfgtru l%a]{}g Verified
physical education is obviously important for the well-being of students, but 1t Drese-4Sm.
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child's overall education. ( StateUniversity.com). It is obvious from the above discussion
that there are issues in Physical Education in India. There is a need of comprehensive and
inclusive policy to tackle these issues. Present status and interventions are not sufficient.
Future Prospects

The future challenges to make this field interesting involves a proper curriculum,
sufficient funds allotment for holding various competitions and role of technology to
create awareness about the importance of physical activities and sports in our daily life.
So, this type of curriculum will definitely help the physical education professional to
motivate their students to participate various types of physical activities so that they can
adopt and maintain a lifelong involvement in physical activity, health and
wellbeing.(Rath,2019)

The importance of physical education has never been emphasised more than it is
today. It is widely recognised that physical education and sports is relevant and important
in developing an active and healthy lifestyle and the solution to rising obesity rates
worldwide. Regular physical activity promotes growth and development and has multiple
benefits for physical, mental, and psychosocial health that undoubtedly contribute to
learning. Quality Physical Education is the most effective and inclusive means of
providing all children, whatever their ability/disability, sex, age, cultural, race/ethnicity,
religious or social background, with the skills, attitudes, values, knowledge and
understanding for lifelong participation in physical activity and sport and is the only
school subject whose primary focus is on the body, physical activity, physical
development and health.(Raj, 2018). A set of comprehensive policy initiatives may lead
better education system in Physical Education In India.

Conclusion

In 21st century, physical education is no longer a physical training, sports
coaching or merely indulging in play activities or physical fitness alone. It has emerged as
a multi-dimensional discipline. Early period, only recreation and competitive sports were
given prime importance in physical education curriculum in school and colleges. The
modern programme of physical education gives emphasis on health, physical fitness and
wellness, competitive and recreational sports, recreation, inter-personal skills and life
style skills.(Rath, 2017)
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RECENT DEVELOPMENTS IN POLITICAL ECONOMY

Dr. S. G. Gavade, Assistant Professor and Head, Department of Economics, Raje
Ramrao Mahavidyalaya, Jath District Sangli (Maharashtra)

Abstract

The term political economy refers to a branch of social sciences that focuses on
relationships between individuals, governments, and public policy. It is also used to
describe  the policies set by governments that affect their nations'
economies.(investopedia.com). Political Economy is a growing subject. Its applicability is
increasing as a multidisciplinary and interdisciplinary study area. Political Economy
mainly highlights the following three aspects. i) It analyzes how political forces affect the
economy, ii) It assesses how the economy affects politics, iii) It uses the tools of
economics to study politics.(IMF) In the era of globalization there is significant rise on
interconnectedness and interdependencies of nations not only economic interms but also
cultural, demographical and sociological. Role of international trade is vital in economic
development of the countries. Therefore, a study of Political Economy is gaining
importance in other social sciences branches. On this background present paper focuses
on recent development in Political Economy.
Introduction

The term political economy refers to a branch of social sciences that focuses on
relationships between individuals, governments, and public policy. It is also used to
describe the policies set by governments that affect their nations'
economies.(investopedia.com)The types of a political economy include socialism (which
states that any production and wealth should be regulated and distributed by society),
capitalism (where private owners control a nation's industry and trade for profit), and
communism (the theory where all property is publicly-owned and everyone works based
on their own needs and strengths).(investopedia.com) In the era of globalization there is
significant rise on interconnectedness and interdependencies of nations not only
economic interms but also cultural, demographical and sociological. Role of international
trade is vital in economic development of the countries. Therefore, a study of Political
Economy is gaining importance in other social sciences branches. On this background
present paper focuses on recent development in Political Economy.
Objectives
1.To study nature and features of Political Economy
2.To study recent developments in Political Economy
Methodology

This paper primarily is based on a literature review. The paper highlights major
developments in the field of Political economy. Previous research work is reviewed to
capture latest developments in Political Economy.
Political Economy

Political Economy is a growing subject. Its applicability is increasing as a
multidisciplinary and interdisciplinary study area. Political Economy mainly highlights
the following three aspects.
It analyzes how political forces affect the economy. Voters and interest groups have a
powerful impact on virtually every possible economic policy. Political economists strive
to identify the relevant groups and their interests, and how political institutions affect
their impact on policy (IMF.org).
It assesses how the economy affects politics. Macroeconomic trends can boost or ruin
an incumbent’s chances. At the more microeconomic level, features og the ;erme q
organization or activities of particular firms or industries can have an lmpasGJESQ ure
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It uses the tools of economics to study politics. Politicians can be thought of as
analogous to firms, with voters as consumers, or governments as monopoly providers of
goods and services to constituent customers. Scholars model political-economic
interactions in order to develop a more theoretically rigorous understanding of the
underlying features driving politics (IMF.org), .

All three methods have profoundly affected both scholars and policymakers. And
political economy has a lot to offer both to analysts of how societies work and to those
who would like to change society (IMF.org). In this way Political economy not only
studies the interrelations of various political variables with economic and developmental
variables but also it helps in assessing the extent of effects of these political variables.
And, most significantly it helps in providing aids in solving problems and issues arising
due to above effects.

Global Trends

Top five trends in the global economy as revealed by the Global Competitiveness Index
4.0 in 2019 prepared by World Economic Forum are key trends (weforum.org).

1.The last 10 years saw global leaders take rapid action to mitigate the worst of the
financial crisis, but this alone has not been enough to boost productivity growth.

2.With monetary policy running out of steam, policymakers must revisit and expand their
toolkit to include a range of fiscal policy tools, reforms and public incentives.

3.ICT adoption and promoting technology integration is important but policymakers must
in parallel invest in developing skills if they want to provide opportunity for all in the era
of the Fourth Industrial Revolution.

4.Competitiveness is still key for improving living standards, but policymakers must look
at the speed, direction and quality of growth together at the dawn of the 2020s.

5.1t is possible for an economy to be growing, inclusive and environmentally sustainable
— but more visionary leadership is needed to place all economies on such a win-win-win
trajectory.

Political Economy of Public Policies

Providing policy options is the main aim of Political Economy. The agricultural
and food sector is an ideal case for investigating the political economy of public policies.
Many of the policy developments in this sector since the 1950s have been sudden and
transformational, while others have been gradual but persistent.(Anderson,
Rausser&Swinnen, 2013). Therefore, it said that Political Economy is applied branch of
study. It helped a lot in solving majors problems of the world today by helping countries
devising suitable public policy.

The Political Economy of Deep Integration

Modern trade agreements no longer emphasize basic trade liberalization but
instead focus on international policy coordination in a much broader sense. This
integration is viewed from three perspectives. First, the political conflict surrounding
trade agreements is moving beyond the classic antagonism of exporter interests who gain
from trade and import-competing interests who lose from trade. Second, there is a more
intense popular backlash against deep integration agreements than there was against
shallow integration agreements. Finally, the welfare economics of trade agreements has
become more complex, in the sense that the goal of achieving freer trade is no longer
sufficient as a guide to evaluating the efficiency of international agreements (Maggi &
Ossa 2021). It is observed that in the era of globalization there is rise in deep integration
of trade and agreements.

Conceptualizing the Gig Economy

The advent of online platforms has been considered to be one of the most

significant economic changes of the last decade, with their emergence reﬂectﬁi%?gtf%ve”ﬁed

SOPAI

trend of increasing contingent work, labor market flexibility, and outsourcHigs{wastR g ="

11.02.2024 19:

IMPACT FACTOR - 7.958 by SJIF 32 WWW AR AR o

26 /297



(A High Impact Factor, Quarterly, Peer Reviewed, Referred & Indexed Journal)

NAVJYOT /Vol. XI / Issue —II ISSN 2277-8063

independent contractors. Gig economy has four dimensions, namely, online
intermediation, independent contractors, paid tasks, and personal services.The four
dimensions also span four key regulatory questions: How should online platforms be
classified and regulated; how should gig workers be classified and regulated; what should
count as paid and unpaid work; and should we treat earnings from performing gigs
differently than earnings from sharing assets? (Koutsimpogiorgos, Slageren,, Herrmann
&Frenken, 2020). 21%century is a century of information and communication
technology. Therefore, quantum of online activities is rising. Multinational online apps
and cloud based internet platforms are increasing. This necessitates a need of study of gig
economy and its relevance in public policies like taxation, income and employment.

The Political Economy of Taxation

There is a relationship between taxation and spending.However it is found that
there is an increase in deficit spending. There are attempts by both sub-state and supra-
state political units to get more control of taxation relative to national states.(Kiser
&Karceski). In the era of globalization and liberalization taxation and its policy has
significant influence in Political economy. A balanced approach towards taxation and
liberalization need to be adopted.

Political Economy of Higher Education

Education is one of the major linchpins of economic, social and political
development of any nation. Recent evidence suggests that higher education can produce
both public and private benefits. Thus, the role of the state in making education policy,
and funding education is indeed critical, and cannot be left to be determined by market
forces alone. Nevertheless, the trend of inadequate government funding for universities,
loss of autonomy, infrastructural decay, falling academic standards, politicization and
privatization of education, etc. appear to be a worldwide phenomenon and not just
restricted to the developing world. (Shrivastava&Shrivastava, 2014)

There is a shift in the roles of higher education and research related to the
reorientation of developed regions from export-oriented, investment-led growth to
knowledge-intensive, investment-led growth, supplemented in some cases by efforts to
create international financial hubs to exploit a global trend towards
financialisation.(Jessop, 2016). Higher education and technological advancements are
keys to development in the era of globalization and fast changing world.

The Political Economy of City Diplomacy

City diplomacy is a major trend in the soft power development. As cities face
daily political issues deriving from globalisation (such as mass tourism, migration,
climate change, and commodification of culture), they demand for, rather than contesting
with a nationstate, an operational reinterpretation of sovereignty oriented to solve
problems.Political economy approach is a useful method to understand the role of global
cities where the nation state has many deficiencies.The global city establishes rules to
influence international legal development and practice, even without a traditional legal
basis (such as sovereignty, monopoly on violence, and legal exclusivity). As these
‘superstar cities’ grow, other cities are losing opportunities to develop and take advantage
of globalisation.The risk of inter-urban inequality feeds populism. Cities will become the
middle power in global political organisations in the future, and political economy will
shed light on how power and values operate at the urban level.( Manfredi-Sanchez, 2021).
Issues of urbanization has to be addressed not only from national but also from global
context.

Conclusion

In the era of globalization there is significant rise on interconnectedness and.
interdependencies of nations not only economic interms but also cultural,j@jﬁﬁ%ﬁ j¢g[ified
and sociological. Role of international trade is vital in economic develspiistit @ the ™
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countries. Therefore, a study of Political Economy is gaining importance in other social
sciences branches. Recently, Political Economy has attracted attention of the scholars
from all branches to study not only economic but also strategic, diplomatic, societal and
geo-political perspectives.
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An Exhaustive Study of the Radical Democracy in Robinson’sMars Trilogy
Mr. R. S. Banasode, Assistant Professor, RajeRamrao Mahavidyalaya, Jath,Sangli.
Affiliated to Shivaji University

Abstract:

The multiple threads of radical democracy depicted in the select bookhas
given a new template or new facet to the governmental system of the world. The present
research paper attempts to explore and exhaustively study the threads of radical
democracy in Robinson’s Red Mars. The present novel under study carries several
defining factors of utopian and radical democratic government where human being,
ecology and every essential aspect are plugged with needy transformations in the society.
How human being is being interfaced seamlessly with every aspect like environment of
the world is the nucleus of radical democracy. Multiple voices of an interface of human
beings and other every essential factor is explored with the study of Robinson’s utopian
book Red Mas.

Key Words: democracy, radical democracy, utopia, inclusive, participatory.

Now-a-days equality and freedom are considered as key terms in democracy.
Inclusive growth is a significant process in the trajectory of democracy. In order to bring
about social change in the governmental system, there is a need of some key strategies to
expand the dimension of democracy. There is an utmost need of having deep study of the
various roots of democracy. In view of various types of oppression and suppression of
gender, race, class, creed or personal views in the current society across the world, there
is a need of radical democracy in the present world. There is a need to throw light on the
oppression and suppression in the society. There are several movements dedicated to the
building of radical democracy. There are several contemporary practices which embody
radical democracy in the world where equal and free participation of people in power is
the prime objective.

The subversion of hegemonic struggle to politicize society is possible with the
help of radical democracy. Denial of contestation and elimination of conflict are prime
points in the radical democracy. There is a need of some significant steps for effective
institutionalization of radical democracy as Barnett and Low defines the term in
International Encyclopaedia of Human Geography “However, the term is better used to
describe a broad variety of approaches that emphasize the inclusive, participatory, and
contestatory qualities of democratic politics.”(Barnett and Low,1996, 233) Chantal
Mouffe and Ernesto Laclau in the book Hegemony and Socialist Strategy (1985) explicate
the emergence of radical democracy after aftermath of 1968 protests. The term ‘Radical
Democracy’ is explicated by C. Mouffe in Radical Democracy or Liberal Democracy?as
“‘Radical democracy’, actually means ‘radical liberal democracy’; that is, a
radicalisation, democratisation, and deepening of the type of political regime already
characteristic of the modern West, a project that does not seek to ‘create a completely
different kind of society’, but rather attempts to make use of ‘the symbolic resources of
the liberal democratic tradition.”(Mouffe, 1996: p.20) William Burling explicates that the
concept of radical democracy advocated by Laclau and Mouffe has roots in the Italian
scholar Antonio Gramsci’s concept of ‘Hegemony’.Heterogeneous reflections are taken
into consideration in radical democracy, so it embraces the politics of contestation.
Diverse struggle movements, aspiration with respect to the state power and the views
towards the global level of power are some critical points to differ the changing
dimensions of the radical feminism.Laclau and Mouffe have focused on the con V% e
socialism and comment ‘“socialism is one of the components of a prosug 1;5 &l

| attest to tl e accura d enncny of this

democracy,”’(Laclau and Mouffe, 1996: p.178)Here socialism is cons
IMPACT FACTOR - 7.958 by SJIF 1 P“‘“°"’"i§§r%ﬁ‘%%”1‘i”é”t‘°““““

52 /297


DELL
Highlight

DELL
Highlight


(A High Impact Factor, Quarterly, Peer Reviewed, Referred & Indexed Journal)

NAVJYOT /Vol. XI / Issue —II ISSN 2277-8063

significant concept in the process of radical governmental system. The views presented
by Laclau and Mouffe are summarised by William J. Burling as “they argue that a
political process liberated from teleological assumptions allows, even enables, socialistic
struggle to advance, and that the process itself can be one of the most empowering
dimensions of a truly radical democracy.”(Burling, p.77) Here the separation and
liberation of political system from any teleological assumptions strengthens socialistic
perspective for empowering radical democracy.

Kim Stanley Robinson’s Mars Trilogy carries some threads of radical democratic
government. The trilogy depicts a radical democratic system which is free of capitalist
exploitation.Robinson’s Mars Trilogy is a promising book on utopian vision. The
democratic system is restructured and redefined in the present book. Here we see the
substitute governmental system to the Earth’s political system as William J. Burling in his
“The Theoretical Foundation of Utopian Radical Democracy in Kim StanleyRobinson's
Blue Mars” remarks “Robinson depicts in detail the establishment and development of
what becomes a clear alternative to Earth's political and environmental quagmire, as the
ever-increasing population of Martian colonists slowly formulates a radically new and
empowering sense of politics.”(Burling, 2005: p.75) Jeremy Smith in his talk with Kim
Stanley Robinson in the interview writes about Robinson’s views on the governmental
system. The opinion and view of Kim Stanley Robinson on his utopian strand in the
political system in his Mars Trilogy is referred by William J. Burling as “"l consider my
books to be a political work.... There's got to be a Utopian strand, there's gotta be positive
stories. You can criticize over and over again, but it also helps to have some vision of
what should happen" (Smith).”(Burling, 2005: p.75)Robinson’s Blue Mars, one of the
novels of trilogy, carries some threads of utopian and radical democratic system. From
the opening of the novel, the fight against the Earth’s UN paramilitary forces with
democratic spirit is seen among the Martians. This fight for right is not aovernight
journey as Burling comments “The Martians have experienced a long history of
progressive democratic process and have always enjoyed significant though not exclusive
autonomy,”(Burling, 2005:p.78)Martians attempt to make the Martian government and
administration system as a role model for the earthlings. This model is aeasier for
comprehensionas Nadia Chernyshevski,the first president of the autonomous Martian
government comments “a small-scale model. Easier to understand.”(Robinson, 1996:
p.148) Martian government highly rests on ideal and utopian foundations as William
Burling remarks “One of the more promising literary Utopias in recent years to offer a
close and careful reconsideration of how the democratic political process might be
redefined and thus revitalized is Kim Stanley Robinson's Mars trilogy”(Burling, 75) The
surpassing political vision adopted by the Martian is appreciated by Frederic Jameson.
Various strategies and treaties are formed for security and sovereignty of the Mars.
Equality principle was highly considered in the formation of Martian constitution as
William Burling remarks “In short, on Mars the citizens have the opportunity and the
means to advocate for their own positions in a context of relative respect. This
situation,...represents the possibilities of the radical democratic process as a site for
personal and group empowerment.”’(Burling, 82-83). Here William Burling explicates
how the Martian citizens and every individual are being empowered in the radical
democratic process. Sax Russell focuses on the sovereignty of Mars as he claims “no
country can claim land on Mars, no military activities are allowed, and all bases are open
to inspection by any country. Also no Martian resources can become the property of a
single nation—the UN is supposed to establish an international regime to govern any
mining or other exploitation.”(Red Mars, 87)Dorsa Brevia is a significant document for
the Martian government. The Dorsa Brevia is a declaration in regaré'g% gL Verified
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comments®...the Dorsa Brevia document, a kind of Martian political manifesto, produced
many years earlier during a previous period of democratic struggle.”(Burling, 82) The
Dorsa Brevia declaration incorporated the peaceful coexistence of diverse cultures,
fundamental rights, ethical values, healthy relations and human values. To sum up, finally
there is a radical as well as utopian democracy on the Mars in the 22" century with prime
focus on the sovereignty, autonomy and egalitarian principle. On Mars, people have
freedom and opportunity to have their own radical views as William Burling writes “On
the Mars the citizens have the opportunity and the means to advocate for their own
positions in a context of relative respect. This situation, though far from free of problems,
nevertheless represents the possibilities of the radical democratic process as a site for
personal and group empowerment.”(Burling, 2005: p. 83)Here radical democracy boosts
the empowerment of individual and group development.
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Evaluation of the Social movement in post-independence India
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Abstract

Man has to constantly struggle for independence. Whether it is personal freedom or the freedom
of the country, it cannot be achieved withowt struggle. Although nature has given freedom to the mind
from birth, it has placed the responsibility on the mind (o maintain it. Babasaheb Ambedkar is known
Babasaheb's social movement is considered 1o be one of the most powerful movement in the world,
The emergence of social movement in the national political system after World War 11 seems to be aimed
at influencing the social and public policy outside the political realm for the benefit of the people. The
Obiso movement, the student movement, the Naxalite movement, the Muslim movement and the Adivasi
movement have emerged and made a distinct impact on us.Whalever the system of government, its
primary duty is lo give justice 1o the citizens. State religion is the basis. Justice is based on equal rights.
Even after [ndia’s adoption of a parliamentary democracy in which discrimination should not have a place,
it seems that some of the disadvantaged sections of India do not get justice, Is done
Objectives: - The evaluation of the social movement in post-independence India has two main objectives
in mind while writing this research anicle. Evaluation of social movement in India has been adopted 1o
study the causes of emergence and to study in detail ithe evaluation of social movement in India.
"Secondary tools have been used for fact-finding and research has made a sincere cffort to reach the
objective,
The only inspiration for the modern and egalitarian progressive social movement in India is M. Phule and
Dir. Babasaheb Ambedkar are the only ones. The entire untouchable society is deprived and exploited. The
philosophy and movement of this ideology is a great threat to the exploitative system here. Because of that
fear, their perception of the movement changes from time 1o time. He sees various movements emerging in
India as an alternative.
1. Revolutionary Movement - Although all social movements call themselves anarchists, they arc
motivated by political motives. Revolutionary movement bhas always given new dimensions to human and
international relations, In the 14th century, Europe's Dark Apes came (o an end with the Reformation and
the Enlightenmen movement. New discoveries and new ideas have emerged in all genres. It is because of
the truth-seeking Ambedkarites and Marxist ideologies that the movement against neo-capitalist
exploitation, like the Naxalite environmentalists, the sclf-styled casteists and the defenders of human
rights, has become strong today. As a result, the direction of politics has become transparent and
accountable. If the leadership does not know where and when to lead the movement and how 1o nurture the
workers during the struggle, the movement will fail and the existence of the movement will come to an
end. And trying to find a way to {ulfill your purpose Do,
2. Workers' Movement: - In the last fifty years, there has been an awakening in Maharashtra that
workers, farmers, artisans, artisans, workers, workers, ete. The police chain has been broken. Transferred
lands have been returned. Legislation has been enacied for the transferred lands of the tribuls. For thas,
there is an organized movement which is in its infancy. Recently, the nature of the movement is changing.
India is in a different situation than before.
3. OBC Movement: - The OBC Movement is considered to be very important in Indian politics. The issue
of OBC reservation was pushed to the state level so that it would not be a big issue. He took advantage of
the OBC's dissatisfaction but did not allow the important Kalelkar Commission to be the main subject of
the election.
Therefore, the issue of Rathyatra, Ayodhya has been created by the then ruling party and the opposition in
such an atmosphere as Dalit vs. Obosi. So even today the OBC movement has failed 1o make much of an
impact. It has been a constant occwrrence in India for an OBC leader to think of giving ham a post and
sidelining him from the OBC movement.
4. Student Movement: - Rohit Vemula's suicide case and Jawaharlal Nehru University The arrest of
students on charges of treason has once again brought the student movement to the center of the national
discussion world. It appears. The future of the student movement will depend on the positive and negative
impact of the student movement on the students and the student movement. Since most of these mstitutions
are private or aristocratic, the student movement does net seem to be standing still and the student
movement is in turmeil all around,
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3. Naxalite Movement: - There are many conclusions that if we study the direction of rise :
development of the Naxalite movement in India, the role of the present government is 1o blame. Naxals
active in the country. Because the tribals siill have debts. Today, the Adivasovars, who have b
overwhelmed by the long history of exploitation and deprivation in the country, have fallen prey Lo
apathy and indifference of the government. But it has come in a negative form. In fact, the issue of Nax
is ignored and the [ndian Army has to bear the consequences.

6. Muslim Movement: - Although the Muslim community is happy to be able to count on its fingers a
India’s independence, most of the Muslim community is out of the mainstream, Lack of education leads
poverty and destitution. In the name of Muslims, a wave of social organization has broken out in vari
parts of Maharashtra, But organizations last as long as they can count on their fingers. The issues
Muslims like reservation are burning,

Summiry: - While it is true that Indian politics has been shaken by the whole social movement in India,
movement has led to a growing sense of unity among the various classes on one side and opposition on
other. At the same time, the ruling class is trying to divide the OBC movement, the Muslim movement &
the Naxalite movement. Therefore, it is necessary 1o build this movement together.

Relernce:

. htlps:-"f'mnv,pn:sv:rvuarticles.wmreduu3liun.-'r.hL--ro|u—{nl’—maharashtra-in-the-hism}--nf-remlminnm}r—

movement-in-india/1 7132

2. hups:fenwikipedia.org/wiki/Indian_independence movement

3. hitps:/‘www.indiatoday.in/education-today/ gk-current-affairs/story/bhagat-singh-and-indian-freedom

movement-316953-2016-04-08
4. Prof. Ashok Chasalakar —Political Thought And Society
4. Prof. Ghanashyam Shaha — Indian Social Movements

Signature Not Verified

SURESH SOPANRR
| attest to the accuracy and g
document

22 11.02.2024 19:36
PRINCIPAL, RAJE R/@AO MAHAVIDYALAYA,
JATH, DIST-SANGLI

enticity of this

65 / 297



ISSN 2277-8063 (Print)

June-2022
Vol. XlI/ Issue. Il / 2022
Impact Factor -7.958

M

Nayjyeg

International Interdisciplinary Research Journal

Science, Humanities, Social Sciences,
Languages, Commerce & Management

(A Quarterly, High Impact Factor, Peer Reviewed, Referred & Indexed Journal)

Indexed by:

Selaniile deaireal
: ‘ ! ‘ I S
ot Eusmus

TOGETHER WE REACH THE 20AL

Chief Editor Editor
Prof. Dr. Ravindra P. Bhanage Prof. Dr. Shivaji Subrao Patil
Dept. of Political Science, Dept. of Political Science,
Shivaji University, Chhatrapati Shivaji College,
Kolhapur. Satara.
- Published by-

HOUSA Publication

ooooooo

Signature Not Verified
SURESH sopANm(/}‘nL it ot

| attest to nticity of this

e

11.02.2024 19:36
PRINCIPAL, RAJE R@\O MAHAVIDYALAYA,
JATH, DIST-SANGLI

66 /297



HUTEh,

TEE IO

S 2033 |1 TSI T IFhUAT AVIdIA GO 3ok g Fd
SATEATIh G [HZSUTET e HTcal HUTEehY Hees i Te. Negl
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TS TS HRIoRne, Sid ST el I 99 SieiedT IR

AR AT AT siferqear ar fosamardier farss Gemer YuRAT A i
T IqFT ATEE AHE Bal 3. ARAT ofepemert fafay emde
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AT AT T IRAT HAE TR 3=
sLflATei Y AYYEA SEldd, TeRIS UUS  IAeIART  fasmmew,
TS (AT FAQIASATST ST, dr.sid T, FeTell. Email: bmdahalke@gmail.com

TR Yl HOY AT faepranell 3 3@ dedren fGEe A
FATATAT 75 quTd 90T 3T AIedTell Teh &9 dafid emar ol I AR
AT fahTE @1 3 73 ST HEAlqREd AIGAT YAONA Slell 37181993 =1
AR ARAALY TIIRIST cIaEdel HeaAlcHS coll THBeATIdY ATHIOT HARTAST Teh
ALAGS g fahTedr GihAAYY Igen gedld  SCl.  AYIHGIN  SATeTRehedn
BIATHE FTHIOT AT FAT TABRICT FEaTd SATell T TAT 3T &g T Ao JTeATehgd
AT @Rt Faerdr FfaRir AeAT JAOTT SIASEIAT AT ATIATA SATell. WsrarsT
&, gofl, fearerl, |Regpel Aol BHAC W, MR AT, Afgell Feellhiol T8
ARATTAT ATAROTATT  ATHATRITET BIUR TTce] AATIIT ASAT FATONT NS
oIaTel. S Ycddh ANTRS HISAT YHATUNT ISThRUMALY el g3 aerelr 3e 9
SIEAT ST HIelcl 3MTeAT Fedd AT UIgel el Acllel IS Tced & ollaTell
3Te 31 39T JTHOT AR T IS IGHd 38 & ST @R 318l alt 3TsTar ATHIT
HARTAT AIGAT AT HAEAT 3ed & oAThRdl JUIR &ATEL.

R Agea:- AR dFa AT B AT ATLANGT R g fhar faer
AR Arsfelrel AN FAHATIAT Ghd desald o3 el 3. & =ierell o]
el T Al gaEY S16] & UedTel fauURIT eard ARl S A ey TsiRRoT,
T, ST ASTHROT IT STl FAVT ARNT HASAT JANT &I I3 ofrerel e
grar ARUTE IMET aarHee AGUIAT Fedlak HISAT THONT SATel g, 73 &1
HEATGREde TURIARTST I TEEY deofsd el 3¢ Fod  fAhaIanior gi3el &em
AT TSRS Wgreelell g, IsATeilel 3E[Ed STicl, 3efefad S a
SR AN 397 d8T AR I ToISRART ALY FEATN FFd gdol I1d 3. 73
AT UeAT qoEcidd UUd Todlell HealcHs Goll d Hiasel fAasreel 3mg. fad
AHS B IR 3UTT loToll FOT AFT g GEAT STSlell HRAT SIehemgr =41 75
IETAT FTAGSHEY JHIT [Frd T gl AT I W 3MTedrel IR shar
e, fava: amefior HEmAEEY ARG SR Aledr AN JTed fegeT Ad
USRI FAIQAT JAONA ST & Feur fGgad I, ARmHeqon JRfeduan arHs
T e ASTHROMALY FeHWN gl AEId. Gl dlofell Slha&d™ YAOT Hiadr
YA dleeld 3T A dlhied] TARIT TATAT dlcdledl 3ied. [Exgrear aliar
I ST FH S AR e S FATIHEY S HET FHSNT
FAE &g Aot a1 g4 aedn fauR #RAT Fesared] qedige’ auieo] garm
ATYEITAT HTST SRIaT ARTAT &) 19 3R FAgeardr 3.
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TurieTd  SATedT 3Ted. HAY ATAAYY TR Sl 3R IegeTRInoT HidT

JHIONA SeAHS @eh ISThRUMIET &Y Sifd 3. ograr aRume g1 aqreHor $merd
AIQIT JAN Ul fASAl § 3T 3Mdolsl ofelld EI1dl dele. Ul qRarcy
EATHHA FECAIATD Jetl AT o TRT a1 ofieT I[uiean MR AhAET
HTATET el AT AT FIET HIAG FeTBaT ATl ATl a9 HAT HTG
g Td ©1d deld 3HGARIT HAGRIAT HISTeGRAl fSidheledl 3HGARET fashd
Ul 9RIST & oA il A M0 aRA a1 BEgdier e dfedca
HiddeT HdelseT 3T & AR 30T AP gsell 0T 3ol AGSURALD e
HAGRTET dciel el arerell $a-iay IMeTRd feefet A, & o wiehemgl arér aferhrar
qeTel ARl IRy AFIAR [dURdd Adgetd T ARl A Fgeo A R AT
RIS ISTHhIT F&T HAGRIEAT HEHG ddshaetiell HEle HTdge ad Aeld @ o
AT G Fle Hleldld  carem 9ROmA 3@ gldr A fefdHe e q
ATRAHTesT TSTPRUTTT §EGUN Bl 30T &1 STaedT HIST T Uslarsadrl AFdGRT
FoId off Teh gRET AT gHAWME 3 &1 Teh AlST GAvT SR g
weereTe 3gfase ¢ AT olieherrd! Heafeueh regreor

LRI IhART TARIA 3Tcglad AT NI HI0r

e geHdl SEdd Aufeerd Al Tt auisicA® g faRelNulTcAs qeEera
TS el 3T AT ATETTHEY HIUTA [AWIEaT ey Hid 39diel $Hdd
TehTd UGHCiral 3{deld 0l 3T 318d I Hedlel [avd 3(qare AL M I)
g wafAs g T gUsaar aiuX el AT R TATHG ATUATHEY Alheer
fafdrar sfagra Rfay darear e Raor Teur @ofaa e Aifedr a gfadr
ATYATHED AT TEAT T el PRANTR IenRa Afaer Aaamaer arardr 3gesy
U I ATRAS ATCdligeh [Adddlioleh ST FATAR Hhell el 3TE.

FAGT  dlhegear mﬁwwmﬁm TS NhIEATT
T AR ARG g FOART 1947 HEY Fedell Tl g1 IRl giarer feadr 3me.
SEMAT FAX VIR GRATIST 3T HRATT GIRGITd SPIUIRT HI@ITd HIST HHATST
I AT 35 A UoTdhcdT ST 38Tell 38 3 A fegd «mdr. oo
FUITATST UGeT dad [ASIelel A Sl HIST A GIRgdd [&ddd 9sur g
fARRad s eadiar 75 aWaaR Rarag AR aRgy Wear egeday ar
ALY Yhsl TAT AT Toad AUMRAT TAS g TIPRS 3T 1@l Alhlam
STREINTAT FEY Hlel 3 &Td shol YOT SRR WETc TeI&Td A SATell w6 A AT
8T I fHesel 3T grar dhell d Ycdohlel hedld TAR Ad.

HRATTEY 9T TSHUNAT AT FHEAT 3T TN 3culcsT, Nvor, fHamrr, fefor,
HRTT,FITS GATSROT @G HANd AT georehiar S&Ter AT fShroflt 3m8MTa 3ol
g I ¢ 3T ase T AT HIedTen fGHd. HRA & SEIde datd Ay
GIRRAMET 31Tl G2 311§ IRl Hedrdl  SYU[h AR wat’ ified
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hdd HRATd Jed AATel R STl ShRIel 3ifeledr ag?lTQr CRITAEY SllensITE! HoaTaT
Shefcedr gl 3¢ fAgsvfhrear AedArA e gfdfae  fAasvarr  sifder
ARTRIAT 9TCd STl 3. ATFATT U2l TAaRUAMRT 31TUHR Sioidell fHareer 377,
e fAOR e WUIE AfFcTedd Tardsy Golel 3R, IST §d TRIE)
AT HeATd TTaU[sh BIUT Hchd 3MTavTeh 37 URelieh [Adsufer Siehemdamds
AT ITed. AT fAGSURI HRAHALT S, U, WIWI, HYS™ AT MURMER Ed
HANST R NFAE Hed FH Sl A3 Ahdd JHRATEAT AR TAAGT F7LY
3T FAgedrdl 3R, SRISHINI, SAIYdiG,eHdlg, HINe HEUY, Iguddle, SR
EREAT FAEIT ARG lehRMel Hedrel SaraeAT 0l 3HAFT 3778

TSHhIT ST T TSl HD Ahi=l Torhry Reoma a3 Addier @ T
ARl ST AHIAT dleel & HTAIGERENANRN $raar gidl. & el 3ieh gl
gl AR, ISTHRUT T ISThIT IRkl I6d ARIRG el 3&bcdrd 7 aafis
fAISUIT  HTeAT  HACTedT TFharlak TISC gld.  Jorqdcaear  dienasied
fAGSUrh Hde § 64 Tohh URT 3O STelel AL AR, g9cis, S, seo,
W ATHE AN TEHET CHLY AT FH0T 80 I 90 ToFh Tfgerel 3.
Tifaeh aTddiadlel [Hasulehieal Hoelrel ThhaRl wElell 3Tg & ARl I =Ter
W R T [AUTAHATEAT I AafAeh [Hasvlehl ofelld 8l @RS cards
THTOT ISThi Gishdd Hishd HEHWN Bl 38 AU FIfaFcdeh SUR A6l HARAT
RIS JSTPRUT T Jolhid YThIAdad FRIET e/ 3Teara [T Tase gid. FgUTal
Tohrg Ufhddiel AT dindfshd AT gld ARl APIRS Tad:al AP Jishdd
gfd 3G Ad A6, Tl FaAAT Tolehd ishdcel fAUR—IER 9@ qrsvard
EAY A, AISHFA AThIT TfhaT TofehR0T [AGSUfhl IeTad AlEds Fgoler
TSThIT 3EHTT §T SllheEl ATHATYCE HHeledT ALY ellehearded Tslehd
gfshdeTad € 3eiAdr g I I TSRRUM gid 3ol IegdRIoT
TG TSTHROT §T &6 SIEEER 37¢. SToldl 0T HIAIRUT HAGR ToThRUMEd]
AT AgRIONHS RIATR Silell 38, AATd SHStell dledl Tsihd  #Serar
YYTT JTofehl SERAAT FHE HROT Tefel 37T

aiRe:- Ry Teh favgeardy @rATioleh AT 3 [Ghiad Usgraiatd fashasreier
TSCHEAET AT JAEAS e Aol U fAAToT Forer 3med. Aagaeiel Useaey
R AT FAEN 39 69 G AT HARAERETT fAehdereliel IsgiAaed aur dreld
Tl TAYAHS SR e d T&HT HAd deoid Aedrd fodfe I, o
FHATSTAT HHTd aRed  aRgd W@rellel st YATOT Jrar 39T SR faar el
R AFhra AT GTRGIRSAT AR e, Torehry, AT, Hiepicr a Aaiforen
3T ARTAATAT Teshar ograr IRomH egeT Iar. FRarg ARl &, e, $,
mﬁwwﬁmmammmmmaﬁ%@u f Veried

ooooooo

IMPACT FACTOR - 7.958 by SJIF 20 WWW e ‘%ﬁ

72 /297



(A High Impact Factor, Quarterly, Peer Reviewed, Referred & Indexed Journal)

NAVJYOT /Vol. XI / Issue —II ISSN 2277-8063

I ASThT HgHTMaR AT JAONT Gget Al waArenaddel aigard argelel
YHTOT § SNRRIERATSI AAdehld Olcdsh 3. Rl SIReAM #&T FROT arec
sisael AFANIE o1 A Nraedar Td gid IS cgrar IRumH  Jaedrer
fRge Iar Shaeiaedes a&dear ddd aeumar fhadl cdlel a1 HAEAT HROMT
oXdrd.

aRgT Y @l FROY 3w faaRad=ar #a aRgar &RUT § dafFdes 3R,
SAGT HROUI STRGITT STEEER 3. HRAT HATSIA oileh STRGATT FAT Hleld
It Sehlall eIl HAEIAT HAR ST oAETd. AR [Avqaad]e MNAd Aed
gl STl HRAR TSE 3cee] GUd el 3§ IS AR gy dleel 3¢
AT FTHAT ARTHALY ATHAERTaw SR foa{eleT 37 gereiear Al qadedl
ATl aOgeHT aRed 3MUcATel w1 glaer feaa =gl e eREY &b ©
USThRUTAET  39ell  §fART AT YeHdled Follq Ahd 6T FeOET R
A aAEY Teh 3Tegle F6UT aIRGd TTedTell HAR ATl faegeT Ad.
ST Y- HRAT FEAIAT 75 JURdl HIO@SHES  ARAEAR AT T
WRETT Yo Ny 3¢ TE@Td e ALY Siidrar Yol 3¢ derderen Uoe 3
eTffeh arerar U 3g. THATSIAIA TIIMd gk Harad IRl o a1 dd 37 3.
ST 7egaTAT Siadl W gid 3 fadeara #Alear JANNT FSedR IRy 9
& MR BT Alelell 378, Totenrd IRTEUCA, Re1or Fraredr Msdr geur HRofsd
AT AT SR TEIEAT Shercileln TAGTUT ATel AR o cgrear 300 3r@|d oar
o IR 7 SeAHS ATl USHIR AT TS USHIRIAATE e eifeed TR
qUT B SATET AT Tehicled o Sheral 3MTOT dl &2 &gY A3 Ashd AT TWIEAT SR
sianfer IRTEIAT ASIRIATE FAeeleh WY FUATT AT IJHITH AT SRATAT GH-IT
CRITEY 7ol QI oINPT T AT RAT AR Wl AR e AT FgUA &R
T
HTAR:- HSCARTN HATT 8 HET HRAES oAdied AT T 3MMoredT el
HSCTIRTELT FHEAT IMSATElST N SATelell Aegdl. Hlicedls Ferm Mucar e

T FATT AT SHGEATIT GURONTHAEY HSCAR IS FATIT Al § AT shel 37TE.
TSR AASAEET  AIGAT YAUNT  3UGAISE  gadedT dodl W HE

STORMEFAT AT TR FH Fardt ToTRumen F&rdl gq 3. ARfer FEr asiaed
FSCARIGwT AT JFETUT 3ol 3T TATAT HSCTARTEAT HHATT SIegT 39T eNer Ol degr
=T ISR dgiFdes Fard, dm=l omerdr § U Hgedld SROT 38 39T FgUNd reTd
IMOT FEULAT HSCOaRTN FHEAT & SiHElfceh ATl Sefelell 3T 3MUT cAHD
ST AR AR & THEAT 3R,

AN ud:- TasRuTa Targsarar 75 auiEaR Afgeiar aifgs T ST ified
aT USSR FAT AR Aehel AR, AHUT HEMT Afgerrar Tof:
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dled 3g AT ARl JTRROMALY ARSI RSl SIT JHUNT 31 T JATONT
TEHTT FRBTeT ATEY. TIRIS SHIEANST Hb TealTH oFh IRETUT TABTel & T
Sl A gl geEee Al qde AftHsed A 3Rewr fAed AE. deg
gATOTg Afgerar AfFsa@ed agamer gia A% dadd ARG AR JAEET g5
Yhd AR § HRAT lhAR FANIA gl FgUNd Rl 3T $hdad 11.8 Tah
Tqed YHTUT ISThRONd Afgerd fdad. Smeifas Far1ak iIRd 150 37 shAaR 38,
qIfhEdta 101 AT shATRET 3¢ 2019 =T IHSARITHR A5 32.8% Serelieer 20.6
% uiferedis 9 dise Gl caFd o 14.9% N HRA 121 % uifeedeiALd
AfgeTdT ATRROTALT AEHIN 3T JHTUT 3.

IATAIAT- ST HRAT clieheel Yool Fald AIS FHEAT 3. 3ol HYOT HRAT
ASTHRONA ST HETd HTedTel (e Id HRAHAEA 31 37l HIOTALT &
fgelel AR Y STAIAT Il ST ARl ST JMURER. JRET0T STAT ST,
HATSIHRUT, 3YFRUT, Tl URUT FEUTST A Hehal JHIAT PO SIIEAT
FEUTS SIId. AT R UHHY IOl HST YRS 3ol el Ycdh geh Tedrd
fafaer Sl 3med Ird Ass IO wiAss 3@ dlg FE IHAT AsSeare ferSd T
TS 3 Feeod Bl UUT o ST Aelel 8. ST Sy J&ar e o s
TSThid aied Gge Id USTPRUT o ARG A =) I1 il dedr fady
TSI gOEd ol AT faadd. 98T Haesr qradar AT e 3 ar & &d
AT FgU SITAAdT §9aur 38 FAgeard 3Tg. 90T SR 3GE0Td A1 Slel X
I YA FRISE ot 3Rl sl Ty 3med o1 Tsawey fafdse i &R
AR Jard O HIel TWHR TAUT kel AT AeHd Aoy gamr feaara
Irar AROTHA ST 31 gee gidaem Gad Saardr AehRT AT 38 aed Sd
g AT oS¢ BT Mool &8s A =g
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Abstract:

Altogether four Trichoderma spp. (Trichoderma koningii, T. Viride, T. asperellum, and T.
pseudokoningii) were tested for their antagonistic potential against six isolates of Fusarium oxysporum
f. sp. psidii. Among the four species of Trichoderma, the Trichoderma asperellum showed maximum
inhibition against Fusarium oxysporum f. sp. psiddi.

Keywords: Biocontrol, Trichoderma spp., Fusarium spp., Guava Wilt.
I. INTRODUCTION

Guava (Psidium guajava. Linn) is important fruit in tropical countries, cultivated extensively
throughout the India and it is grown all most in all states of India. Wilt of Guava is one of the important
disease of guava. This disease is of national importance in India. Guava wilt was first documented in
India in 1935, in the Babakkarpur area of Allahabad. Das Gupta and Rai (1947) 1) discovered this
disease in its most severe form in Lucknow orchards. Wilt was reported from Allahabad, Kanpur, and
Lucknow by Dey (1948) U, Several plant pathologists have reported that Fusarium oxysporum f.
sp. psidii is the important causal organism of guava wilt. It is a soil borne disease.

Wilt is divided into two types: slow wilt and sudden wilt. Yellow, coloration, and curling of the
leaves of the terminal branches show in the early stages of the disease. Later on, yellow to reddish
discoloration of the foliage occurs, lowering the photosynthetic rate, and the leaves or flowers eventually
dry up and fall down. Fruits are immature, hard, and stony. Black spots appear on the fruit surface,
reducing the quality, size, and colour of the fruit, as well as the yield.

Various chemical control methods are available for Fusarium wilt but it causes hazardous effect
to nature and environment too. Chemical control may be beneficial at first, but as pathogens become
more virulent and aggressive as they degrade, the disease becomes more severe and the guava plants
suffer more harm. It is also expensive, non-eco-friendly, and, if applied repeatedly, can cause serious
soil problems. Therefore, biological agents have been reported most effective alternative for chemical
control as it is, naturally and environmentally safe (Bohra et al., 2006) 1. Claydon et al. (1991) ¥

discovered an antifungal butanolide, harzianolide from Trichoderma harzianum culéures that,yl '\l,)it.
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sp. psidii by using various Trichoderma spp.

Fig 1: A and B: Symptoms of wilt of Guava on fruits.

— | v

: II. MATERIAL AND METHODS
2.1 Collection and isolation of pathogen:

The sample exhibiting fruit rot were collected from Miraj, Malgoun, Jaysingpur, Nipani and
Kolhapur area. These sample were collected in sterile polythene bags, brought to the research laboratory,
cut into small pieces (2-3 mm), washed with tap water, surface sterilised with alcohol. Again, washed
with water, blotted on blotting paper and placed on petri plates containing Czapek Dox Agar (CDA)
medium (Czapek, 1901-1902) 51, Petri plates incubated for 8 days at 28+2°C temperature. The fungal
mycelium was aseptically picked with sterile needle and observed under microscope. From the
microscopic characters the pathogen was confirmed. Pathogen Fusarium oxysporum f. sp. psidii was
obtained from these six localities. On CDA medium, pure cultures of these pathogens were stored in the
refrigerator.

2.2 Biocontrol of pathogen by different Trichoderma spp.

Antagonistic activity of these Trichoderma spp. was studied by using dual culture technique given
by Morton and stroube (1955) 12, The four biocontrol agents namely Trichoderma koningii, T. viride,
T. asperellum and T. Pseudokoningii were used for this purpose. With the help of cork borer, 8mm
myecelial disc from actively growing fungal pathogen was transferred to the petri plates containing CDA
medium at one end. Mycelial disc from biocontrol agent was placed at the opposite end of the fungal
pathogen. These plates incubated at 28+2°C temperature and the observations were recorded at different
time interval. Plates without any biocontrol agent served as a control. Three replications were
maintained for this experiment. The percent inhibition of pathogen was calculated by using formula
given by Wonglom et al. (2019) [!5],

Percent Inhibition of mycelial growth = (C-T/C) x 100
Where, C =Radial mycelial growth of pathogen in control plates.
T = Radial mycelial growth of pathogen in treated plates.

Fig 2: Pure cultures.
C) Fusarium oxysporum f. sp. psidii D) T. koningii E) T. viride F) T. asperellum G) T.

pseudokoningii
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II1 . RESULTS AND DISCUSSION
All the Trichoderma spp. studied inhibited the growth of pathogen Fusarium xysporum f. sp. psidii
and exhibited very good results. Trichoderma asperellum was most effective as compared to another

Trichoderma spp. Trichoderma asperellum inhibited the growth of Fusarium oxysporum f. sp. psidii by
up to 65.48 % followed by other Trichoderma spp. (T. viride- 65.10%, T. pseudokoningii- 65.05% and
T. koningii- 63.32%). (Table- 1).

This work is supported by some other researchers. The findings are comparable to those of Dwivedi
and Shukla (2002) ! who found T. virens to be effective against Fusarium oxysporum f. sp. psidii.
Guava decline is thought to be caused by Fusarium oxysporum and Colletotrichum gloeosporioides in
Pakistan, however it has been shown to be managed by using a combination of Topsin M sprays and
antagonists Trichoderma harzianum and Arachniotus sp. (Ansar et al., 1994) ). Misra et al., (2001) ©!
proposed an environmentally friendly approach to guava wilt treatment, which included biological
control, soil amendment, and intercropping. Aspergillus niger strain AN17 (Misra et al., 2000) [ and
Penicillium citrinum (Prakash et al., 2002) '3 provide good biological control. Misra et al. and Prakash
(2002-04) 1111131 ytilised three bioagents, one of which being 7. harzianum, to suppress the guava wilt
disease. T. virens was found to be an effective biocontrol agent against F. oxysporum f. sp. psidii,
inhibiting the growth of F. oxysporum f. sp. psidii to the greatest extent possible. The inhibition of radial
growth was found to be 73% in each case. Misra et al. (2004) '] stated that biological control with
Aspergillus niger ANIT (Pusa Mrida), Penicillium citrinuni, Trichoderma sp., and intercropping with
marigold and turmeric resulted in effective control of Guava wilt. According to Srivastava et al. (2009)
041 out of four strains of Trichoderma viz. T. harzianum, T. hamatum, T. viride and T. virens and
also Aspergillus niger and Gliocladium virens against Fusarium spp., a causative agent of guava wilt
disease, T. harzianum worked out to be the best. Asma Naz (2013) 2 reported that, the biological control
agent Trichoderma harzianum inhibited the growth of F. oxysporum f. sp. psidii by 71%.

Table 1: Antagonistic potential of different Trichoderma Spp. against Fusarium oxysporum f.

sp. psidii.
Sr. Locality Percentage of inhibition (%)
no.
Trichoderma | Trichoderma | Trichoderma Trighgebecwe Not Verified
koningii viride asperellum pse%@ﬁﬁﬁﬁjj@mm ot
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1 Miraj 69.99% 70.36% 77.77% 72.96%
2 Jaysingpur 73.33% 75.11% 75.18% 74.07%
3 Malgaon 59.25% 57.03% 57.40% 62.96%
4 Karveer 58.88% 59.25% 63.33% 58.14%
5 Nipani 61.10% 69.99% 58.14% 62.96%
6 Kolhapur 57.40% 58.88% 61.11% 59.25%

Average 63.32% 65.10% 65.48% 65.05%

Fig 3: Biocontrol of Fusarium oxysporum {. sp. psidii by Trichoderma spp.
H) Trichoderma pseudokoningii with pathogen.
I) Trichoderma viride with pathogen.

J) Trichoderma koningii with pathogen.
K) Trichoderma asparillum with pathogen.

IV.CONCLUSION

Based on the findings, it was determined that the use of biocontrol agents such as Trichoderma
spp. is beneficial in the treatment of Guava wilt disease. Fusarium oxysporum f. sp. psidii, which causes
guava wilt, was effectively treated with Trichoderma asperellum.
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Introduction

The international Charter of Physical Education and Sports, UNESCO 1978 says,
“Every human being has a fundamental right of access to physical education and sport,
which are essential for the full development of his personality. The freedom to develop
physical, intellectual and moral powers through physical education and sport must be
guaranteed both within the educational system and in other aspects of social life.” (Soni,
2022) Today physical education has gained national status. In current situation physical
education profession is a highly valued and prestigious in society. Today modern physical
education recognizes its responsibility for man’s total development. The current scenario
in physical education and sports is the integral part of society and educational curriculum
also. The government has successfully run its five years plans for progress of physical
education and sports in different ways. This paper focuses on the current scenario of
physical education in India.(Ray, 2019)

Objectives
1. To study nature and scope of Physical Education in India
2. To study current issues in Physical Education in India
Physical Education: Issues and Future Prospects

Physical education is the integral a part of general education, which combines the
physical social and psychological aspects of human life through well directed physical,
activates. Physical education is a science as well as arts. Today in the world of science ,
physical education like any other educational endeavour , it has imbided a scientific
outlook and science oriented course . In current scenario, physical education as a
discipline and physical education as a profession have undergone tremendous change, it
should not depend on drill and marching, physical training also. (Ray, 2019).

The main goals in teaching modern physical education are: (Wikipedia.com)
e To expose children and teens to a wide variety of exercise and healthy activities.
Because P.E. can be accessible to nearly all children, it is one of the only opportunities
that can guarantee beneficial and healthy activity in children.
e To teach skills to maintain a lifetime of fitness as well as health.
 To encourage self-reporting and monitoring of exercise.
e To individualize duration, intensity, and type of activity.
e To focus feedback on the work, rather than the result.
e To provide active role models

The physical education is being taught as a part of curriculum in all the schools
but lack of adequate time and trained teachers, good facilities are responsible for little
interest in this field.(Rath,2019). Our traditional physical education classes provide too
little activity for few students only to participate and it offers little or no guidance for
maintaining a healthful lifestyle.

There are many issues that are of interest to all educators, issues that pose a
challenge to all of those who seek to teach children. These include discipline problems,
student drug abuse, violence, insufficient resources, lack of parental support for
education, large classes, teacher burnout, and perhaps most importantly, a concern for the
health and well-being of all children.

By far the greatest issue facing physical education in K—12 institutions is the
reduction of time in the curriculum allotted to this important subject. The neg% nfgtru l%a]{}g Verified
physical education is obviously important for the well-being of students, but 1t Drese-4Sm.
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child's overall education. ( StateUniversity.com). It is obvious from the above discussion
that there are issues in Physical Education in India. There is a need of comprehensive and
inclusive policy to tackle these issues. Present status and interventions are not sufficient.
Future Prospects

The future challenges to make this field interesting involves a proper curriculum,
sufficient funds allotment for holding various competitions and role of technology to
create awareness about the importance of physical activities and sports in our daily life.
So, this type of curriculum will definitely help the physical education professional to
motivate their students to participate various types of physical activities so that they can
adopt and maintain a lifelong involvement in physical activity, health and
wellbeing.(Rath,2019)

The importance of physical education has never been emphasised more than it is
today. It is widely recognised that physical education and sports is relevant and important
in developing an active and healthy lifestyle and the solution to rising obesity rates
worldwide. Regular physical activity promotes growth and development and has multiple
benefits for physical, mental, and psychosocial health that undoubtedly contribute to
learning. Quality Physical Education is the most effective and inclusive means of
providing all children, whatever their ability/disability, sex, age, cultural, race/ethnicity,
religious or social background, with the skills, attitudes, values, knowledge and
understanding for lifelong participation in physical activity and sport and is the only
school subject whose primary focus is on the body, physical activity, physical
development and health.(Raj, 2018). A set of comprehensive policy initiatives may lead
better education system in Physical Education In India.

Conclusion

In 21st century, physical education is no longer a physical training, sports
coaching or merely indulging in play activities or physical fitness alone. It has emerged as
a multi-dimensional discipline. Early period, only recreation and competitive sports were
given prime importance in physical education curriculum in school and colleges. The
modern programme of physical education gives emphasis on health, physical fitness and
wellness, competitive and recreational sports, recreation, inter-personal skills and life
style skills.(Rath, 2017)
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Ethnomedicinal Uses, Phytochemistry, and
Pharmacognosy from India
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Abstract

A perennial herb, the genus Adiantum (Adiantaceae) is an essential source of folk
medicines, primarily used against bronchitis, cough, dysentery, dog bite, fever,
leprosy, malarial fever, smallpox, and snakebite and as stomachic and diuretic. It
is a rich source of triterpenoids, flavonoids, phenylpropanoids, steroids, alicyclic
acids, lipids, and long-chain fatty acid compounds. The crude extract and isolated
and purified compounds from the genus Adiantum have been verified to possess
multiple pharmacological activities such as analgesic, antibacterial, anticancer,
antifungal, antidiabetic, and antipyretics. Therefore, the current review aims to
present comprehensive information on the taxonomy, diversity, distribution,
ethnic information, and conservation status of the genus Adianfum, and the
important findings on phytochemistry and bioactivity of the secondary
metabolites present in Adiantum have been highlighted.
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23.1 Introduction

Knowledge appropriation is by no means a new phenomenon. Furthermore, in the
broadest sense, one can argue it is a necessary aspect of the successful adaptation of
past and present, as this knowledge relates to biological and cultural heritage,
referred to as “collective biocultural heritage.” Different groups of plants have
played a pivotal role in all living organisms’ lives as a source provider for basic
and essential needs since time immemorial (UNESCO 2018). Even in today’s era of
science and technology, advanced medical science looks toward plants as a source
for biomolecule that may help cure chronic or incurable diseases. Therefore, medici-
nal plants are the basis of remedies to cure various diseases since the earliest times,
and people from all over the world have experienced the use of plant medicines.
Despite the noteworthy development in synthetic drugs in the twentieth century,
over 25% of permitted medications in developed countries are gained directly or
indirectly from plants (Newman and Cragg 2012). Hence, information on medicinal
plants may play a significant role in its potential role in drug development and
people’s healthcare. The use of plant-derived medicines is ubiquitous and collec-
tively crucial in both traditional and modern medicine. About 80% of the world
population in emerging countries depended on plant-based medicines for their
primary healthcare needs. The medicinal pteridophytes may be an alternative source
against synthetic drugs to cure various diseases with no or fewer side effects (Canter
et al. 2005). Plant extracts are having numerous secondary metabolites and are
known to possess antioxidant and antimicrobial properties. Due to their potential
use for treating various chronic and infectious diseases in the recent decade, the
search for phytochemicals with antioxidant, antimicrobial, or anti-inflammatory
properties has been rising (Proestos et al. 2005).

The genus Adiantum is popularly known as maidenhair fern, an isolated, well-
defined and old genus that belongs to the family Adiantaceae distributed from
temperate to tropical regions of the world (Yumkham et al. 2018). It is well-
known for its medicinal values and is traditionally used to cure various illnesses
since long back. About 232 species are reported worldwide (Prado et al. 2007), of
which 22 species and 6 subspecies are known to occur in India (Fraser-Jenkins et al.
2017). Among these, many of them are used as traditional medicines by Vaidus,
local people, hakims, and traditional practitioners (Rastogi et al. 2018). The crude
extract of the whole plant has been used in conventional medicine for the treatment
of diarrhea, diabetes, malarial fever, urination problems, cough, asthma, bronchitis,
hemorrhage, fractures, snakebite, wound, and burns (Samoisy and Mahomoodally
2016). The present comprehensive review throws light on the taxonomic importance
of Adiantum species along with its diversity, phytogeographic distribution, conser-
vation status, and pharmacological and phytochemical studies of species occurring
in India.
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23.2 Taxonomy Value

The genus Adiantum is described by Linnaeus (1753) and included 15 species under
this name. The scientific name Adiantum is based on the Greek word adiantos,
meaning unwetted, referring to the water-repelling properties of the surface of the
fronds. The majority of Adiantum species are distributed in tropical, subtropical, and
temperate regions of the world. Some species are reported to occur in Xxeric
conditions, whereas no species are recorded from freezing climates. Every species
shares a unique and distinctive morphological character. They are perennial,
terricolous, saxicolous, or corticolous herb, having erect, short, or long creeping
rhizome, unipinnate, bipinnate, tripinnate or tetrapinnate fronds, reniform, deltoid, or
ovate pinnae with incised margins, sori borne along the margins in continuous or
interrupted lines having various numbers per pinnae, i.e., from 5 to 15 sori per pinnae
(Figs. 23.1 and 23.2). Based on morphological features, Nayar (1961) has
categorized the genus into four groups, i.e., (1) capillus-veneris group, (2) caudatum
group, (3) pedatum group, and (4) tenerum group.

However, many of them are either merged or excluded species, and few are added
to the flora of India (Patil and Dongare 2013; Fraser-Jenkins et al. 2017). At present,
based on the shape of rhizome, type of fronds, pinnae type, and sori number, the
genus Adiantum is categorized into five complexes, viz., (1) capillus-veneris com-
plex (includes the species with short-long, creeping rhizome, bi- or more pinnate,
glabrous without proliferating fronds having less than ten sori per pinnae),
(2) caudatum complex (includes the species with erect or suberect, rhizome, simple
pinnate, glabrous or hairy with proliferating frond tip, pinnae deeply incised, having
less than ten sori per pinnae), (3) tenerum complex (includes the species with erect
rhizome, bi- or more pinnate, glabrous fronds without proliferating tip, pinnae
incised, having more than ten sori per pinnae), (4) pedatum complex (rhizome
erect rhizome, glabrous, two to three dichotomously branched fronds without
proliferating frond tip, pinnae incised or entire, more than ten sori per pinnae),
and, (5) philippense complex (rhizome erect, simple fronds with proliferating tip,
pinnae incised but not profoundly incised) or entire, sori less than seven per pinnae).
The species included in the complexes are given in Table 23.1 and Fig. 23.3.

23.3 Diversity and Geographic Distribution

India is one of the twelve mega biodiversity countries of the world, including
two biodiversity hot spots (North-East and the Western Ghats), which harbor the
majority of the Earth’s species (Balasubramanian 2017). On the basis of the political
map, Indian territory is divided into twenty eight state and nine union territories,
while based on the geography, ecology, and plant and animal distribution, India
territory is classified into ten different biogeographic areas, viz., Transhimalaya,
Himalaya, North-East, Gangetic planes, Semi-Arid Desert, Deccan Peninsula, West-
ern Ghats, Indian Coasts, and Andaman and Nicobar Islands (Singh and Chaturvedi
2017; Patil and Rajput 2017). In the present study, the authors reviewed the
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Fig. 23.1 (a—c) Range of variations in the rhizome (erect, suberect, and creeping, respectively);
(d-i) range of variations in pinnae (unipinnate, fan-shaped, bipinnate, tripinnate, respectively)

distribution of the genus Adiantum from different biogeographic areas of India. The
study revealed that maximum diversity was observed in the Himalayas, North-East
and the Western Ghats. In contrast, fewer diversity species was found in the desert
area (03), and other areas are having five to seven species (Map 23.1). The maximum
diversity of Adiantum species was observed in the Western Ghats (18), Deccan
Peninsula (16), and Himalayas (15), followed by Gangetic Planes (13), North-East
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Fig. 23.2 (a-i) Range of variation in pinnae, sori arrangement, and sori number

(13), Transhimalaya (08), and Andaman Nicobar Island (06), whereas the minimum
was found in desert region (02). Most common species are Adiantum capillus-
veneris, A. caudatum, A. incisum subsp. incisum, and A. philippense, whereas
A. venustum and A. wattii restricted to Gangetic planes, North-East, and Himalaya
regions. The Adiantum capillus-veneris and A. philippense were found in every
biogeographic region (Map 23.1).
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Table 23.1 Genus divided into following complexes

Capillus-veneris Adiantum capillus-veneris, A. poiretii, A. raddianum, A. stenochlamys,
complex A. venustum, and A. wattii

Caudatum Adiantum caudatum, A. edgeworthii, A. incisum, and A. zollingeri
complex

Tenerum complex Adiantum concinnum, A. formosum, A. latifolium, A. peruvianum,
A. tenerum, and A. tibeticum

Pedatum complex Adiantum flabellulatum, A. hispidulum, A. myriosorum, A. pedatum, and
A. trapeziforme

Philippense Adiantum philippense and A. soboliferum
complex

23.4 Conservation Status

The conservation status of the Adiantum species is provided in Table 23.2 according
to IUCN Red List category. The IUCN Red List categories (2020) define the
extinction risk of species assessed. To assess the status of species, IUCN had
given nine categories, viz., NE (Not Evaluated), Data Deficient (DD), Least
Concerned (LC), Near Threatened (NT), Vulnerable (VU), Endangered (EN), Criti-
cally Endangered (CR), Extinct in Wild (EW), and Extinct (EX). These can be
evaluated using five quantitative criteria, viz., population size reduction (past,
present, or projected), geographic range size, small and declining population size,
tiny population or very restricted distribution, and quantitative analysis of extinction
risk. The conservation status of many species is yet to be investigated.

23.5 Ethnomedicinal Value

Different medicinal systems, viz., Ayurveda, Charak Samhita, Chinese Medicinal
Herbs, United States Pharmacopoeia, Encyclopedia of Herbs and Herbalism, and
American Folk Medicine, have provided the ethnomedicinal value of different
species of Adiantum (Yumkham et al. 2018; Patil et al. 2020) (Table 23.3). Similarly,
various institutes of the world, viz., African Traditional Medicine, Middle Eastern
Traditional Medicine, Australian Traditional Medicine, and Herbal Medicine
Research Centre (HMRC) in Malaysia, have documented several species of
Adiantum that are used as a medicine (Neffati et al. 2017; HMRC 2002; Yumkham
et al. 2018).

As per Indian medicinal systems (Ayurveda, Charaka Samhita, Sushruta’s Com-
pendium, and Siddha), the genus Adiantum L. known as hansraj/hanmspadi
(Adiantaceae) has been used in various forms such as powder, decoction, paste,
and other forms to cure multiple ailments, viz., cough cold, fever, pneumonia, and
mucous formation (Kirtikar and Basu 2005; Singh et al. 2008; Singh et al. 2013). Its
different species are also used against insect bite, snakebite, scorpion bite, and dog
bite (Rai et al. 2016; Rastogi et al. 2018; Yumkham et al. 2018). It is antidysenteric,
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Fig. 23.3 (a) Adiantum capillus-veneris, (b) Adiantum caudatum, (c) Adiantum concinnum, (d)
Adiantum hispidulum, (e) Adiantum incisum, (f) Adiantum pedatum, (g) Adiantum philippense, (h)
Adiantum poiretii, (i) Adiantum raddianum

anti-hypoglycemic, antimicrobial, antitumor, antiulcer, antiviral, demulcent,
diuretic, emmenagogue, expectorant, and tonic and also used as astringent (Reddy
et al. 2001; Patil et al. 2012; Patil et al. 2013b). Though many species were used as
traditional medicines, however, ethnomedicinal value of many species is yet to be
investigated from India.
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Map 23.1 The biogeographic distribution of Adiantum species in India. Numbers indicate the
name of species as per Table 23.2

23.6 Phytochemistry

According to available literature, the number of the species under the genus
Adiantum is documented as medicinal herbs. They have been used as a traditional
medicine to cure various diseases, viz., asthma, burns and scald, diabetes, diarrhea,
fever, fractures, gynecology disorders, influenza, jaundice, kidney problems, pneu-
monia, cough, stoppage of bleeding, snakebite, and urinary tract infection, and also,
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Table 23.2 TUCN red list category of different species of Adiantum

Sr.

no. Name of species Conservation status

1 Adiantum capillus-veneris Linn Least Concern

2 A. caudatum L. Least Concern

3 A. concinnum Humb. &Bonpl. ex Willd Data Deficient

4 A. edgeworthii Hook. Data Deficient

5 A. flabellulatum L. Data Deficient

6 A. formosum R.Br. Data Deficient

7 A. hispidulum Sw. Data Deficient

8 A. incisum Forssk. subsp. incisum Least Concern

9 A. incisum subsp. indicum (J.Ghatak) Fraser-Jenk. Data Deficient

10 A. latifolium Lam. Data Deficient

11 A. myriosorum Baker Data Deficient

12 A. pedatum L. subsp. pedatum Data Deficient

13 A. peruvianum Klotzsch Data Deficient

14 A. philippense L. subsp. philippense Least Concerned

15 A. philippense L. subsp. intermedium S.C.Verma& Fraser- Endemic /Data
Jenk. Deficient

16 A. philippense L. subsp.teestae S.C.Verma & Fraser-Jenk. Endemic/Data

Deficient

17 A. poiretii Wikstr Data Deficient

18 A. raddianum C.Presl. Least Concerned

19 A. soboliferum Wall. ex Hook. Data Deficient

20 A. stenochlamys Baker Data Deficient

21 A. tenerum Sw. Data Deficient

22 A. tibeticum Ching Data Deficient

23 A. trapeziforme L Data Deficient

24 A. venustum D.Don Data Deficient

25 A. wattii Baker Data Deficient

26 A. zollingeri Mett. ex Kuhn Data Deficient

decoction is used as blood coagulating agent, tonic, expectorant, and astringent. On
the ethnic information, phytochemist isolated different triterpenes, flavonoids,
phenylpropanoids, and sterols from the other species of Adiantum (Brahmachari
et al. 2003; Pan et al. 2011; Mengane 2015). The different chemical groups, also
referred to as secondary metabolites or phytoactive compounds (viz., terpenoids,
flavonoids, phenylpropanoids, steroids, alicyclic acids, lipids, and long-chain
compounds), have been isolated from different species of the genus (Table 23.4).
Triterpenoids and flavonoids are the dominant constituents within the genus
Adiantum (Pan et al. 2011; Yumkham et al. 2018; Rastogi et al. 2018). The
phytochemical investigations have revealed that triterpenoids belonging to the
hopane, neohopane, norhopane, fernane, adiane, and filicane series form the major
phytochemical groups to which the compounds isolated from different Adiantum
species. The basic triterpenoid skeletons are commonly found in Adiantum species.
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Table 23.3 Ethnomedicinal value of the genus Adiantum L., from India

Name of species

Adiantum capillus-
veneris Linn(CN: Venus
hair fern, Hansraj,
Hansapadi)

A. caudatum L.(CN:
Hansraj, walking or
tailed maidenhair fern)

A. concinnum Humb.
&Bonpl. ex Willd(CN:
Maidenhair fern, lady
fern)

A. edgeworthii Hook.
(CN: Himalayan
maidenhair or Hansraj)

A. flabellulatum L.(CN:
Fan leaved maidenhair,
Mayurshikha)

A. formosum R.Br.(CN:
Giant maidenhair or
black stem maidenhair)

A. hispidulum Sw.

Plant part
used
Whole
plant

Rhizome
and
fronds
(without
sori)

Rhizome
and frond

Rhizome
and
fronds
(without
sori)

Whole
plants

Yet to
know

Whole
plant

Ethnomedicinal values

1. Decoction gives relief
against asthma, cough
and bronchitis, fever

2. Rhizome powder is
used for smallpox, boils,
eczema, diabetes,
menstrual problems, and
snakebite 3. It has
antifungal and antiviral
properties 4. Dried
powder is taken as herbal
tea in Arunachal Pradesh,
Manipur, and Nagaland

1. Decoction is against
cough and bronchitis,
fever 2. It has microbial
properties 3. Rhizome is
to cure diabetes and skin
diseases

Introduced species but
escaped and now found in
the wild also. The extract
of rhizome and fronds is
used to relieve
stomachache and
headache

1. Rhizome is used as an
antifungal 2. Used to cure
cough and respiratory
diseases 3. It has
anthelminthic 4. Frond
extract used in
deworming

1. Frond has analgesic,
anthelmintic, antifungal
properties 2. Used to cure
cough, tumor, swelling,
insect bites, and external
pain

Ethnomedicinal value of
this species is yet to be
investigated

They are used in hair loss
and skin diseases
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Table 23.3 (continued)

Name of species

A. incisum Forssk.
subsp. incisum(CN:
Mayurshikha, Hansraj,
Biddapata)

A. incisum subsp.
indicum (J.Ghatak)
Fraser-Jenk.

A. latifolium lam.

A. myriosorum Baker

A. pedatum L. subsp.
pedatumCN: Hansraj,
Mayurshikha, fan
leaved maidenhair fern

A. peruvianum Klotzsch
(CN: Silver dollar fern)

A. philippense L. subsp.
philippense(CN:
Hansraj, Mayurshikha,
walking maidenhair
fern)

A. philippense L. subsp.
intermedium S.C.Verma
& Fraser-Jenk.

A. philippense L. subsp.
teestae S.C.Verma &
Fraser-Jenk.

Plant part
used
Rhizome
and
young
fronds

Yet to
know

Fronds

Yet to
know

Whole
plants

Whole
plant
Rhizome
and
young
fronds

Yet to
know

Yet to
know

Ethnomedicinal values

1. Used in skin diseases,
fever, cough, diabetes,
malaria, bronchial
disease, bone fracture

2. Used as diuretic,
astringent, and tonic

3. Used in the treatment
of headaches, snakebite
and scorpion bites 4. In
Manipur, the frond
powder is used as herbal
tea to control diabetes

Ethnomedicinal value of
this species is yet to be
investigated

Decoction stops the
necrosis of tissue by
snakebite

Ethnomedicinal value of
this species is yet to be
investigated

1. Used in female
disorders, chest and
stomach trouble, cold,
cough, chronic disorders
2. Decoction used as
blood coagulant agent,
tonic, expectorant,
astringent

It has an antibacterial and
antifungal properties

1. Rhizome powder is
used in stone cases in
kidneys, chest pain, bone
fractures, and
elephantiasis

2. Decoction is used for
cough, asthma, and
jaundice 3. It is also used
in a dog bite, snakebite
4., Paste of fronds used for
hair fall

Ethnomedicinal value of
this species is yet to be
investigated
Ethnomedicinal value of
this species is yet to be
investigated
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Table 23.3 (continued)

Name of species
A. poiretii Wikstr

A. raddianum C. Presl
(CN: Hansraj,
Mayurshikha, delta
maidenhair fern)

A. soboliferum Wall.
ex Hook.

A. stenochlamys Baker

A. tenerum Sw.(CN:
Hansraj, Mayurshikha,
Delta maidenhair fern)

A. tibeticum Ching

A. trapeziforme L. (CN:
Hansraj, Mayurshikha)

A. venustum D. Don
(CN: Hansraj, Damtuli
Himalayan maidenhair
fern)

A. wattii baker

A. zollingeri Mett. ex
Kuhn

Hopanol,

neohopene,

Plant part

used Ethnomedicinal values

Rhizome 1. Aqueous infusion of

and rhizome is used to cure

young asthma, diabetes,

plant part | influenza, pneumonia,
kidney problems
2. Expectorant for cough,
chest diseases, wounds of
diuretic disorder

Rhizome The decoction is used as a
health tonic

Yet to Ethnomedicinal value of

know this species is yet to be
investigated

Yet to Ethnomedicinal value of

know this species is yet to be
investigate

‘Whole Used as expectorant,

plant sudorific, and demulcent
2. It is also used to cure
gynecology disorders

Unknown | Unknown

Whole The plant has

plant antibacterial property

Rhizome 1. Decoction from the

and frond | rhizome and leaves can be
used to cure or treat fever,
diabetes, liver problems,
renal and gall bladder
stone, and also scorpion
bites 2. Paste made from
rhizomes is used to treat
cuts and wounds

Yet to Ethnomedicinal value of

know this species is yet to be
investigated

Yet to Ethnomedicinal value of

know this species is yet to be
investigated
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triterpenoids present in Adiantum species (Table 23.2). Flavonoids form the second
major group of compounds that have been isolated from Adiantum species
(Table 23.2). Glycosides of kaempferol and quercetin have been abundantly
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(Mso 176 mV) and OER
(nso = 342 mV) is achieved.

e The stability and durability are
greatly enhanced under harsh
electrochemical conditions.
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ABSTRACT

Hollow hybrid heterostructures are regarded to be promising materials as bifunctional
electrocatalysts for highly efficient water electrolysis due to their intriguing morphological
features and remarkable electrochemical properties. Herein, with FeNi-PBA as both a
precursor and morphological template, we demonstrate the rational construct of cost-
effective (Fe,Ni)S,@MoS,/NiS, hollow hybrid heterostructures as bifunctional electro-
catalysts for alkaline overall water splitting. Microstructural analysis shows that the hybrid
is a kind of hierarchical heterostructure composed of MoS,/NiS, nanosheets/nanoparticles
in situ grown on hollow (Fe,Ni)S, nanocubes with abundant heterointerfaces, which
effectively maximizes the electrochemical active sites to the accessible electrolyte ions,
leading to the promoted charge transfer. As expected, the hybrid shows remarkable
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Overall water splitting
Alkaline water electrolysis

alkaline electrocatalytic performance, such as hydrogen evolution overpotential of 176 mV
and oxygen evolution overpotential of 342 mV at 50 mA cm™

2, as well a cell voltage of 1.65V

NiS, at 20 mA cm 2 Moreover, the stability and durability are greatly enhanced under harsh

M052

electrochemical conditions. This study opens a new venue for developing earth-abundant

bifunctional electrocatalysts with hollow hybrid heterostructures for alkaline water elec-

trolysis in the future.

© 2022 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

Electrochemical water splitting delivers a favorable route to
generate clean and sustainable hydrogen fuel from aqueous
solution [1—6]. It mainly consists of two half reactions including
hydrogen evolution reaction (HER) and oxygen evolution reac-
tion (OER) which needs very competent electrocatalysts for
splitting water into H, and O,. Current noble metal-based
electrocatalysts such as Pt-based catalyst for HER and Ir/Ru-
based oxides for OER still hold the benchmark. Nevertheless,
it remains a big challenge to manufacture such kind noble
metal-based electrocatalysts for commercial applications due
to the less abundance and high cost [7]. Therefore, the explo-
ration of noble metal-free materials as electrocatalysts for HER
and OER has been extensively pursued, such as transition-
metal sulfides [8—12], oxides/hydroxides [13], carbides [14], ni-
trides [15], and phosphides [16—19].

Among transition metal sulfides, molybdenum disulfide
becomes a star material for acid HER catalysis, due to its un-
saturated edge active sites like Pt favoring hydrogen absorp-
tion and unique layered graphene-like structure facilitating
electron transfer [20—22]. However, MoS, exhibits unsatis-
factory alkaline HER catalytic activity and also is inert for
alkaline OER, which limited its application as bifunctional
electrocatalysts [2]. On the other hand, nickel sulfide is
regarded as OER-active electrocatalyst owing to the facilitated
chemisorption towards oxygen-containing species; but its
HER catalytic activity is not up to the mark. Therefore, hy-
bridizing NiS, with MoS, is supposed to be a promising
approach to fabricate heterostructure bifunctional catalysts
with high HER and OER activities in the alkaline electrolyte
[9,23,24].

Hollow hybrid heterostructures possess unique features
such as large specific surface area with abundant exposure of
active sites, shortened length of electrolyte ion diffusion with
facilitated charge transfer at the interface, which are benefi-
cial for achieving superior electrocatalytic activity for HER/
OER [25]. Recently, Prussian blue analogues (PBAs) receive
great interest as the precursors in terms of the preparation of
hollow and core-shell hybrid structure due to their facile
synthesis and unique porous feature [26]. Furthermore, the
electronic structure of PBA-derived materials could be regu-
lated by varying the metallic composition and doping het-
eroatoms, which produces tailorable properties like abundant
exposed facets to the accessible catalytic sites, high surface
area to facilitate electron transport, thus improving electro-
chemical activity [27,28].

Taking all these points into account, herein, with FeNi-PBA
as both a precursor and morphological template, we designed
cost-effective (Fe,Ni)S,@Mo0S,/NiS, hollow hybrid hetero-
structure as bifunctional electrocatalyst for alkaline overall
water splitting. Microstructural analysis shows that the
hybrid is a kind of hierarchical heterostructure composed of
MoS,/NiS, nanosheets/nanoparticles in situ grown on hollow
(Fe,Ni)S; nanocubes, which effectively maximize the electro-
chemical active sites to the accessible electrolyte ions, leading
to the promoted charge transfer. As expected, the hybrid
shows remarkable alkaline HER and OER electrocatalytic
performance. Moreover, the stability and durability are
investigated under harsh electrochemical conditions.

Experimental method
Materials

Nickel sulfate hexahydrate (NiSO,-6H,0), sodium citrate
dehydrate (NasCeHsO,-2H,0), potassium ferricyanide (K3
[Fe(CN)g]), ethanol, thioacetamide (C,HsNS, named as TAA),
nickel (II) nitrate hexahydrate [Ni(NO3),-6H,0], sodium
molybdate (VI) dihydrate [Na,MoO,-2H,0], sulfur powder
were purchased from Aladdin Chemical Co. Ltd. All the re-
agents are analytical grade and used without further
purification.

Synthesis of solid and hollow FeNi prussian blue analogue
(FeNi-PBA)

Typically, 1 mmol of NiSO4-6H,0 and 1.25 mmol of NasCsHs.
07-2H,0 were dissolved in 50 mL of deionized water to form
solution A. Then, 0.7 mmol of K3 [Fe(CN)¢] was dissolved in
10 mL of deionized water to form solution B. Solutions A and B
were thoroughly mixed under magnetic stirring for precipi-
tation and aged for 20 h. The precipitate was washed three
times and dried at 50 °C for 12 h to obtain solid FeNi-PBA
nanocubes. Thirty miligrams of solid FeNi-PBA nanocubes
were dispersed in 10 mL of ethanol under ultrasonication for
30 min to obtain a uniform solution. Then, 5 mL of thio-
acetamide solution (5 mg/mlL) was dropped into the above
suspension under magnetic stirring. Afterwards, the mixture
was transferred to 25 mL of autoclavg; andikeBtn, %I‘iﬁié@r
12 h. Then the precipitate was thorqughly .)Jand then
dried at 60 °C for overnight to oBEaSA” HEN P FENTBRA
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Synthesis of hollow FeNi-PBA@NiMoO, and (Fe,Ni)
S,@MoS,/NiS,

Twenty miligrams of the above hollow FeNi PBA were
dispersed in 16 mL of deionized water under ultrasonication
for half an hour to obtain a uniform solution. Then, 100 mg of
Ni(NOs),-6H,0, 80 mg of Na,MoO,-2H,0 were added the sus-
pension slowly. Afterwards, the mixed solution was trans-
ferred to a 25 mL Teflon-lined stainless steel autoclave and
heated to 120 °C for 6 h. The obtained hollow FeNi-
PBA@NiMoO, precursors were washed by distilled water and
ethanol several times, and dried at 60 °C overnight. Finally,
sublimed sulfur and FeNi- PBA@NiMoO, precursors were put
at the upstream and downstream side of the tube furnace,
then the furnace was heated to 350 °C for 2 h with a ramp rate
of 5 °C under N, atmosphere to obtain the hollow (Fe,Ni)
S,@Mo0S,/NiS, heterostructures.

Materials characterization

Powder X-ray diffraction (XRD) data are collected on an X-ray
D8 Advance instrument (Bruker, Germany). Scanning electron
microscopy (SEM) is carried on a JSM-7610 F scanning electron
microscope (Hitachi). Transmission electron microscopy
(TEM) is performed on a JEOL JEM-2100 transmission electron
microscope, equipped with energy dispersive X-ray (EDX)
analyzer. Gatan Microscopy Suite Software is used for HRTEM
analysis. X-ray photoelectron spectroscopy (XPS) analysis is
performed on a Thermo Scientific Escalab 250Xi equipped
with 150 W monochromatized Al K, radiation (hv = 1486.6 eV),
where all peaks are referred to the signature Cls peak for
adventitious carbon at 284.8 eV. Quantachrome Nova-1000
surface analyzer is used to analyze the surface area and the
pore size of the prepared catalysts.

Electrochemical characterization

The HER and OER electrochemical behaviors of the synthe-
sized samples are analyzed in a three-electrode setup at CHI
760 E electrochemical work station and two-electrode system
is used to investigate the overall water splitting. The working
composite electrode is fabricated by adding 2 mg of the syn-
thesized material into a mixture of Nafion (30 pL) and ethanol
(370 pL) and being sonicated for 30 min to make a homogenous
ink. The acquired ink is drop-casted on (1 x 1 cm?) nickel foam
substrate and then dried at 60 °C overnight. Linear sweep
voltammetry (LSV) with a scan rate of 2 mV/s is conducted in
1 M KOH as the electrolyte solution using a platinum wire and
Hg/HgO as the counter and the reference electrodes, respec-
tively. Afterwards, all the potential values are converted to
values with reference to a reversible hydrogen electrode (RHE).
To determine the double-layer capacitance (Cq), cyclic vol-
tammetry (CV) taken with various scan speeds are carried out
in the potential window of 1.0—1.1 V vs. RHE. Electrochemical
impedance spectroscopy (EIS) is achieved in the same setup at
open circuit voltage in the frequency range of 100 Hz to
100 kHz with an AC voltage of 5 mV.

Results and discussion

Hollow (Fe, Ni)S,@MoS,/NiS, heterostructures are prepared via
step-by-step procedures. SEM observation and XRD patterns are
used to confirm the morphologies and crystal phase of the
respective products. Firstly, solid FeNi-PBA is synthesized via a
conventional precipitation method at room temperature. SEM
observation shows solid FeNi-PBA are mono-dispersed and
uniform nanocubes with smooth surface (Fig. 1a). Then, hollow
FeNi-PBA nanocubes are obtained with solid FeNi-PBA as pre-
cursor after selective etching of TAA under hydrothermal con-
ditions; hollow FeNi-PBA still exhibits nanocube feature but with
rough surface and visible pores (Fig. 1b). Afterwards, hollow
FeNi-PBA@NiMoO, is prepared when hollow FeNi-PBA nano-
cubes with rough surfaces act as substrate via further hydro-
thermal treatment in the presence of nickel and molybdenum
sources; SEM observation shows NiMoO,4 nanosheets vertically
grow on hollow FeNi-PBA nanocubes (Fig. 1c). Atlast, hollow (Fe,
Ni)S,@MoS,/NiS, is obtained via vapor deposition in the tube
furnace when sublimed sulfur and FeNi- PBA@NiMoO, are put at
the upstream and downstream side; As expected, MoS, nano-
sheets together with NiS, nanoparticles growing on hollow (Fe,
Ni)S, nanocubes to form such a hybrid is achieved (Fig. 1d). In
contrast, rod-like MoS,/NiS, nanostructures are obtained by
direct sulphurization of NiMoO, precursors in the tube furnace
(Fig. S1a); Whereas (Fe, Ni)S, is prepared by sulphurization of
hollow FeNi-PBA nanocubes in the tube furnace (Fig. S1b).

Their respective XRD patterns are displayed in. Fig. S2 It is
noticeable that the XRD patterns of (Fe,Ni)S, nanocubes match
well with the standard iron nickel sulfide (JCPDS card No.
02—-0850) [29]. The diffraction peaks of MoS,/NiS, match well
with MoS, (JCPDS card No: 37—1492) [30] and NiS, (JCPDS card
No: 11-0099) [31]. Whereas the XRD patterns of (Fe, Ni)
S,@Mo0S,/NiS, show well-resolved intense peaks of three
different crystal phases including (Fe, Ni)S,, MoS, and NiS,. It
is worth noting that the intensity of MoS, (002) diffraction
peak in (Fe, Ni)S,@Mo0S,/NiS, seems decreased compared to
pristine MoS,/NiS,, presumably suggesting the rough surfaces
of (Fe,Ni)S, nanocubes effectively inhibit the exfoliated
growth of MoS, into fewer layers. The fewer layers of MoS,
would expose more catalytically active edged sites to accel-
erate the electron transport, which is favorable to HER reac-
tion [2].

TEM images of (Fe,Ni)S,@MoS,/NiS, display the morphology
feature of hollow nanocubes with the size of about 230 nm
(Fig. 2a). X-ray energy dispersive spectra (EDS) analysis (Fig. 2b)
shows that the atomic ratio of total metals (Fe, Ni and Mo) to
sulfur is 2.26, slightly higher than the stoichiometric composi-
tion of (Fe,Ni)S,@Mo0S,/NiS,, an indicative evidence of the
presence of abundant sulfur. HRTEM image gives the detailed
information of the mixed crystal phases (Fig. 2c). The lattice
fringes 0of 0.25 nm and 0.63 nm belong to the (200) crystal plane of
NiS, and (002) crystal plane of MoS,, respectively. While the
lattice fringes with spacing of 0.19 and 0.28 nm correspond to the

(220) and (200) crystal planes of (Fe, I\g)l%g? éisi gcﬁv 1¥/ Brenglled
RESH SO PA(lTIL
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Fig. 1 — SEM images of solid FeNi-PBA nanocubes (a), hollow FeNi-PBA nanocubes (b), hollow FeNi-PBA@NiMoO, (c), and

hollow (Fe, Ni)S,@MoS,/NiS; (d). The scale bar is 200 nm.

Mo, Ni and Fe elements in the hybrid with obvious rich sulfur.
These above evidences confirm that MoS,/NiS, nanosheets/
nanoparticles grow on the hollow (Fe,Ni)S, nanocubes, in which
MoS,/NiS, nanosheets/nanoparticles provide the abundant
active sites, while hollow (Fe,Ni)S, nanocubes accelerate the
electrolyte diffusion, as well as the strong interfacial coupling
due to the abundant heterointerfaces between MoS,, NiS, and
(Fe,Ni)S,, thus synergistically boosting the electrochemical
water splitting performance.

X-ray photoelectron spectroscopy (XPS) measurements are
used to analyze the elemental species and their respective
electronic states of (Fe,Ni)S,@MoS,/NiS,, with those of pristine
(Fe,Ni)S, and MoS,/NiS, for comparison. The XPS survey
spectra of (Fe,Ni)S,@Mo0S,/NiS, confirm all the presence of Ni,
Fe, S and Mo elements (Fig. S3). As shown in Fig. 3a, Ni 2p core
level spectra exhibit two spin-orbit doublets and two shakeup
satellite (Sat.) peaks. The Ni** (853.5 eV for 2ps/, and 871.0 eV
for 2p,/,) and Ni*" (856.3 eV for 2ps/, and 875.5 eV for 2p/,)
photoelectron peaks in MoS,/NiS, and (Fe,Ni)S, give certain
positive shifts to those peaks in the hybrid (Fe,Ni)S,@MoS,/
NiS, [29]. For deconvoluted Mo 3d profiles (Fig. 3b), the fitting
analysis shows that two main peaks located at 228.85 and
232.25 eV are attributed to the 3ds/, and 3ds/, of Mo*" ions,
while the band at 235.7 eV corresponds to Mo®" due to the
partial air oxidation. Moreover, another weak peak centered at
226.15 eV corresponds to S 2s states [2]. Compared to pristine

MoS,/NiS,, these three peaks including Mo 3ds/», Mo 3ds/, and
Mo—S in the hybrid (Fe,Ni)S,@MoS,/NiS, are slightly upshifted
(229.05, 232.6 and 226.7 eV) [23]. In Fe 2p high resolution
spectra (Fig. 3c), the Fe 2ps/, (709.2 eV for Fe?* and 712.8 eV for
Fe*") and 2pi, (723.1 eV for Fe?" and 727.2 eV for Fe**)
photoelectron peaks in pristine (Fe,Ni)S, also give certain
positive shifts to those peaks in the hybrid (Fe,Ni)S,@MoS,/
NiS, [32]. These different degrees of shifts of their respective
photoelectron peaks in (Fe,Ni)S,@MoS,/NiS, indicate the
occurrence of electron interaction between MoS,/NiS, and
(Fe,Ni)S,, presumably resulting from the formation of intimate
heterointerfaces within the hybrid. In addition, peak decon-
volution of S 2p (Fig. 3d) indicates that one doublet at 161.8 eV
and 163.2 eV correspond to 2ps/, and 2py,; of sulfide species
(S*). The other doublet emerged at 162.6 eV and 163.9 eV is
related to 2ps/, and 2p, of sulfur bridge species (bridging S,*")
in terminal edges with undercoordinated Mo—S sites. The
peak at 169.25 eV is assigned to S—O species resulting from the
surface air exposure. The terminal disulfide sites are regarded
to be involved in reducing protons during the HER, which was
beneficial for electrocatalytic reaction [2].

Furthermore, the surface area og@ﬁgﬁ WSy Nifiedf
investigated by N, adsorption-desorptigap s I ) with (Fe,
Ni)S, and MoS,/NiS, for comparlsondoﬁg"&;?ﬁ acy "4 fl"fc °§?ISS4
(Fe, Ni)S,@MoS,/NiS, as well as Pﬁm&@’giu aivrhoMeSpiNiSe

exhibit a type IV isotherm curve, an indicative of the
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Fig. 2 — TEM image (a), EDX analysis (b), high resolution TEM image (c) and their corresponding elemental mapping (d) of

hollow (Fe, Ni)S,@Mo0S,/NiS, heterostructures.

mesoporous structure. Brunauer-Emmett-Teller (BET) surface
area of (Fe,Ni)S,@MoS,/NiS, is found to be 65.1 m?%/g, far larger
than those of (Fe, Ni)S; (40.5 m?/g) and MoS,/NiS, (32.9 m?/g).
Therefore, the higher surface area and mesoporous nature of
(Fe,Ni)S,@Mo0S,/NiS, ensure the exposure of enriched active
sites, which is beneficial to enhance charge transfer rates and
superior contact towards the electrolyte solution, thus
improving the electrochemical behaviors.

Hydrogen evolution activity

The HER catalytic activities of (Fe, Ni)S,@MoS,/NiS, is inves-
tigated by the polarization curves from linear sweep

voltammetry (LSV) in 1.0 M KOH electrolyte using a three
electrode system at a scan rate of 2 mV/s. For comparison, we
also evaluated the electrocatalytic performance of commer-
cial Pt/C (20 wt%), Ni Foam, (Fe, Ni)S, and MoS,/NiS,. As dis-
played in Fig. 4a, Pt/C on NF undoubtedly exhibits the best
performance with a low overpotential of 35 mV at 10 mA cm 2
whereas bare Ni foam shows negligible catalytic activity. (Fe,
Ni)S,@MoS,/NiS, shows superior catalytic performance to-

ward HER, W1th a cathodic curg@ha{gﬁ;@tﬁ /el Fricgpd
50 mA cm? at a low overpotential,@f, %Aaﬁ@m mV. The
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and MoS,/NiS, for comparison.

competitive electrocatalytic activities, compared to the pre-
vious reported MoS,-based catalysts in alkaline media at
10 mA cm™2, such as (Ni, Fe)S,@MoS, (130 mV) [29], MoS,/
C09Se/NisS,/Ni foam® (113 mV) [33], MoS,/NisS, hetero-
structures (110 mV) [8], NiS—MoS, hetero-nanosheet arrays
(106 mV) [34] and roughly the same as MoS,—Ni;S, hetero-
nanorods (98 mV) [35]. The low overpotential of (Fe, Ni)
S,@Mo0S,/NiS, is mainly due to the presence of abundant
heterointerfaces with catalytically active sites for superior
electrocatalytic reaction. Therefore, the hybrid is a promising
candidate for HER electrocatalyst.

The Tafel slopes derived from the LSV polarization curves
is used to investigate the HER reaction kinetics. As shown in
Fig. 4b, the Tafel slop of (Fe,Ni)S,@Mo0S,/NiS, is approximately
96.7 mV dec*, smaller than that of pristine (Fe,Ni)S, (160.7 mV
dec™) and MoSy/NiS, (125.3 mV dec ). The Tafel slope of
96.7 mV dec?! for (Fe, Ni)S,@MoS,/NiS, suggests the HER
following the Volmer-Heyrovsky mechanism [8]. Moreover,
the catalytic active sites are estimated by the electrochemical
surface area (ECSA), which is obtained by CV measurement
with different scan rates in a potential range from 0.17 to
0.27 V (vs RHE). The electrochemical double layer capacitance
(Ca1) proportional to the ECSA, as shown in Fig. 4c, is obtained
by the slopes of the fitted line at different scan rates. The
calculated C4 values of (Fe, Ni)S,@Mo0S,/NiS, is 33.23 mF cm~?,
superior to those of MoSy/NiS; (8.47 mF cm™2) and (Fe, Ni)S,
catalysts (1.53 mF cm~?). This result indicates that the (Fe, Ni)

S,@Mo0S,/NiS, catalyst enriches the electrochemical active
sites on the electrode surface to the accessible electrolyte ions,
due to the unique morphology feature of hollow nanocubes
and the maximum exposure of the catalytically active edges of
MoS, [9]. Electrochemical impedance spectroscopy (EIS) is
performed to investigate the charge-transfer kinetics at the
electrode/electrolyte interface. The charge transfer resistance
(Rer) is determined according to the semicircle nature of
recorded EIS curves. As shown in Fig. 4d, the (Fe,Ni)S,@MoS,/
NiS,-modified electrode delivers a lower R, value than MoS,/
NiS,- and (Fe,Ni)S;-modified electrode, which indicates the
higher electrical conductivity and faster electron transfer
rates on (Fe,Ni)S,@MoS,/NiS,-modified electrode.
Furthermore, the stability of (Fe,Ni)S,@Mo0S,/NiS, is evalu-
ated by LSV and long-time chronoamperometry (i-t) measure-
ments (Fig. 4e and f). As shown, the slight deviation of
polarization curve is observed after 5000 CV cycles; meanwhile,
the current density shows negligible loss after 40 h. These
above results show the superior stability and durability of
(Fe,Ni)S,@Mo0S,/NiS, for HER. The improvement of the HER
performance could be ascribed to the following synergetic ef-
fects. The inner hollow (Fe,Ni)S, nanocubes is regarded to
accelerate the electrolyte diffusion for HER; meanwhile, the

outer MoS; nanosheets expose more Gighaicrl Notiveetzed,
facilitating the electrode/electrolyte cantactanmthin jachieving

| attest to the accurag) /zhd enticity of this

the high catalytic activity. Therefdrere(Fe Ni MoS,/NiS,
could be promising as high efficient s stapie Fufo eatakysta
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Fig. 4 — HER polarization curves (a), their corresponding Tafel plots (b), double-layer capacitance (c) and EIS (d) of different
samples in 1 M KOH; (e) Polarization curves at the first cycle and after 5000 cycles (e) and stability test for 40 h (f) of Fe, Ni)

Sz@MOSz/NiSz.

Oxygen evolution activity

The OER performance of (Fe, Ni)S,@Mo0S,/NiS, catalyst as
anode materials was further examined in 1.0 M KOH with a
scan rate of 2 mV/s, together with that of RuO,, Ni Foam, (Fe,
Ni)S, and MoS,/NiS, for comparison. Fig. 5a displays the
polarization curves of different modified electrodes. As
shown, the (Fe,Ni)S,@MoS,/NiS,-modified electrode exhibit
superior OER activity with an impressive overpotential of
342 mV to attain a current density of 50 mA cm 2, compared
to the state-of-the-art RuO, (355 mV at 20 mA cm™?), pristine
(Fe,Ni)S;, (330 mV at 20 mA/cm?), MoSy/NiS, (361 mV at 20
mA/cm?) and Ni foam (419 mV at 20 mA/cm ?) catalyst.
Fig. S5b gives the calculated Tafel slopes of (Fe,Ni)S,@MoS,/
NiS, (58 mV dec™!), RuO, (81 mV dec?), Ni foam (115 mV

dec™), (Fe, Ni)S, (83 mV dec™!) and MoS,/NiS, (89 mV dec™?),
indicating the (Fe,Ni)S,@MoS,/NiS, has excellent OER activity
and better charge transfer coefficient. The stability is proven
by the LSV comparison in the initial and after 5000 cyclic
potential sweeps with a scan rate of 20 mVs~* and long-time
chronoamperometry (i-t) measurements of (Fe,Ni)S,@MoS,/
NiS, catalyst. When compared to the initial curve, a negli-
gible shift is observed in the overpotential after 5000 cycles
(Fig. 5c). Furthermore, the chronoamperometry measure-
ment shows no obvious degradation of current density for
40 h (Fig. 5d), supportive evidence fg{@afggy,%’ rgilifng dor
long-term operation. These results g@gﬁgm,&,@m excellent
electrochemical stability and dusabs 'ihtefccugcfw / eem'c(%oe':h's Ni)
S,@MoS,/NiS, catalyst during the O};ﬁﬁz I?éé%ﬁ@dhma%kahne
electrolyte.
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Overall water splitting

The above results show the (Fe, Ni)S,@Mo0S,/NiS; is active and
stable catalyst for HER and OER in alkaline electrolyte.
Therefore, (Fe, Ni)S,@Mo0S,/NiS, is evaluated simultaneously
as bifunctional catalysts for anode and cathode of overall
water splitting. The two-electrode cell with (Fe, Ni)S,@MoS,/
NiS,//(Fe, Ni)S,@MoS,/NiS, electrolyzer affords a current
density of 10 and 20 mA cm 2 at cell voltage of 1.57 and 1.65 V,
respectively (Fig. 6a), which is comparable to the commercial
Pt/C||RuO; electrocatalysts and superior to recently reported
catalysts. After 20 h of electrolysis, the (Fe,Ni)S,@MoS,/NiS,//

(Fe,Ni)S,@Mo08S,/NiS; electrolyzer still shows no obvious decay
for overall water splitting (Fig. 6b), indicating the high stability
over long-term operation. Considering the wide sources and
easy preparation of non-noble metal-based electrocatalyst,
the hybrid exhibits great potential for large-scale water elec-
trolysis with low cost and high efficiency.
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electrocatalyst for overall water splitting to generate both O,
and H, in alkaline solution, which is achieved by the facile and
conventional strategies. Benefitted from the maximized
exposure of catalytic active edges of MoS, nanosheets and
NiS, nanoparticles (the outer shell) and the inner unique
hollow structure of (Fe,Ni)S, nanocubes accelerating the
electrolyte diffusion, the hybrid exhibits remarkable alkaline
electrocatalytic activity with HER overpotential of 176 mV and
OER overpotential of 342 mV at 50 mA cm 2. A low cell voltage
of 1.65 V at 20 mA cm ™2 is required for water electrolysis with
satisfactory durability after continuous operation for 20 h. Our
work demonstrates that exposing abundant active sites,
designing hollow hybrid heterostrucutres towards earth-
abundant electrocatalysts are effective strategies for boost-
ing the electrocatalytic activity.
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Li ion batteries (LIBs) have emerged as the promising energy storage device in the electronic industry. The
performance of LIBs is mostly influenced by the type of electrode material. Thus, proper selection and devel-
opment of the electrode material is of paramount interest. In this work, copper sulfide/graphene oxide (CuS/GO)
composite electrode material is fabricated using a simple, cost-efficient, and rapid microwave irradiation tech-
nique. A unique architecture is obtained in which the CuS microspheres are encapsulated by the GO nanosheets.

Combined with a binder-free buckypaper approach, the fabricated CuS/GO composite anode delivers excellent
electrochemical performance in terms of high specific capacity, enhanced rate capability and high cyclic stability
than its pristine form (CuS). The enhanced performance is attributed to the synergistic effect of CuS and GO. The
obtained results certainly reflect the promising future of the CuS/GO composite anode in LIB applications.

1. Introduction

Recently, Lithium ion batteries (LIBs) have emerged as the promising
energy storage device due to their applications in versatile fields such as
Electric Vehicles (EVs), portable electronics, and power grids, etc. [1].
However, the most commonly used anode in LIBs, i. e., graphite cannot
fully satisfy the current requirements due to various limitations such as
low theoretical capacity (272 mAh/g) and the formation of Li dendrites
due to lower lithiation potential (0.1 V Vs Li/Li™) [2]. As a result, novel
electrode materials are required to be developed to overcome these
existing issues. In the light of recent years, metal sulfides have emerged
as the suitable electrode materials for LIBs due to their intriguing
properties such as low cost and large natural abundance. Amongst
various metal sulfides (MoS,, CoSy, NiS. etc.), copper sulfide (CuS) has
attracted significant research attention due to intriguing properties such
as high electrical conductivity (10~ Scm™), high theoretical capacity
(560 mAh/g), and flat voltage plateau (constant power) [3-6]. Despite
these advantages, the CuS electrode exhibits some drawbacks such as
low cyclic stability due to large volume expansion and loss of active
material due to polysulfide diffusion.

To solve these issues, an effective strategy of encapsulating CuS
structure in a carbon matrix (Graphene, Graphene oxide (GO), carbon
nanotubes (CNTs)) framework has been proposed [3-6]. The carbon
encapsulation buffers the volume expansion and traps the polysulfide
diffusion thereby restoring high cyclic stability [6,7]. Additionally, the

* Corresponding author.

carbon encapsulation enhances the electrical conductivity and provides
numerous electroactive sites for charge storage, resulting in improved
rate capability and enhanced specific capacity. Tao et al. [8] fabricated
CuS/GO composite electrode using hydrothermal method and attained
an improved performance for the composite electrode than the pristine
CuS electrode in terms of good cyclic stability and high specific capacity.
Likewise, Yuan et al. [5] attained an improved electrochemical perfor-
mance for the hydrothermally synthesized CuS/GO composite than the
pristine CuS electrode. The composite CuS/GO obtained a high specific
capacity of 545 mAh/g than the pristine CuS electrode (530 mAh/g).
Ren et al. [6] and Liu et al. [4] also reported improved electrochemical
performance for the composite CuS/carbon composite nanospheres than
the pristine CuS nanospheres. Feng et al. [9] fabricated 1D CuS nano-
wires/GO composite using solvothermal method involving the use of
mixed solvent of dimethyl sulfoxide (DMSO) and ethyl glycol (EG). The
composite electrode also exhibited superior electrochemical perfor-
mance than the pristine form. Notably, the above reports used costly and
complex processing methods (hydrothermal and solvothermal) that
involved the presence of vigorous conditions (longer operational time
(12-24 h) and higher operating pressure) and toxic organic solvents. In
addition, these reports also used binders for electrode fabrication that
significantly introduces electrical resistance thereby resulting in lower
electrochemical performance.

Considering these aspects, in the present work, we report a facile,
cost-effective, environmentally friendly, and ultra-fast route to fabricate
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composite CuS/GO electrode using a microwave irradiation method.
Additionally, a binder-free approach is introduced in the fabrication of
electrodes. As a result, the fabricated composite electrode demonstrates
superior electrochemical performance than the literature reports in
terms of high specific capacity, high rate capacity and longer cyclic
stability.

2. Experimental

The CuS and the composite CuS/GO microspheres were synthesized
using a microwave irradiation method. In the typical synthesis, 0.1 M
copper chloride (CuCl) and thiourea (0.1 M) were dissolved in 100 ml
distilled water under continuous stirring for 30 min. After that, the
beaker was placed in a microwave oven and heated for 5 min at 500 W
power (Fig. S1). The formed particles were then separated from the
solution using centrifugation and air dried at 60 °C for 4 h. In the syn-
thesis of composite CuS/GO composite, the above recipe was followed,
except 10 ml GO was added dropwise in the precursor solution before
the start of the reaction. The final obtained powder was further used for
electrode fabrication and characterization. The electrodes were fabri-
cated in a binder-free approach. The electrodes were fabricated in the
form of bucky-paper and directly used for electrochemical application
(Fig. S2). The details of electrode fabrication are provided in the Sup-
plementary Information (SI). The physical properties of the fabricated
electrode materials such as surface morphology, elemental composition,
and the crystal structure are evaluated using Field Emission Scanning

| 163}

| e
o) 1oz s

—
JCHUDS 18-
Haeagonal Covallite Structure

(115
(o8}

IntEnsity (4 W)

Applied Surface Science Advances 11 (2022) 100285

Electron Microscopy (FESEM) attached with an energy-dispersive X-ray
analyser (EDAX) and a high resolution powder X-ray diffractometer
(PXRD).

3. Results and discussion

The XRD spectra of the pristine CuS and the composite CuS/GO are
shown in Fig. 1(a). As seen, the pristine CuS spectrum exhibits promi-
nent and strong diffraction peaks. These diffraction peaks correspond to
the (100), (101), (102), (006), (105), (106), (110), (108), (116), (118),
(208), and (213) crystallographic planes of the hexagonal structured
CusS that match to the standard JCPDS card: 79-2321 [6]. No diffraction
peaks related to the secondary phases are observed thereby confirm the
formation of phase pure CuS particles. The composite CuS/GO XRD
spectrum also exhibits similar diffraction pattern as that of the pristine
CuS. However, the peak intensities of the composite CuS/GO are
significantly smaller than the pristine CuS electrode and can be attrib-
uted to the encapsulation effect of GO nanosheets on CuS particles.
Similar effect of reduced peak intensity after carbon matrix encapsula-
tion has been reported before [7,10]. The lower peak intensity translates
to lower crystalline structure (amorphous structure). Such amorphous
structure is highly desirable for energy storage application as it provides
numerous unsaturated electroactive sites for ionic interaction and
charge generation [11]. As the concentration of GO nanosheets is low,
their characteristic XRD peaks are absent in CuS/GO composite spec-
trum. Thus, the formation of phase pure CuS along with the

Cu: 52,16 at %%
5:47.84 at %
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Fig. 1. (a) The XRD spectra of CuS and the composite CuS/GO microspheres, (b) the EDX mapping image of CuS, (c-e) and (f-h) thedESEM o es of the CuS and

the composite CuS/GO, respectively.
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encapsulation of GO nanosheets is confirmed from the XRD study.

The EDX mapping spectrum of the pristine CuS is shown in Fig. 1(b).
The EDX spectrum certainly confirms the formation of stoichiometric
CuS with existence of the constituent elements (Cu 52.16 at%, and S:
47.84 at%) in the ratio of around 1:1. The FESEM image of the pristine
CuS is shown in Fig. 1 (c—e). The CuS microspheres are formed with a
flake-like morphology. The microspheres are connected to neighbouring
particles thereby forming a hierarchical porous interconnected network.
The average size of CuS nanospheres lies in the range of 4-6 um.
However, some microspheres exhibit large sizes (6—-8 um) and can be
ascribed to the ‘particle-aggregation’ effect. At higher magnification
(Fig. 1(e)), the surface features of CuS microspheres are clearly visible.
The CuS microspheres are composed irregular shaped flakes oriented in
random directions thereby generating open porous morphology. On the
contrary, the composite CuS/GO composite exhibits different
morphology (Fig. 1 (f-h)). As a result of GO encapsulation, CuS/GO
composite exhibits a closed compact morphology. Additionally, the
average particle size is also reduced to 3.5 ym as compared to the
pristine CuS microspheres (4-6 pm).

The smaller the particle size, the higher is the surface area. The
higher surface area transcribes to higher electroactive sites highly
desirable for efficient charge storage activity [7]. At higher magnifica-
tion (Fig. 1(h)), the GO encapsulation is clearly visible. The open
flake-like structure of CFS microspheres is completely covered by the GO
nanosheets. As a result, a compact internal interconnected flake network
is attained. Such structural architecture is advantageous as it easily
promotes resistance-free ionic transport pathways leading to higher rate
capability. Notably, GO nanosheets does not affect the growth mecha-
nism of CuS microspheres but only wraps its surface as the spherical
shape is still maintained. The elemental mapping images of the pristine
CuS (Fig. 2 (a—c)) and the composite CuS/GO microspheres (Fig. 2
(d-g)) certainly reflects the uniform distribution of the constituent el-
ements over their surface.

The cyclic voltammetry (CV) curves of the composite CuS/GO elec-
trode are shown in Fig. 3(a). The CVs curves are recorded in the po-
tential range of 0.01-3 V Vs Li/Li" at the scan rate of 0.2 mV/s. In the
initial cathodic scan, two reduction peaks (1 and 2) are visible at 1.97 V
and 1.43 V. The peak at 1.97 V is ascribed to the phase conversion of CuS
to CusS and the peak at 1.43 V is ascribed to the conversion reaction of
CusS to LisS and Cu. In the initial anodic scan, three oxidation peaks

Applied Surface Science Advances 11 (2022) 100285

(3-4) visible at 1.98 V, and 2.6 V are attributed to the reformation of
CusS from the oxidation of Cu and LiyS and the overpotential of LisS,
respectively [3]. In the subsequent cycles, the cathodic and anodic peak
intensities dimmish gradually and overlap each other. Additionally, the
peaks slightly shift to higher potentials thereby indicating electrode
stabilization with reduced energy barrier and minimized polarization
effect. The conversion reaction mechanism is involved in the charge
storage. The overall reaction mechanism can be summarized as below
[12],

2CuS + 2Li—Cu,S + Li,S (€]

Cu,S + 2Li < 2Cu + Li,S 2)

The comparative CV curves of the composite CuS/GO and the pris-
tine CuS electrodes are shown in Fig. 3(b). As seen, the composite CuS/
GO electrode exhibits higher area under the CV curve along with
attainment of higher current density and presence of prominent redox
peaks. As a result, the composite CuS/GO electrode exhibits superior
electrochemical performance than the pristine CuS electrode. Further-
more, the improved electrical properties of the composite CuS/GO
electrode were confirmed from the Electrochemical Impedance Spec-
troscopy (EIS). The EIS Nyquist plot in Fig. 3(c) confirms the lower
electrical (Rs) and charge-transfer resistance (R¢t) of the composite CuS/
GO electrode. The composite CuS/GO electrode exhibits a five-times
lower R (5.49 Q/cm?) and almost three-times lower Rt (42.25
Q/cm?) than the pristine CuS electrode (Rs: 26.64 Q/cm? and R
110.23 Q/cm?). The rate capability comparison of the electrodes is
shown in Fig. 3(d). As seen, the composite CuS/GO electrode exhibits a
high initial discharge capacity of 1005 mAh/g at 0.2 C current density.
However, the discharge capacity reduces to 600 mAh/g in the second
discharge cycle due to electrolyte decomposition and solid electrolyte
interphase (SEI) formation.

The composite electrode attains a high discharge capacity of 288,
180, and 138, mAh/g at the applied current densities of 0.5, 0.7, 1 C,
respectively. Notably, the composite electrode delivers a high discharge
capacity of 115 mAh/g at the high current density of 2 C and recovers
96% discharge capacity (578 mAh/g) when the current density was
reverted to initial value of 0.2 C. Contrary to this, the pristine CuS
electrode fails to perform well in absence of GO encapsulation and de-
livers a lower performance of 228, 79, 32, 21, and 10 mAh/g at the
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Fig. 3. (a) The CV curves of the composite CuS/GO electrode at 0.2 mV/s scan rate, (b) the CV curves comparison of the pristine CuS and composite CuS/GO
electrodes at 0.2 mV/s scan rate, (c) the EIS Nyquist plots of the pristine CuS and composite CuS/GO electrodes, (d) the rate capability comparison of the pristine CuS
and composite CuS/GO electrodes, (e) the charge-discharge profile of the composite CuS/GO electrode at varied current densities, (inset image shows the LIB device
demonstration) and (f) the cyclic stability plot of the pristine CuS and composite CuS/GO electrodes at 1 C for 100 cycles.

applied current densities of 0.2, 0.5, 0.7, 1, and 2 C, respectively.
Furthermore, the electrode only recovers 60% discharge capacity (138
mAh/g) when the current density was reverted to initial value. The
corresponding galvanostatic charge-discharge (GCD) curves of the
composite CuS/GO electrode at the varied current densities (0.2-2 C)
are depicted in Fig. 3(e). The GCD curves exhibit multiple plateaus that
consistently match to the redox peaks at the similar potential in the CV
curves (Fig. 3(a)). The fabricated LIB device demonstration is shown in
inset image of Fig. 3(e). The cyclic stability of the electrodes was studied
for 100 cycles at the current density of 1 C (Fig. 3(f)). For the composite
CuS/GO electrode, the discharge capacity gradually reduces upto 30th
discharge cycle and remains stable till the end of 100th discharge cycle.

The corresponding charge-discharge profile of the composite CuS/GO
electrode for 100 cycles is shown in Fig. $3. On the other hand, the
discharge capacity of the pristine CuS electrode reduces in every
discharge cycle. The composite CuS/GO exhibits higher cyclic stability
(72.8%) than the pristine CuS electrode (36.8%). Clearly, the fabricated
composite CuS/GO electrode exhibits superior Li ion storage perfor-
mance than the pristine CuS electrode and is well comparable with the
literature reports (Table S1). The superiagr performance can he attrib-
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the electrode thereby promoting rapid charge transfer between Li ions
and the electrode (high rate capability). Additionally, GO encapsulation
leads to higher cyclic stability as it traps the polysulfide diffusion into
the electrolyte and buffers volume expansion of CuS microspheres (re-
stores structural integrity).

4. Conclusions

In summary, we have successfully demonstrated the fabrication of
composite CuS/GO anode for LIB using a facile, cost-effective, and ultra-
fast microwave irradiation technique. The binder-free (buckypaper)
composite CuS/GO electrode exhibited superior electrochemical per-
formance than its pristine form (CuS). The CuS/GO electrodes exhibits a
high initial discharge capacity of 1005 mAh/g at 0.2 C with more than
70% stability for 100 cycles. Additionally, the composite electrode ex-
hibits outstanding rate capability with higher charge recovery (96%)
during transition from higher (2 C) to lower current intensities (0.2 C).
The superior electrochemical performance of the composite electrode is
attributed to GO encapsulation that resulted in high density electro-
active sites (high surface area), suppression of volume expansion, trap-
ping of polysulfides, and enhanced reaction kinetics. Such a simple and
cost-effective approach upholds a great promise in the development of
efficient anodes for commercial Li ion battery systems.
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Abstract

In the present research, the coconut endocarp shell as a natural waste was converted
into a valuable non-conventional catalyst by a simple thermal treatment, namely
coconut endocarp shell ash (CESA). The prepared CESA was characterized using
several analytical techniques, including TGA, FT-IR, XRD, BET, SEM, and EDX.
The catalytic property of the CESA was examined in the synthesis of pharmaceu-
tically active 2-amino-4H-benzochromene derivatives via one-pot three-component
condensation of aldehydes, malononitrile, and o or B-naphthol in ethanol at room
temperature. The most promising aspects of the presented approach are the high
catalytic efficiency, short reaction time, excellent yield of products, operational sim-
plicity, waste to wealth, and optimization with the design of experiment. Moreover,
the CESA catalyst was recycled five times without any apparent loss of its catalytic
activity.
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Introduction

In the last few decades, green chemistry principles have played an important role
in protecting the environment. Thus, modern synthetic chemists make continuous
efforts to come up with green principles while conducting organic transformation
with eco-friendly processes, especially eco-friendly catalyst [1-3]. In general, green
chemistry principles focus on the design and application of clean and safe proce-
dures in order to maximize efficiency and productivity, use renewable bio-degrada-
ble materials, minimize by-products and hazardous reagents, which reduce the use
of hazardous chemicals that are risky to the environment and human beings. From
this point of view, some aspects of green chemistry, such as multi-component reac-
tions and reusable catalyst, can be combined, effectively following green chemistry
protocols can be expected [4, 5].

Multi-component reaction (MCR) is an efficient, powerful technique that achieves
a significant role in modern synthetic organic chemistry due to the fact that all the
required reactants are incorporated into one pot to produce the desired products in
a single step without isolation of any intermediate. Further, using a one-pot, multi-
component reaction approach could result in several advantages such as operational
simplicity, flexibility, shortage of synthetic routes, atom economy, decreased pol-
lution, low cost, straightforward reaction design, and simple purification of target
products. Moreover, MCRs with a heterocyclic moiety are particularly used in the
construction of biologically active scaffolds and drug-like molecules, which have
increased interest in the research community [6-9].

In addition, 2-amino-4H-benzochromene represents an important class of hetero-
cyclic structural motifs. It is found in a number of natural products with remark-
able biological active molecules [10] and varied pharmacological properties such
as anti-tumour or tumour vascular disrupting agent [11, 12], anti-proliferative [13,
14], cytotoxic [15], anti-cancer and SRC kinase inhibitory action [16], anti-bacterial
[17], anti-fungal [18], and anti-theumatic actions [19]. Figure 1 represents some of
the bioactive 2-amino-4H-benzochromene compounds that possess different types
of pharmaceutical activities.

A literature survey revealed that, because of the biological activity of these
compounds, by one-pot three-component reaction of aryl aldehyde, malononi-
trile, and B- or a-naphthol, several improved protocols have been investigated to
synthesize 2-amino-4H-benzochromene by employing various catalysts, such as
piperidine [20], TBABr [21], basic alumina [22], hexadecyl trimethyl ammonium
bromide (HTMAB) [23], TiCl, [24], NaOH [25], Amberlyst A-21 [26], KF-Al,O,
[27], 1,4-diazabicyclo[2.2.2]octane [28], Mg/Al hydrotalcite [29], Na,HPO, [30],
Fe(HSO,); [31], thiourea dioxide [32], p-dimethylaminopyridine [33], ionic lig-
uids [34-37], nano-zeolite clinoptilolite [38], PANpyapF [39], Ni-AlL,O; [40],
SILLP [41], sodium malonate [42], potassium hydrogen phthalate [43], Potas-
sium phthalimide [44], potassium 2-oxoimidazolidine-1,3-diide (POImD) [45];
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Fig. 1 Some examples of biologically active 2-amino-4H-benzochromene compounds

also, some nanocatalyst or ionic liquid-supported nanocatalysts have been used for
these transformations including Fe;0,@SiO,@BenzIm-Fc[CI]/BiOCl [46], CNT-
Fe;O, IL [47], SiO,@Im-Fc[OAc] [48], Fe;0,@PS-Arg MNPs [49], y- Fe,0;@
HAp@CPTMS@AT [50], and GO Fc@Fe;0, [51], However, for the synthesis of
2-amino-4H-benzochromenes, many reported methods have effective and their own
merits, but they suffer from some drawbacks such as harsh reaction conditions, pro-
longed reaction times, use of toxic and expensive solvents, difficult workup proce-
dures, and furnishing the products in unsatisfactory yields. Also, the nanocatalyst
plays an important role in organic transformation for selectivity and determining
yield [52-64]. In recent years, the use of agro-food waste material as a catalyst
has received significant attention in green protocols for multi-component synthe-
sis. Therefore, natural feedstock as catalyst offers a promising alternative tool for
organic processes due to their ability to act as catalysts with large surface area, bio-
degradability, low toxicity, low cost, and reusability properties [4, 65].

Therefore, the main goal of the current research work is to investigate the organic
transformation through the utilization of naturally sourced catalysts. So, to avoid the
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Scheme 1 CESA-catalysed synthesis of 2-amino-4H-benzochromenes

problem of disposal of solid waste biomass and to minimize possible environmental
pollution, the naturally waste biomass used for the development of promising cata-
lysts to make synthetic protocols cheap can be considerably reduced [66—68]. Cocas
nucifera is a plant from the Areceae family (Palm family). On over 10 million hec-
tares of land, coconuts are grown all over the world. India, Indonesia, and the Philip-
pines account for over 75% of global coconut production [69, 70]. According to the
literature, the coconut shell is rich in organic substance, having 33.61% cellulose,
36.51% lignin, 29.27% pentose, and 0.61% ash and inorganic matter [71].

In continuation of our present research, focusing on replacing inefficient tradi-
tional protocols with more efficient, cost-effective, and environmentally friendly
alternatives [72-76], the present research work is to explore that naturally sourced
catalytic system is a promising alternative tool in organic transformation. Herein, we
report the first time a straightforward, cheap, and environmentally benign applica-
tion of coconut endocarp shell ash (CESA) as a recoverable green catalyst, for syn-
thesizing 2-amino-4H-benzochromene, from the condensation of - or a-naphthol,
aromatic aldehydes with malononitrile at room temperature in ethanol solvent
(Scheme 1). This is a clean, efficient synthetic method, which preserves the simplic-
ity as well as consistently gives good-to-excellent yields of corresponding products.

Experimental procedure
Materials and methods

All chemicals and laboratory-grade reagents used for this study were obtained from
Sigma-Aldrich and Merck chemical companies and were utilized without further
purification. An analytical thin-layer chromatography (TLC) technique was used to
check the purity of substances, and the progress of the reaction was performed using
Merck 0.2 mm silica gel 60 F-254 Al-plates. The confirmation and characterization
of the isolated pure form of products by spectroscopic data (IR, 'H NMR, '3C NMR,
mass spectra). Infrared (FT-IR) spectra were obtained in KBr pellets on a Bruker
ALPHA FT-IR spectrometer. Brucker-AC spectrometers in CDCl; and DMSO as
solvent (for '"H NMR at 300 MHz and for '*C NMR at 75 MHz) are used to record
'H and '3C NMR spectral data. A Shimadzu QP2010 GCMS with an iron tempera-
ture of 280 °C was used to obtain the mass spectra. The melting points of purified
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derivatives were determined using the DBK programmable melting point as an open
capillary method. Thermal gravimetric analysis (TGA) was measured using a TA
SDT Q600 V20.9 Build instrument in the presence of air at a linear heating rate of
10 °C min~! from 25 to 1000 °C. For measurement of the scanning electron micro-
scope (SEM), a JEOL (Tokyo, Japan) JSM-5200 was used. The N, adsorption—des-
orption isotherm for BET was recorded with a Micromeritics ASAP 2010 surface
area and porosity analyser. An energy-dispersive X-ray spectroscopy analysis with-
out oxygen was recorded with the Quanta 200 3D FEI scanning electron microscope.

Preparation of coconut endocarp shell ash (CESA) catalyst

To prepare the CESA catalyst, bio-waste endocarp shells of Cocos nucifera were
collected from the local food market. The collected coconut endocarp shells (CESs)
(Fig. 2a) were washed by using distilled water to remove dirt and sun-dried for two
days. The dried CES (50 g) was broken into small pieces by using a mortar and pes-
tle (Fig. 2b) and heated in a muffle furnace up to 800 °C for 2 h in a silica crucible.
A fine soft ash (Fig. 2c) was obtained and was named as coconut endocarp shell
ash (CESA) (Fig. 2c). Further, CESA was used as a catalyst for the synthesis of
2-amino-4H-benzochromenes.

General procedure for the synthesis of 2-amino-4H-benzochromene derivatives

In a clean and dry 25-mL round-bottom flask, a CESA catalyst (10 wt. %) was added
to the mixture of aryl aldehyde 1 (1 mmol), malononitrile 2 (1 mmol), f-naphthol
3a or a-naphthol 3b (1 mmol) and ethanol. Then, at room temperature, the reaction
mixture was magnetically stirred for an appropriate time until the desired product
was formed completely. The reaction progress was monitored by TLC (ethyl ace-
tate: hexane 1:9). After the reaction was completed, the reaction mixture was treated
for solvent extraction using ethyl acetate (4 X 10 mL). The combined organic phase
was first washed with water and dried (Na,SO,), and the solvent was removed under
reduced pressure to obtain a crude product. The further obtained crude products
were purified by recrystallization using 96% ethanol. The identities of the synthe-
sized products were established by FT-IR, '"H NMR, and '*C NMR spectroscopic

a
I:\ Kk = [
h b ! i L II'
Biuill
Hikr b j
{i ) Coconat i (&) Coconat Endocarp Shell
Enduenrp Shell (R} Places of stiel Ash (CESA Catalvsi]

Fig. 2 Preparation of CESA catalyst
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methods. Additionally, the melting points of the synthesized products were meas-
ured, and they agree with values previously reported elsewhere in the literature.

Results and discussion
Characterization of coconut endocarp shell ash (CESA) catalyst

To identify the active sites of the CESA catalyst, it was characterized by using dif-
ferent analytical methods, including DSC-TGA, FT-IR, XRD, EDX, BET, and SEM.

DSC-TGA analysis

The thermal behaviour of coconut endocarp shell ash (CESA) was investigated
by using thermogravimetric analysis (TGA) inflow of nitrogen atmosphere. The
usual sample loading was 7-8 mg (Fig. 3). The TGA of CESA shows the tem-
peratures at which it is decomposed when heated in a controlled environment.
At temperatures that ranged from 0 to 1000 °C, four distinct stages of weight
loss were observed. The results reveal that CESA showed the observed weight
change below 100 °C. In the first step, minor weight loss at temperatures below
130.70 °C was 2.915 % (0.2519 mg), and in the second step, another weight loss
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Fig.3 DSC-TGA analysis of Parent coconut endocarp Shell Ash (CESA)
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that occurred between 130.70 °C and 177.70 °C was 2.509% (0.2168 mg) due
to the loss of adsorbed moisture. In the third step, weight loss between tempera-
ture ranges of 177.70 °C and 627.76 °C was 5.910 % (0.5108 mg) due to the
decomposition of organic compounds such as alkaloids, carotenoids, pectins, tan-
nins, flavonoids, terpenoids, and chlorides. The decomposition of metal carbon-
ates caused the 10.90% (0.9419 mg) weight loss in the fourth step between the
temperatures of 627.76 °C and 740.23 °C, while metal oxides and silica were
responsible for the 71.34% (6.166 mg) weight of residue remaining after the tem-
peratures of 984.10 °C.

FTIR analysis

Fourier transform infrared (FT-IR) analysis was used to determine the active
functional groups in the CESA catalyst. In the FTIR spectrum of CESA (Fig. 4),
the strong absorption bands that occurred in the range of 2382 cm™!, 2311 cm™,
1515 cm™!, 1028 cm™!, 628 cm™ clearly show that the presence of metal carbon-
ates and the absorption band at 1695 cm™' indicate the presence of the C=0
group of carbonate. Also, the weak absorption stretching band that appears at
3362 cm™' can be attributed to the presence of the OH group in the CESA cat-
alyst that supports the formation of metal hydroxides due to the absorption of
moisture from the environment.
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Fig.4 FTIR analysis of CESA catalyst
@ Springer

122 /297



S.P.Patil et al.

XRD analysis

The phase composition of the synthesized CESA catalyst was analysed by X-ray
diffraction (Fig. 5). Oxides and carbonates were the most dominant species after
thermal treatment of CES as strong characteristic peaks of K,O and K,CO; were
observed at 20=24.26, 28.27, 29.35, 31.52, 40.85, 50.09 (JCPDS reference
file No—77-2176 and 87-0730). The XRD pattern shows that K,O has identi-
cal crystal structures to cubic type (space group Fm3m). The existence of CaO
and CaCO; was also observed at 20=30.25, 39.33, 43.10, 47.43 (JCPDS refer-
ence file No: 82-1691 and 87-1863). In addition, several small peaks correspond-
ing to KCI, MgO, SiO, (JCPDS card no 004-0587, 65-0476, 89-3609, respec-
tively) were also seen. Thus, the increase in intensities of the peaks was noticed
for potassium compounds after calcination of the CESA which had strong base
sites [77]. The EDX analysis strongly complimented the findings of XRD and
indicated that dominant elements in CESA were K (40.31%), Ca (33.72%) fol-
lowed by Si (10.07%), Fe (5.81%), Na (5.37%), Cl (2.51%) and Mg (1.83%) and
trace amount of Mn (0.38%) (Fig. 6). The K,0O as major compound in CESA pos-
sesses basic surface sites, which make them highly efficient in catalytic process
applications.

100

=
L=

Intagsity {a.u.)

s

20

Fig.5 XRD Pattern of CESA catalyst
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Fig.6 EDX spectrum of CESA catalyst

EDX analysis

The type of elements in coconut endocarp shell ash (CESA) was investigated by record-
ing EDX. It is shown in Fig. 6. The report reveals that this catalyst included the oxides
of K, Na, Si, and Ca elements present with uniform distributions and moderate-to-less
distributions of elements, including Mg, Mn, Fe and Cl. The carbonates, oxides, and
hydroxides of corresponding metals give basicity to the CESA catalyst, which plays a
crucial role in the catalyst.

BET analysis

Figure 7 indicates the data related to surface area, mean pore volume, and average pore
radius for the activated CESA catalyst. The surface area and mean pore volume of the
CESA catalyst were 168.92 m*/g and 0.093536 cm®g™~', respectively. The mean pore
radius was 2.215 nm, respectively. In general, the smaller particle size of catalyst pro-
vides large contact area for catalysing the reaction [77].

SEM analysis

The synthesized CESA catalyst was analysed by employing scanning electron micros-
copy (SEM) to determine the surface morphology and particle shape as represented
in Fig. 8. These SEM images clearly illustrate the CESA particles were observed with
irregular sizes; they also have a porous nature [78], which provides more surface area
for their catalytic activity.
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Fig.7 BET analysis of CESA catalyst

Fig.8 SEM images of CESA catalyst: a normal view and b magnified view

Optimization of the reaction conditions

After this initial success, the efficiency of naturally sourced CESA catalyst was
investigated by choosing the reaction of 4-chlorobenzaldehyde 1b (1 mmol), malo-
nonitrile 2 (1 mmol), and p-naphthol 3a (1 mmol) as a model substrate for the syn-
thesis of 3-amino-1-(4-chlorophenyl)-1H-benzo[f]chromene-2-carbonitrile 4b. First,
we concentrated on determining the optimal reaction conditions, which included
a variety of solvents, amounts of synthesized CESA catalyst, and temperatures for
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model reaction. These were examined for our proposed synthetic conversion, and
those are summarized in Table 1.

Preliminary optimized reaction conditions indicated that in the absence of the
catalyst and solvent, even under room temperature or at reflux conditions (Table 1,
entry 1), only a trace amount of the desired product 4b was obtained (Table 1,
entries 1, 2). However, the model reaction was examined in the absence of a cata-
lyst, but in the presence of ethanol and water as solvents, only a small amount of the
desired product 4b was obtained at room temperature (Table 1, entries 3, 4). This
result reveals that a catalyst must be required for this transformation. We notice that,
in the absence of solvents, the yield of desired product 4b is improved due to the
addition of the CESA catalytic amount, but there is no further improvement in the
yield of the desired product after adding the catalytic amount (Table 1, entry 5) and

Table 1 Optimization of reaction conditions for the synthesis of 4b

CHO
+ <CN . OH Reaction Conditions CN
CN NH,

cl

1b 2 3a 4b
Entry CESA catalyst Solvent Temp. (°C) Time (min) Yield (%)*

(Wt%)

1 - - RT 60 Trace
2 - - Reflux 50 Trace
3 - EtOH RT 40 35
4 - H,0 RT 40 20
5 5 - RT 40 42
6 5 - Reflux 35 42
7 2 EtOH Reflux 05 85
8 5 EtOH RT 05 90
9 10 EtOH RT 05 98
10 12 EtOH RT 05 98
11 10 EtOH Reflux 15 88
12 10 MeOH RT 20 80
13 10 Toluene RT 20 48
14 10 THF RT 20 42
15 10 H,O RT 20 84
16 10 CH,;CN RT 24 64

Reaction conditions: 4-chlorobenzaldehyde 1b (1 mmol), malononitrile 2 (1 mmol), B-naphthol 3a
(1 mmol) various amount of CESA catalyst with solvent (5 mL)

“Isolated yields
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even at reflux conditions (Table 1, entry 6). The result indicates that there is a neces-
sity of solvent to improve the yield of the desired product. Interestingly, when this
model reaction was tested out in ethanol as a solvent with varying catalytic amounts
(2, 5, 10, or 12 wt%) of CESA at room temperature, gave 85-98% corresponding
product yield after 05 min (Table 1, entries 7—10).

Notably, it was found that the yield of the desired product drastically increased
when increasing the catalytic amount from 2 to 10 wt% in the presence of EtOH
(Table 1, entry 7-9). In contrast, with raising the catalytic amount, there were no
improvements in the yield of desired product 4b (Table 1, entry 10). It was found
that at reflux conditions, there were no improved effects on the product yield
(Table 1, entry 11). Therefore, 10 wt% of CESA catalyst in 5 mL of ethanol solvent
is sufficient to show the reactivity of the reactants (1 mmol each), and the corre-
sponding product 4b was obtained at a 98% yield within 05 min. (Table 1, entry
9). Furthermore, the optimization of the model reaction was investigated by using
MeOH, THF, CH,;CN, and H,O as solvents, and the yield of the desired product was
obtained from 42 to 84% (Table 1, entries 12-16). Thus, the best yield of the desired
product was achieved in optimal ethanol solvent (5 mL) by using 10 wt. % of CESA
catalyst at room temperature (Table 1, entry 9).

Therefore, to compare the catalytic activity of the CESA catalyst, the model reac-
tion was carried out under optimized reaction conditions in the presence of analyti-
cal grade alkali metal carbonates and metal oxides (Table 2, entries 1-8). The result

Table 2 Comparison of catalytic efficiency of alkali metal carbonates and oxides with CESA on the reac-
tion of 1b, 2, 3a*

CHO
CN OH . -
+ < , Reaction Conditions
CN
Cl
1b 2 3a 4b
Entry Catalyst Time (min) Yield (%)°
1 K,CO, 110 60
2 Na,CO;, 110 58
3 CaCO;, 110 46
4 MgCO, 110 50
5 CaO 110 62
6 MgO 110 62
7 Zn0O 110 58
8 CESA 05 98

“Reaction conditions: 4-chlorobenzaldehyde 1b (1 mmol), malononitrile 2 (1 mmol), B-naphthol 3a
(1 mmol) various amount of CESA catalyst with solvent (5 mL)

bsolated yields
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shows that only lower amounts of the product were observed on TLC after 110 min.
(Table 2, entries 1-7), indicating that a synergetic effect of all alkali metal carbon-
ates and oxides along with transition metals (Mn and Fe ions) in CESA provides a
better catalytic activity for this transformation (Table 2, entry 8).

After finding the promising optimal reaction conditions for the model reaction,
to extend the scope of catalytic activity of the CESA catalyst, to prepare 2-amino-
4H-benzochromene using the reaction between various aryl aldehydes (1a-p), malo-
nonitrile (2) with -naphthol (3a), were investigated under optimum conditions. The
results are presented in Table 3. According to the results in Table 3, the presence of
electron-withdrawing or electron-releasing groups on their aryl aldehyde ring was
successfully participated in optimal reaction conditions and gave the products with
excellent yields 4a—m. It was noticed that aryl aldehydes having inductively elec-
tron withdrawing groups increase the electrophilicity of the carbonyl group and have
somewhat faster reaction rates than those with electron-releasing groups. It was also
discovered that the yields of meta- and para-substituted aryl aldehydes were higher
than those of ortho-substituted aryl aldehydes. Generally, this reaction is straight-
forward, and the desired product precipitates out of the reaction mixture. Isolation
of the catalyst or evaporation of organic solvent from the reaction mixture affords
pure products using simple filtration. All the desired products 4a—-m of this reaction
give good-to-excellent yields within short reaction times under the optimized reac-
tion conditions. The structural confirmation of the isolated pure products 4a—m was
investigated by melting point, IR, '"H NMR, and '*C NMR spectral data and is given
in the supporting information.

The excellent performance of the synthesized CESA catalyst in the synthesis
of biologically active 2-amino-4H-benzochromenes (4a-m) from various alde-
hydes, malononitrile and B-naphthol encouraged us to study its effect on the synthe-
sis of 2-amino-4H-benzochromenes (S5a-1) by replacement of the p-naphthol with
a-naphthol. Several derivatives of the 2-amino-4H-benzochromenes have been syn-
thesized, and the results are presented in Table 3. It was discovered that the CESA
catalyst provides a good-to-excellent yield of the desired product in a shorter reac-
tion time.

In terms of green chemistry, the recyclability of the catalyst with high efficiency
of the product yield of the heterogeneous CESA catalyst is greatly desirable. Recy-
clability was the most important point for these catalysts. Therefore, to prove the
recyclability of the CESA catalyst, it was checked in the synthesis of 2-amino-
4H-benzochromene 4b using 4-chlorobenzaldehyde 1b, malononitrile 2 and
B-naphthol 3a under the optimized reaction conditions.

After reaction completion, the reaction mixture was separated with ethyl ace-
tate (4 X 20 mL) to obtain product 4b without the use of column purification. The
remaining aqueous phase of the CESA catalyst was dried in an oven for 3 h at a
temperature 120 °C and reused for the next run of the model reaction under the same
reaction conditions (scheme 2). The result presented in Scheme 2 demonstrates that
the yield of the desired product with each reuse of the catalyst is slightly reduced to
a small extent. Scheme 2 shows that the isolated CESA catalyst from the reaction
mixture was re-used for five successive runs without significantly losing catalytic
efficiency.
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Table 3 Substrate scope of 2-amino-4H-benzochromene derivatives

CESA (10 wt%)
‘R + ( +
Ethanol (Sml), RT/Stlrr

(x&v HorOH)

Product Time Yield®
Entry Aldehydes Naphthols M.P. (°C) [Ref.]
4&5) (min) (%)

CHO

1 B-naphthol 10 96 271-273 [38]

1a

CHO

2 B-naphthol 05 98 205-206 [38]

Cl

1b

CHO

3 B-naphthol 12 95 290-292 [50]

OH

CHO

4 B-naphthol 18 96 192-194 [49]

OCH,

1d

CHO

5 B-naphthol 20 94 249-251 [49]

CH,

le
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Table 3 (continued)

CHO

NO,

1f

CHO

CN

CHO

B-naphthol

B-naphthol

B-naphthol

B-naphthol

B-naphthol

20

22

97

94

90

96

90

88

186-188 [38]

259-260 [38]

216-218 [28]

240-242 [49]

225-227 [48]

246-248 [30]
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Table 3 (continued)

CHO
Cl
12 B-naphthol 18 92 256258 [38]
u 41
CHO
Br
13 B-naphthol 10 96 229-231 [New]
1m
4m
CHO
14 a-naphthol 12 96 176-177 [38]
1a
CHO
15 a-naphthol 10 96 230-232 [38]
Cl
1b
5b
CHO
16 a-naphthol 20 88 246-248 [38]
OH
1c
Sc¢
CHO
17 a-naphthol 15 95 188-190 [45]
OCH;3;
1d
5d
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Table 3 (continued)

CHO

18 a-naphthol 20

CHs

CHO
19 a-naphthol

NO,

1f

CHO

20 a-naphthol
CN

1g

CHO

21 a-naphthol
CF3

1h

CHO
Cl

22 a-naphthol
Cl

1i

5i

90

96

88

92

97

205-206 [38]

232-234[38]

257-259 [28]

244-246 [28]

215-217 [28]
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Table 3 (continued)

CHO

.

1j

23 a-naphthol 10 94 235-237 [41]

CHO

g
24 a-naphthol
1k

25 88 238-240 [30]

CHO

25 a-naphthol 28 94 230-232 [45]

51

Reaction conditions: Aldehydes 1a-m (1 mmol), malononitrile 2 (1 mmol), f-naphthol 3a (I mmol) or
a-naphthol 3b (1 mmol), catalytic amount of CESA catalyst (10 wt%) in ethanol (5 mL) at room tem-
perature

#Yields refer to isolated products

Reaction Mixture Cl
(Product + CESA + EtOH)

Product extracted
with EtOAc

OH
EtOH &
&
CHO &

3a CN
CN
+ 07 "NH,
Cl CN Aqueous layer
1d 3 containing CESA Product (4b)
Run | 15t 20d 31 4th 5th ) Neye pyn
Vacuum
Yield] 98 98 98 97 96 dried

Time] 5 5 5 5 5 CESA Catalyst

Scheme 2 Recyclability of CESA catalyst
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(a) CESA catalyst
{b) Recyele after 5" run

Intensity {a.u.)

1 15 20 25 3 35 40 45 50 55 o0 65 70 7S HO
2 Theta

Fig.9 The XRD pattern of CESA catalyst after Sth run

Fig. 10 SEM images of recycled CESA catalyst: a normal view and b magnified view

A hot filtration test was used to detect the heterogeneity of the recovered CESA
catalyst. The results show that detectable methods with EDX (Fig. 6) have a similar
composition, with K (40.21%), Ca (33.72%), Si (10.07%), Na (5.37%), Fe (5.81%),
Mg (1.83%), C1 (2.51%), and Mn (0.38%).

The catalytic activity of the CESA after five runs was confirmed by character-
izing XRD, SEM, and EDX. As shown in the XRD pattern of the CESA catalyst
after 5th run (Fig. 9), the phase composition peaks of the CESA, after 5 times of
recovery, observed at same 26 angle but its intensity of peak decreased. It can be
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Fig. 11 EDX spectrum of recycled CESA catalyst

concluded that there is a slight decrease in the product yield due to the reduction of
amount of metal carbonates, oxides, and hydroxides. Also, comparison to the SEM
image results of recycled CESA catalyst shows that, without any major significant
change, CESA particles have slightly decreased in sizes (Fig. 10). Moreover, the
EDX spectra of the recycled CESA catalyst are displayed in Fig. 11. According to
the EDX pattern of CESA after the recovery test, suggesting the CESA has almost
the same phase composition of the elements in the catalyst, after consecutive 5 runs.
The results shown in Figs. 9, 10, and 11 indicate that CESA has the characteristics

of an excellent reusable catalyst.
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Scheme 3 Plausible mechanism of CESA catalyst
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According to the characteristics of the CESA catalyst and a literature survey,
the proposed mechanism for the synthesis of biologically active 2-amino-4H-ben-
zochromene derivatives from one-pot tandem Knoevenagel-Michael reaction of
aryl aldehyde, malononitrile and diverse phenolic nucleophiles (f- naphthol or
a-naphthol) by the CESA catalyst is illustrated in Scheme 3. At first, the Knoev-
enagel reaction occurs between aryl aldehyde and malononitrile; its methylene
group is activated by the loss of an acidic proton in the presence of a CESA cata-
lyst, followed by the removal of a water molecule, which affords the arylidinema-
lononitrile (I) as an intermediate. In the second step, this intermediate (I) reacts
with phenolic nucleophiles, B-naphthol via Michael addition, affording intermedi-
ate (II). Finally, an intramolecular heterocyclization of the intermediate (III) fol-
lowed by tautomerization afforded the formation of the desired 2-amino-4H-ben-
zochromene derivative (4).

In order to show the efficiency and accessibility of the present work, we com-
pared this method for the synthesis of the desired product of model reactions 4b
and 5b with some previously reported catalysts (Table 4, entries 1 to 12 and 14
to 23). Each of the reported methodologies has its own merits, but some of them
suffer from drawbacks like harsh reaction conditions, longer reaction times, low
yields, and the use of expensive catalysts. The results summarized in Table 3
clearly show that the access of CESA catalyst in the present methodology is more
effective than reported methods.

Conclusion

In conclusion, we have introduced an efficient one-pot multi-component proce-
dure for the synthesis of pharmaceutically active 2-amino-4H-benzochromene
derivatives in the presence of the CESA as a reusable natural catalyst in ethanol
at room temperature. This method has the important advantages like simplicity in
operation, excellent yields in a short reaction time, using ethanol as a green sol-
vent, and avoids expensive catalyst. Moreover, the recovered catalyst can be suc-
cessively reused in five runs without a significant loss in catalytic activity. These
are the key benefits of the present method. Utilization of a natural waste material
as a source of a catalyst not only provides an opportunity to catalyse organic reac-
tions but also solves the problems of the waste generated. Thus, this CESA cata-
lyst is a better and more practical alternative for green processes.
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Abstract

In this paper, we report a novel magnetically separable silica coated copper nano-magnetite NHC-benzimi @Cu complex as
heterogeneous catalyst for the multicomponent click reaction via Huisgen 1,3-dipolar cycloaddition reaction of alkyl or aryl
halide, sodium azide and terminal alkyne, which affords various1,4-disubstituted 1,2,3-triazoles. The multistep prepared
nano catalyst has been characterized by various spectroscopic methods such as FT-IR, TGA, EDX, XRD, TEM and VSM.
The heterogeneous nano catalyst structures coated on the copper surface are responsible for the excellent catalyst perfor-
mances in the reaction. The reusability of the catalyst makes the present protocol more fascinating from an environmental
and economic point of view.
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1 Introduction

In recent scenario, the design of a process that minimizes
the use, the generation of hazardous substance and reduces
environmental impact is a very essential goal in chemistry.
The use of benign solvents (e.g. water and ionic liquids) and
highly efficient, economic and recoverable catalyst with null
toxicity is essential. A significant improvement in catalytic
activity can be achieved by synthesizing a nano metal cata-
lyst [1, 2]. In spite of having advantages such as enhanced
activity and cost effectiveness, most of the times the separa-
tion of nano catalyst becomes valuable due to need of filtra-
tion, solvent filtration or centrifugation of the final reaction
mixture. In many cases, product and catalyst are insoluble
in same solvent, which leads to complexity in work-up. To
overcome this problem metal nano particles have been effi-
ciently employed as catalyst in order to recover them by
external magnet [3].

Magnetic nano particles usually consist of core shell
structure of iron oxide these prevents the aggregation. For
this purpose silica is used because of its stability and cata-
lyst functionalized very easily (applied chemistry Nadar
ma). From last decade the synthesis of 1,2,3-trizoles has
been great interest due to their multifarious applications in
pharmaceutical, agrochemicals, corrosion inhibiters etc. [4].
They are found to exhibit wide range of bioactivities such
as antiviral [5], anti HIV activity [6], anti-microbial activ-
ity [7].Triazole bridged dendrimers have also been success-
fully applied as photosensitizer in dye sensitized solar cells
(DSSC’s) [8] also in various important chemical processes
[9]. They have also been evaluated as a novel type of acetyl
cholinesterase inhibitors to cure Alzheimer’s disease [10],
to synthesize potential biological agents [11] as well as to
develop anticancer drugs [12].

Herein, we report a simple and efficient synthesis of a
nano-ferrite-supported, magnetically recyclable, inexpen-
sive Cu catalyst and its application in Huisgen 1,3-dipolar
cycloaddition reaction to synthesize 1,2,3-triazoles via one
of the dominant click reaction.

From the last decades, N-heterocyclic carbenes (NHCs)
have been attracted to researchers as powerful weapon
as ligand in organic chemistry and transition metal (TM)
catalysis with beyond number of applications in commer-
cially important processes [13—16]. NHCs are easily avail-
able, coordinative unsaturation, electron—rich and typical
o—donors, moderate t—acceptors, which sterically request-
ing structure for complexation with the transition metals.
A huge nature of NHC-TM structure is their unremarkable
unfaltering quality that is habitually referred to as one of the
fundamental advances of these ligands over their phosphine
accomplices [17-21]. They are a malleable class of sub-
ordinate ligands that have gathered huge consideration for
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their capacity to impact different C—C, C—N and C-O bond
developments in multicomponent reactions.

In addition they have remarkable properties such as high
activity and selectivity with increased stability towards air
and moisture, superior catalytic activities, ability to form
stable metal complexes, adjustment of electronic and steric
parameters, ease of access to their azolium salt precursors
and tailor made performance for specific catalytic reactions
[22-24]. In spite of these properties NHC-TM complexes
have revealed the problem of contamination and recycling of
catalyst during organic transformation due to their homoge-
neous nature [25]. To overcome these problems by replacing
homogeneous NHC-complexes with heterogeneous NHC-
complexes with high area support material this gives realm
from environmental pollution and economically favorable
[26]. Numbers of supporting materials have been reported
with NHC-metal complexes for variety of catalytic reaction
in the organic synthesis [27-29]. However, despite tremen-
dous advances, there is considerable scope for the further
development especially by using magnetic nanoparticles
(MNPs) as a support in order to conclude the aim of sus-
tainable and environmentally benign processes.

MNPs have captivated their attention in the field of catal-
ysis due to their technology and chemical application [30,
31]. In recent years, efforts of the scientific community have
been directed towards the synthesis of superparamagnetic
nanoparticles for the design of magnetically retrievable
nanocatalytic systems owing to their exceptional physico-
chemical properties and rapid response to the applied mag-
netic field. Amongst, Fe;O, MNPs are robust, inexpensive,
easy to prepare, non-toxic, magnetically recoverable and can
be reused multiple times for several reaction cycles. Con-
sequently, they have emerged as the viable alternatives to
existing solid-supported heterogeneous catalysts [32]. In
addition, their high surface region, superparamagnetism,
simple surface change by appropriate functionalities and
facile retrievability by external magnet has added demand-
ing adaptability for such materials in task explicit catalytic
systems [33, 34]. Owing to these properties, they are widely
used in synthetic chemistry [35]. Despite remarkable pro-
gress, research toward applications of Fe;O, MNPs in the
synthesis of magnetically retrievable NHCs is still in its
infancy and therefore warrants immediate attention.

Based on aforementioned discussion and in continuation
of our studies related to heterogeneous catalysis and multi-
component reaction [36—40], we report herein preparation of
magnetic separable nanoparticles decorated N-heterocyclic
carbene complex with copper and its application in the syn-
thesis of 1,4-disubstituted 1,2,3-trizoles (Scheme 1).
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Scheme 1 Synthesis of 1,4-disubstituted 1,2,3-triazoles by using nano-magnetite NHC-benzimi@Cu (6)

2 Experimental
2.1 General Remarks

All reactions are carried out under air atmosphere in dried
glassware conditions. FT-IR data spectra are measured with
a Perkin-Elmer one FT-IR spectrophotometer. The samples
were examined as KBr discs (~5% w/w). The thermogravi-
metric analysis (TGA) curves were obtained using instru-
ment SDT Q600 V20.9 Build 20 in the presence of static
air at linear heating rate of 10 °C min~! from 25 to 1000 °C.
Elemental analyses were carried out in a Perkin-Elmer 2400,
Series II, CHNS/O analyzer and using an energy-disper-
sive X-ray spectroscopic facility (Hitachi S 4800, Japan).
Raman spectroscopy is done by using a Bruker: RFS 27
spectrometer.'H NMR and '>C NMR spectra were recorded
with a Bruker Avance (300 MHz for '"H NMR and 75 MHz
for 13C NMR) spectrometer using CDCl, solvent and tetra-
methylsilane as an internal standard. The chemical shifts
were denoted in parts per million (ppm) and coupling con-
stants are denoted in hertz (Hz). Mass spectra are recorded
with a Shimadzu QP2010 gas chromatography-mass spec-
trometry (GC-MS). X-ray powder diffraction (XRD) was
taken by using a Bruker D2 Phaser. Magnetic measurements
were performed on Lakeshore magnetometer, USA, Model
7407. The materials are considered by using a PHILIPS CM
200 model with 20-200 kV accelerating voltages. Melting
points are determined using MEL-TEMP capillary melting
point apparatus and are uncorrected. Fe;O, MNPs (1) [41],
silica coated Fe;0, MNPs (2) [42] and all other chemicals
were obtained from local suppliers and used without further
purification.

2.2 Preparation of 3-Chloropropyl Modified Nano
Magnetite (3)

Magneticnano magnetitewere synthesized by co-precipita-
tion method briefly, a mixture of FeCl;.6H,0 (10 mmol)
and FeCl,.4H,0 (5 mmol) salts were dissolved in 200 mL
water An aqueous ammonia solution (28% w/w, 30 mL) was
added until the pH=11. The resulting black dispersion was
mixed vigorously for 1 h at room temperature and refluxed

for 1 h. The black nano magnetite was separated magneti-
cally from the aqueous solution and were washed with etha-
nol and dried in an oven at 60 °C. In order to synthesize
silica-coated withnano magnetite, nano magnetite (1.0 g)
were initially dispersed in 80 mL 4:1 ethanol/water solution
and the pH =10 of the solution was adjusted by addition of
conc. ammonium hydroxide (12 ml).

Then, 0.5 mL tetraethylorthosilicate (TEOS) was added
subsequently. The mixture was stirred vigorously at 40 °C
for 12 h. The resultant product was washed three times
with ethanol and dried in a vacuum. A mixture of silica
coated nano magnetite (2) (10 g) and (3-chloropropyl) tri-
ethoxysilane (20 mL, 100 mmol) in dry xylene (100 mL)
was refluxed in an oil bath. After 24 h, the reaction mixture
was cooled, product was isolated by magnetic separation
and washed with xylene (4 X 25 mL), methanol (4 X 25 mL),
deionised water (4 X 25 mL) and dried under a vacuum at
60 °C and for 12 h to afford 3-chloropropyl modified nano
magnetite (3). FTIR (KBr, thin film): v=3408, 2925, 1099,
797,699, 633, 583 cm ™.

2.3 Preparation of [Nano-Magnetite-Benzimi]Cl (5)

A mixture of 3 (10.0 g) and benzimidazole (4) (6 g,
18 mmol) in dimethylformamide (50 mL) was heated at
80 °C in an oil bath. After 72 h, the solid was separated
by magnet, washed with MeOH and CH,Cl, and dried
under vacuum at 50 °C for 24 h to obtain [Nano magnetite-
benzimi]Cl (5).IR (KBr, thin film): v=3428, 2925, 2860,
1654, 1642, 1457, 1387, 1093, 585 cm™!. CHNS elemental
analysis observed: %C 13.42, %H 0.36, % N 4.78. Loading
of 0.36 mmol functional group per gram of 5§ (Scheme 2).

2.4 Preparation of Nano-Magnetite NHC-Benzimi@
Cu (6)

A mixture of 5 (10.0 g), copper iodide (1.9 g, 10 mmol) and
NaOtBu (0.096 g, 10 mmol) in THF (50 mL) was heated at
100 °C in an oil bath for 6 h. Afterwards, the mixture was
separated by magnet. Washed with the THF and dried under
vacuum at 50 °C for 24 h to obtairSigmatuwe NotiteNtita-
benzimi@Cu (6). FT-IR (KBr, thifgnﬁigmc St VO R
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Scheme 2 Preparation of nano-magnetite NHC-benzimi@Cu (6)
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2828, 1632, 1444, 1320, 1075, 586 cm™!; Elemental analysis
observed: %C 13.42, % O 45.51, % Fe 14.30, % Si 19.25, %
N4.78,% Cu 1.41, % 10.97.

2.5 General Method for Synthesis
of 1,4-Disubstituted 1,2,3-Triazoles

In a 50 mL round bottom flask alkyl/aryl halide (1.0 mmol),
sodium azide (1.1 mmol), alkyne (1.0 mmol), nano-mag-
netite NHC-benzimi@Cu (6) (40 mg) was added to above
solution and stirred in 5 mL ethanol at 80 °C. The reaction
was monitored by thin layer chromatography (TLC) using
aluminium backed silica gel 60 (F254) plates. The comple-
tion of the reaction, the catalyst was separated magnetically
using bar magnet. Finally, the solid obtained was extracted
with ethyl acetate and dried over anhydrous Na,SO, the sol-
vent was removed under reduced pressure then the product
was purified by silica gel column chromatography.

3 Results and Discussion

The preparation of nano-magnetite complex with copper is
outlined in (Scheme 1). Initially, nano magnetite (1) was
synthesized by co-precipitations method and coated with
silica layer by using TEOS (tetraethyl ortho silicate) afforded
silica coated nano magnetite (2) through sol-gel method [41,
42] which on further treatment with (3-chloropropyl)trieth-
oxysilane afforded 3-chloropropyl modified nano magnet-
ite (3). The synthetically fertile chloro group in 3 allowed
attachment of ionic liquid like group on the surface of nano
magnetite through quaternization with benzimidazole (4) to
yield azolium salt precursor acronymed as [nano-magnetite-
benzimi] CI (5). Finally, the complexation of 5 with copper
iodide by using NaOtBu as base afforded nano-magnetite
NHC-benzimi@Cu (6).

Fourier transform infrared (FT-IR) spectroscopy was
employed to monitor reactions involved in the preparation of
nano-magnetite NHC-benzimi@Cu (6). The FT-IR spectrum
of nano magnetite (1) displayed Fe—O stretching band at
583 cm™~!.The formation of silica coated nano magnetite (2)
was confirmed by FT-IR peaks at 796, 959 and 1099 cm™!
attributed to Si—O-Si symmetric, Si—-O symmetric and
Si—O-Si asymmetric stretching modes respectively [43].
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Fig.1 FT-IR spectra of (c) 3-Chloropropyl modified MNPs (3); (d)
[Nano-magnetite-benzimi]CI(5); (e) nano-magnetite NHC-benzimi @
Cu (6); (f) Reusednano-magnetite NHC-benzimi @ Cu(6)
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Fig.2 TGA curves of bare nano magnetite (1) and nano-magnetite
NHC-benzimi@Cu (6)

The FT-IR spectrum of 3-chloropropyl nano magnet-
ite (3) displayed characteristic peaks at 3408 cm™' (O—H
stretching), 2925 cm™! (C—H stretching vibration of propyl
group), 1099 cm™! (Si-O stretching) (Fig. 1¢) [44]. The qua-
ternization of 3 with 4 was realized by appearance of three

prominent peaks at 1654 cm™' (C=N stretching vibration),
1642 cm™!(C=C stretching vibration) and 1387 cm™! (C-N
stretching) suggesting the formation of 5 (Fig. 1d) [45].

Finally, the formation of 6 was confirmed by a strong
intense band of N-C-N strengthening in the range
1340-1500 cm™! as a result coordination of NHC carbon
ligand with copper metal ion as well as shifting of the char-
acteristic IR absorption peaks to lower frequency values
(Fig. le) [46, 47T].

The thermal stability profiles of bare nano magnetite
(1) and nano-magnetite NHC-benzimi@Cu (6) were inves-
tigated by TGA analysis over the temperature range of
25-1000 °C at a heating rate of 10 °C min~!. (Fig. 2). In
both cases, initial weight loss of 3.68% up to 102 °C and
4.96% up to 111 °C respectively for 1 and 6 is due to evapo-
ration of physically adsorbed water. TGA curve of bare nano
magnetite (1) displayed no significant weight loss from 111
to 800 °C which indicates that presence of only iron oxides
and no any organic moiety attached on the surface of nano
magnetite. In TGA curve of 6, the second weight loss was
observed 8.79% in the range of 102-502 °C attributed to loss
of surface bound organic scaffolds by thermal decomposition
such as (3-chrolopropyl) triethoxy silane and benzimidazole.

The steep weight loss of 15.67% at 700 °C displayed ther-
mal decomposition of copper iodide and major weight loss
ascribed to residual silica and metallic oxides which possess
high thermal stability.

The presence of copper in its respective energy position
suggests the formation of complex 6. The EDX analysis
inform loading of 0.22 mmol of Cu per gram of 6 (Fig. 3).
The crystalline material structure and retention of nano-
magnetite (1) in nano-magnetite NHC-benzimi@Cu (6) was
investigated by X-ray diffraction (XRD) analysis. The well
indexing of all the peaks in a diffractogram to the JCPDS
card No. 86—1339 agreed retention of single-phase inverse
spinel structure of Fe;O, nano core with high phase purity
and crystallinity (Fig. 4).

The characteristic peaks are at 20 values of 30.12°,
35.25°,44.07°, 57.61°,62.37°,71.03° and 87.13° are being
assigned tothe (220),(311),(400),(551),(440), (62
0) and (6 4 2) crystallographic planes of Fe;O, nano core
were observed in the XRD pattern. The most intense peak
was observed for (3 1 1) plane are at 20 value 35.25°. The
broad peaks are at 20 from 21° to 32° of the XRD pattern
are assigned to the silica phase.

The crystallite size calculated with respect to the most
intense peak by using the Scherrer equation was found to
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Fig.3 EDX spectrum of nano-
magnetite NHC-benzimi @
Cu(6)

JCPDS Mo, B6-1339

-(31 1)
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20 40 <1] 80
28 deegree

Fig.4 XRD of nano-magnetite NHC-benzimi@Cu(6) (black); XRD
of reused nano-magnetite NHC-benzimi@Cu (6) (blue)

be 51.6 nm. The XRD analysis is revealed preservation of
crystallographic structure of nano-magnetite (1) in 6 even
after the multi-step functionalization.

The surface morphology of the nano-magnetite NHC-
benzimi@Cu (6) was studied by the transmission electron
microscopy (TEM). The TEM micrographs show granules
with spherical shapes and non-smooth surfaces. Now, TEM
images show embedded dark Fe304 nano cores surrounded

@ Springer
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by the grey shell (Fig. 5a, b) [48]. The average nanoparticle
size of 6 is found to be 10 nm with a lattice fringe width dis-
tance of d(311)=2.5182 /f\, which reveals formation of the
perfect crystal structure (Fig. 5c). The selected area of elec-
tron diffraction (SAED) patterns are exhibited four strong
diffraction rings which were assigned to the (3 1 1), (4 0 0),
(33 1) and (4 2 2) bright dotted with ring pattern persuade
the polycrystalline nature of nano magnetite (1) (Fig. 5d).

The magnetic properties of nano-magnetite (1) and nano-
magnetite NHC-benzimi@Cu (6) were evaluated by mag-
netic hysteresis loops at room temperature using vibrating
sample magnetometer (VSM) shown in Fig. 6. The satura-
tion magnetization (Ms) 1 and 6 were found to be 53 emug-1
(Fig. 6a) and 30 emug-1 (Fig. 6b) respectively. The satura-
tion magnetization value of 6 exhibited as comparatively
low. This quenching of Ms value is ascribed due to surface
functionalization. However, magnetization exhibited by 6
was sufficient to enough for the effective separation by the
external magnet.

After this initial success in the synthesis of the designed
nano-magnetite NHC-benzimi@Cu (6) catalyst, we focused
our attention towards exploring its catalytic activity in
the click reaction. Initially a model reaction for Huisgen
1,3-dipolar cycloaddition of benzyl chloride, phenylacety-
lene and sodium azide. Product was obtained in the extent
yield with the 40 mg of catalyst at 80°C in ethanol (Table 1
entry 7). No significant change in the reaction time and yield
of product was observed even though increasing catalytic
loading up to 50 mg (in Table 1 entry 6). When catalytic
loading was reduced to 20 and 10 mg (Table 2 entry 3-5)
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Fig.5 TEM images of a, b nano-magnetite NHC-benzimi@Cu (6); ¢ nanoparticle shows lattice fringe width; d, e reused nano-magnetite NHC-
benzimi@Cu(6); f SAED pattern of nano-magnetite NHC-benzimi@Cu (6)

increases in the time completion for reaction and decreases
in the product was observed.

While screening of the catalyst, we investigated the sol-
vent effect according to the green chemistry principle. In
water, very poor yield of product was observed and pro-
gress of the reaction was observed by (TLC) which did not
indicate any appreciable progress in the reaction. After we
carried the reaction in the interval of 10 °C temperatures
but still there is no progress in the reaction and we got less
amount of product. Hence we carried the reaction by chang-
ing solvent and temperature. However, the reaction was car-
ried out under reflux condition at 80 °C by using ethanol as
a solvent it is noticed that 94% yield of 1,2,3-trizoles was
obtained.

Further the screening of solvent was carried out to gives
standard reaction condition. It was observed that the very
excellent yield of 1,2,3-trizoles was obtained in ethanol up
to 94% (Table 2 entry 5) of the yield within a very short
time duration.

With the optimuml reaction conditions in hands, the
scope and generality of the methodology was evaluated by
the reaction using with terminal alkynes and NaN; under
optimized reaction conditions and observed that all reactions
proceeds smoothly furnishing desired product in good yields
(Table 3, entries a—j). The results are summarized in Table 3.
In all the cases, reactions proceeded smoothly affording to
the desired 1, 2, 3-trizoles sin a good to excellent yields.
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Fig.6 a Magnetic curve (VSM) of bare nano-magnetite (1). b Mag-
netic curve (VSM) of nano-magnetite NHC-benzimi@Cu (6)
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(Table 3, entry a, b, ¢, f) and reactions were clean high yield-
ing without generation of any side product.

The plausible mechanism of the click reaction has been
represented in Scheme 3. Initially, the Cu (I) in the catalyst
is treated with NaN;. Nucleophilic attack of benzyl chloride
and then the attack of phenyl acetylene provides six mem-
bered ring which becomes five membered after the removal
of Cu (I). This results in formation of desired product.

To ascertain whether the reactions are truly heteroge-
neous, leaching studies were performed by analyzing the
reaction filtrate after the recovery of nano-magnetite NHC-
benzimi@Cu (6) by using the atomic absorption spectros-
copy (AAS). Further, the hot filtration test was carried out to
confirm the heterogeneous nature of nano-magnetite NHC-
benzimi@Cu (6) by using the model reaction. In this test,
a mixture of 6 (40 mg), benzyl Chloride (7a; 1.0 mmol),
sodium azide (8; 1.1 mmol) phenylacetylene (9a; 1.0 mmol),
sodium ascrobate in ethanol (5 mL) was refluxed at 80 °C.
The 6 was separated from the hot reaction mixture when
50% conversion was accomplished (GC). The reaction was
continued with the filtrate for further 6 h. There was no
increase in the yield of the product beyond 50%. In addition,
inductively coupled plasma atomic emission spectroscopic
(ICP-AES) analysis of filtrate shows absence of copper con-
firming the heterogeneous nature of 6.

From the green chemistry point of view, recovery and
recyclability of the supported catalyst is an unavoidable
parameter for industrial and commercial scale that must be
tackled for any catalytic process. Thus, the recovery and
reusability of nano-magnetite NHC-benzimi@Cu (6) inves-
tigated by employing model reaction (Fig. 7).

In brief, after reaction was completed, the 6 was isolated
from the reaction mixture by the magnet. The complex 6
was washed with a copious amount ethanol to remove the
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Table 1 Optimization of catalyst loading in synthesis of 1,4-disubstituted 1,2,3-trizoles

nang-magnetite NHC-benzimi @ Cu (6)

Irl 1 :'"1"]" 'l o E\l =N
e || == - - *-_f‘.'ll _lI/— =
T i sodium ascorbate, ethanol, 30 ) ¥
a Nahy Bit=j 11ia-j
8
Entry Catalyst Amount of catalyst (mg) Time (min) Yield® (%) TON TOF (h™)
A Nano-magnetite (1) 200 2880 - - -
B [Nano-magnetite-benzimi]Cl (5) 200 2880 - - -
C Nano-magnetite NHC-benzimi@Cu (6) 10 110 48 21,818 11,990
D 6) 15 80 50 16,380 11,050
E 6) 20 50 60 16,450 10,130
F 6) 30 30 75 10,330 9570
G 6) 40 (10 mol%) 20 94 8540 10,200
H 6) 50 19 94 4270 5655
I 6) 100 18 95 3450 5560
J 6) 200 17 95 3430 4590

Present works are highlited in bold

Reaction condition: reaction between benzyl chloride (1 mmol), sodium azide (1.1 mmol), phenyl acetylene (1 mmol) solvent: ethanol, catalyst

Tsolated yields after column chromatography

Table 2 Optimization of solvent in synthesis of 1,4-disbstitued 1,2,3-trizoles

nang-magnetite NHC-benzimif@Cu (a)

[} mal%a

[‘\l M=h
- o

+ o sodivm ascorbate, solvent, 80 % C o
! | Z =
Mak, Ba-j 1iha-j

8
Entry Solvent Time (min) Yield® (%) TON TOF (h™1)
1 Dichloromethane 30 35 3181 66
2 DMF 36 80 6454 1490
3 THF 30 60 8545 10,295
4 Water 30 35 3636 993
5 Ethanol 20 94 5000 1250
6 Methanol 30 60 5454 1394
7 Toluene 30 45 4090 846
8 1,4-Dioxane 30 40 3636 389

Present works are highlited in bold

Reaction condition: reaction between benzyl chloride (1 mmol), sodium azide (1.1 mmol), phenyl acetylene (1 mmol) solvent: ethanol, Catalyst,

Temp: 80 °C

Isolated yields after column chromatography
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Table 3 Nano-magnetite NHC-benzimi@Cu (6) catalyzed synthesis of 1,4-disbstitued 1,2,3-trizoles

ll nano-magnetite NHC-benzmif@Cu (6)
|.-f":.::] g 10 mal%s 2 Nz=N
Ny - E,\L’ ! X a1
P | A P -y |
h + |--h:"-" sodium ascorbate, ethanol, 807 C k=4 = s
Ta - . -
i - 102
8
Entry Alkyl halides/aryl halides Terminal acetylenes Product Time Yield®
%) ©) (10) (minute) (%)
| | N=N 20 94
/
N~
| AN
7
l }\]:N 20 9
N~
| X
7

N=N 20 91

a ©A cl

b g Br
NN Br
F Br

Frq
O
i @)
z~z
\
z\ z
Q
Q
F

d : ~ 25 81
OCH;4
OCHj;4
e F B | | OCH; 30 83
T CN
OCH; F CH,
CH;,
30 90

)

.

—(C=
¢

Signature Not Verified
SURESH sopAr&m(P;"nL

| attest to the accuracy and enticity of this
document [

11.02.2024 19:36
PRINCIPAL, RAJE R O MAHAVIDYALAYA,
JATH, DIST-SANGLI

@ Springer

150/ 297



Supported NHC-Benzimi@Cu Complex as a Magnetically Separable and Reusable Catalyst for the...

Table 3 (continued)

Entry Alkyl halides/aryl halides Terminal acetylenes Product Time Yield®

7 ) (10) (minute) (%)
g Br | | I/\TCN 40 88

NJ\Q\F
F
h CN 30 90
@ Br | | \©\/ N=N
/
NC N~
F
F
i CN 30 86
Jijﬁ Br | | @\/ N=N
1 =N
NC \ N~ \ P
!
j Br | | N=N 34 87
1 =N
N~
\_/

Reaction condition: reaction between benzyl chloride (1 mmol), sodium azide (1.1 mmol), phenyl acetylene (1 mmol) solvent: ethanol, catalyst

solated yields after column chromatography

organics wedded in the catalyst sites and dried under a
vacuum at room temperature. The amounts of necessary
reactants were recalculated on the basis of recovered cata-
lyst and recovered catalyst could be reused for 12 times
without significant decrease in the yield of the products.
Further, the stability of the recycled catalyst was studied by
FT-IR spectroscopy, EDX, XRD and TEM analysis of 6. It
is noteworthy to mention that, the FT-IR (Fig. 1f) spectrum
of reused 6 still retain the prominent peak patterns of the
6. The EDX mapping of the 6 after twelve catalytic cycles
confirms the integrity of the recycled catalyst. Moreover

TEM analysis of fresh (Fig. 5 a—c) and reused 6 (Fig. 5 d,
e) designates that the morphology is preserved even after
12 successive runs.

To demonstrate the importance of nano-magnetite NHC-
benzimi@Cu (6) in comparison with other reported meth-
ods, we have summarized previous report for synthesis of
1,2,3-trizoles in Table 4. The comparison of the results
clearly persuades that the 6 is asuperior catalyst in terms
of the catalyst loading and the reaction time as compared
to the reported catalyst. Apart from the listed catalyst in
Table no. 4, we found that silica, carbon and magnetic
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Scheme 3 Plausible mechanism for the nano-magnetite NHC-benzimi @Cu (6) catalyzed synthesis of 1,4-disubstituted 1,2,3-trizoles
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Fig.7 Reusability of nano-magnetite NHC-benzimi@Cu (6) in the
synthesis of 1,4 disubstituted 1,2,3 —triazoles

@ Springer

materials-supported copper species as efficient heteroge-
neous nanocatalysts in “click” reactions have been also
reported with yield 60-98%. However, our catalyst nano-
magnetite NHC-benzimi@Cu (6) demonstrate good effi-
ciency compared with other literature survey [49-62].

4 Conclusion

We have refined a highly selective, economical, efficient
and ecologically clean procedure for one pot multicompo-
nent synthesis of 1,4-disubstituted 1,2,3-triazoles by click
reaction. The reactions were achieved under relatively mild
experimental conditions with high yield and easy recovery
of catalyst. The reusability without any appreciable loss of
activity, ease of work-up short reaction time, magnetically
separable and efficient recyclability of the catalyst make it a
favorable protocol for the reaction.
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Table 4 Comparison of different catalyst for synthesis of 10

Sr. No. Catalyst Quantity Temp (°C) Solvent Time (min) Yield % Ref.

1 Nano-magnetite 40 mg 80 Ethanol 20 94 Present work
NHC-benzimi@ Cu (10 mol%)

2 CuNPs/activated carbon 10 mg 70 Water 180 93 49

3 CuFe,0, NPs 10 mol % RT Water 60 95 50

4 CuBr on grapheme 5 mol % 80 Water 480 98 51
Oxide/Fe;0,benzyle chloride

5 CuFe,0, 12 mg 70 Water 240 84 52

6 Fe;0,@ 25 mg 70 Water 20 94 53
Si0,-caffeine—Cul

7 Cu 0.5 mol % 80 Water 6h 96 54

8 [Cu(NHCO)] 0.5 mol % RT Water 2h 90 55

9 Cu-ACP-Am-Fe;0,@Si0, 40 mg 80 Ethanol 20 min 96 3

10 Cu NPs 40 mg RT Methanol 480 75 56

11 GO/Fe;0,~CuBr 5 mol% 80 Water 480 90 57

12 GO/Fe;0,~CuO 10 mg 45 Water 80 97 58

13 SBA-15/Thioamide-Cu(I) 1 mol% RT Water 90 95 59

14 Fe304@LDH @cysteine—Cu(I) 20 mg 75 Choline azide 25 90 60

15 Cu(Il) @Silica 1 mol% 25 water 60 98 61

Present works are highlited in bold

Reaction condition: reaction between benzyl chloride (1 mmol), sodium azide (1.1 mmol), phenyl acetylene (1 mmol) solvent: ethanol, catalyst,
temp: 80 °C

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10562-021-03772-9.
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Abstract:

Altogether four Trichoderma spp. (Trichoderma koningii, T. Viride, T. asperellum, and T.
pseudokoningii) were tested for their antagonistic potential against six isolates of Fusarium oxysporum
f. sp. psidii. Among the four species of Trichoderma, the Trichoderma asperellum showed maximum
inhibition against Fusarium oxysporum f. sp. psiddi.

Keywords: Biocontrol, Trichoderma spp., Fusarium spp., Guava Wilt.
I. INTRODUCTION

Guava (Psidium guajava. Linn) is important fruit in tropical countries, cultivated extensively
throughout the India and it is grown all most in all states of India. Wilt of Guava is one of the important
disease of guava. This disease is of national importance in India. Guava wilt was first documented in
India in 1935, in the Babakkarpur area of Allahabad. Das Gupta and Rai (1947) 1) discovered this
disease in its most severe form in Lucknow orchards. Wilt was reported from Allahabad, Kanpur, and
Lucknow by Dey (1948) U, Several plant pathologists have reported that Fusarium oxysporum f.
sp. psidii is the important causal organism of guava wilt. It is a soil borne disease.

Wilt is divided into two types: slow wilt and sudden wilt. Yellow, coloration, and curling of the
leaves of the terminal branches show in the early stages of the disease. Later on, yellow to reddish
discoloration of the foliage occurs, lowering the photosynthetic rate, and the leaves or flowers eventually
dry up and fall down. Fruits are immature, hard, and stony. Black spots appear on the fruit surface,
reducing the quality, size, and colour of the fruit, as well as the yield.

Various chemical control methods are available for Fusarium wilt but it causes hazardous effect
to nature and environment too. Chemical control may be beneficial at first, but as pathogens become
more virulent and aggressive as they degrade, the disease becomes more severe and the guava plants
suffer more harm. It is also expensive, non-eco-friendly, and, if applied repeatedly, can cause serious
soil problems. Therefore, biological agents have been reported most effective alternative for chemical
control as it is, naturally and environmentally safe (Bohra et al., 2006) 1. Claydon et al. (1991) ¥
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sp. psidii by using various Trichoderma spp.

Fig 1: A and B: Symptoms of wilt of Guava on fruits.

— | v

: II. MATERIAL AND METHODS
2.1 Collection and isolation of pathogen:

The sample exhibiting fruit rot were collected from Miraj, Malgoun, Jaysingpur, Nipani and
Kolhapur area. These sample were collected in sterile polythene bags, brought to the research laboratory,
cut into small pieces (2-3 mm), washed with tap water, surface sterilised with alcohol. Again, washed
with water, blotted on blotting paper and placed on petri plates containing Czapek Dox Agar (CDA)
medium (Czapek, 1901-1902) 51, Petri plates incubated for 8 days at 28+2°C temperature. The fungal
mycelium was aseptically picked with sterile needle and observed under microscope. From the
microscopic characters the pathogen was confirmed. Pathogen Fusarium oxysporum f. sp. psidii was
obtained from these six localities. On CDA medium, pure cultures of these pathogens were stored in the
refrigerator.

2.2 Biocontrol of pathogen by different Trichoderma spp.

Antagonistic activity of these Trichoderma spp. was studied by using dual culture technique given
by Morton and stroube (1955) 12, The four biocontrol agents namely Trichoderma koningii, T. viride,
T. asperellum and T. Pseudokoningii were used for this purpose. With the help of cork borer, 8mm
myecelial disc from actively growing fungal pathogen was transferred to the petri plates containing CDA
medium at one end. Mycelial disc from biocontrol agent was placed at the opposite end of the fungal
pathogen. These plates incubated at 28+2°C temperature and the observations were recorded at different
time interval. Plates without any biocontrol agent served as a control. Three replications were
maintained for this experiment. The percent inhibition of pathogen was calculated by using formula
given by Wonglom et al. (2019) [!5],

Percent Inhibition of mycelial growth = (C-T/C) x 100
Where, C =Radial mycelial growth of pathogen in control plates.
T = Radial mycelial growth of pathogen in treated plates.

Fig 2: Pure cultures.
C) Fusarium oxysporum f. sp. psidii D) T. koningii E) T. viride F) T. asperellum G) T.

pseudokoningii
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II1 . RESULTS AND DISCUSSION
All the Trichoderma spp. studied inhibited the growth of pathogen Fusarium xysporum f. sp. psidii
and exhibited very good results. Trichoderma asperellum was most effective as compared to another

Trichoderma spp. Trichoderma asperellum inhibited the growth of Fusarium oxysporum f. sp. psidii by
up to 65.48 % followed by other Trichoderma spp. (T. viride- 65.10%, T. pseudokoningii- 65.05% and
T. koningii- 63.32%). (Table- 1).

This work is supported by some other researchers. The findings are comparable to those of Dwivedi
and Shukla (2002) ! who found T. virens to be effective against Fusarium oxysporum f. sp. psidii.
Guava decline is thought to be caused by Fusarium oxysporum and Colletotrichum gloeosporioides in
Pakistan, however it has been shown to be managed by using a combination of Topsin M sprays and
antagonists Trichoderma harzianum and Arachniotus sp. (Ansar et al., 1994) ). Misra et al., (2001) ©!
proposed an environmentally friendly approach to guava wilt treatment, which included biological
control, soil amendment, and intercropping. Aspergillus niger strain AN17 (Misra et al., 2000) [ and
Penicillium citrinum (Prakash et al., 2002) '3 provide good biological control. Misra et al. and Prakash
(2002-04) 1111131 ytilised three bioagents, one of which being 7. harzianum, to suppress the guava wilt
disease. T. virens was found to be an effective biocontrol agent against F. oxysporum f. sp. psidii,
inhibiting the growth of F. oxysporum f. sp. psidii to the greatest extent possible. The inhibition of radial
growth was found to be 73% in each case. Misra et al. (2004) '] stated that biological control with
Aspergillus niger ANIT (Pusa Mrida), Penicillium citrinuni, Trichoderma sp., and intercropping with
marigold and turmeric resulted in effective control of Guava wilt. According to Srivastava et al. (2009)
041 out of four strains of Trichoderma viz. T. harzianum, T. hamatum, T. viride and T. virens and
also Aspergillus niger and Gliocladium virens against Fusarium spp., a causative agent of guava wilt
disease, T. harzianum worked out to be the best. Asma Naz (2013) 2 reported that, the biological control
agent Trichoderma harzianum inhibited the growth of F. oxysporum f. sp. psidii by 71%.

Table 1: Antagonistic potential of different Trichoderma Spp. against Fusarium oxysporum f.

sp. psidii.
Sr. Locality Percentage of inhibition (%)
no.
Trichoderma | Trichoderma | Trichoderma Trighgebecwe Not Verified
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1 Miraj 69.99% 70.36% 77.77% 72.96%
2 Jaysingpur 73.33% 75.11% 75.18% 74.07%
3 Malgaon 59.25% 57.03% 57.40% 62.96%
4 Karveer 58.88% 59.25% 63.33% 58.14%
5 Nipani 61.10% 69.99% 58.14% 62.96%
6 Kolhapur 57.40% 58.88% 61.11% 59.25%

Average 63.32% 65.10% 65.48% 65.05%

Fig 3: Biocontrol of Fusarium oxysporum {. sp. psidii by Trichoderma spp.
H) Trichoderma pseudokoningii with pathogen.
I) Trichoderma viride with pathogen.

J) Trichoderma koningii with pathogen.
K) Trichoderma asparillum with pathogen.

IV.CONCLUSION

Based on the findings, it was determined that the use of biocontrol agents such as Trichoderma
spp. is beneficial in the treatment of Guava wilt disease. Fusarium oxysporum f. sp. psidii, which causes
guava wilt, was effectively treated with Trichoderma asperellum.
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ABSTRACT

Oxalis triangularis is a perennial herbaceous plant belongs to the family Oxalidaceae. It is
commonly grown in the gardens and cultivated as an indoor ornamental plant. Due to its purple coloured
attractive leaves and flowers it is widely cultivated all over world. Such a beautiful ornamental plant is
susceptible to fungal diseases like powdery mildew, rust, and fungal leaf spot, particularly if grown in
an overly wet, shady environment. During the field survey in July 2020 around the Kolhapur district,
potted plants of Oxalis triangularis A.St.-Hil showed typical symptoms like chlorosis and brown
coloured patches on the adaxial leaf surface, on the abaxial leaf surface white powdery mass was
observed. The morphological characteristics of our isolate strongly resemble those of Leveillula
taurica (Lév.) G. Arnaud (Braun and Cook, 2012). In the present study, we made the first report of
powdery mildew on oxalis triangularis caused by leveillula taurica in India.
Key word: Powdery mildew, Oxalis triangularis, Leveillula Taurica, New record

Oxalis triangularis A.St.-Hi (Oxalidaceae) is a beautiful long-lived houseplant with its attractive
leave and purple flower. It is used for ornamentation In India and other countries also. It is a perennial
plant native to Brazil. It is commonly called a love plant and ’False shamrock’’. The leaves of this plant
contain a high concentration of anthocyanins and malvidin-3, 5-diglucoside, hence it is used as
antimicrobial agent and natural colourant respectively (Pazmin o-Duran et al., 2001)). Such a beautiful
ornamental plant is susceptible to fungal diseases like powdery mildew, rust, and fungal leaf spot,
particularly if grown in an overly wet, shady environment. The pathogen (Leveillula taurica) of powdery
mildew of Oxalis triangularis is an obligate fungus infecting a broad host range of economically
important crops such as eggplant, pepper, cotton, tomato onion so on (Zheng et al. 2013)“].

Kolhapur situated on the eastern side of the Western Ghats on the Panchganga River. It is stand
on a ground about 1790 feet above the sea level. High rain falls in the rainy season. On average, July is
the wettest month with 900.0 mm of precipitation. It is favorable environment for fungal pathogen.
During the field survey in July 2020 around the Kolhapur district, pottegigidaimis Nof (vitiéy
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triangularis A.St.-Hil showed typical symptoms like chlorosis and brown coloured patches on the
adaxial leaf surface, on the abaxial leaf surface white powdery mass was observed. Newly infected
leaves had a scanty covering of powdery mildew. After a few days,’ the disease progressed, and white
powdery mass completely covered on abaxial leaf surfaces. Within three weeks from the initiation of
observation 60% of plant were affected. The severe infection led to premature defoliation. These
symptoms reduced the aesthetic value of the plant.

The Mycelium of Leveillula taurica was developed internally and externally. Conidiophores
were frequently formed by the internal mycelium that was straight, unbranched (90-150 x2- 2.5 um)
composed of 3 to 4 cells and produced the single conidia. The conidia were dimorphic, Primary conidia
were navicular to lanceolate, attenuated at the apex, and rounded at the base (52-80 x 21-33 pm).
Secondary conidia were oblong-elliptical to long obovate, rounded at both ends (37-69 x 12-25 um).
Conidium shows the angular/rectangular pattern of the outer wall and is devoid of fibrosin bodies.
During conidial germination, germ tubes were produced basally terminating appressoria. Only the
anamorph was found, the teleomorphic stage of L. faurica was not observed on O. triangularis. The
morphological characteristics of our isolate strongly resemble those of Leveillula taurica (Lév.) G.
Arnaud (Braun and Cook, 2012)!). A voucher specimen was deposited in the Agharkar Research
Institute Pune (AMH-10415). Pathogenicity was confirmed by Koch's postulates.

Powdery wildew on Gwalis frionguloris

B

Powdery mildew of chalis mimngniars cmsed by Deveillda favriea. A- Infected potted plant of Ovalis migngulans, B-
Infected abaxial beal surface. C- Gennmating primary comtdivm, D- Genninnting secondary consdium, E- Pramary comdia,
Fe Secondary comdin, E md F Both Conkdium showing the angular/frectangular pattern of outer wall, G= (1) Pamary
comdam with conidiophore, (2) Secondary conidim with consfiophore.

To our knowledge, this is the first report of powdery mildew caused by Leveillula taurica on Oxalis
triangularis in India. The disease was previously reported on Oxalis triangularis in Korea (S. E. Cho
et. al. 2017)12.
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ABSTRACT

Agrochemicals, such as Antibiotics (Ofloxacin, Erythromycin,
Ciprofloxacin and Amoxicillin), salts (Calcium chloride, Magnesium chloride,
Potassium chloride and Cobalt chloride), Fertilizers (Di-ammonium phosphate,
Urea, N:P:K, Muriate of potash) and Micronutrients (Zinc, Boron, Iron and
Molybdenum) were evaluated to control infection of Sclerotium rolfsii Sacc. on
Ridge gourd (Luffa acutangula L.) causing fruit rot disease. The results varied

with the agrochemical used.

Key words: Agrochemicals, Propiconazole, Ridge gourd, Sclerotium rolfsii.

Introduction:

Ridge gourd (Luffa acutangula L.)
gets attacked by Sclerotium rolfsii Sacc., which
causes fruit rot disease and deteriorates the
quality and yield of agricultural products. The
present investigation was undertaken to study
the effect of agrochemicals (Antibiotics, Salts,
Fertilizers and Micronutrients) in the
management of this disease

Material and Methods

Samples of Ridge gourd infected
with Sclerotium rolfsii Sacc., were collected
from 14 localities. The pathogen was isolated
by direct plating analysis following (Pitt and
Hocking, 1997) and identified following
Subramanian, (1971). The pathogenicity test
was confirmed by Koch's postulate (Koch,
1893). From these samples, 14 isolates of
Sclerotium rolfsii Sacc., were thus obtained.
Minimum Inhibitory Concentration (MIC) and
combined effect of agrochemicals on the
pathogen were determined by a food poison

on the development of propiconazole
resistance in Sclerotium rolfsii Sacc., was
studied by mixing different Antibiotics
(Ofloxacin, Erythromycin, Ciprofloxacin and
Amoxicillin), salts (Calcium chloride,
Magnesium chloride, Potassium chloride and
Cobalt chloride), Fertilizers (Di-ammonium
phosphate, Urea, N:P:K, Muriate of potash)
and Micronutrients (Zinc, Boron, Iron and
Molybdenum) with propiconazole.

These agrochemicals were used at
four different concentrations (25, 50, 75 and
100 mg/ml) with Propiconazole (60 mg/ml) in
order to find out their synergistic effect. The
resistant isolate (Sr-11) was grown on a
Czapek's Dox agar medium containing,
propiconazole (60 mg/ml) and other chemicals
at the above stated concentrations. An
increase in the growth of the pathogen over
propiconazole control was considered to be
the increase in the resistance while a decrease
in the growth of the pathogen was considered
to be decrease in the resistance. Growth on
propiconazole alone served as control. After 8

test (Dekker and Gielink, 1979).
The effect of various agrochemicals

on zone of inhibition on 0-4 scalgs.a
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Result and discussion:

In the present investigation
synergistic (combined) effects of
propiconazole with other agrochemicals on the
propiconazole resistance Sclerotium rolfsii
Sacc., (Sr-11) was studied. Propiconazole
was applied in combination with
agrochemicals for the management of fruit rot
of ridge gourd at various concentrations on
agar plates (in vitro).

It was observed that in vitro
application of propiconazole, in combination
with other agrochemicals, Antibiotics
(Ofloxacin, Erythromycin, Ciprofloxacin and
Amoxicillin), salts (Calcium chloride,
Magnesium chloride, Potassium chloride and
Cobalt chloride), Fertilizers (Diammonium
phosphate, Urea, N:P:K, Muriate of potash)
and Micronutrients (Zinc, Boron, Iron and
Molybdenum) had variable effects.( Tables 14
), Among them the agrochemicals like Calcium
chloride and Cobalt chloride inhibited growth
of the pathogen completely.
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Table 1: Synergistic effect of Antibiotics
on Sclerotium rolfsii.

Sr No | Antibiotic Conc. Radial

(ppm) | growth
(mm)

1 Ofloxacin 25 19
50 17
75 00
100 00

2 Erythromycin 25 20
50 14
75 11
100 00

3 Ciprofloxacin 25 22
50 18
75 14
100 11

4 Amoxicillin 25 21
50 15
75 14,
100 10

Con Propiconazole | 60 18
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Table-2: Synergistic effect of Salts on
Sclerotium rolfsii.

158

Table 3: Synergistic effect of Fertilizers
on Sclerotium rolfsii.

Sr. no | Salts Conc. | Radial Sr. | Fertilizers Conc. | Radial
(ppm) | growth no (ppm) | growth
(mm) (mm)
1 Calcium 0.1 00 1 DAP 0.1 24
chloride 0.2 00 0.2 18
0.3 00 0.3 14
0.4 00 0.4 10
2 Magnesium 0.1 16 2 Urea 0.1 21
chloride 0.2 10 0.2 16
0.3 00 0.3 11
0.4 00 0.4 09
3 Potassium 0.1 10 3 N: P: K 0.1 30
chloride 0.2 00 0.2 22
0.3 00 0.3 17
0.4 00 0.4 11
4 Cobalt 0.1 00 4 Muriate of Potash | 0.1 18
chloride 0.2 00 0.2 14
75 00 0.3 11
100 00 0.4 00
Con. | Propiconazole | 60 18 Con.| Propiconazole 60 18

Table 4: Effect of Micronutrients on
Sclerotium rolfsii.

Sr. no | Micro Conc Radial
nutrients (ppm) | growth
(mm)

1 Zinc 0.1 15

0.2 10

0.3 0

0.4 0

2 Boron 0.1 18

0.2 14

0.3 9

0.4 0

3 Iron 0.1 20

0.2 14

0.3 9

0.4 0

4 Molybdenum 0.1 26

0.2 18

0.3 12

0.4 09

Con. | Propiconazole | 60 18

166 / 297

Signature Not Verifiec
SURESH SOPANR:(P-;‘HL

| attest to the accuracy and enticity of this
document 4

11.02.2024 19:36
PRINCIPAL, RAJE R@O MAHAVIDYALAY/
JATH, DIST-SANGLI



BIOINFOLET 19 (2) : 152 - 155, 2022

DEVELOPMENT OF PROPICONAZOLE RESISTANCE IN SCLEROTIUM ROLFSII SACC.

CAUSING FRUIT ROT OF RIDGE GOURD
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Kolhapur, 416012. (M.S.), India
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ABSTRACT

Survey of Sclerotium rolfsii Sacc. causing fruit rot disease of Ridge
gourd (Luffa acutangula. L) was carried out in 14 localities of Maharashtra and
Karnataka states. MIC of propiconazole on agar plates (in vitro) and fruit (in vivo)
showed variation from 40 to 60 pg/ml and 24 to 35 ug/ml respectively. The effect
of passage in the development of propiconazole resistance in the sensitive
isolate indicated that continuously culturing the isolate for 8 successive
passages increased the resistance. However, their culturing with Carbendazim,
Mancozeb, Roko and Contaf alternately, resulted in decreased resistance.
Similarly, the use of propiconazole in a mixture with other fungicides also

decreased the resistance.

Keywords: Sensitive, Propiconazole, Ridge Gourd, Continuous, Alternate,

Mixed.
Introduction:

Ridge gourd (Luffa acutangula. L) gets
infected by Sclerotium rolfsii Sacc., causing
fruit rot disease (Kousik et al., 2016). The
fungicide, propiconazole, effectively reduces
the severity of the disease (Salvi et al., 2017).
The aim of the present study was to examine
the possibility of developing resistance against
its application during passage in Sclerotium
rolfsiiSacc.

Material and Methods

Samples of ridge gourd, infected with
fruit rot disease by Sclerotium rolfsii Sacc.,
were collected from 14 different localities of
Maharashtra and Karnataka state and brought
to the laboratory. Sclerotium rolfsii Sacc. was
isolated by direct plating method (Pitt and
Hocking, 1997) and inoculated on Czapek's
Dox agar medium. The plates were incubated
for 7 days. The isolated pathogens were
identified (Subramanian, 1971; Sahana N.

Banakar et al., 2017). The pathogenicity test
was confirmed by Koch's postulate (Koch,
1893).

Propiconazole was used for
successful management of the disease. Highly
resistant and sensitive isolates were identified
and numbered as Sr-1 to Sr-14 (Sr-6 wild
sensitive with 24 pg/ml and Sr-11 highly
resistant 60 pg/ml) using minimum inhibition
concentration (MIC) of propiconazole on ridge
gourd fruit (in vivo) and on agar plate (in vitro).

The wild sensitive isolate Sr-6 was
selected for continuous, alternate and mixed
passage treatments of propiconazole and
other fungicides During in vitro studies, wild
sensitive isolate (Sr-6) was cultured in each
passage on agar plates containing a sub lethal
dose of propiconazole (40 pg/ml). The plates
without fungicide served as control. Inoculum
from the colony of previous passage of the
same isolate was placed at the centre of each
plate. In each passage linear growth was

measured after 7 days. The increase oPtBA#He

SH
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considered as an increase in propiconazole
resistance. The development of resistance
was thus studied up to the 8th passage.
Continuous and alternate passage of
propiconazole (Tilt) with Bavistin, Mancozeb,
Roko, Contaf and mixed passage with the
same fungicides were carried out.

During In vivo studies, one cm deep
well was carved on healthy ridge gourd fruit
with the help of cork borer. The fruits were then
treated with propiconazole alone, alternating
and mixed with other fungicides. After 24
hours, these fungicides treated fruits were
inoculated with the wild sensitive isolate. An
infected portion of the fruit of the first passage
was used for re-isolation and used as the
source of inoculums for the second passage.
This was continuously carried out up to the last
passage. After 7 days of inoculation, the
percentage of infection was recorded after

153

incubation periods by a 0-4 scale (Abd-El-
Kareem, 2007).

Results and Discussion:

It was observed that growing of
Sclerotium rolfsii Sacc. on the medium
containing propiconazole for eight successive
passages continuously, constantly increased
the resistance till 8" passage. When it was
cultured alternately with other fungicides there
was a decrease in the development of
propiconazole resistance as compared to
continuous use. propiconazole (Tilt) when
used alternately with Bavistin and Mancozeb
there was inhibition in the growth of Sclerotium
rolfsii Sacc. after 3rd passage, and alternately
Roko inhibited the growth of pathogen at 2™
passage, while contaf completely inhibited the
growth of the pathogen at 1* passage.

Table 1: Effect of exposure of Sclerotium rolfsii Sacc. to propiconazole continuously
and alternating with other fungicides on the development of propiconazole resistance

during eight successive passages (/n vitro)

Fungicide Passage Numbers
1 2 3 4 5 6 7 8
Propiconazole continuous 15 17 21 24 27 31 34 37
Tilt alternate carbendazim 22 24 20 0 0 0 0 0
Tilt alternate Mancozeb 20 22 10 0 0 0 0 0
Tilt alternate Roko 12 13 0 0 0 0 0 0
Tilt alternate Contaf 0 0 0 0 0 0 0 0

Table 2: Effect of exposure of Sclerotium rolfsii Sacc. to the mixture of propiconazole
with other fungicides on the development of propiconazole resistance during eight

successive passages (In vitro)

Fungicide Passage Numbers
1 2 3 4 5 6 7 8
Propiconazole continuous 15 17 21 24 27 31 34 37
Tilt +carbendazim 12 12 10 0 0 0 0 0
Tilt +Mancozeb 12 9 0 0 0 0 0 0
Tilt +Roko 13 0 0 0 0 0 0 0
Tilt + Contaf 0 0 0 0 0 0 0 0
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Table 3: Effect of exposure of Sclerotium rolfsii Sacc. to propiconazole continuously and
alternating with other fungicides on the development of propiconazole resistance during
eight successive passages (In vivo)

Fungicide Passage Numbers
1 2 3 4 5 6 7 8
Propiconazole continuous 20 20 24 27 30 34 38 41
Tilt alternate carbendazim 39 25 19 0 0 0 0 0
Tilt alternate Mancozeb 35 24 14 0 0 0 0 0
Tilt alternate Roko 28 26 16 0 0 0 0 0
Tilt alternate Contaf 0 0 0 0 0 0 0 0

Table 4: Effect of exposure of Sclerotium rolfsii Sacc. to the mixture of propiconazole

with other fungicides on the development of propiconazole resistance during eight

successive passages (/n vivo)

Fungicide Passage Numbers
1 2 3 4 5 6 7 8
Propiconazole continuous 20 20 24 27 30 34 38 41
Tilt +carbendazim 24 34 25 0 0 0 0 0
Tilt +Mancozeb 15 0 0 0 0 0 0 0
Tilt +Roko 26 0 0 0 0 0 0 0
Tilt + Contaf 0 0 0 0 0 0 0 0

It was interesting to note that when
propiconazole was used along with selected
fungicides like Bavistin, Mancozeb, Roko and
Contaf; by a mixture of propiconazole with
carbendazim there was complete inhibition of
the pathogen after the 3rd passage. The use of
propiconazole in mixture with mancozeb
showed inhibition of pathogen after 2™
passage and after using the mixture of
propiconazole with Roko, the growth of
pathogen was inhibited after 1* passage, in a
mixture of propiconazole with contaf
completely inhibits the growth of pathogen at
1% passage.

When the wild sensitive isolate (Sr-6)
was inoculated on the propiconazole treated
ridge gourd fruits continuously, there was
increase in resistance till the 8" passage. The
alternate use of propiconazole with
Carbendazim, Mancozeb and Roko, showed
inhibition of growth after 3 passage. The

carbendazim showed inhibition of Sclerotium
rolfsii Sacc. after 3° passage and in a mixture
of propiconazole with Mancozeb and Roko,
growth of pathogen was inhibited in 2™
passage. The important outcome of the
experiment was that the use of propiconazole
in a mixture of contaf showed total inhibition of
the pathogen.

Propiconazole is a systemic fungicide
used for effectively controlling the fruit rot
disease of ridge gourd. But when the same
fungicide is used continuously, resistance was
developed and when propiconazole was used
alternatively or in a mixture of other fungicides,
there was a decrease in the resistance, in vitro
as well as in vivo. The results are in agreement
with those observed by other workers.

Horsten (1979) observed that
alternate use of ediphenphos with
carbendazim reduced carbendazim resistance
in Septoria nodorum and Cercosporella

inhibition of full growth was seen in 1* passage
with the use of Contaf.
Propiconazole in mixture with

(1998), reported the effect of passagesens

L
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in Penicillium digitatum.

The results obtained during present
investigation have been supported by several
earlier workers. (Dekker and Gielink, 1979;
Gangawane and Reddy, 1987; Dahiwale et. al,
2009; Magie, and Wilfret, 1974; Gullino and
Garibaldi,1981; Sanders and Gilbride, 1981;
Jarvis and Slingsby,1975; Penrose and
Koffman, 1977; Patil and Kamble, 2011; Sable
and Gangawane, 2012; N. K. Khandare, 2014)
in various pathogens.
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APPLICATION OF FUNGICIDES, INSECTICIDES AND HERBICIDES IN THE
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Abstracts: A survey of fruit rot of Ridge gourd (Luffa acutangula L.) caused by Sclerotium rolfsii Sacc.,
was carried out from districts of Maharashtra (Sangli, Satara, Kolhapur, Solapur, Pune and Latur) and
Karnataka (Bijapur and Belgaum) where the severity of disease infection is more. There was variation
in the MIC (Minimum Inhibitory Concentration) of propiconazole to 14 isolates of Sclerotium rolfsii
Sacc., causing fruit rot of ridge gourd, on Czapek’s Dox agar plates. MIC on an agar plate (/n vitro) was
ranged from 40 pl/ml to 60 pl/ml, Isolate Sr-11 was highly resistant to propiconazole. In the use of
propiconazole in mixture with some agrochemicals (/n vitro). Agrochemicals like Fungicides (Matrix,
Nagcopper, Aliette and Benofit), Insecticides (Dontotsu, Armour, Actara and Admire), and Herbicides
(Sensor, Property, Aandhi and Super-hit) were used. various effects on the growth of Sclerotium rolfsii
Sacc., were either inhibitory, reduced or influence the growth of the pathogen.

Keywords: Agrochemicals, Propiconazole, Ridge gourd, Resistant and Sclerotium rolfsii.

LIntroduction

Ridge gourd (Luffa acutangula L.) is pan tropical climbing herb belongs to cucurbitaceae. It
is originated in India and spread pantropically to all areas with high rainfall. It is popular vegetable fruit
in India and other Asian countries. In Maharashtra unripe fruit is used for making curries. It is having,
fiber, vitamins and minerals including Vit B2, Vit C, Carotene, Niacin, Calcium, Phosphorus, Iron and
small quantities of Iodine. Such an important vegetable crop is attacked by Sclerotium rolfsii Sacc.,
which causes fruit rot disease and deteriorates the quality and yield. The present investigation has been
made on the effect of different agrochemicals (Fungicides, Insecticides and Herbicides) in the
management of fruit rot of ridge gourd. This work helps to manage the disease of ridge gourd by using
the proper concentrations of agrochemicals in combination with propiconazole.

Study Area-
Maharashtra (Sangli, Satara, Kolhapur, Solapur, Pune and Latur) and Karnataka (Bijapur and
Belgaum).
. I1. Material and Methods . Signature Not Verified
a) Materials- Samples of Ridge gourd (Luffa acutangula L.) infected by Sclemmmu@Sacc.,
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b) Methods- Samples of Ridge gourd showing infection of Sclerotium rolfsii Sacc., from 14
localities were collected. The pathogen was isolated by direct plating analysis following (Pitt
and Hocking, 1997). The isolated pathogen was identified (Subramanian, 1971., Sahana N.
Banakar et al., 2017), the pathogenicity test was confirmed by Koch’s postulate (Koch 1893).
From these samples, 14 isolates of Sclerotium rolfsii Sacc., were obtained. Minimum Inhibitory
Concentration (MIC) and combined effect of agrochemicals on the pathogen were determined
by a food poison test (Dekker and Gielink, 1979).

Effect of various agrochemicals on the development of propiconazole resistance in Sclerotium
rolfsii Sacc., was studied by mixing different Fungicides such as Matrix (Metalaxyl 35% WS),
Nagcopper (Copper oxychloride 50% WP), Aliette (Fosetyl 80% WP) and Benofit (Benomyl 50% WP);
Insecticides such as Dontotsu (Clothianidin 50% WDG), Armour (Acetamiprid 20 % SP), Actara
(Thiamethoxam 25 % WG) and Admire (Imidacloprid 70 % WG) and Herbicides such as Sensor
(Metribuzin 70% WP), Property (Pyrazosulfuron ethyl 10% WP), Aandhi (Glyphosate 71 % SG) and
Super-hit (2,4-D Sodium salt 80% WP) with propiconazole.

These agrochemicals were used at four different concentrations (25, 50, 75 and 100 pg/ml) with
Propiconazole (60 pg/ml) in order to find out their synergistic effect. The resistant isolate (Sr-11) was
selected for this study. It was grown on a Czapek s Dox agar medium containing, a resistant dose of
propiconazole (60 pg/ml) and other chemicals at the above said concentrations. An increase in the
growth of the pathogen over propiconazole control was considered to be the increase in the resistance
while a decrease in the growth of the pathogen was considered to be decrease in the resistance. Growth
on propiconazole alone served as control. After 8 days of inoculation, results were taken by using the
zone of inhibition 0-4 scale by (W. Kirby and A. Bauer, 1950) and compared with control.

I11. Result and discussion

The present investigation studied synergistic (combined) effects of propiconazole with other
agrochemicals on the propiconazole resistance Sclerotium rolfsii Sacc., (St-11). propiconazole was
applied in combination with agrochemicals for the management of fruit rot of ridge gourd at various
concentrations on agar plates (/n vitro). Ishii, (2015), illustrated, the stability of resistance in fungi in
plant pathogenesis.

It was seen that In vitro application of propiconazole with mixture of other agrochemicals,
Fungicides (Matrix, Nagcopper, Aliette and Benofit), Insecticides (Dontotsu, Armour, Actara and
Admire), Herbicides (Sensor, Property, Aandhi and Super-hit), among that, the agrochemicals like
benofit, Aandhi and Dontotsu, inhibits the growth of the pathogen completely at 25 pg/ml, while other
agrochemicals inhibit the growth of the pathogen at 50 pg/ml, 75pg/ml and 100pg/ml and some
agrochemicals influence the growth of the pathogen.

Table-I: Synergistic effect of fungicides on the development of propiconazole resistance in
Sclerotium rolfsii.

Sr. no Fungicides with Concentration Radial growth
Propiconazole (60ppm) (ppm) (mm)
Signature No ifieql
1 Matrix 25 1M@j
T
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50 9

75 0

100 0
2 Nagcopper 25 18.33
50 11.33

75 0

100 0

3 Aliette 25 10

50 0

75 0

100 0

4 Benofit 25 0

50 0

75 0

100 0

Control Propiconazole 60 18

Fig I: Synergistic effect of fungicides on the development of propiconazole resistance in Sclerotium

rolfsii.
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Table-II: Synergistic effect of Herbicides on the development of propiconazole resistance in

Sclerotium rolfsii.

Sr. no Herbicides with Concentration Radial growth
Propiconazole (60ppm) (ppm) (mm)
1 Sensor 25 12

50 8

75 Signatu;%'No Verified

100 “ﬂ@*)
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2 Property 25 15.66
50 11
75 0
100 0
3 Aandhi 25 0
50 0
75 0
100 0
4 Super-hit 25 12.33
50 9
75 0
100 0
Control Propiconazole 60 18

Fig II: Synergistic effect of herbicides on the development of propiconazole resistance in

Sclerotium rolfsii.

Linear Mycelial Growth in mm
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Table-111: Synergistic effect of Insecticides on the development of propiconazole resistance in

Sclerotium rolfsii.

Sr. no Insecticides with Concentration Radial growth
Propiconazole (60ppm) (ppm) (mm)

1 Dontotsu 25 0
50 0
75 0
100 0

2 Armour 25 Siqna%ére'Not Verified
50 ILW%J "
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75 9
100 0
3 Actara 25 15
50 8.66
75 0
100 0
4 Admire 25 20.66
50 14.66
75 0
100 0
Control Propiconazole 60 18

Fig IIl: Synergistic effect of insecticides on the development of propiconazole resistance in

—@—Dontotsu —@—Armour Sclerotium rolfsii.
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Abstract: Coranavirus pandemic affected not only humans, but also it was affected to the avian biodiversity
of Jath region. One of the reasons of decreasing avifauna of wetland birds is human anthropogenic
activities. During Pandemic the lockdown was done by government that showed positive effect on the
biodiversity. The Tippehalli reservior is nearer to the sugar factory, the loud voice of siren, the human
activities decreased the avifauna. Due to lockdown the sugar factory was closed, that duration some species
of birds quickly respond to the lower levels of human activities. Lockdown plays positive effect to the avi
Sfauna biodiversity.

Keywords: Anthropogenic, Siren, Lockdown, Diversity, etc.

1. INTRODUCTION

The corona virus was firstly detected in China Wuhan, this virus was spread in India. The first patient was detected in
Kerala (India Today, 2020a) while the first confirmed case of corona virus in Maharashtra was reported on 9 March
2020 in Pune. As the covid spike was largest, and on highest peak not only in world but also in all India. Maharashtra
was the hotspot of corona virus (CoVs), It is a group of viruses which affects human beings through zoonotic
transmission. (Snehal Lokhandwala and Pratibha Gautam). The corona virus was declared as pandemic due to the
spreading honourable prime minister of India, Shri NarendraModionMarch24,2020declaredacompletelockdown.
During that period various state governments ruled various restrictions (GOI). Due to the lockdown the environmental
pollution was decreased, which affect the positive effect on the flora and fauna diversity. The reduction of nesting sites
destruction of avi faunal habitat for the construction purposes declining the number of avifauna (Lad and Patil, 2015).
Chilke Arun (2012) reported 58 bird species belonging to 29 families and 9 orders in and order Bamanwala lake of
Rajura District Chandrapur (Maharashtra). The Industrial progress of city is one of threat to avian fauna of that area.

II. MATERIALS AND METHODS
The study area of Jath reservoir was visited twice in week during March 2019 to April 2021 during early morning 6.00
to 9.30 am and evening 5.00 t07.00 pm.

Material

For the better study & for identification the binocular Nikon Aculon A 211 is used.For the photography the camera
Nikon3200 [lense — 50 -150 mm] and zoom camera Nikon P900 is used. Birds were identified on the field using guides
by Ali (2002) and Grimmet and inskipp (2015). During visit the below piscivorous avifauna was spotted in this area.

Study Area

Jath taluka is arid prone but well-developed agricultural area. The landscape of taluka is dotted with many minor and
major irrigation reservoir. Geographical the reservoir shows agriculture, human civilisation. The area is surrounded
mostly grassland the big trees are less. The area is surrounded mostly grassland the big trees are less. Total area of Jath
is 2,258 Km?2.In agriculture mostly bajra & matki is cultivated in this area commercial fishery is not done in the Kosari
reservoir, due to less fishes the piscivorous birds was affected the water is used for household, drinking, washing,
farming and fishery.
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Grazing Animals Near Pratappur Wetland Vehicles Washing Near Tipphalli Wetland

II1. RESULT

The study was conduct March 2019 to April 2021, before the corona virus spreading the, vehicles pollution,
Industrialization pollution the human anthropogeni cactivities, The Tippehalli reservoir is nearer to the sugar factory,
the loud voice of siren, the human activities decreased the avifauna. Due to lockdown the sugar factory was closed
Tourisms etc. affectedtheavifaunadiversity.ButduringthespreadingofpandemiccoronavirusesspiketheNational lockdown
was declared by Government of India and the whole Maharashtra was also lockdown by following various rule due to
that the tourist was restricted, Industries was also closed, the vehicle pollution, as well as on restriction on human being
to visit outside was strictly restricted due that the avifauna diversity was increased as well as in various region the wild
animals was seen freely on street. Before lockdown near wetland of Jath about 45 families was observed but during the
lock down 49 family and 126 species was observed. Due to lockdown the sugar factory near Tipphalli was closed, that
duration some species of birds quickly respond to the lower levels of human activities. Lockdown plays positive effect
to the avifauna biodiversity.
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IV. CONCLUSION
The pollution, human activities, anthropogenic activities, Industrialisation, grazing animals, affects the nesting,
breeding ground and avifauna diversity disturbs the avifauna, after Lockdown the avifauna diversity shows positive
effect to the avifauna biodiversity.
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AfgeT gaeaor anfor SwaE
1. =1 @l e gEaRE AR, AST fasrer, e IeRIE FAgTTacaTer, Sd
STegr AeTelr

MYGRT —

HRAT aURIST ¢ YOV HEPIRICRIATE. Olell Yrehel 312l OO 316,
qUT AT YV T ATEAST 1982 U FSAY AN FE S ApRmércies
TATAT FAAT 9YdT AT AT Ao TR FAGIAIA HE FAUGT shell el
quT FHIET TATAS e g 39iaid Ufgel. HRUT oihemgl & Ui &rrciiel
A FEHARMRIGR Gcgelld A3 Aehd &AL TedT ATl F 30T oy
fr AF med. deder A TAF 3ET T AT A gaew MO0
PR A@Ed. Irardr AR dneMgld FgHeT dlefaudrdl IR 3. 3TeT
BFd Hdd S TFhd (AR ST 3Tg. IIATST ATHA 3o AoloAT TSTad
3. 9UT AT ATl IR EFaear 93dd deiadd AL oJlel H{d a9 3iTer
ST, clieemgr Eaarear 9dd fohdl JHOT 9rdell? cITaTel Qe eXanT fohdr
Ticel Y HAMOT FT hel el § IEATHUIAMT gfol IT AT UG 31T
HATITAT 3.

YEdTaaT —

AfGST  TEeloT  NOT AheMel I=T Sackar TEY 3R, Afgen
TR0 UINeh T SHIEAT FgUTST ollahellel, HRUT HAfgelm & lhAEr
SYGEATT UM TG, AhATRIT &A1 50 TeFeh Eiceh R ATHS MoTeAT HIdlcd
RS & YA 3HTg. IR Afgell ARl HNROT AT HET HR.SAT aLqTd
ST T=AT AT AIhAET Aled 3.

AfgelT  TEIPIUTEr &7 ThoUal 3IoldlT  HlBAIA AR el
ESfE 3R oAUdr RIS FBd AT Forel e e o
Jeiad g, IR UNdHAcT ¢2Tdel Afgell Adollhiuldl 14T STel.1972
72 ATl AN Fecashire AN A Folece Tawsineled 3 Tsc 3P gAA ¢
Afge AT RIgerar uRdygHAiey 9l gEdeh YISl rd
TAA=d FACT SYdT AT AT FHeardr AR el Aodd Afgelian AT Hed
HOFR gUadar wred gid AT id HIUEET JAGT FAAEET 815 A
AT, FEULT GGl AMHA IIEAT HRA dAled g, AT AHATIEAd
Afgerl Torer g MW FATCT FIOITS A SITRT Tced dhel ST TR cl.
3R -1) AfgT ATNaoT INTOT NRAET ATTAT HheTell HHS[ ‘ETUﬁSIQnatumr:(No Verified
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3) AT TEeRIoT 0T Siehemel A ATd Her 3T,

4) ARAIT AhATEIT AfGAT TRl AlSTell TFITHL,

5) TATT>AGTCHAN ATgell HFellnlUITd SHTeled! RSV Hol.

I e -

1) AIRAT NHAETINET AR FIoNHOTAS 30T FRIE el 3R,
gdeh TAMAEY Afgell T&TH Aed 318 Ggaa AT gL

2) HRAIT SRR AT cTaTAd AfGATHIST 3eich FhedIUhRT Tl TAR
d YR UATH AME T Afgell HUCd ATALY Icagieyad Id Al

e Tl

WA AU 3l Afgcd™ Heholed I Ggdlel  Shel3ile. 1A
aUTTcHe HATES Tgarel arae Shell 3Te.

Afger FaeiwToTHaTRdeLHY |

HRAG eNepQMEIedT goarel E& 30T 9oy & &l °eh 3ed IR
W eYHcdRIEdld diear Hidl Elel el Fguld @l gl anrosh
ool 5. T AU[E FEULA SHIUIRT g9 ATBRCT Ssel Uded AR oK
R g FUle feuraer Sgd. faem 3ufala dHS AT T diffdearsATor
T Tadsg O & #gfa FEuel REiET R YRRY TS ¢F o
CATTATYT & e 3gET e a9 HlaedugaTa AWer gE  3red
FHATSTATST  HAT-Holdll AT ATl 3eAeh FAOIGCAT Bl e, HROT =T
f&ar Herema gar A7 gEAEMIET Fvd T dgraaE fAed AfawT 1940 Aol
AT Galgel & Hehs TFd AT JUTd & FAId=ard FAST el AR AT
Trd Earear avomar sfagr 3o FEpdiedr 3cdedidl g, I aAdeh
GTohdT THSTAT AUTR AT FIVIATRT THI S5 FgU[A SToHTel Id AN X faedEx
dIRUUT dlgel . fad Wur geeAEl qrge Mudd fdenr @ derd
A AT FATST AT HOT AT 3 T HAleTd! gareprl JRATESAT
3R,

THITOTATSAT  AThredT qareid Hics dgelell HEIeHT SANaer $ol 3HTOT
WIS Fol AT 3HUS ANGHETA F ATl Teh ool Aol ot
Fgoral T fetor gy At weR sel fder faTar Facardr Softa 3.
HIUTHYUITS HTcHATA 3Tet. 30T 3Tar  HIoTdET ST el 7 Tgdl Foell Seloll.
Yol 30T FHoT AT fARERT JUa 3ieligsd TRERY 95 el <A HElcHAT Fol
P9l Al TV Shifdehen Gfgel i3l Idelel.cATT GRUMH FgUsT
el F&AT 99 & SRR 3Rd <Ar difgedh el Sefol M. AT 37T

I AT 9FT Iddh &F FEl el Q. UTded mﬁgnﬁw&&@:&?ﬂfle
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ARSI AT el ATl ¥dcd AT Far 3R 3 3@ A
ATHATAT HTST AfGelT FIARIUT FUATAT HIBET IS dIg RTel 3Tg.

HICNHIUT HETHIAIOT HATFARIUT 3HH HeAdh Asq AT HTAT Hlellay
Usd 3EATA.SISd AT HheUsd@Tdl Empowerment & 2TsG Ydafeld 3Mg.ARer
TIeUT  FgUTSl 1A AlGALY  Jiedl  &TAd<ar  Sofigd  AfAdeRieRa
STATTIT Ycdsh TR AT ATcHATARATH [AATOT aol.cgiedr garhIiasr
Srofig fAATOT T AT 3Nfde® TR gsTAST ALY cAicaTIcgel-3A9cTel
AT dler SUaTdl, TAAAERdd d gahlaedl S d  HUATAAGA S  TS¢aT
TATaclel HOATT TohaT TETHIAIOT EIRI.TH SISATAT FgUIT IS,

A= gewear sl FVER SO AT Tl FAGUATHRAT
AT 3MAe d AHANITSRSeAdadTeld ¢UT FgUT Afgoll TAdellhioT gia.
TRUT T EIIAT Taaes! 1907 AT AESAAA 37 HedT Iso Afgel
TolIhIUEl STl fegaar MheAd 1987 ATl SWIfaeh  Afgem  ToRmaRroT
FRILMSA el FHOT shell 38, o 370, & Hateeor wgurer Efiear 3l
Ao guardt e auarl aTHar Aqueds o ARl HREA usgA
30T AHEIS FAHUS HEAT TUF 3NfTF JagR I FOARN &7 T d
317as TAHATT aOT ATell ARG FTelhoT FEUTAT”

HARAT oNhgid Afgel Faellaomdl Ufohdl ASA gdiaT Afgeredr
TeTAAT UAET e Iihal HAST U3a AT fAeeWur & olelel. &RoT
HRATATST AfgeT HTRom=l Uishargl IiReAwsIar d qddsier S Isgredn
AfgeT IR GFRATET QUTAT d91 31T HRATATST Aol Adolenomar Fay
gl IRUIRE - g Hedish ggdl ATddrg flarde 310 s Jehredr
ATeTdT HATSTEAT TqhMTd & FATGTY ANOT g el g fAvHad=ar ARTSireld
HEd A, MYFAF IS AT HSTRMET THEAAG HOT AHSIIAGT FATET
NYUT SYGEYTT TR STTEAT I,

1970 ALY TH BRR T Il AT &- STARICH-3Th & Jad, R &
e Irear fuTd A g e Raleg et a1 Tl & 989 AT Heoed
g cardt AfAaIar IS 8T JYA Odel 3 AdET & JaH 3ol 3GRATAIG,
AFHArE], 3MYfASdr AT FheUalded Afgel TTeNaondl HehoUsdl Yehe el
1970 TAT GRAPTA Hfgell HINHIUMAT AT AT, 1975 § a9 FaAlel
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Impact of the Corona Virus Pandemic on Wetland
Avifauna Diversity of JAT Region
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Abstract: Coranavirus pandemic affected not only humans, but also it was affected to the avian biodiversity
of Jath region. One of the reasons of decreasing avifauna of wetland birds is human anthropogenic
activities. During Pandemic the lockdown was done by government that showed positive effect on the
biodiversity. The Tippehalli reservior is nearer to the sugar factory, the loud voice of siren, the human
activities decreased the avifauna. Due to lockdown the sugar factory was closed, that duration some species
of birds quickly respond to the lower levels of human activities. Lockdown plays positive effect to the avi
Sfauna biodiversity.

Keywords: Anthropogenic, Siren, Lockdown, Diversity, etc.

1. INTRODUCTION

The corona virus was firstly detected in China Wuhan, this virus was spread in India. The first patient was detected in
Kerala (India Today, 2020a) while the first confirmed case of corona virus in Maharashtra was reported on 9 March
2020 in Pune. As the covid spike was largest, and on highest peak not only in world but also in all India. Maharashtra
was the hotspot of corona virus (CoVs), It is a group of viruses which affects human beings through zoonotic
transmission. (Snehal Lokhandwala and Pratibha Gautam). The corona virus was declared as pandemic due to the
spreading honourable prime minister of India, Shri NarendraModionMarch24,2020declaredacompletelockdown.
During that period various state governments ruled various restrictions (GOI). Due to the lockdown the environmental
pollution was decreased, which affect the positive effect on the flora and fauna diversity. The reduction of nesting sites
destruction of avi faunal habitat for the construction purposes declining the number of avifauna (Lad and Patil, 2015).
Chilke Arun (2012) reported 58 bird species belonging to 29 families and 9 orders in and order Bamanwala lake of
Rajura District Chandrapur (Maharashtra). The Industrial progress of city is one of threat to avian fauna of that area.

II. MATERIALS AND METHODS
The study area of Jath reservoir was visited twice in week during March 2019 to April 2021 during early morning 6.00
to 9.30 am and evening 5.00 t07.00 pm.

Material

For the better study & for identification the binocular Nikon Aculon A 211 is used.For the photography the camera
Nikon3200 [lense — 50 -150 mm] and zoom camera Nikon P900 is used. Birds were identified on the field using guides
by Ali (2002) and Grimmet and inskipp (2015). During visit the below piscivorous avifauna was spotted in this area.

Study Area

Jath taluka is arid prone but well-developed agricultural area. The landscape of taluka is dotted with many minor and
major irrigation reservoir. Geographical the reservoir shows agriculture, human civilisation. The area is surrounded
mostly grassland the big trees are less. The area is surrounded mostly grassland the big trees are less. Total area of Jath
is 2,258 Km?2.In agriculture mostly bajra & matki is cultivated in this area commercial fishery is not done in the Kosari
reservoir, due to less fishes the piscivorous birds was affected the water is used for household, drinking, washing,
farming and fishery.
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Grazing Animals Near Pratappur Wetland Vehicles Washing Near Tipphalli Wetland

II1. RESULT

The study was conduct March 2019 to April 2021, before the corona virus spreading the, vehicles pollution,
Industrialization pollution the human anthropogeni cactivities, The Tippehalli reservoir is nearer to the sugar factory,
the loud voice of siren, the human activities decreased the avifauna. Due to lockdown the sugar factory was closed
Tourisms etc. affectedtheavifaunadiversity.ButduringthespreadingofpandemiccoronavirusesspiketheNational lockdown
was declared by Government of India and the whole Maharashtra was also lockdown by following various rule due to
that the tourist was restricted, Industries was also closed, the vehicle pollution, as well as on restriction on human being
to visit outside was strictly restricted due that the avifauna diversity was increased as well as in various region the wild
animals was seen freely on street. Before lockdown near wetland of Jath about 45 families was observed but during the
lock down 49 family and 126 species was observed. Due to lockdown the sugar factory near Tipphalli was closed, that
duration some species of birds quickly respond to the lower levels of human activities. Lockdown plays positive effect
to the avifauna biodiversity.
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IV. CONCLUSION
The pollution, human activities, anthropogenic activities, Industrialisation, grazing animals, affects the nesting,
breeding ground and avifauna diversity disturbs the avifauna, after Lockdown the avifauna diversity shows positive
effect to the avifauna biodiversity.
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| 2,3-Dihydroquinazolin-4(1H)-ones were synthesized in excellent yield in a prepared low transition temperature mixture (LTTM) containing |
SnCl, and L-proline using either direct one-pot two-component cyclocondensation of anthranilamide and aldehydes or one-pot three-

| component cyclocondensation of isatoic anhydride, ammonium acetate and aldehydes. The prepared LTTM is a green solvent, inexpensive, |

| non-toxic and serves a dual function as reusable catalyst and solvent with excellent reaction endorsing medium. The current protocol has |

| several advantages including an easy work up, shorter reaction time, high yield with a higher atom economy and maximum reaction |

| |

| |

efficiency with excellent green chemistry metrics.

Keywords: Low transition temperature mixture, 2-Aryl-substituted 2,3-dihydroquinazolin-4(1H)-ones, Green chemistry, Quinazolinone.

INTRODUCTION

Quinazolinone skeletons are the important bicyclic aza-
heterocycles with a wide range of pharmaceutical and biolo-
gical applications. They possesses range of biological activities
such as anti-inflammatory [1], antibacterial [2,3], anticancer
[4,5], antifungal [6,7], antitumor [8,9], anticonvulsant [10],
analgesic [11], antihypertension [12,13] and antidiabetes [14].
The researchers are therefore continuously engaged in develop-
ment of simple and proficient rout for synthesis of quinazo-
linone.

A number of classical methodologies for the synthesis of
2,3-dihydroquinazolinones have been reported in the literature,
including two-component condensation of anthranilamide with
aldehyde and three-component condensation of isatoic anhy-
dride, aldehyde and ammonium acetate with a variety of catalysts
such as cerium(IV) sulfate [15], starch sulfate [16], SiO,-ZnCl,
[17], Si0,-FeCl; [18], AI/AlLO; nanoparticles [19], Co-CNTs
[20], Amberlyst-15 [21], SPC [22], H;BO;-MCM-41 [23],
trichloroacetic acid [24], aerosil silica-supported acidic ionic
liquid [25], sulfamic acid [26], poly(4-vinylpyridine)-supported
acidic ionic liquid [27], trifluoroethanol [28], supported N-

propylsulfamic acid on magnetic nanoparticles [29], supra-
molecular synthesis [30], heteropoly acids [31], tetrabutyl-
ammonium bromide [32], ZrCl, [33] and heteropoly acid-clay
nanocomposite [34]. Although each of these methods has
advantages, some of them have drawbacks, such as low product
yields, long reaction times, harsh reaction conditions, extractive
product isolation with toxic organic solvents, time-consuming
catalyst preparation procedures and use of toxic and expensive
catalysts or media. Thus, scientific community appreciates the
benign synthetic routes for synthesis of 2,3-dihydroquinazo-
linones. In view of this, a simple and efficient method is descri-
bed for the synthesis of 2,3-dihydroquinazolinones via two-
component condensation of anthranilamide with aldehyde and
three-component condensation of isatoic anhydride, aldehyde
and ammonium acetate using low transition temperature
mixture (LTTM) as reaction medium and explored the study
of green metric calculations.

EXPERIMENTAL

All the solvents and reagents were commercially sourced
and used without further purification. Melting points were

taken on a melting point apparatus an%%%%rﬁéi(\/ &MR
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and “C NMR spectra were recorded on a Bruker 400 MHz
instrument using tetramethylsilane (TMS) as an internal standard
and DMSO-d; as the solvent at room temperature.

General synthetic procedure of SnClL:L-proline (1:1)
(LTTM): The LTTM have been prepared by selecting hydrated
stannous chloride as a hydrogen bond donor and L-proline as
a hydrogen bond acceptor. A mixture of hydrated stannous
chloride (10 mmol, 2.25 g) and L-proline (20 mmol, 2.3 g) in
ratio 1:2 was heated at 80 °C with continuous stirring for 30
min. The resulting LTTM forms whitish viscous liquid with
an excellent atom economy was subsequently allowed to cool
at room temperature and was used for the synthesis of 2-aryl-
substituted 2,3-dihydroquinazolin-4(1H)-ones derivatives
without further purification.

General procedure for synthesis of 3a-n and 6a-n: For
two component condensation, a mixture of anthranilamide
(1 mmol), LTTM (5 mL) and appropriate aldehyde (1 mmol)
was stirred at 80 °C for 30 min. For three component conden-
sation a mixture of isatoic anhydride (1 mmol), LTTM (5 mL)
and ammonium acetate (1.3 mmol) in reaction tube was stirred
at 80 °C for 5 min and then appropriate aldehyde (1 mmol)
was added in reaction tube at 80 °C for 30 min. The progress
of the reaction was monitored by thin-layer chromatography
(TLC). After completion, distilled water (15 mL) was added
and the mixture was stirred for 2 min. The corresponding solid
product was obtained through simple filtration, which was
recrystallized from absolute ethanol (Scheme-I).

/\/
1 2 3 R

(A) Two component strategy

0
HO
LTT™ NH
Q +|\R+NH40Ac—'
/& _— 80 °C N BN
6 X
4 R

(B) Three component strategy
Scheme-I: Synthesis of 2-aryl-substituted 2,3-dihydroquinazolin-4(1H)-ones

2-Phenyl-2,3-dihydroquinazolin-4(1H)-one (3a/6a)
[15]: '"HNMR (400 MHz, DMSO-d;) 8 ppm: 5.57 (s, 1H), 6.59
(t, 1H), 6.66 (d, 1H), 7.13 (s, 1H), 7.44 (m, 3H), 7.29 (t, 1H),
7.54 (d, 1H), 7.55 (d, 2H), 8.35 (s, 1H); *C NMR (100 MHz,
DMSO-ds) 6 ppm: 67.15, 114.18, 115.44, 117.69, 127.36,
127.53, 128.90, 128.94, 133.89, 142.15, 148.25, 164.18.

2-(4-Chlorophenyl)-2,3-dihydroquinazolin-4(1H)-one
(3b/6b) [23]: 'H NMR (400 MHz, DMSO-ds) & ppm: 5.72 (s,
1H), 6.47 (s, 1H), 6.62-6.64 (m, 2H, J = 8§ Hz), 7.15 (s, 1H),
7.25-7.25 (m, 2H, J = 8 Hz), 7.39-7.42 (m, 2H), 7.64-7.71
(m, 2H); “"C NMR (100 MHz, DMSO-dq): 66.96, 114.80,
115.01, 118.04, 127.83, 128.60, 128.80, 128.86, 133.75, 134.26,
139.67, 147.82, 164.72.

2-(4-Bromophenyl)-2,3-dihydroquinazolin-4(1H)-one
(3c¢/6¢) [15]: 'TH NMR (400 MHz, DMSO-ds) & ppm: 5.67 (s,

1H), 6.72-6.82 (m, 2H), 7.15 (s, 1H), 7.45 (d,, 1H, J = 7.8 Hz),
7.49 (d, 2H, J = 8.4 Hz), 7.60-7.68 (m, 3H), 8.32 (s, 1H); *C
NMR (100 MHz, DMSO-ds) & ppm: 69.0, 113.15, 116.16,
117.22, 127.25, 128.35, 129.10, 129.24, 133.35, 143.40,
148.53, 167.67 ppm.
2-(4-Methylphenyl)-2,3-dihydroquinazolin-4(1H)-one
(3d/6d) [15]: "H NMR (400 MHz, DMSO-ds) & ppm: 2.45 (s,
3H), 5.51 (s, 1H), 6.76 (d, 1H), 6.87 (t, 1H), 7.15 (s, 1H), 7.37-
7.48 (m, 3H), 7.47 (m, 2H), 7.81 (d, 1H), 8.29 (s, IH); *C NMR
(100 MHz, DMSO-ds) & ppm: 21.39, 65.84, 114.57, 115.77,
117.83,127.86,127.57,128.27,133.52,132.78, 138.57, 138.93,
147.98, 165.10 ppm.
2-(4-Methoxyphenyl)-2,3-dihydroquinazolin-4(1H)-
one (3e/6€) [23]: '"H NMR (400 MHz, DMSO-ds) 8 ppm: 3.70
(s,3H),5.67 (s, 1H), 6.37 (s, 1H), 6.60-6.67 (m, 2H, J = 8Hz),
6.80-6.82 (m, 2H, J = 8.2Hz), 7.17-7.32 (m, 1H), 7.61 (m, 3H,
J = 6.9 Hz), 7.70 (s, 1H); *C NMR (100 MHz, DMSO-ds) &
ppm: 55.36, 67.36, 113.83, 114.78, 115.07, 117.73, 127.76,
128.59, 132.94, 133.58, 148.30, 159.99, 164.76.
2-(4-Nitrophenyl)-2,3-dihydroquinazolin-4(1H)-one
(3t/6f) [23]: "H NMR (400 MHz, DMSO-ds) & ppm: 5.35 (s,
1H), 6.75 (t, 1H), 6.88 (d, 1H), 7.17 (t, 1H), 7.36 (d, 1H), 7.44
(s, IH), 7.65 (d, 2H), 8.45 (d, 2H), 8.63 (s, 1H); *C NMR (100
MHz, DMSO-ds) & ppm: 65.47,115.92, 115.57, 117.54, 123.85,
123.87, 126.88, 127.525, 128.98, 134.25, 148.17, 146.49,
149.58, 162.96.
2-(2-Nitrophenyl)-2,3-dihydroquinazolin-4(1H)-one
(3g/6g) [35]: 'H NMR (400 MHz, DMSO-ds) & ppm: 6.46 (s,
1H), 6.66-6.73 (m, 2H), 7.11 (s, 1H), 7.22-7.26 (m, 1H), 7.61-
7.66 (m, 2H), 7.72-7.82 (m, 2H), 8.09-8.12 (m, 1H), 8.23 (s,
1H); “C NMR (100 MHz, DMSO-ds) 8 ppm: 62.78, 115.13,
115.53,117.11, 118.25, 125.29, 127.89, 129.47, 130.45, 134.07,
134.48, 136.46, 147.69, 148.19, 163.91.
2-(4-Cynophenyl)-2,3-dihydroquinazolin-4(1H)-one
(3h/6h) [36]: "H NMR (400 MHz, DMSO-ds) & ppm: 5.91 (s,
1H), 6.66-6.72 (m, 1H), 6.79 (d, 1H, J = 8.1Hz), 7.23-7.33
(m, 2H), 7.65 (m, 1H,J=7.7, 1.4 Hz), 7.69 (d, 2H, J = 8.2 Hz),
7.86-7.92 (m, 2H), 8.51 (s, 1H); *C NMR (100 MHz, DMSO-
ds) O ppm: 66.30, 111.71, 115.11, 115.57, 117.81, 119.29,
127.87, 128.35, 132.77, 134.26, 147.78, 147.83, 163.77.
2-(4-Hydroxyphenyl)-2,3-dihydroquinazolin-4(1H)-
one (3i/6i) [35]: "H NMR (400 MHz, DMSO-ds) 8 ppm: 6.97
(d,3H,J=83Hz),7.49 (t, 1H,J=7.5Hz),7.63 (d, IH,J =
8.2Hz),7.79 (t, 1H,J =7.7Hz), 8.13 (m,4H, J = 12.0, 8.1 Hz),
10.17 (s, 1H), 12.09-12.34 (m, 1H); *C NMR (100 MHz,
DMSO-ds) & ppm: 67.86, 113.33, 115.87, 121.15, 123.78,
126.29, 126.31, 127.66, 130.09, 134.91, 149.54, 152.62, 161.07,
162.83.
2-(Furan-2-yl)-2,3-dihydroquinazolin-4(1H)-one (3j/6j)
[37]: '"H NMR (400 MHz, DMSO-ds) 8 ppm: 5.82 (d, 1H, J =
3.2 Hz), 6.41 (s, 2H), 6.57 (bs, 1H), 6.75 (t, 2H, J = 8.1 Hz),
7.31(t, 1H,J = 8.3 Hz), 7.59 (m, 1H, J = 7.7 Hz), 7.76 (bs, 1H),
8.19 (d, 1H, J = 2.5 Hz); “C NMR (100 MHz, DMSO-ds) 8
ppm: 60.28, 107.23, 109.79, 114.55° 10 Alye Nogyerifieds
141.17, 142.43, 146.35, 152.29, 16355k eIy Sigghercry o
2-(3,4-Dimeth0xyphenyl)-2,3-%%9\@&1{ %3!2&%731&@'
one (3k/6k) [35]: '"H NMR (400 MHZDNVES®-d;) & ppm: 3.76
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(s, 6H), 5.66 (s, 1H), 6.52 (s, 1H), 6.60-6.64 (s, 1H), 6.67-6.69
(s, 1H), 6.78-6.81 (s, 1H), 6.95-6.98 (s, 1H), 7.09-7.16 (m, 2H),
7.62-7.64 (d, 2H); “C NMR (100 MHz, DMSO-ds) & ppm:
55.89, 55.93, 67.68, 110.39, 110.91, 114.82, 115.07, 117.93,
119.74, 127.80, 133, 133.65, 148.24, 148.92, 149.41, 164.90.
2-(4-N,N-Dimethylaminophenyl)-2,3-dihydroquinazo-
lin-4(1H)-one (31/61) [35]: '"H NMR (400 MHz, DMSO-ds) &
ppm: 2.81 (s, 6H), 5.63 (s, 1H), 6.77 (t, 1H, J = 8.2 Hz), 6.91
(d, 1H,J = 6.8 Hz), 7.21 (bs, 1H), 7.31-7.46 (m, 3H), 7.37 (d,
2H, J = 8.8 Hz), 7.69 (d, 1H, J = 7.8 Hz), 8.47 (bs, 1H); *C
NMR (100 MHz, DMSO-de) & ppm: 41.39, 68.35, 113.13, 116.67,
117.88,127.13,128.15,129.37,129.49, 133.54, 142.17, 148.27,
166.39.
2-(4-Hydroxy-3-methoxyphenyl)-2,3-dihydroquinazo-
lin-4(1H)-one (3m/6m) [23]: 'H NMR (400 MHz, DMSO-ds)
d ppm: 4.01 (s, 3H), 4.26 (s, 1H), 6.21 (s, 1H), 7.20-7.31 (m,
4H),7.62 (s, 1H),7.79 (d,J = 6.9 Hz, 1H), 8.17 (d, / = 7.2 Hz, 1H),
8.69 (s, 1H), 9.67 (s, 1H); *C NMR (100 MHz, DMSO-d;) &
ppm: 56.57, 67.83, 112.05, 115.46, 115.93, 115.91, 118.16,
120.65, 128.38, 132.94, 143.27, 147.82, 148.47, 149.13, 164.82.
2-(Naphthalen-1-yl)-2,3-dihydroquinazolin-4(1H)-one
(3n/6n) [36]: 'H NMR (400 MHz, DMSO-ds) 8 ppm: 6.12 (s,
1H), 6.63 (d, 1H, J = 8.3 Hz), 6.89 (t, 1H, J = 8.3 Hz), 7.16-
7.19 (m, 3H), 7.26-7.37 (m, 3H), 7.49 (t, 1H, J = 8.3 Hz), 8.03
(d, 1H, J = 1.5 Hz), 8.07-8.13 (m, 2H); *C NMR (100 MHz,
DMSO-ds) & ppm: & 74.68, 114.85, 119.63, 126.77, 126.95,
128.43, 128.76, 128.94, 130.18, 133.89, 145.23, 163.16.

RESULTS AND DISCUSSION

Initially, low transition temperature mixture (LTTM) have
been prepared from the reaction of hydrated stannous chloride
and L-proline in the ratio 1:2 at 80 °C with continuous stirring
for 30 min. The prepared LTTM was then employed for
synthesis of 2-aryl-substituted 2,3-dihydroquinazolin-4(1H)-
ones via two component and three component strategies
(Scheme-I).

The optimization of reaction conditions was then carried
out selecting the model reaction of 4-chloro benzaldehyde
(Table-1). Selecting LTTM catalytic medium (5 mL), we tested
various solvents such as n-hexane, DCM, CH;CN and ethanol

at 80 °C. Reaction in all mentioned solvents resulted moderate
yield of desired products (Table-1, entries 1-4). The model
reaction was also performed in water which gave good yields
(Table-1, entry 5). Considering the above results we performed
same reaction in LTTM without any solvent at 80 °C. Intere-
stingly, the reaction completed with excellent yields of desired
products (Table-1, entry 6). To check the efficiency of LTTM,
we examined the reaction at 2 mL and 10 mL of LTTM in the
reaction (Table-1, entries 7-8). However, no positive yields were
obtained. The model reaction was also carried out without LTTM
catalytic medium and solvent which resulted no or lower yields
(Table-1, entry 9). From the yields obtained at room tempera-
ture, it was confirmed that 80 °C suitable reaction temperature
(Table-1, entry 10).

The optimized reaction conditions employed to extend
the generality of the present method. The synthesis of 2-aryl-
substituted 2,3-dihydroquinazolin-4(1H)-ones have been
carried out from two-component strategy (derivatives 3a to
3n) by reaction of anthranilamide with aldehyde and three-
component strategy (derivatives 6a to 6n) by reaction of isatoic
anhydride, ammonium acetate with aldehyde at 80 °C in 30
min (Scheme-I). Variety of aldehydes possessing electron
donating and electron withdrawing moieties have been reacted.
All reactions resulted efficient yield of desired products (Table-2,
entries 1-11). Highly functional 2,3-dihydroquinazolin-4(1H)-
oneshave also been synthesized in high yield under optimized
reaction conditions (Table-2, entries 12-14). From the results,
it is revealed that both strategies gave range of 2,3-dihydro-
quinazolin-4(1H)-ones with remarkable yields.

The efficiency of LTTM catalyst was evaluated form the
comparison study with reported methodology at diverse
conditions. From the study (Table-3), it is revealed that most
of the reported methods performed at high temperature,
required long reaction time and moderate yields. In conclusion,
present method involving LTTM catalytic system at 80 °C is
proficient with respect to reaction time and yields.

Mechanism: A plausible mechanism for the synthesis of
2-aryl-2,3-dihydroquinazolin-4(1H)-one derivatives as shown
in Scheme-II. Based on the experimental results, the mechanism
of the reaction is thought to proceeded through condensation
of aldehyde with isatoic anhydride or anthranilamide, which

TABLE-1
OPTIMIZATION OF REACTION CONDITIONS FOR SYNTHESIS OF 2,3-DIHYDROQUINAZOLIN-4(1H)-ONES*
Isolated yields (%
Entry Catalyst (mL) Solvent Temp. (°C) Time (min) = solated yields ( ")3b
1 LTTM (5) n-Hexane 80 60 30 34
2 LTTM (5) CH,Cl, 80 60 35 39
3 LTTM (5) CH,CN 80 60 64 66
4 LTTM (5) C,H.OH 80 60 78 82
5 LTTM (5) H,O 80 60 72 76
6 LTTM (5) Solvent free 80 30 92 96
7 LTTM (2) Solvent free 80 30 75 81
8 LTTM (10) Solvent free 80 30 92 SignaturE'N %rmed
9 - Solvent free 80 30 surest sopatmb pam JNR
10 LTTM (5) Solvent free RT 30 28 dacment ooy o

“Reaction conditions: [Anthranilamide (1 mmol), 4-Cl-benzaldehyde (1 mmol)] (3b) and [Isatoic anhydride (1 mmol), #ﬁ%ﬁ%ﬁé&fﬁa@mm.m@)

and NH,OAc (1.3 mmol)] (6b)
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TABLE-2
SYNTHESIS OF 2-ARYL-SUBSTITUTED 2,3-DIHYDROQUINAZOLIN-4(1H)-ONES*
EO Product Aldehyde R*-CHO Isolated yield (%) Melting point (°C)
3 6 Found Reported
1 3a/6a CeHs- 90 89 217-218 218-219 [15]
2 3b/6b 4-(CDHCsH, 92 91 205-206 206-208 [23]
3 3c/6¢ 4-(Br)C¢H, 92 90 201-202 200-202 [15]
4 3d/6d 4-(CH;)C4H, 87 86 233-234 234-236 [15]
5 3e/6e 4-(OCH;)CgH, 89 89 188-190 190-192 [23]
6 3f/6f 4-(NO,)CH, 90 88 200-202 202-204 [23]
7 3g/6g 2-(NO,)C¢H, 86 84 186-189 186-188 [35]
8 3h/6h 4-(CN)C¢H, 91 86 242-245 240-247 [36]
9 3i/6i 4-(OH)CH, 88 88 276-277 275-277 [35]
10 3j/6j 2-Furyl 90 88 165-166 164-165 [37]
11 31/6l 4-(NMe,)C.H, 91 90 241-242 240-242 [35]
12 3k/6k 3,4-(OCH,),C¢H, 92 92 209-211 210-213 [35]
13 3m/6m Vanillin 88 84 190-192 188-190 [23]
14 3n/6n 1-naphthaledehyde 92 90 209-210 208-210 [36]

“Reaction conditions: [Anthranilamide (1 mmol), aldehyde (1 mmol)] (3a) and [Isatoic anhydride (1 mmol), aldehyde (1 mmol) and NH,OAc (1.3
mmol)] (6a), LTTM (5 mL), time 30 min.

CH3;COOH
NH2
()
CH3COONH, -CO,
LTTM.,,,, |O O
o
v o
H
1
o ( )
,\\.\LTTM
L
N~ ~O
H LTTM NH N
2 |
4) _ 2
N | A
> /(
Q LTTM
NH | AN
AN /
N Nk
(3)/(6) =
2-Substituted 4(3H)-quinazolinones
(Product)

Scheme-II: Plausible mechanism for synthesis of 2-substituted 4(3H)-quinazolinones
Signature Not Verified

subsequently forms an imine intermediate that cyclizes to Reusability study: The reusab1§1 i ol-cata 5%’{?“ of rmpor-
afford the corresponding 2-aryl-2,3-dihydroquinazolin-4(1 H)- tant highly significant in view of greenchemistn™ In the present
one as the desired product. study, reusability of LTTM was evaldfitetf by ftsing the reaction
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TABLE-3
COMPARISON STUDY WITH REPORTED METHODS
Temp. Time Yield
Entry Catalyst © C? (i) (%) Ref
1 Cerium(IV) sulfate 120 30-50 85-97 [15]
2 Starch sulfate 100 5-55 75-96 [16]
3 Si0,-ZnCl, 100 30-80 51-95 [17]
4 SiO,-FeCl, 80 9-120 45-91 [18]
5 Al/AL,0; NPs 115 8-30 65-98 [19]
6 Co-CNTs MW 10-35 75-98 [20]
7 Amberlyst-15 MW 3-7 69-87 [21]
8 SPC 70 150-210  78-86 [22]
9 H;BO;-MCM-41 80 18-60 76-94 [23]
10 LTTM (Sn-Pr 1:2) 80 30 86-96  Present
work

of synthesis of 3b or 6b in presence of hydrated stannous
chloride as a hydrogen bond donor and L-proline as a hydrogen
bond acceptor in the ratio 1:2 under optimized conditions. After
completion of the reaction, as indicated by TLC, 10 mL of
water was added to the reaction mixture and the crude reaction
product was separated by simple filtration. The LTTM was
recovered by evaporating water under vacuum. The recovered
LTTM was the employed for next reaction cycle. The LTTM
catalyst can be recycled up to four reactions without significant
loss in yield of the reaction (Fig. 1).

Green metric calculations for synthesis of 2-substituted
4(3H)-quinazolinones: In the context of green chemistry, the
implementation of appropriate substrate, an efficient catalyst
and an adequate solvent is thus planned. The goal of green
chemistry in chemical research and engineering is to encourage
the design of products and processes that minimize the use
and generation of hazardous substances. Green metrics such
as mass intensity (MI), reaction mass efficiency (RME), carbon
efficiency (CE) and atom economy (AE) were used to evaluate
the current protocol of two-component condensation of anthra-
nilamide with aldehyde or ketones and three-component conden-
sation of isatoic anhydride, aldehyde and ammonium acetate
in accordance with green chemistry principles. The investigation
of these green metrics revealed the greenness of reactions. In
an ideal situation, it is expected that MI = 1%, RME = 100%,
%CE = 100 and %AE = 100. The green metrics calculations
for all the reactions are presented in Table-4. As compared to
three-component system, results obtained from two-component
system demonstrate that MI values for all compounds are quite
excellent as well as excellent yields produced good values of
RME while moderate yield produced moderate RME values
(Fig. 2). Moreover, the present reactions show excellent CE
because all the carbon atoms of the reactants are present in
the product. Atom economy values = 90% reveals that the
present protocol is of high atom economy. The developed

100 LTTM is a green solvent that is inexpensive, non-toxic and
2l serves a dual function (reusable catalyst and solvent) and it
20 : has been discovered to be an excellent reaction endorsing
S 80 medium.
% Conclusion
> 70 ' In summary, hydrated stannous chloride and L-proline
60 l (1:2) low transition temperature mixture (LTTM) was succe-
' ssively reported and used as a biocompatible catalyst for two
50 component and three component syntheses of 2-aryl-2,3-
! %eaction cycleg 4 dihydro-quinazolin-4(1H)-ones. The LTTM exists to serve as
Fig. 1. Reusability study of LTTM catalyst a solvent as well as a catalyst with improved reusability. This
TABLE-4
GREEN METRIC CALCULATIONS FOR TWO COMPONENT AND THREE
COMPONENT SYNTHESES OF 2-SUBSTITUTED 4(3H)-QUINAZOLINONES
Entry Al ;iehy de Yie’f(:vo cor:gonent rcegctlon — — Yi:l'fljree C(;Héponentégactwl;m —
RO ottt 9 @ % @ | @ @
1 C¢Hs- 3a 93 92.57 95.04 78.99 1.27 6a 88 64.75 78.27 55.16 1.81
2 4-(C1)C¢H, 3b 96 9349 97.85 8235 1.21 6b 92 6794 7744 57.37 1.74
3 4-(Br)C,H, 3c 96 9439 96.35 81.88 1.22 6¢ 92 7129 76.64 59.62 1.68
4 4-(CH;)CH, 3d 90 92.57 92.15 76.89 1.30 6d 87 66.12 59.20 4442 2.25
5 4-(OCH;)C¢H, 3e 93 93.38 9422 79.10 1.26 6e 89 70.56 60.51 48.46 2.06
6 4-(NO,)C¢H, 3f 94 93.73 96.08 81.14 1.23 of 90 68.81 7640 57.33 1.74
7 2-(NO,)C¢H, 3g 89 93.73 90.11 76.06 1.31 6g 86 68.81 72.56 5445 1.84
8 4-(CN)C4H, 3h 95 9326 97.02 81.30 1.23 6h 91 67.13 73.33  53.66 1.86
9 4-(OH)C¢H, 3i 92 93.03 93.19 77.95 1.28 6i 88 66.31 74.07 53.52 1.87
10 2-Furyl 3j 93 9224 9345 77.59 1.29 6j 90 63.70 72.56  51.95 1.92
11 34-(OCH,),CH; 3k 96 9404 9824 8311 120 | 6k 92 69.96gigHhidre KO Verifdd
12 4-(NMe,)CH, 31 95 9369 9676 8149 123 6l 91 68.65 833k )3 174
13 Vanillin 3m 92 9375 92.83 7832 1.8 6m 88  68.8dsimad g A g
14 1-Naphthaledehyde  3n 96 9384 9800 8252 121 6n 92 6920emres  mR66, 110
JATH, DIST-SANGLI

MI = mass intensity, RME = reaction mass efficiency, CE = carbon efficiency, AE = atom economy
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Fig. 2. Graphical illustration of green metric calculations for two (a) and three (b) component strategy

protocol has several advantages, including solvent-free green
synthesis with operational simplicity, an easy work-up procedure,
good to excellent yields, a column-free technique and an excellent
correlation with green metrics calculations. As compared to
three-component system, the high yield of products obtained
in two-component system demonstrates that the significant
RME values. Furthermore, all carbon atoms in the reactants
are present in the product, resulting in excellent percent CE
values. The reaction’s MI values are extremely close to the
ideal values. Each scaffold’s percent atom economy indicates
the maximum conversion of starting materials into product
and the least amount of waste exclusion. The catalytic system
can be recycled for at least four reaction cycles.
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Religion and the Law
Dhananjay Pandurang Waghmode Qualification:-B.tech (agri), L.LB Mob No.
7507726897 Mail ID- dhananjaypwaghmode78@gmail.com

A] Introduction

From history of India number of communities lived in India having different
religions and culture. Hindu religions divided into four classes in antient India such as
Brahman, Kshtriy, Vaishya and kshudra. Also Islam, Boudha, Jain, Cristian, Parashi, Jue,
religions lived from old era. From 16" century the social reforms was offering with the
social ~ reformers like RajaRam  Mohan roy, IshwarchandraVidyasagar,
DayanandSaraswati, JyotibhaPhule, as well as British executors. And It helps to another
step towards secularism The Preamble of Indian constitution aims to constitute India a
Sovereign, socialist, Democratic, Republic.

The term socialist and secular were added to it by 42th amendment which is
also called Mini constitution. Indian society is a multi regional society having different
caste and religion. Preamble it aims to promote fraternity while assuring unity and the
integrity of nation along with individual dignity.

B] Defination of Secularism

According to Donald Eugene Smith

" The secular state is a state which guarantees individual and corporate freedom of
religion deals with the individual has a citizen irrespective of his religion is not
constitutionally connected to a particular.

Secularism

Art. 25 to 28 confer right relating to freedom of religion not only on citizens but
also on all persons in India. These Constitutional provisions guarantee religious freedom
not only to individuals but also to 'religious groups'.

India being a secular state, there is no state or state preferred religion as such and
all religious groups enjoy the same Constitutional protection without any favour or
discrimination.

“Secularism in India does not mean irreligion like China. It means respect for all faiths
and religions. The state does not identify itself with any religion.
In case V. Rajnarayan,1975

S.C held that,Secularism means that state shall have no religion of its own and all
persons of the country shall be equally entitled to freedom of their conscience and have
the right freely to profess, practice and propagate any religion"

In SantEshar Singh V. Union of India.

Court held that,- the Constitution postulates in the preamble that India shall be a
secular republic. The rights as embodied under Art.'s 19, 25, 26, and 29 have to be
harmonized to ensure that we achieve the goal of cohesive community (i.e. secularism).
The duty to transcend religious diversities is fundamental.

Secularism is a basic feature of Indian Constitution This topic embodies the
principle of secularism enshrined in the preamble.

Terrorism

The common understanding of, "any organiser program of individual, social
groups or political groups of using force to create fear for panicness
UN General assembly meeting
" In its wider sense Terrorism is a fact of using an act or to violate against individual or

groups to change the outcome of some process of politics."
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C] Constitutional article about secularism (Art 25 to 30)

Following freedoms are guaranteed under Art. 25 to 28 of the Constitution

I] FREEDOM TO PROFESS OR PRACTICE RELIGION [ART. 25].

Art 25:- It provides the freedom of conscience and the right to Profess, practice and
propagate the religion of once choice.

Art. 25 (1) secures to every person

a). Freedom of conscience, and

b). Right to freely: -

1. Profess' religion;

i1. Practice religion, and

iii. Propagate religion.

The expression Freedom of conscience' means the inner freedom of a person to
mould his relations with his God in whatever manner he likes."To profess a religion'
means to declare freely and openly one's faith and belief. To practice means to perform
prescribed religious duties, rites and rituals. To propagate' means to spread and publicize
his religious views. The term 'religion' though not defined in Constitution, means a matter
of faith and belief. Means it protect freedom of conscience to process, practice and
propagate or promote religion. Here process means Right to occupation , faith and
declaration religion. These rights conferred on persons are not absolute but are subject to
public order, morality, health and other provisions of fundamental rights.

In- BijoeEmmanual V. state of Kerala

(National Anthem case)Fact- Children belonging to the "Jehova's witnesses" of
the Christian community were expelled from the school for refusing to.sing National
Anthem' though they stood up respectfully when it was being sung. They challenged the
validity of their expulsion on the ground that it was violative of their fundamental right
under article

Supreme Court that no person can be compelled to sing National Anthem If he has
genuine, conscious religious obligation. But the sacrifice (i.e. slaughter) of cows on Baki-
id day was not essential part of Muslim religion and hence prohibition of cow
slaughtering could not violate Art 25.

II] FREEDOM TO MANAGE RELIGIOUS AFFAIRS (Art. .26):-

Art 26:- it provides freedom to manage religious affairs.

Art. 26, lays down that every religious denomination or a section thereof has right —

a. to establish and maintain institutions for religious and charitable purpose
(fore.g.educational institutions etc),

b. to manage its own affairs in matters of religion.

c. to own and acquire movable and immovable property", and

d. To administer such property in accordance with law".

This right is subject to public order, morality and health.

A religious denomination:

While Art. 25 confers particular right on all persons, Art.26 is confined to religious
denominations or any section there of. Religions denomination means, "religious sect
having a common faith and Organisation and designated by a distinctive name-.
Therefore, the followers of Madhavacharya, Swetambar sect of Jains, followers of
Zoroastrian religion, DawoodBohras are religious denominations

In. Ram-Krishna Mission case

Supreme Court held that the followers of Ramkrishna, who are collection of
individuals, andwho adhere to a system of beliefs as conducive to their spiritual well
being, who have organised themselves collectively and who have an Organisation of
definite name as "Ramkrishna Mission can be regarded religious denominaii?g'ﬁi%e:'\';bve”ﬂed
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Hindu religion. It satisfies all the tests al denomination and therefore, is entitled for
fundamental right conferred under Art.26.

Therefore, under Art. 26 such religious denominations can decide what rites and
ceremonies are essential for their spiritual well being

III] NO TAXATION TO PROMOTE ANY RELIGION [Art. 27]

Art. 27, provides that no person shall be compelled by state to pay any tax for the
promotion or maintenance of any particular religion or religious denomination.This
article emphasizes secular character of the state and prohibits state from promotion of any
particular religion out of public money collected by way of taxation. It may be noted that
Art. 27, prohibits levy of tax and not the imposition of a Fee'. It prohibits compulsion to
pay taxes to benefit in a religious denomination.

IV] PROHIBITION OF RELIGIOUS INSTRUCTIONS OR WORSHIP IN
EDUCATIONAL INSTITUTIONS [Art. 28]:-

Art 28 :- It states that no religious instruction shall be provided in any educational
institution wholly maintained out of state fund.

Art. 28 Distinguishes between following three types of educational institutions in respect
of prohibiting religious instructions or worship. Viz:

a. Educational institutions wholly maintained by the state- No religious instructions or
worship can be imparted.

b. Educational institutions which are either recognised by the state or receiving aid out of
state funds - Religious instruction or worship can be imparted only with the consent of
the students or consent of their guardian.

c. Educational institutions, which are administered by the state but are established under
any trust or endowment which requires that religious instructions or worship, shall be
imparted-No restrictions on religions instructions.

Restrictions on religious instruments in educational institution.

Restriction would not applied to educational institution which administered by
state and has been established under and enrollment and trust that religious instruction
should be imparted in such institutions.

Art 28(3) No person attending any educational institution recognized by the state funds
shallbe required to take part in any religious instruction imparted in the institution their to
unless he consents to do voluntarily or if a minor his guardian gives consent for the same.
D] RIGHTS GUARANTEED UNDER (Art. 29 And Art. 30.)

Art 29 &30 :- guarantee certain cultural and educational rights to cultural, religious and
linguistic minorities.

Cultural and educational rights

People following different cultures, religions, faiths, languages live in India.
There is vast diversity in India. People of different religions and languages particularly
minorities have been given certain rights to preserve their culture, language and script.
Minorities contemplated in the Constitution are religious and linguistic minorities.
Among the religious groups Christians and Muslims are considered as religious
minorities'. 'Linguistic minorities, those who speak language, which fifty percent
population in that state do not speak. Thus, Kannada, Telgu, Malyalam speaking people
in Maharashtra come under linguistic minorities.

Rights guaranteed under Art. 29 and 30 for protection of interest of minorities are as
follows:
1. The right to preserve a distinct language, script or culture

According to Art. 29 (1) any section of the citizen residing in any part of India

having a distinct language, script or culture of its own has the right to preserve the same.

2. The Right of admission in educational institutions" [Art.29 (2)] SS;gr:zﬁt:@Venﬂed
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According to Art.29 (2), admission is not to be denied to any citizen into any
educational institutions maintained by the state, or receiving aid out of state funds, on the
grounds only of religion, race, caste, language, or any of them.

In Bombay V. Bombay Education Society.

Fact :- Bombay Government issued an order thereby banning admission in English
MediumSchool to those whose mother tongue was not English. 12 Supreme Court Held: -
The order is invalid under Art. 29 (2) because it denied admission solely on the ground of
language.

[Art. 30 (1)] provides that all minorities whether based on religion or language, shall
have theright to establish and administer (manage) educational institutions of their
choice. The right to maintain institutions of their choice is necessary concomitant of the
right to preserve its distinct language, script and culture.

In AzeezBasha V. Union of India

Supreme Court Held that - Aligarh Muslim University was not established by
Muslim Minority but by the Central Government by passing Aligarh Muslim University
Act.1920. Therefore under Art 30 (1) Muslim Minority cannot claim the right to manage
the University, which is not established by it.

Art. 30 (1A) provides that, in making any law providing for compulsory acquisition of
any property of an educational institution established and administered by the minority
(referred above), the State shall ensure that the amount fixed by (or under such law for
the acquisition of such property), would not restrict or abrogate the right guaranteed
under Art. 30 (1). In other words, amount should not be so meager that the minority
institution would not function again.

[Art. 30(2)] No discrimination in granting aid provides that, State shall not in granting aid
to educational institutions, discriminate against any educational institutions on the ground
that it is managed by a linguistic or religious minority.

Art 30

1. Minority sector- minority development , establishment of educational institutions

2. Maintain property

3. State can not discriminate this institutions about aid.

Ratilal Gandhi V. State of Bombay

S.C declares that,

He may freely practice his religion, and "religious practices or performance of
acts inpursuance of religious belief are as much a part of relation as faith or believes in
particular doctrines.

Religious miniority : Right to religion the universal declaration of human right 1948,
Recognize the right to religion in Art 14 which says that,

" Everyone has right to freedom of thought conscience and religious, this right includes
freedom to change his religion or believes and freedom either alone or in community with
otherin public or private to manifest his religion or belief in teaching, practice, workship
and observance

E] Conclusion

India is the secular state but having some exemtions and special conditions for

minorities. Each religion have right to conserve its own culture.
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| 2,3-Dihydroquinazolin-4(1H)-ones were synthesized in excellent yield in a prepared low transition temperature mixture (LTTM) containing |
SnCl, and L-proline using either direct one-pot two-component cyclocondensation of anthranilamide and aldehydes or one-pot three-

| component cyclocondensation of isatoic anhydride, ammonium acetate and aldehydes. The prepared LTTM is a green solvent, inexpensive, |

| non-toxic and serves a dual function as reusable catalyst and solvent with excellent reaction endorsing medium. The current protocol has |

| several advantages including an easy work up, shorter reaction time, high yield with a higher atom economy and maximum reaction |

| |

| |

efficiency with excellent green chemistry metrics.

Keywords: Low transition temperature mixture, 2-Aryl-substituted 2,3-dihydroquinazolin-4(1H)-ones, Green chemistry, Quinazolinone.

INTRODUCTION

Quinazolinone skeletons are the important bicyclic aza-
heterocycles with a wide range of pharmaceutical and biolo-
gical applications. They possesses range of biological activities
such as anti-inflammatory [1], antibacterial [2,3], anticancer
[4,5], antifungal [6,7], antitumor [8,9], anticonvulsant [10],
analgesic [11], antihypertension [12,13] and antidiabetes [14].
The researchers are therefore continuously engaged in develop-
ment of simple and proficient rout for synthesis of quinazo-
linone.

A number of classical methodologies for the synthesis of
2,3-dihydroquinazolinones have been reported in the literature,
including two-component condensation of anthranilamide with
aldehyde and three-component condensation of isatoic anhy-
dride, aldehyde and ammonium acetate with a variety of catalysts
such as cerium(IV) sulfate [15], starch sulfate [16], SiO,-ZnCl,
[17], Si0,-FeCl; [18], AI/AlLO; nanoparticles [19], Co-CNTs
[20], Amberlyst-15 [21], SPC [22], H;BO;-MCM-41 [23],
trichloroacetic acid [24], aerosil silica-supported acidic ionic
liquid [25], sulfamic acid [26], poly(4-vinylpyridine)-supported
acidic ionic liquid [27], trifluoroethanol [28], supported N-

propylsulfamic acid on magnetic nanoparticles [29], supra-
molecular synthesis [30], heteropoly acids [31], tetrabutyl-
ammonium bromide [32], ZrCl, [33] and heteropoly acid-clay
nanocomposite [34]. Although each of these methods has
advantages, some of them have drawbacks, such as low product
yields, long reaction times, harsh reaction conditions, extractive
product isolation with toxic organic solvents, time-consuming
catalyst preparation procedures and use of toxic and expensive
catalysts or media. Thus, scientific community appreciates the
benign synthetic routes for synthesis of 2,3-dihydroquinazo-
linones. In view of this, a simple and efficient method is descri-
bed for the synthesis of 2,3-dihydroquinazolinones via two-
component condensation of anthranilamide with aldehyde and
three-component condensation of isatoic anhydride, aldehyde
and ammonium acetate using low transition temperature
mixture (LTTM) as reaction medium and explored the study
of green metric calculations.

EXPERIMENTAL

All the solvents and reagents were commercially sourced
and used without further purification. Melting points were

taken on a melting point apparatus an%%%%rﬁéi(\/ &MR
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and “C NMR spectra were recorded on a Bruker 400 MHz
instrument using tetramethylsilane (TMS) as an internal standard
and DMSO-d; as the solvent at room temperature.

General synthetic procedure of SnClL:L-proline (1:1)
(LTTM): The LTTM have been prepared by selecting hydrated
stannous chloride as a hydrogen bond donor and L-proline as
a hydrogen bond acceptor. A mixture of hydrated stannous
chloride (10 mmol, 2.25 g) and L-proline (20 mmol, 2.3 g) in
ratio 1:2 was heated at 80 °C with continuous stirring for 30
min. The resulting LTTM forms whitish viscous liquid with
an excellent atom economy was subsequently allowed to cool
at room temperature and was used for the synthesis of 2-aryl-
substituted 2,3-dihydroquinazolin-4(1H)-ones derivatives
without further purification.

General procedure for synthesis of 3a-n and 6a-n: For
two component condensation, a mixture of anthranilamide
(1 mmol), LTTM (5 mL) and appropriate aldehyde (1 mmol)
was stirred at 80 °C for 30 min. For three component conden-
sation a mixture of isatoic anhydride (1 mmol), LTTM (5 mL)
and ammonium acetate (1.3 mmol) in reaction tube was stirred
at 80 °C for 5 min and then appropriate aldehyde (1 mmol)
was added in reaction tube at 80 °C for 30 min. The progress
of the reaction was monitored by thin-layer chromatography
(TLC). After completion, distilled water (15 mL) was added
and the mixture was stirred for 2 min. The corresponding solid
product was obtained through simple filtration, which was
recrystallized from absolute ethanol (Scheme-I).

/\/
1 2 3 R

(A) Two component strategy

0
HO
LTT™ NH
Q +|\R+NH40Ac—'
/& _— 80 °C N BN
6 X
4 R

(B) Three component strategy
Scheme-I: Synthesis of 2-aryl-substituted 2,3-dihydroquinazolin-4(1H)-ones

2-Phenyl-2,3-dihydroquinazolin-4(1H)-one (3a/6a)
[15]: '"HNMR (400 MHz, DMSO-d;) 8 ppm: 5.57 (s, 1H), 6.59
(t, 1H), 6.66 (d, 1H), 7.13 (s, 1H), 7.44 (m, 3H), 7.29 (t, 1H),
7.54 (d, 1H), 7.55 (d, 2H), 8.35 (s, 1H); *C NMR (100 MHz,
DMSO-ds) 6 ppm: 67.15, 114.18, 115.44, 117.69, 127.36,
127.53, 128.90, 128.94, 133.89, 142.15, 148.25, 164.18.

2-(4-Chlorophenyl)-2,3-dihydroquinazolin-4(1H)-one
(3b/6b) [23]: 'H NMR (400 MHz, DMSO-ds) & ppm: 5.72 (s,
1H), 6.47 (s, 1H), 6.62-6.64 (m, 2H, J = 8§ Hz), 7.15 (s, 1H),
7.25-7.25 (m, 2H, J = 8 Hz), 7.39-7.42 (m, 2H), 7.64-7.71
(m, 2H); “"C NMR (100 MHz, DMSO-dq): 66.96, 114.80,
115.01, 118.04, 127.83, 128.60, 128.80, 128.86, 133.75, 134.26,
139.67, 147.82, 164.72.

2-(4-Bromophenyl)-2,3-dihydroquinazolin-4(1H)-one
(3c¢/6¢) [15]: 'TH NMR (400 MHz, DMSO-ds) & ppm: 5.67 (s,

1H), 6.72-6.82 (m, 2H), 7.15 (s, 1H), 7.45 (d,, 1H, J = 7.8 Hz),
7.49 (d, 2H, J = 8.4 Hz), 7.60-7.68 (m, 3H), 8.32 (s, 1H); *C
NMR (100 MHz, DMSO-ds) & ppm: 69.0, 113.15, 116.16,
117.22, 127.25, 128.35, 129.10, 129.24, 133.35, 143.40,
148.53, 167.67 ppm.
2-(4-Methylphenyl)-2,3-dihydroquinazolin-4(1H)-one
(3d/6d) [15]: "H NMR (400 MHz, DMSO-ds) & ppm: 2.45 (s,
3H), 5.51 (s, 1H), 6.76 (d, 1H), 6.87 (t, 1H), 7.15 (s, 1H), 7.37-
7.48 (m, 3H), 7.47 (m, 2H), 7.81 (d, 1H), 8.29 (s, IH); *C NMR
(100 MHz, DMSO-ds) & ppm: 21.39, 65.84, 114.57, 115.77,
117.83,127.86,127.57,128.27,133.52,132.78, 138.57, 138.93,
147.98, 165.10 ppm.
2-(4-Methoxyphenyl)-2,3-dihydroquinazolin-4(1H)-
one (3e/6€) [23]: '"H NMR (400 MHz, DMSO-ds) 8 ppm: 3.70
(s,3H),5.67 (s, 1H), 6.37 (s, 1H), 6.60-6.67 (m, 2H, J = 8Hz),
6.80-6.82 (m, 2H, J = 8.2Hz), 7.17-7.32 (m, 1H), 7.61 (m, 3H,
J = 6.9 Hz), 7.70 (s, 1H); *C NMR (100 MHz, DMSO-ds) &
ppm: 55.36, 67.36, 113.83, 114.78, 115.07, 117.73, 127.76,
128.59, 132.94, 133.58, 148.30, 159.99, 164.76.
2-(4-Nitrophenyl)-2,3-dihydroquinazolin-4(1H)-one
(3t/6f) [23]: "H NMR (400 MHz, DMSO-ds) & ppm: 5.35 (s,
1H), 6.75 (t, 1H), 6.88 (d, 1H), 7.17 (t, 1H), 7.36 (d, 1H), 7.44
(s, IH), 7.65 (d, 2H), 8.45 (d, 2H), 8.63 (s, 1H); *C NMR (100
MHz, DMSO-ds) & ppm: 65.47,115.92, 115.57, 117.54, 123.85,
123.87, 126.88, 127.525, 128.98, 134.25, 148.17, 146.49,
149.58, 162.96.
2-(2-Nitrophenyl)-2,3-dihydroquinazolin-4(1H)-one
(3g/6g) [35]: 'H NMR (400 MHz, DMSO-ds) & ppm: 6.46 (s,
1H), 6.66-6.73 (m, 2H), 7.11 (s, 1H), 7.22-7.26 (m, 1H), 7.61-
7.66 (m, 2H), 7.72-7.82 (m, 2H), 8.09-8.12 (m, 1H), 8.23 (s,
1H); “C NMR (100 MHz, DMSO-ds) 8 ppm: 62.78, 115.13,
115.53,117.11, 118.25, 125.29, 127.89, 129.47, 130.45, 134.07,
134.48, 136.46, 147.69, 148.19, 163.91.
2-(4-Cynophenyl)-2,3-dihydroquinazolin-4(1H)-one
(3h/6h) [36]: "H NMR (400 MHz, DMSO-ds) & ppm: 5.91 (s,
1H), 6.66-6.72 (m, 1H), 6.79 (d, 1H, J = 8.1Hz), 7.23-7.33
(m, 2H), 7.65 (m, 1H,J=7.7, 1.4 Hz), 7.69 (d, 2H, J = 8.2 Hz),
7.86-7.92 (m, 2H), 8.51 (s, 1H); *C NMR (100 MHz, DMSO-
ds) O ppm: 66.30, 111.71, 115.11, 115.57, 117.81, 119.29,
127.87, 128.35, 132.77, 134.26, 147.78, 147.83, 163.77.
2-(4-Hydroxyphenyl)-2,3-dihydroquinazolin-4(1H)-
one (3i/6i) [35]: "H NMR (400 MHz, DMSO-ds) 8 ppm: 6.97
(d,3H,J=83Hz),7.49 (t, 1H,J=7.5Hz),7.63 (d, IH,J =
8.2Hz),7.79 (t, 1H,J =7.7Hz), 8.13 (m,4H, J = 12.0, 8.1 Hz),
10.17 (s, 1H), 12.09-12.34 (m, 1H); *C NMR (100 MHz,
DMSO-ds) & ppm: 67.86, 113.33, 115.87, 121.15, 123.78,
126.29, 126.31, 127.66, 130.09, 134.91, 149.54, 152.62, 161.07,
162.83.
2-(Furan-2-yl)-2,3-dihydroquinazolin-4(1H)-one (3j/6j)
[37]: '"H NMR (400 MHz, DMSO-ds) 8 ppm: 5.82 (d, 1H, J =
3.2 Hz), 6.41 (s, 2H), 6.57 (bs, 1H), 6.75 (t, 2H, J = 8.1 Hz),
7.31(t, 1H,J = 8.3 Hz), 7.59 (m, 1H, J = 7.7 Hz), 7.76 (bs, 1H),
8.19 (d, 1H, J = 2.5 Hz); “C NMR (100 MHz, DMSO-ds) 8
ppm: 60.28, 107.23, 109.79, 114.55° 10 Alye Nogyerifieds
141.17, 142.43, 146.35, 152.29, 16355k eIy Sigghercry o
2-(3,4-Dimeth0xyphenyl)-2,3-%%9\@&1{ %3!2&%731&@'
one (3k/6k) [35]: '"H NMR (400 MHZDNVES®-d;) & ppm: 3.76
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(s, 6H), 5.66 (s, 1H), 6.52 (s, 1H), 6.60-6.64 (s, 1H), 6.67-6.69
(s, 1H), 6.78-6.81 (s, 1H), 6.95-6.98 (s, 1H), 7.09-7.16 (m, 2H),
7.62-7.64 (d, 2H); “C NMR (100 MHz, DMSO-ds) & ppm:
55.89, 55.93, 67.68, 110.39, 110.91, 114.82, 115.07, 117.93,
119.74, 127.80, 133, 133.65, 148.24, 148.92, 149.41, 164.90.
2-(4-N,N-Dimethylaminophenyl)-2,3-dihydroquinazo-
lin-4(1H)-one (31/61) [35]: '"H NMR (400 MHz, DMSO-ds) &
ppm: 2.81 (s, 6H), 5.63 (s, 1H), 6.77 (t, 1H, J = 8.2 Hz), 6.91
(d, 1H,J = 6.8 Hz), 7.21 (bs, 1H), 7.31-7.46 (m, 3H), 7.37 (d,
2H, J = 8.8 Hz), 7.69 (d, 1H, J = 7.8 Hz), 8.47 (bs, 1H); *C
NMR (100 MHz, DMSO-de) & ppm: 41.39, 68.35, 113.13, 116.67,
117.88,127.13,128.15,129.37,129.49, 133.54, 142.17, 148.27,
166.39.
2-(4-Hydroxy-3-methoxyphenyl)-2,3-dihydroquinazo-
lin-4(1H)-one (3m/6m) [23]: 'H NMR (400 MHz, DMSO-ds)
d ppm: 4.01 (s, 3H), 4.26 (s, 1H), 6.21 (s, 1H), 7.20-7.31 (m,
4H),7.62 (s, 1H),7.79 (d,J = 6.9 Hz, 1H), 8.17 (d, / = 7.2 Hz, 1H),
8.69 (s, 1H), 9.67 (s, 1H); *C NMR (100 MHz, DMSO-d;) &
ppm: 56.57, 67.83, 112.05, 115.46, 115.93, 115.91, 118.16,
120.65, 128.38, 132.94, 143.27, 147.82, 148.47, 149.13, 164.82.
2-(Naphthalen-1-yl)-2,3-dihydroquinazolin-4(1H)-one
(3n/6n) [36]: 'H NMR (400 MHz, DMSO-ds) 8 ppm: 6.12 (s,
1H), 6.63 (d, 1H, J = 8.3 Hz), 6.89 (t, 1H, J = 8.3 Hz), 7.16-
7.19 (m, 3H), 7.26-7.37 (m, 3H), 7.49 (t, 1H, J = 8.3 Hz), 8.03
(d, 1H, J = 1.5 Hz), 8.07-8.13 (m, 2H); *C NMR (100 MHz,
DMSO-ds) & ppm: & 74.68, 114.85, 119.63, 126.77, 126.95,
128.43, 128.76, 128.94, 130.18, 133.89, 145.23, 163.16.

RESULTS AND DISCUSSION

Initially, low transition temperature mixture (LTTM) have
been prepared from the reaction of hydrated stannous chloride
and L-proline in the ratio 1:2 at 80 °C with continuous stirring
for 30 min. The prepared LTTM was then employed for
synthesis of 2-aryl-substituted 2,3-dihydroquinazolin-4(1H)-
ones via two component and three component strategies
(Scheme-I).

The optimization of reaction conditions was then carried
out selecting the model reaction of 4-chloro benzaldehyde
(Table-1). Selecting LTTM catalytic medium (5 mL), we tested
various solvents such as n-hexane, DCM, CH;CN and ethanol

at 80 °C. Reaction in all mentioned solvents resulted moderate
yield of desired products (Table-1, entries 1-4). The model
reaction was also performed in water which gave good yields
(Table-1, entry 5). Considering the above results we performed
same reaction in LTTM without any solvent at 80 °C. Intere-
stingly, the reaction completed with excellent yields of desired
products (Table-1, entry 6). To check the efficiency of LTTM,
we examined the reaction at 2 mL and 10 mL of LTTM in the
reaction (Table-1, entries 7-8). However, no positive yields were
obtained. The model reaction was also carried out without LTTM
catalytic medium and solvent which resulted no or lower yields
(Table-1, entry 9). From the yields obtained at room tempera-
ture, it was confirmed that 80 °C suitable reaction temperature
(Table-1, entry 10).

The optimized reaction conditions employed to extend
the generality of the present method. The synthesis of 2-aryl-
substituted 2,3-dihydroquinazolin-4(1H)-ones have been
carried out from two-component strategy (derivatives 3a to
3n) by reaction of anthranilamide with aldehyde and three-
component strategy (derivatives 6a to 6n) by reaction of isatoic
anhydride, ammonium acetate with aldehyde at 80 °C in 30
min (Scheme-I). Variety of aldehydes possessing electron
donating and electron withdrawing moieties have been reacted.
All reactions resulted efficient yield of desired products (Table-2,
entries 1-11). Highly functional 2,3-dihydroquinazolin-4(1H)-
oneshave also been synthesized in high yield under optimized
reaction conditions (Table-2, entries 12-14). From the results,
it is revealed that both strategies gave range of 2,3-dihydro-
quinazolin-4(1H)-ones with remarkable yields.

The efficiency of LTTM catalyst was evaluated form the
comparison study with reported methodology at diverse
conditions. From the study (Table-3), it is revealed that most
of the reported methods performed at high temperature,
required long reaction time and moderate yields. In conclusion,
present method involving LTTM catalytic system at 80 °C is
proficient with respect to reaction time and yields.

Mechanism: A plausible mechanism for the synthesis of
2-aryl-2,3-dihydroquinazolin-4(1H)-one derivatives as shown
in Scheme-II. Based on the experimental results, the mechanism
of the reaction is thought to proceeded through condensation
of aldehyde with isatoic anhydride or anthranilamide, which

TABLE-1
OPTIMIZATION OF REACTION CONDITIONS FOR SYNTHESIS OF 2,3-DIHYDROQUINAZOLIN-4(1H)-ONES*
Isolated yields (%
Entry Catalyst (mL) Solvent Temp. (°C) Time (min) = solated yields ( ")3b
1 LTTM (5) n-Hexane 80 60 30 34
2 LTTM (5) CH,Cl, 80 60 35 39
3 LTTM (5) CH,CN 80 60 64 66
4 LTTM (5) C,H.OH 80 60 78 82
5 LTTM (5) H,O 80 60 72 76
6 LTTM (5) Solvent free 80 30 92 96
7 LTTM (2) Solvent free 80 30 75 81
8 LTTM (10) Solvent free 80 30 92 SignaturE'N %rmed
9 - Solvent free 80 30 surest sopatmb pam JNR
10 LTTM (5) Solvent free RT 30 28 dacment ooy o

“Reaction conditions: [Anthranilamide (1 mmol), 4-Cl-benzaldehyde (1 mmol)] (3b) and [Isatoic anhydride (1 mmol), #ﬁ%ﬁ%ﬁé&fﬁa@mm.m@)

and NH,OAc (1.3 mmol)] (6b)

JATH, DIST-SANGLI
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TABLE-2
SYNTHESIS OF 2-ARYL-SUBSTITUTED 2,3-DIHYDROQUINAZOLIN-4(1H)-ONES*
EO Product Aldehyde R*-CHO Isolated yield (%) Melting point (°C)
3 6 Found Reported
1 3a/6a CeHs- 90 89 217-218 218-219 [15]
2 3b/6b 4-(CDHCsH, 92 91 205-206 206-208 [23]
3 3c/6¢ 4-(Br)C¢H, 92 90 201-202 200-202 [15]
4 3d/6d 4-(CH;)C4H, 87 86 233-234 234-236 [15]
5 3e/6e 4-(OCH;)CgH, 89 89 188-190 190-192 [23]
6 3f/6f 4-(NO,)CH, 90 88 200-202 202-204 [23]
7 3g/6g 2-(NO,)C¢H, 86 84 186-189 186-188 [35]
8 3h/6h 4-(CN)C¢H, 91 86 242-245 240-247 [36]
9 3i/6i 4-(OH)CH, 88 88 276-277 275-277 [35]
10 3j/6j 2-Furyl 90 88 165-166 164-165 [37]
11 31/6l 4-(NMe,)C.H, 91 90 241-242 240-242 [35]
12 3k/6k 3,4-(OCH,),C¢H, 92 92 209-211 210-213 [35]
13 3m/6m Vanillin 88 84 190-192 188-190 [23]
14 3n/6n 1-naphthaledehyde 92 90 209-210 208-210 [36]

“Reaction conditions: [Anthranilamide (1 mmol), aldehyde (1 mmol)] (3a) and [Isatoic anhydride (1 mmol), aldehyde (1 mmol) and NH,OAc (1.3
mmol)] (6a), LTTM (5 mL), time 30 min.

CH3;COOH
NH2
()
CH3COONH, -CO,
LTTM.,,,, |O O
o
v o
H
1
o ( )
,\\.\LTTM
L
N~ ~O
H LTTM NH N
2 |
4) _ 2
N | A
> /(
Q LTTM
NH | AN
AN /
N Nk
(3)/(6) =
2-Substituted 4(3H)-quinazolinones
(Product)

Scheme-II: Plausible mechanism for synthesis of 2-substituted 4(3H)-quinazolinones
Signature Not Verified

subsequently forms an imine intermediate that cyclizes to Reusability study: The reusab1§1 i ol-cata 5%’{?“ of rmpor-
afford the corresponding 2-aryl-2,3-dihydroquinazolin-4(1 H)- tant highly significant in view of greenchemistn™ In the present
one as the desired product. study, reusability of LTTM was evaldfitetf by ftsing the reaction
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TABLE-3
COMPARISON STUDY WITH REPORTED METHODS
Temp. Time Yield
Entry Catalyst © C? (i) (%) Ref
1 Cerium(IV) sulfate 120 30-50 85-97 [15]
2 Starch sulfate 100 5-55 75-96 [16]
3 Si0,-ZnCl, 100 30-80 51-95 [17]
4 SiO,-FeCl, 80 9-120 45-91 [18]
5 Al/AL,0; NPs 115 8-30 65-98 [19]
6 Co-CNTs MW 10-35 75-98 [20]
7 Amberlyst-15 MW 3-7 69-87 [21]
8 SPC 70 150-210  78-86 [22]
9 H;BO;-MCM-41 80 18-60 76-94 [23]
10 LTTM (Sn-Pr 1:2) 80 30 86-96  Present
work

of synthesis of 3b or 6b in presence of hydrated stannous
chloride as a hydrogen bond donor and L-proline as a hydrogen
bond acceptor in the ratio 1:2 under optimized conditions. After
completion of the reaction, as indicated by TLC, 10 mL of
water was added to the reaction mixture and the crude reaction
product was separated by simple filtration. The LTTM was
recovered by evaporating water under vacuum. The recovered
LTTM was the employed for next reaction cycle. The LTTM
catalyst can be recycled up to four reactions without significant
loss in yield of the reaction (Fig. 1).

Green metric calculations for synthesis of 2-substituted
4(3H)-quinazolinones: In the context of green chemistry, the
implementation of appropriate substrate, an efficient catalyst
and an adequate solvent is thus planned. The goal of green
chemistry in chemical research and engineering is to encourage
the design of products and processes that minimize the use
and generation of hazardous substances. Green metrics such
as mass intensity (MI), reaction mass efficiency (RME), carbon
efficiency (CE) and atom economy (AE) were used to evaluate
the current protocol of two-component condensation of anthra-
nilamide with aldehyde or ketones and three-component conden-
sation of isatoic anhydride, aldehyde and ammonium acetate
in accordance with green chemistry principles. The investigation
of these green metrics revealed the greenness of reactions. In
an ideal situation, it is expected that MI = 1%, RME = 100%,
%CE = 100 and %AE = 100. The green metrics calculations
for all the reactions are presented in Table-4. As compared to
three-component system, results obtained from two-component
system demonstrate that MI values for all compounds are quite
excellent as well as excellent yields produced good values of
RME while moderate yield produced moderate RME values
(Fig. 2). Moreover, the present reactions show excellent CE
because all the carbon atoms of the reactants are present in
the product. Atom economy values = 90% reveals that the
present protocol is of high atom economy. The developed

100 LTTM is a green solvent that is inexpensive, non-toxic and
2l serves a dual function (reusable catalyst and solvent) and it
20 : has been discovered to be an excellent reaction endorsing
S 80 medium.
% Conclusion
> 70 ' In summary, hydrated stannous chloride and L-proline
60 l (1:2) low transition temperature mixture (LTTM) was succe-
' ssively reported and used as a biocompatible catalyst for two
50 component and three component syntheses of 2-aryl-2,3-
! %eaction cycleg 4 dihydro-quinazolin-4(1H)-ones. The LTTM exists to serve as
Fig. 1. Reusability study of LTTM catalyst a solvent as well as a catalyst with improved reusability. This
TABLE-4
GREEN METRIC CALCULATIONS FOR TWO COMPONENT AND THREE
COMPONENT SYNTHESES OF 2-SUBSTITUTED 4(3H)-QUINAZOLINONES
Entry Al ;iehy de Yie’f(:vo cor:gonent rcegctlon — — Yi:l'fljree C(;Héponentégactwl;m —
RO ottt 9 @ % @ | @ @
1 C¢Hs- 3a 93 92.57 95.04 78.99 1.27 6a 88 64.75 78.27 55.16 1.81
2 4-(C1)C¢H, 3b 96 9349 97.85 8235 1.21 6b 92 6794 7744 57.37 1.74
3 4-(Br)C,H, 3c 96 9439 96.35 81.88 1.22 6¢ 92 7129 76.64 59.62 1.68
4 4-(CH;)CH, 3d 90 92.57 92.15 76.89 1.30 6d 87 66.12 59.20 4442 2.25
5 4-(OCH;)C¢H, 3e 93 93.38 9422 79.10 1.26 6e 89 70.56 60.51 48.46 2.06
6 4-(NO,)C¢H, 3f 94 93.73 96.08 81.14 1.23 of 90 68.81 7640 57.33 1.74
7 2-(NO,)C¢H, 3g 89 93.73 90.11 76.06 1.31 6g 86 68.81 72.56 5445 1.84
8 4-(CN)C4H, 3h 95 9326 97.02 81.30 1.23 6h 91 67.13 73.33  53.66 1.86
9 4-(OH)C¢H, 3i 92 93.03 93.19 77.95 1.28 6i 88 66.31 74.07 53.52 1.87
10 2-Furyl 3j 93 9224 9345 77.59 1.29 6j 90 63.70 72.56  51.95 1.92
11 34-(OCH,),CH; 3k 96 9404 9824 8311 120 | 6k 92 69.96gigHhidre KO Verifdd
12 4-(NMe,)CH, 31 95 9369 9676 8149 123 6l 91 68.65 833k )3 174
13 Vanillin 3m 92 9375 92.83 7832 1.8 6m 88  68.8dsimad g A g
14 1-Naphthaledehyde  3n 96 9384 9800 8252 121 6n 92 6920emres  mR66, 110
JATH, DIST-SANGLI

MI = mass intensity, RME = reaction mass efficiency, CE = carbon efficiency, AE = atom economy
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Fig. 2. Graphical illustration of green metric calculations for two (a) and three (b) component strategy

protocol has several advantages, including solvent-free green
synthesis with operational simplicity, an easy work-up procedure,
good to excellent yields, a column-free technique and an excellent
correlation with green metrics calculations. As compared to
three-component system, the high yield of products obtained
in two-component system demonstrates that the significant
RME values. Furthermore, all carbon atoms in the reactants
are present in the product, resulting in excellent percent CE
values. The reaction’s MI values are extremely close to the
ideal values. Each scaffold’s percent atom economy indicates
the maximum conversion of starting materials into product
and the least amount of waste exclusion. The catalytic system
can be recycled for at least four reaction cycles.
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Racial Discrimination and Gender inequality in Winsome Pinnock’s
Mules

Mr. T. U. Sannake, Research Student, Department of English, Shivaji University,
Kolhapur. Mb: 9657081042

Abstract:

The present research paper attempts to explore the theme of Racial Discrimination
and Gender inequality in Winsome Pinnock’s Mules. Mules is a story of black female
drug smugglers in the late 1990°s England and Jamaica. It examines the similarities
between women needing escape from their subjugated positions in materialistic
patriarchal societies. The play deals with the global scale between oppressed women in
Jamaica and women in the Great Britain. Mules draws attention to the ways that
stereotypes of black women’s racial discrimination and gender inequality through the
ironic reference to a male determined irresponsible and inhumane society. This work is
celebrated for challenging racist and sexist images of black British women in the Great
Britain.

Key Words: Race, Gender, Inequality, Discrimination, poverty and Black British etc.

Mules, commissioned by the Clean Break Theatre, dramatizes the predicament of
a few black women who are trapped in drug trafficking. This theatre company was set up
in 1979 by former women prisoners that dealt with women’s experiences of criminality
and the legal system and prison. The play was first performed at the Royal Court Theatre
on 25™ April, 1996. Mules is the outcome of Winsome Pinnock’s dramatic research about
the black women prisoners in London and in Jamaica. Lynette Goddard, (a well-known
theater critic) in her article entitled; “West Indies vs. England in Winsome Pinnock's
Migration Narratives” makes an observation about Winsome Pinnock and her plays. She
states:

Pinnock places black women at the centre of her plays and she is committed to
telling our untold stories, but she successfully reaches beyond the particulars of
black experiences to touch ‘universal’ themes that make her plays easily
accessible to audience members at high profile theatre venues.’

Mules, set in the late 1990s England and Jamaica, deals with the issues like racial
discrimination, gender inequality, sexploitation and double marginality in the life of black
British women characters in the multicultural society of the Great Britain. It is a play
which talks about the problem of the poverty in the life of black women of Caribbean
country like Jamaica. The black and white female characters are involved in this play who
works as drug traffickers. They are the victims and slaves of high profile drugs agencies.
The other issues of Mules are migration, sexism, ethnicity, homelessness, exile,
displacement, assessing local and global networks of women and the limits imposed on
them and the impact of travel on their lives. But this research Paper strives to analyze,
interpret and evaluate Mules with the special reference to the themes such as; ‘racial
discrimination’, ‘gender inequality’ in the life of Black British Women.

The setting of the play is in two countries. Mules is located in multi-cultural
Britain and impoverished country. Jamaica. Most of the scenes of the play take place in
two cities- London and Kingston. London is a capital and multicultural centre of the
world, whereas Kingston is the exotic holiday destination for foreigners. The vital point
of this play is that the international destination has been chosen for the part of the play for
the business of drug smuggling. The surprising fact about this play is women are involved
in the business as drug smugglers.

The action of the play is alternatively trans-located in two citiesigdaaie Notarsified
Kingston), not as a multi-racial capital but social relations of the peopl ,;,3,“ mm&% Sucforms
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story of ‘drug mules’. The mules (especially women) insert drug pockets in their genitals.
Pinnock depicts the harsh reality of women who are involved in drug trafficking. It is an
illegal trade between poor and rich countries, and it is mostly handled by the black
women in the late twentieth century. The play highlights the similarities between women
who need to escape from their subjugated positions in materialistic patriarchal societies
and the parallels on a global scale between oppressed women in Jamaica and the women
in the Great Britain.

The play has twelve characters. These characters are Bridie, Lyla, Lou, Olu, Allie,
Bad Girl 1, Bad Girl 2, Pepper, Piglet, Rog, Sammie and Rose. Out of them, Bridie, Lyla,
Lou and Olu are the black women characters; whereas Allie, Bad Girl 1 and Bad Girl 2,
Pepper, Piglet, Rog, Sammie and Rose are the white women characters. Pinnock has
mentioned only two male characters in this play, but these characters never appear on the
stage. The first is Cliveden, Bridie’s boss, who runs the drugs trade in the Great Britain,
and the second is the owner of the ganja plantation in Jamaica. Though, there is not a
single male character that appears on the stage, but Pinnock shows their powerful and
invisible force and direct and indirect effects of patriarchy on black women in this play.
In Mules, the multiplicity of the interrelated and interwoven of gender and race based
issues are highlighted. In his article, entitled; “Discovering an Identity which has been
Squashed: Intercultural and Intracultural Confrontations in the Plays of Winsome Pinnock
and Ayub Khan-Din ”, Bernhard Reitz states:

Since the drug-trafficking is under the control of a man who is referred to in the
first scene as Cliveden, but who never appears on stage, and since all the
couriers are female, the play begins with a gender-based issue.”

According to the Cambridge Dictionary, ‘Mule’ is “a person who agrees to carry
illegal drugs into another country in return for payment by the person selling the
drugs.”® It is a disparaging term for women drug couriers. Six out of twelve characters are
‘Mules’ in the play. The mules are recruited among the losers from poor Caribbean
country like Jamaica.

One of the major characters of the play is Allie, who is a runaway from her home
because she could not bear the exploitation of her stepfather who drugged and robbed her
brutally. She comes to London in search of job. She shares many similarities with the
Jamaican sisters - Lyla and Lou. They have realized and acknowledged the fact that in the
ghetto of Kingston they will have no future.

Lyla and Lou live in poverty in Kingston, Jamaican provincial ghettos but they
have a dream to run their own business. After the interaction with Bridie, they involved in
drug trafficking to earn money and settle their own business in Kingston. Both are poor,
and they used to run a market stall to sell the secondhand women’s undergarments on
Kingston Street. Bridie, a drug agent, recruits them as ‘mules or drug traffickers’.

Olu is another character. She is the Nigerian illegal immigrant in London who dies
from an overdose of cocaine filled condom which bursts inside her genital. She is the first
woman in this play who becomes a victim of poverty and criminality.

Bridie is a charismatic and glamorous character in this play. She is a black drug-
entrepreneur, who adopts the modern American lifestyle. She recruits drug runners from
the Caribbean, African and the European countries such as the Great Britain and Jamaica.
She actually has not her own house. She lives in posh hotels in various countries, and she
is a bit of a show-off. She impresses poor and needy women by telling them impressive
tales of her own rise from the provincial of Jamaica to a lifestyle moving between posh
hotels room and travelling to various countries. One thing Bridie found in Jamaica is the
place where hardship, poverty and lack of opportunities are prevalent. In_her article

Goddard elucidates Bridie’s character as below: SS;gr:zﬁt:reElﬁ;)Venﬂed
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--- (Bridie) has risen from the Jamaican ghettos and now wears Nicole Farhi
suits and adopts Americanisms to entice and recruit drugs runners. Pinnock’s
warning against revering Western consumerism is captured in an image of
Bridie, severely beaten and having her wounds tended by the young women who
had hopes that she would rescue them.*

The contradiction in the play is when Bridie offers luxury home to Lyla and Lou,
because she thinks that it is the right way to impress these poor girls. It was a great game
which played by Bridie with them. Mrs. Warren of this courier trade is Bridie, a woman
of impressive elegance and style. She lives a jet-set life with expensive hotels, plenty of
money for expensive fashion and all the beautiful things in her life. However, the
beginning of the play makes it unmistakably clear that she is promised nothing but a
glitzy fagade.

The imagery of mules is moving slowly because they are laden down with goods,
underscores a migratory temperament that is a poignantly reflected by the women’s
failure to transcend their positions in a society where they are like animals. Goddard
points Jeremy Kingston observation regarding Mules. Kingston a well-known British
theatre critic, observes the condition of the black British women in Mules. He
demonstrates:

[tlhe play has an oddly old-fashioned crime does-not-pay feel to it with the
women living and dying like mules.’

As far as the form of the play is concerned, Mules makes the highest demands in
audiences with its twelve characters. Moreover, the action alternates between different
settings in London, Jamaica and an unidentified prison in the Great Britain. The time-
structure is linear, but the last scene is supposed to take place three years after the events
staged before. Bernhard Reitz, in his article, takes the views of various theatre critics
about the play as follow:

In reaction to this, critics have called the play ‘jumpy’ and ‘initially rather
confusing’; requiring ‘quite a time for the characters to develop.®

However, in the last scene of this play, after the span of three years, prison
warders were in charge of Lou’s life. Lou and Allie will only be able to a dream of
freedom. Lyla refuses further courier services for Bridie. After the imprisonment of her
sister, she returns to Jamaica. The last scene brings the sisters together again. Lyla has
two children and is living in a farm for working in a ganja field. At last, however, she
picks up a cutlass as well and starts to chop the weed together with her sister.

In the concluding scene, an image of Lyla suggests that she has also found her
identity. Mules convinces in its accusation of the effect of “Western consumerism” on the
citizens of “Third World Countries”. What detracts from this play is the fact that Pinnock
wants to expose the complex issues of identity. Goddard, in her article, highlights the
issues of Winsome Pinnock. She states:

Pinnock is clearly dealing with complex issues of identity, which she simplifies
somewhat in the binary divisions, and we would have to question why she
presents such a largely pessimistic view of migration. What I find most
interesting about her work is the way that the mainstream have celebrated and
revered it as I have always felt that she relies rather too heavily on stereotypical
presentations of black identity in England and the West Indies. ’

By concluding this paper, it examines the similarities between women
needing escape from their subjugated positions in materialistic patriarchal
societies. The play deals with the global scale between oppressed women in
Jamaica and women in the Great Britain. It seems that it is the harsh social B
realities of the location that the black women struggle to escape from it. \?iﬁ%%rei';ve”ﬂed
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‘double marginality’ in the lives of the black British young women in Mules of the

late 20" and early 21* century of Britain.

NOTES

1. Lynette Goddard, “West Indies vs. England in Winsome Pinnock’s Migration
Narratives,” (Contemporary Theatre Review, vol. 14, no. 4, 2004) 23.
http://www.tandfonline.com/doi/pdf/10.1080/10486800412331296291, 14 Nov. 2014.
2. Bernhard Reitz, “Discovering an Identity which has been squashed: Intercultural and
Intracultural Confrontations in the Plays of Winsome Pinnock and Ayub Khan-Din,”
(European Journal of English Studies, vol-7, no.1, 2003) 47.
http://www.tandfonline.com/doi/pdf/10.1076/ejes.7.1.39.14822?needAccess=true, 10
Nov. 2016.

3. The information about the term ‘Mule’ has been taken from the following website:
http://dictionary.cambridge.org/dictionary/english/mule, 07 June 2017.

4. As quoted by Goddard, “West Indies vs. England in Winsome Pinnock's Migration
Narratives” 31.

5. Lynette Goddard, Staging Black Feminisms- Identity, Politics, Performance (Palgrave
MacMillan, 2007) 77.

6. As quoted by Reitz, “Discovering an Identity which has been squashed: Intercultural
and Intracultural Confrontations in the Plays of Winsome Pinnock and Ayub Khan-Din”
43,

7. As quoted by Goddard “West Indies vs. England in Winsome Pinnock's Migration
Narratives™ 32.
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AGS TddD & AT FAVYH dResl did T a1 STH T
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AT $%%0 TIT GRMINRTAT T IANCIAT dBddid vy - U Ta&y
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HATd ddbddlacgel HHAT HaEUT fHAHATOT Srel 31Te.
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JURUM SISl il S 38, 3H FATSETR AF & TR JuT=am
TSI YT FATSIE / AIATGS Sifererhl IR, FF FRIEX FAT, ST
30T =41 AT AcalaR 3MUTRA 3¢fes TAR 33e1 FIHAIGS FUROM glcilel 31T
YN HE ISR IRS™ g, § MMoredl HIATGh JURUT ddodiedl
TS % T UqdeTd HRAT Nher fehauarardr 3maear Jarear Al Th
HACT FID 3.

e -

?) AT Hed, HehoUall 0T IULTHEY IO AIMAT dgel. o IAfaid 3me
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I YROT g 3008, g1 AHATSIF IRl T dddadidl arearel &1 J[drfcrdr
gid aTelell 378,
€) HRTHNN UATE AeFciy FHIA -

AT TBAdIATe sid d HRichd g oIl Halel ISThRUITD dfch
TTeATARY aTeTd 3.
3T ST TeT § YATY AFedr TAaRyoTeledr YRUITFER el ARTHA0T
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guigEadrdl, Sfaderr, YHAASET 9T 39isT J9dd  3ed.  ITHTTIS
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PR T T A FhaT Fg AT TR VR gl AT T TSR IS
TSt FULTRESNT HIHTSTh TSded, At Hrdehe] HIT fAlgeT 310 qH Mg, AT
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ATE AFATT HhTHNA FHYT FT IR ST 38,
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AT TBdld TEA TRIEIT e 30T Ad Irar 379 3deard
feger ¥a 3mg. SofE, S, JUR M0 GER SOOI TddodiATd
JTRIGTOTAT 37371 30T § Tbdcdiedl T8I TURTA &fuT AR,

Q) TGS TBdddAT HidHed Ufdshidar araR/ g&daly -

T 30T FAARR Hlod qdie YT -3FRY, SAldg, IR -
MNeAd g, Wik, TIa NWUT 3R 3AF TTATGIS THATIAT FRAT  FHTST
AHAST BIcl. 3R HISIA 3eieh T, Hedl 30T HGIYRWEA MTeAT HTTce
HGS AFGSITd] HedVHIST el 3SHET HHATSeh ~arardl DT Hisdl.
HIBET JETT AT GATell Tddadll Fa®Y 3Tel. FHAT, ST 30T =
dearal 3TeTRd HRAYOT TSTdell AT gidl. Tddodlell SNl B RHTENb: Verified
TSIl ATETAT 3foish HIATOIS AW 93l 3=arrel aren tﬁmﬁ"mn iyt

11.02.2024 19:36
PRINCIPAI: RAJE, R%f MAHAVIDYALAYA,

IMPACT FACTOR - 7.958 by SJIF 128 ww

287 /297



(A High Impact Factor, Quarterly, Peer Reviewed, Referred & Indexed Journal)

NAVJYOT /Vol. XI / Issue —II ISSN 2277-8063

il AT @13 o dgo Sel O St sfagrara Jdifes 3nfor sgfad
3ed. HATT FEIAAT HISd AT THIOIh dBddadlell EXEX dlell 38, HROT
AT dBddiedl Hrld  Ufdshididiel IJrar gEdald dled  3g.  ATAIfoih
SIS IIAhIAIaG] Irar Jiedl §Edard & HTATGIh dbdabiare! eilerrdr
U 3T § AT Taddodl AN Teh 3MTeglel 3Te.

¥) HTHATSF JUROT TSddei! FAHAArT faRaATH AT -

SHGell I redT FHATSIGd  URUTET, Hidolfeleh 3UshATdT, Hrdehccard

SHT T FATS FAATGR Fgomar fAdehl JHEIol 9sd AHedrd ek Id 3Te.
AT TBdcdlell STTHAHIT Sl HTTell faRaMd Ao Mg, dr favard qaad
Rear Agauarard dcar RATAR A FE&dr ISdddr IHROT e
ATHATS] SO ALY HUel ARGl 3ol SIAAAATIT [daTd HUGsT a0l ¢
AT FUROT dbdcdl FHRIS Teh HTeglel 3Te.

$) AAdcdldiel gaerd IHS FHSS TSISdT AT -

A GURT TBadblell FATSIT HIASIS TAGT HIIAH el 37
JhRd HATSGd UROTET dei el Uifgol. IS TSdS aAcfed § FHUNER,
379y, f¥:Fardf 3. Aged ge, AT, G IS HEeArer FhRAT JfANTCr
S USUIR Al § dcd YL FEUE Uldel UIfgol. did IO $idehd Al U,
T, Fan, gt A g §ded AIe WA daadidl IO ardied &
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