3.3.2.1 - Number of research papers in the Journals notified on UGC website during the Academic Year 2021-2

Sr.
No

Title of Paper

Swatnatryottar sahitya par
jaynandan ke kahani
sahitya men sanidhanik
mulyon ka prabhav

BABURAV BAGUL KRUT
'VIDROH' KAHANI ME
VIDROHI CHETANA

Globalization of Historical
Tourism in Maharashtra as
Source of Employment:
Challenges &
Opportunities

Ideological Trends in
Environmental and
Ecological Movements in
Maharashtra (1960- 2010):
A Historical Perspective

1990 NANTARCHI DALIT
KADAMBARI

Name of the
Author/s

Dr. Agedkar B. B.

Dr. Agedkar B. B.

Dr. Birajdar B. M.

Dr. Birajdar B. M.

Dr. Kamble C. S.

Department
of the
Teacher

Hindi

Hindi

History

History

Marathi

Name of Journal

SAMSAMYIK
SRUUAN

NAAGFANI

Ajanta
International
Multidisciplinary
Quarterly Research
Journal

Bengal Past and
Present (UGC Care
Listed)

SHIVIM
SANSHODHAN
PATRIKA

Year of
publication

2021-22

2021-22

2021-22

2021-22

2021-22

ISSN
number

2320- 5733

2321- 1504

2277- 5730

0005-8807

2319- 6025

Link to the recognition
in UGC enlistment of the
Journal

https://samsamyiksrijan.co

m/

https://drive.google.com/fi
le/d/1CBaXNFgKICBOOaBnl
V5N3HSSx8o0xNiMj/view?us

p=drivesdk

https://drive.google.com/fi

le/d/10eSXxDnhw7IlqNyFo

MQFpj4_ofqQ444su/view?
usp=share_link

https://drive.google.com/fi
le/d/139afSMdo1rSf-
WrcbP1dWpPYSMPIxtIK/vie

w?usp=sharing

https://drive.google.com/fi
le/d/1F32J4I5YuwxNhOGBA
5S ZkxEtKGcYEwh/view?us

p=drivesdk



https://samsamyiksrijan.com/
https://samsamyiksrijan.com/
https://drive.google.com/file/d/1CBaXNFqKICBOOaBnIV5N3HSSx8oxNiMj/view?usp=drivesdk
https://drive.google.com/file/d/1CBaXNFqKICBOOaBnIV5N3HSSx8oxNiMj/view?usp=drivesdk
https://drive.google.com/file/d/1CBaXNFqKICBOOaBnIV5N3HSSx8oxNiMj/view?usp=drivesdk
https://drive.google.com/file/d/1CBaXNFqKICBOOaBnIV5N3HSSx8oxNiMj/view?usp=drivesdk
https://drive.google.com/file/d/10eSXxDnhw7lqNyFoMQFpj4_ofqQ444su/view?usp=share_link
https://drive.google.com/file/d/10eSXxDnhw7lqNyFoMQFpj4_ofqQ444su/view?usp=share_link
https://drive.google.com/file/d/10eSXxDnhw7lqNyFoMQFpj4_ofqQ444su/view?usp=share_link
https://drive.google.com/file/d/10eSXxDnhw7lqNyFoMQFpj4_ofqQ444su/view?usp=share_link
https://drive.google.com/file/d/139afSMdo1rSf-WrcbP1dWpPYSMPlxtIK/view?usp=sharing
https://drive.google.com/file/d/139afSMdo1rSf-WrcbP1dWpPYSMPlxtIK/view?usp=sharing
https://drive.google.com/file/d/139afSMdo1rSf-WrcbP1dWpPYSMPlxtIK/view?usp=sharing
https://drive.google.com/file/d/139afSMdo1rSf-WrcbP1dWpPYSMPlxtIK/view?usp=sharing
https://drive.google.com/file/d/1F32J4l5YuwxNhOGBA5S_ZkxEtKGcYEwh/view?usp=drivesdk
https://drive.google.com/file/d/1F32J4l5YuwxNhOGBA5S_ZkxEtKGcYEwh/view?usp=drivesdk
https://drive.google.com/file/d/1F32J4l5YuwxNhOGBA5S_ZkxEtKGcYEwh/view?usp=drivesdk
https://drive.google.com/file/d/1F32J4l5YuwxNhOGBA5S_ZkxEtKGcYEwh/view?usp=drivesdk

Sr.
No

10

11

Title of Paper

Challenges and
Opportunities of Academic
Libraries for Boosting
Higher Education in Covid-
19 Pandemic
1990 NANTARCHYA
MARATHI
ATMAKTHANATMAK
KADMBRITIL NANGARE
PATALANCHI VJUGISHU
VRUTTI

Lokshahir Pundalik
Phrande Yanchee Lokgeete
: Satarayache Aassal
Gramageetaee

A Geographical Study of
Amenities Around Pune-
Ahmednagar State
Highway Number 27

Land Use/Land Cover
Changes Along State
Highway 27 From Pune
City to Ahmednagar City,
Maharashtra

IKKISVI SADI KI HINDI
KAVITAON MEN
AMBEDKAR DARSHAN

Name of the

Author/s

Dr. Kamble S. P.

Dr. Thorat S. G.

Dr. Thorat S. G.

Dr. Veer V. R.

Dr. Veer V. R.

Dr. Agedkar B.
B.

Department
of the
Teacher

Library

Marathi

Marathi

Geography

Geography

Hindi

Name of Journal

Akshar Wangmay

SHIVIM
SANSHODHAN
PATRIKA

Bhav Aanubandh
,Gulbarga,
Karnataka

International
Journal of Biology,
Pharmacy and
Allied Sciences

Akshar Wangmay
(UGC Care Listed)

AKSHARA MULTI
DISCIPLINARY
RESEARCH
JOURNAL

Year of
publication

2021-22

2021-22

2021-22

2021-22

2021-22

2021-22

ISSN
number

2229- 4929

2319- 6025

Nil

2277- 4998

2229- 4929

E-ISSN 2582-
5429

Link to the recognition
in UGC enlistment of the
Journal

https://kvmwai.edu.in/KV
M/Research Paper Publica
tion

https://drive.google.com/fi
le/d/115D5JtqrCP7nwRY kO
FstmRLdtM4gleE/view?usp

=sharing

https://drive.google.com/fi
le/d/12pWoGD-
HFsndNOyQEbP7T1yobw1l
MSpze/view?usp=sharing

https://ijbpas.com/archive/

archive-single-pdf/4531

https://kvmwai.edu.in/KV
M/Research Paper Publica
tion

https://drive.google.com/fi
le/d/1LM3hpNLUrLs1ITXiqE
eYHZ64cmuOwl64/view?us

p=sharing



https://kvmwai.edu.in/KVM/Research_Paper_Publication
https://kvmwai.edu.in/KVM/Research_Paper_Publication
https://kvmwai.edu.in/KVM/Research_Paper_Publication
https://drive.google.com/file/d/1I5D5JtqrCP7nwRY_k0FstmRLdtM4gIeE/view?usp=sharing
https://drive.google.com/file/d/1I5D5JtqrCP7nwRY_k0FstmRLdtM4gIeE/view?usp=sharing
https://drive.google.com/file/d/1I5D5JtqrCP7nwRY_k0FstmRLdtM4gIeE/view?usp=sharing
https://drive.google.com/file/d/1I5D5JtqrCP7nwRY_k0FstmRLdtM4gIeE/view?usp=sharing
https://drive.google.com/file/d/12pWoGD-HFsndNOyQEbP7T1yobw1MSpze/view?usp=sharing
https://drive.google.com/file/d/12pWoGD-HFsndNOyQEbP7T1yobw1MSpze/view?usp=sharing
https://drive.google.com/file/d/12pWoGD-HFsndNOyQEbP7T1yobw1MSpze/view?usp=sharing
https://drive.google.com/file/d/12pWoGD-HFsndNOyQEbP7T1yobw1MSpze/view?usp=sharing
https://ijbpas.com/archive/archive-single-pdf/4531
https://ijbpas.com/archive/archive-single-pdf/4531
https://kvmwai.edu.in/KVM/Research_Paper_Publication
https://kvmwai.edu.in/KVM/Research_Paper_Publication
https://kvmwai.edu.in/KVM/Research_Paper_Publication
https://drive.google.com/file/d/1LM3hpNLUrLs1lTXiqEeYHZ64cmu0wl64/view?usp=sharing
https://drive.google.com/file/d/1LM3hpNLUrLs1lTXiqEeYHZ64cmu0wl64/view?usp=sharing
https://drive.google.com/file/d/1LM3hpNLUrLs1lTXiqEeYHZ64cmu0wl64/view?usp=sharing
https://drive.google.com/file/d/1LM3hpNLUrLs1lTXiqEeYHZ64cmu0wl64/view?usp=sharing

Sr.
No

12

13

14

15

16

17

Title of Paper

HINDI NATAK-
RANGMANCH AUR HINDI
NATAK DALIT-
RANGMANCH

EK SAFAL PRAYOGDHARMI
NATAKAKAR
:JAGDISHCHANDRA
MATHUR

Interface Engineering of
Mesoscopic Perovskite
Solar Cells by Atomic Layer
Deposition of Ta205

1D iron cobaltite electrode
for efficient
electrochemical water
oxidation

Enhanced electrocatalytic
activity of a layered triple
hydroxide (LTH) by
modulating the electronic

Global Climate Change:
Developmental Challenges
And Alternatives Before
India

Name of the
Author/s

Dr. Agedkar B.

Dr. Agedkar B.

Dr. Bhoite P.H.

Dr. Bhoite P.H.

Dr. Bhoite P.H.

Dr. Birajdar B.

Department

of the

Teacher

Hindi

Hindi

Chemistry

Chemistry

Chemistry

History

Name of Journal

SHODH RITYU

AKSHARA MULTI
DISCIPLINARY
RESEARCH
JOURNAL

Appl. Energy
Mater.

Materials Letters

Sustainable Energy
Fuels

Maharashtra
Bhugolshastra
Sanshodhan
Patrika, Pune

Year of
publication

2021-22

2021-22

2021-22

2021-22

2021-22

2021-22

ISSN
number

ISSN 2454-
6283

E-ISSN 2582-
5429

2574-0962

0167- 577X

2398- 4902

0971- 6785

Link to the recognition
in UGC enlistment of the
Journal

https://drive.google.com/fil

e/d/114chYGQ8fPcJD2-193-
dU3ABfY-

MJOID/view?usp=share link

https://drive.google.com/fil

e/d/16N2varQ3N5bapCwaA

6KIPL2FQYq3CsFL/view?usp
=drivesdk

https://pubs.acs.org/doi/1
0.1021/acsaem.1c00367

https://www.sciencedirect.
com/science/article/abs/pii
/S0167577X22000167

https://pubs.rsc.org/en/co
ntent/articlelanding/2022/s

e/d1se01478atit!divCitation

http://www.mbppune.org.i
n/wp-
content/uploads/2022/09/
6.-Mr.-Bhimashankar-M.-

Birajdar.pdf



https://drive.google.com/file/d/1l4chYGQ8fPcJD2-I93-dU3ABfY-MJ0ID/view?usp=share_link
https://drive.google.com/file/d/1l4chYGQ8fPcJD2-I93-dU3ABfY-MJ0ID/view?usp=share_link
https://drive.google.com/file/d/1l4chYGQ8fPcJD2-I93-dU3ABfY-MJ0ID/view?usp=share_link
https://drive.google.com/file/d/1l4chYGQ8fPcJD2-I93-dU3ABfY-MJ0ID/view?usp=share_link
https://drive.google.com/file/d/16N2varQ3N5bapCwaA6KlPL2FQYq3CsFL/view?usp=drivesdk
https://drive.google.com/file/d/16N2varQ3N5bapCwaA6KlPL2FQYq3CsFL/view?usp=drivesdk
https://drive.google.com/file/d/16N2varQ3N5bapCwaA6KlPL2FQYq3CsFL/view?usp=drivesdk
https://drive.google.com/file/d/16N2varQ3N5bapCwaA6KlPL2FQYq3CsFL/view?usp=drivesdk
https://pubs.acs.org/doi/10.1021/acsaem.1c00367
https://pubs.acs.org/doi/10.1021/acsaem.1c00367
https://www.sciencedirect.com/science/article/abs/pii/S0167577X22000167
https://www.sciencedirect.com/science/article/abs/pii/S0167577X22000167
https://www.sciencedirect.com/science/article/abs/pii/S0167577X22000167
https://pubs.rsc.org/en/content/articlelanding/2022/se/d1se01478a#!divCitation
https://pubs.rsc.org/en/content/articlelanding/2022/se/d1se01478a#!divCitation
https://pubs.rsc.org/en/content/articlelanding/2022/se/d1se01478a#!divCitation
http://www.mbppune.org.in/wp-content/uploads/2022/09/6.-Mr.-Bhimashankar-M.-Birajdar.pdf
http://www.mbppune.org.in/wp-content/uploads/2022/09/6.-Mr.-Bhimashankar-M.-Birajdar.pdf
http://www.mbppune.org.in/wp-content/uploads/2022/09/6.-Mr.-Bhimashankar-M.-Birajdar.pdf
http://www.mbppune.org.in/wp-content/uploads/2022/09/6.-Mr.-Bhimashankar-M.-Birajdar.pdf
http://www.mbppune.org.in/wp-content/uploads/2022/09/6.-Mr.-Bhimashankar-M.-Birajdar.pdf

Sr.
No

18

19

20

21

Title of Paper

N-List Becoming the Most
Prominent and Popular
Consortia For College
Faculties in Covid -19
Pandemic

SOME EXISTENCE RESULTS
ON IMPLICIT FRACTIONAL
DIFFERENTIAL EQUATIONS

Land Use and Land Cover
Analysis Using Satellite
Image and GIS Techniques
of Khandala Tehsil of
Satara

Optimising a fuzzy multi-
objective inventory model
under different solution
method

Name of the
Author/s

Dr. Kamble S. P.

Dr. Tate S. R.

Dr. Veer V. R.

Dr. Waliv R. H.

Department
of the
Teacher

Library

Mathematics

Geography

Statistics

Name of Journal

RESEARCH
JOURNEY

Filomat

Bulletin of
Environment,
Pharmacology and
Life Sciences

International
Journal of
Mathematics in
Operational
Research (JMOR)

Year of
publication

2021-22

2021-22

2021-22

2021-22

ISSN
number

2348- 7143

2406- 0933

2277- 1808

1757- 5850

Link to the recognition
in UGC enlistment of the
Journal

https://kvmwai.edu.in/KV
M/Research Paper Publica
tion

https://www.pmf.ni.ac.rs/f
ilomat-content/2021/35-
12/35-12-25-14725.pdf

https://bepls.com/special i
ssue(1)2022/234.pdf

https://www.inderscience.c

om/offer.php?id=116347



https://kvmwai.edu.in/KVM/Research_Paper_Publication
https://kvmwai.edu.in/KVM/Research_Paper_Publication
https://kvmwai.edu.in/KVM/Research_Paper_Publication
https://www.pmf.ni.ac.rs/filomat-content/2021/35-12/35-12-25-14725.pdf
https://www.pmf.ni.ac.rs/filomat-content/2021/35-12/35-12-25-14725.pdf
https://www.pmf.ni.ac.rs/filomat-content/2021/35-12/35-12-25-14725.pdf
https://bepls.com/special_issue(1)2022/234.pdf
https://bepls.com/special_issue(1)2022/234.pdf
https://www.inderscience.com/offer.php?id=116347
https://www.inderscience.com/offer.php?id=116347

Sr.

No Title of Paper

22

23

Chickpea leaf exudates: a
green Br?nsted acid type
biosurfactant for bis
(indole) methane and bis
(p

Nanocrystalline spinel zinc
substituted cobalt ferrite
thick film an efficient
ethanol senso

Name of the

Dr. Zambare D.

Dr. Zambare D.

Department
of the
Teacher

Chemistry

Chemistry

Name of Journal

Royal Society of
Chemistry

Materials Today
Chemistry

Year of
publication

2021-22

2021-22

ISSN
number

1144- 0546

24685194

Link to the recognition
in UGC enlistment of the
Journal

https://pubs.rsc.org/en/co
ntent/articlelanding/2021/

nj/d1nj00382h

https://doi.org/10.1016/].

mtchem.2021.100607

Date: 05/12/2022

Co-Ordinator

Principal


https://pubs.rsc.org/en/content/articlelanding/2021/nj/d1nj00382h
https://pubs.rsc.org/en/content/articlelanding/2021/nj/d1nj00382h
https://pubs.rsc.org/en/content/articlelanding/2021/nj/d1nj00382h
https://doi.org/10.1016/j.mtchem.2021.100607
https://doi.org/10.1016/j.mtchem.2021.100607
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8. Globalisation of Historical Tourism in Maharashtra
as a Source of Employment: Challenges and
Opportunities

Mr. Bhimashankar Birajdar
Assistant Professor & Head, Coordinator, Travel & Tourism, Department of History,
Kisan Veer Mahavidyalaya, Wai. (Maharashtra)

Abstract

Tourism is one of the rapidly growing service sector industries connected to many other
aspects of human life; economy, politics, environment, society and cultural ethos. Therefore, it
has a complex nature and multiple characteristics. In order to examine its nature and
characteristics, Tourism has been becoming one of the important multidisciplinary subjects in the
21* century. It is connected to many other social sciences and even with commerce, management
and environment. Hence, tourism issues have had linkages with numerous stakeholders.
Basically, raw materials or resources of tourism are exhausted. As far as title and scope of the
present article is concerned, ‘historical approach’ is one the approaches in which the majority of
the social activities, tourism can be thoroughly perceived. This approach has been making out of
the happenings, occurrences and studying changes in the tie-up between prime elements of the
destination system over the vears with the historical phenomena, events. It has been working
round to present day position with great upheavals in the globalized world and adverse impacts
during COVID-19 pandemic across the world. Simultaneously, this article is a sincere endeavour
to understand the globalization of historical tourism in Maharashtra especially in the last decade
of 20™ century and find out appropriate measures for encouraging the tourism in the state for
sustainable development. It further recommends how to enhance employment opportunities in
globalized Maharashtra especially in the sphere of historical tourism and its related tourism
industries and services. Eventually, it would maximize the contemporary perceptions of history
as an employment provider, as an applied subset and branch of historical tourism during the
contemporary rising political tensions between Russia and Ukraine and “jobless growth’

scenarios in the sphere of Indian economy. It would further strengthen the travel and tourism
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industries and services for promoting economic development of Maharashtra in the post-
pandemic societies.

Key-Words: ‘Tourism', ‘Environment’, ‘Socio-Cultural Ethos. ‘Multidisciplinary’,
‘Historical Approach’. "COVID-19 Pandemic’, ‘Globalization’, ‘Sustainable Development
Jobless Growth,’ *Economic Development’, ‘Post-Pandemic Societies’

Introduction

Human beings have been fascinated with traveling in different places since ancient times.
There are different types of tourism such as geographical, religious, historical, eco-tourism,
medical, sports, agro-tourism et¢. Tourism had received large-scale impetus after World War I1
Traveling from the native places to other places or destinations is not supposed to be tourism
called by the historians. However, visiting the different historical places, observing historical
phenomena, events and familiarizing socio-cultural ethos and legacies is called historical tourism
(Shinde et al. 2015:146-47). Tourism is one of the fastest growing service sector industries in the
post-pandemic world. The Britain based tourism institute defined tourism as,

“The temporal migrations of the people from their residing or native places. It
intended for the purpose of enteriainment, research, profession. solace etc.” (1bid-146-47).
Definition of Tourism and Traveler

There are often misconceptions concerning tourism and travelers. Here these concepts
have been defined in a simpler way as follows,

“Tourism is a collection of activities, services and industries which deliver a wravel
experience comprising transportation, accommodation, eating and drinking establishments,
retail shops, entertainment businesses and other hospitality services provided for individuals or
groups traveling away from home’™ (*United Nations World Tourism Organisation’ henceforth
UNWTO)

Traveler: **A Person who travel often or who engaged in traveling”™”

“A Traveler is someone who moves between different geographic locations, for any
purpose any duration”” (Cambridge Dictionary)

Concepts of Historical Tourism

History reveals the harsh realities of travel during the ancient civilisations and times.

There are often misconceptions concerned with “Historical Tourism™. Here the concept of

historical tourism has been defined in a simpler way as follows,
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“*Historical Tourism means traveling with the primary purpose of exploring the history
and heritage of a place” (UNWTO).

Tourism term 1s used for journeys that include visits to cultural resources, regardless of
whether it is tangible or intangible. Specifically, the historical sites, religious places, art and
architecture, religious tradition, fair-festival, rural and ethnic centers, cultural tradition, urban
lifestyle, food, values, customs and other elements of the people. Tourists™ perception of a
destination is also likely to be influenced not only by their own experience but also by their
expectations of that destination (Shetty, Jan.:2021, 01-04). These expectations are built on the
representations permeating their own culture and absorbed from the media, the advice from
friends and relatives, and guidebooks and travel brochures. However, tourists™ expectations of a
destination do not necessarily match as what the guidebook or travelogue describes. In short,
different expectations held by different tourists in different kinds of environments resulted in
different types of behaviours. Expectation derives from a number of sources that include the
qualities and perceptions which will be influenced by tourists’ cultural backgrounds (Asbollah et
al., 2017: 281).

Objectives
¢  To elucidate the historical background and context related to travel and tourism in
Contemporary Maharashtra.
¢  To explore the emplovment potentials in the sphere of historical and its allied branch of
Travel and Tourism.
¢  To find out appropriate measures for enhancing travel and tourism in Post-COVID 19
in Maharashtra particularly in India generally.
¢  To elaborate the basic required skills among vouths for an alternative and sustainable
source of employment.
Methodological Framework

The present study intended at understanding the nature and characteristics of historical
tourism in Maharashtra. The best appropriate tool for collecting the data was original documents,
reports, articles in books, journals, periodicals, magazines etc. The available documents and
literature consulted for familiarizing the historical tourism especially travel and tourism
industries and services. In brief, the historical method has been followed while undertaking this

study. The historical methods have been strictly followed while conducting research and writing
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this research article respectively. To achieve the above target researcher as a Coordinator,
“Travel and Tourism Course’ (Approved by Shivaji University, Kolhapur) has visited several
places and sites of historical importance. Researcher has visited the Menavali Wada (Mansion)
several times in the vicinity of Wai and signed a MoU (Memorandum of Understanding) with
Pune based VCMPL (Varsa Culture Management Pvt. Ltd.) in April,2022. The Wada of Nana
Phadnis (Great Noble of the Peshawa period in the History of the Marathas) is a developing
historical site and given suggestions for the development of the cultural, historical and heritage
destinations in Maharashtra.

Tourism as a Source of Employment

Tourism tends to be an employment-intensive activity. Although this generalization does
not hold true in every country, because tourism 1s essentially a service activity it tends to create
more jobs per unit of investment than other more capital-intensive activities. Job creation is one
of the most important economic and political necessities in the developing world and many
governments support tourism in order to create employment opportunities. There is also the
consideration that at the imitial entry level to the industry, skills and training requirements are
limited and therefore the employment costs of creating jobs can be relatively low (Lickorish and
Jenkins, 1997: 212). History is instructive in a study of tourism, not simply because there may be
lessons to learn, but rather because the seeds of future growth are to be found in the past. Many
historic inventions and innovations are effective in the contemporary scene. There is a vast
legacy of infra- and superstructure from earlier development (/bid:10). The nature of historical
tourism is ever changing and dvnamic, augmenting its canvass by demarcating traditional
horizons.

It has been extending in the geographical, religious, medical, sports, heritage, eco-
tourisms etc. during seasonal, spatial variations in the form of non-productive industries and
services. The historical places, heritage sites have been preserved as a repository of rich cultural
legacies of the past. The role of historians and students is a significant one for augmenting its
scope and canvass as an applied branch of history. As mentioned in the brochure there are
numbers of employment and self-employment opportunities that are attractive to the young,
vibrant, skilled history graduates (Shinde et al., 2017; 149-54),
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Challenges in Historical Tourism

The biggest challenges in historical tourism are maintenance of historical places, heritage
sites. While comparing with other states like Rajasthan and Gujarat Maharashtra is lagging
behind in the travel and tourism industries and services. The Ministry of Tourism, Government
of Maharashtra and MTDC (Maharashtra Tourism Development Corporation) should sanction
projects and grants for the restoration of the historical sites by using modern technology. It
would further encourage sustainable development and enhance emplovability among fresh
history graduates. While linking sustainable development with historical tourism it becomes a
subset of nature area tourism and may combine elements of both ecotourism and adventure
tourism intended for the conservation of the tourist sites and places.

This kind of complex historical and eco-tourism should be nature-based, ecologically
sustainable, environmentally educative, locally beneficial, employment and self-employment
provider and generate tourist satisfactions (Sinha, 2012: 109-10). The voung graduates should
have trained with pre-requisite skills, suitable decorum which meets the tourist professionals,
updated ICT knowledge and good verbal communications.

Opportunities in Historical Tourism

The nature of almost all tourism dimensions including historical tourism have been ever
changing in Post-Globalized Maharashtra. While looking into developmental models concerning
historical tourism in Maharashtra Sustainable tourism developmental practices would be
encouraged which popularly known as *Green-Tourism' linking with heritage and historical
tourism. It would minimize adverse impacts of COVID-19 pandemic across the globe, countries
like India in general and in the state of Maharashtra in particular. Simultaneously it would bridge
the lacunae between social imbalances, urban sprawling due to mass migrants and jobless growth
by strengthening sustainable historical tourism consciousness regarding rich cultural and
historical legacies (Vanitha, 2014: 36).

On the occasion of ‘World Tourism Day’ (27" September) the Ministry of Tourism,
Government of India in collaboration with the Archacological Survey of India (ASI) launched
the scheme titled ‘adopt a heritage’ for promoting Indian heritage sites as ‘tournst-friendly’
destinations in 2017. In this scheme, there are 95 historical monuments declared as major
heritage sites till date by ASI (Bhatnagar, 2022: 30). The higher education institutes should

introduce need based add on courses for skill development where travel and tourism have huge
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potentials for generating employment and self-employment. In the post-pandemic societies, the
travel and tourism sectors have been increasing rapidly as tourist’s flow in historical destinations
such as hill forts, sea forts at Raigad, Jangira, Kulaba, in the Konkan region. The Pratapgad,
Rajgad, Sinhgad, Panhala, Naldurg, Solapur etc. forts have seen tourist attractions (Mande,
2011:22-27). The ‘United Nations Educational Scientific and Cultural Organisation” {(UNESCO)
had declared ‘Worid Heritage Sites’. There are 28 sites exited in India, among which 4 sites are
in Maharashtra such as Ajanta, Ellora, Elephanta the Buddhist, Hindu and Jain Caves and
Chhatrapati Shivaji Mahara] Termunus Mumbai (Jayswal, 2011:50-52). These sites have
substantial scope for travel and tourism. Besides, it would dismantle the contemporary
perceptions of history as a sensitive subject, weapon for the socio-religious, cultural and political
polarization.

The recent interpretation of history as an employment provider, as an applied subset and
branch of historical tourism during the contemporary rising political tensions between Russia and
Ukraine and ‘jobless growth™ scenarios in the sphere of Indian economy. It plays an important
role in international relations. There exist linkages between tourist flow, regional integration,
governments, military and economic aid (Srivastava, 2012:04). In brief, tourism is one of the
major forces that can bring about better understanding between people of different ideologies,
languages, socio-cultural traditions and political systems (Dhar, 2011: 27).

Conclusion

Tourism 18 conceivably one of the unifying and civilizing dimensions in modern and
contemporary history. Historical approach towards tourism has been delineated with challenges
and opportunities n it. It is noteworthy that historical tourism has a substantial scope and
canvass for providing and generating employment and self-employment to the traditional or
conventional degree holders, graduated youths in Maharashtra.

These youths along with historical knowledge should learn the skill-oriented knowledge
which are required for travel, tourism and hospitality services and industries. When political
tension is growing all over the world due to the war between Russia and Ukraine, the travel and
tourism industry is a positive force that would maintain world peace. Simultaneously, historical
knowledge would enhance employment and self-employment opportunities in the era of post-

globalization in India and in the state of Maharashtra.
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Select Travel/Tourism Institutes in India:

¢  Centre for Tourism Studies, Pondicherry

. Indian Institute of Hotel and Tourism Management, Ghaziabad

¢  Delhi Institute of Heritage Research and Management New Delhi

¢  Department of Tourism and Hospitality, Yenepova (Deemed to be University),
Mangalore

¢  Indian Institute of Tourism Management, Amity Institute of Travel and Tourism.

¢  National Institute of Tourism Hospitality Management.

¢ Al-Ameen Institute of Management Studies, Banglore.

*  Thomas Cook Centre of Learning, N. Delhi

¢ University of Mysore.

»  Bharati Vidyapeeth College of Hotel and Tourism Management, Pune

. Centre for Heritage Management, Ahmedabad University (GUJ.)

¢ Vikram University Ujjain (MP) etc.
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Abstract
During contemporary ti

me’s environmental degradation and
challenges confronting humankind. In recent years there
consciousness concerned with the different forms OF €A
are facing a large-scale ecological crisis in which th
social conflicts. The conflicts and controversi are
competing claims on diminishing natural resources.
and ecological approach to history is an a i
movements are major themes that are being §
conflicts spread across the globe especially after
studied in different dimensions and perspectives.
as scope and limitations of this paper ce
affiliations, trends and approaches in environ
been studied from historical perspectives. Mo
towards the dynamic, ever-changing historica
discipline in context of changing contours
across the world.
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History’, ‘Environmental and Ecological Mc
‘COVID-19 Pandemic’.

Introduction _
Environment and ecology movements have t
understood in terms of mere objectives
still in its infancy in India. In this context Rame
that economists and historians had not cor
he compared to other disciplines in social
economic and intellectual processes in the b
further stated that, ‘causes and consequences of s
the social sciences within its purview’. Howev
not much aware of the environmental crisis. T
(Guha,1998: 01-02). Therefore, an attempt
environmental and ecological movements |
ENVIRONMENTAL AND ECOLOGICAL
HISTORICAL BACKDROP:
Indian environmental di
poor’, ‘middle-class environmentalism®
and saffron” etc. for exploring its instability
paradigms and movements have been emp
and women. The empowerment of sub
Brahmanical traditions in environmental moveme
and works, contributions of subaltern iconic
Ambedkar had criticised 'Brahmanical env
in revisiting several forgotten historical
(1927) undertook to have the right to access water
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_Hence, the study of envir i e e
- y onmental paradigms and discourse would be incomple‘tes \fﬁgzut focusing

i - %
- certain key elements of community, caste, gen s
. environmental discourses is an argument in %av::: :;‘] d ethnicity etc. The most noteworthy interpretation
2012: 46-52). In India linkages with environmental andcamlpn?tectI{m S el i
movement (1973-74) (Sreedharan, 2009: 492-96) ecological movements goes back to the *Chipko®
Maharashtra is one of the states whij
. A s which " ; ; - .

1990, The LPG (Liberalisation, Privatisation and Glomn:_f'lssatplomoteq to ‘New Economic Policy” (NEP) in

-sely in the last decade of 20 . lon) policy of the government was criticised
widely In A cen.tury because of its adverse and long-lasting impacts on the socio-
cconomic and political lives of marginalized communities and ¢ A R

cialisation of natural i and peoples. Consequently, for opposing the
commerciall ral resources policies of the government, ne i
++ Maharashtra (likewise in oth : nt, new social protest movements emerged
i MBIATECATT | th dif 1 er states) (Palshikar Suhas, 2003: 32-37). These protest movements have
been lcnow? :JVI h di ert.:nt.names such as ‘nature-based movements’, ‘environmental and ecological
movements’, “anti globalization movements’, ‘anti-dam movements’, *human rights movements’ etc. The
inst Enron (1993) in Maharashtra (simi o LR T A

protest agains a (similar to the anti-Coca-cola company in Kerala) had revealed
the supportive nature of government and political leaders to LPG through focusing agreements between the
stalwart political elite and _multmatlonal firms in India (Sangwai, 2007: 112). In fact, earlier between 1970~
80 {nqvements for alternative development emerged in Maharashtra as well as in Indian different states and
regions. There were protest movements against big-dams and projects took place in large numbers across
[ndia. One such prominent contemporary movement ‘Narmada Bachao Andolan’ (1979-80) (Save the
Ngn.nada Mov&_ament) (hereafter NBA) has not only demanded proper rehabilitation but raised questions on
the _issues of displacement _and parad]grl'{s of development. In Maharashtra numbers of irrigation and dam
projects were launched without reviewing socio-economic and environmental impacts or cost-benefits
analysis. 'Kns}ma Ya]le}{ Deyelopment Project' is one such example of it. Jayakwadi and Koyana projects
impacts are still B\:’Idf:m in displaced families. The problem of extensive soil salinity is visible in the larger
scale sugarcane yielded Kolhapur, Pune, Sangli and Satara districts in Western Maharashtra. After 1980
different decentralised water management projects have experimented in which several seemed to be
successful, unsuccessful or partially successful. *Pani Panchayat® (Water Council) and Ralegan Siddhi
experimental models supported organic farming and ecological regenerations. The ‘Lok Vigyan Yatra
(Peoples-Science March) in the decades of 1980 had forced a review of the developmental process in
Maharashtra. There was a substantial influence of ‘Save the Western Ghats March’ (Paschim Ghat Bachao
Mohim) (1987-88) on several organisations and personalities. NBA as mentioned earlier paved the way

towards the dam, irrigation, power project induced displacement and rehabilitation movements,
but across India. Thus, environmental and ecological

subsequently consolidated not only in the state
ater. forest and land (‘“Jal- Jangal-Zameen’) in developing

dimensions are linked with people’s rights over- w
countries like India (Sangwai, 2003: 86-99). The first irrigation commission was set up in 1960. After the

formation of the Maharashtra state the subsequent 35 years the continuous increasing demands of water for
ulation growth, rapid urbanisation, extended industrialisation

its multipurpose usage due to enormous pop ‘ :
and improvement in the standard of living. On the other hand environmental and health consciousness
further enhanced environmental elements in water management. Hence, in 1995 it became a need of time to
constitute the second irrigation commission (Chitale, 2011:10).
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economy. In the industrial era, as middle women W
domesticity, they defined a new but still distinetly e
1990: 1117-18) Thus, women's complex rclnlioniml:‘“
comprehensive or holistic picture of past human inter ’
Bishnoi movement (Rajasthan) in the medieval pﬁﬂd
UP states) in the post-independent ers, active role an -
SUCCCSS
In Maharashtra too, num

associated with environmental and cmlogicnl moy :
Kusum Kamik, Suniti S.R., Archana Godbaole; Ka pﬂlﬁ :
bates by influ

broadened environmental discourses or de
women activists' consistent active pnrlicipﬂﬁﬂn n
unprecedented nexus with nature for livelih

will be incomplete without taking into consi

Maharashtra as well.

Conclusion:
Environmental and ecological

framework adhered to certain ideological 2
often depends upon nature, its leaders, tr
political, religious and cultural situations
impact of an ideological trend often termed
all kinds of protest movements. Besides,
Marxism’, *Appropriate Technologists'
influenced upon protests. In fact, “Green .
usually motivated and mobilised not only
to be one of the dominant ideological ¢
participation in nature-based conflicts
leaderships have been greatly enrich
discourses.
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“{.‘!”h"( yet been fully studicd, researched. o “ .!'rh” ahon. and notubly academic Jibygr;

Mmiclst f S d » R 77 'S r”ln'(-r A v ;i e
"f.(.J pf{mh'””" catastrophe.  This paper iy argiied, despite the fact that the

oppormmities facing academic i LS paper-attempts to - discuss af

dud i ‘ 8 academic librarviany in the Jclsy about - challe

SV 1S to o eain a better e comtemporary educati _

e 2 etter knowledge of the factor i ational context. The pur
providing library services i LU 0 Jactors 1o consider while reopen; purpose of ths
g iy es during the posi-pandemic re ; pening academic ibrarie
effectively: during library pS— . Ic reopening phase. Academic librariun ]

) - = 4 ] 4 7 L o N
« herrer post-epidemic service f['(;f § F;H_g time aned comparable pandemic conditions in the | ;{rm e
: Y ey e ; - : € Juture, rive
on challenges and opportunities of . .:‘ iy f{h;” ough grasp of the pandemic. . The present pape f*;“’f;m

' e : s of academic libraries and | braries wi - aelises
paRdemic situations. Bv taki : s and how the libraries will e Jocise

* S Dy ((;'ku.rg safety measures s : survive in the Covid -

e : safet sures and keepine soci P 1 -19
swovide better services hv . veeping social distance, the academic fibrori _
;Kr.’wa I rré’ .sc:("’fce‘s by applying modern tools. - the academic libraries will

ards: Covid-19 Coro I .
A na Virus, Pandemic, Hi o Sp
Introdirction emic, Higher Education, E-Resources, etc.
The Academic Librari : -

1 mic Libraries of colleges and universities are the major source of knowle
students, teachers as well as rescarchers. Colleges are the first doorste fh: her ed S
are the reliabls centar ot 255 2 . s step of higher education and [libraries

of knowledge. Academic Librar ovi i -

. ; raries provides printed and non-pri T
their users. Due to the technological adv: ; and users Jot-pnntec mgtenels (o
various mod e nological advancements and users demand, academic libraries are providing
virtua]“ |‘b0 ft'm SEWICCS which include online services. Traditional libraries are tumns towards digital and

ibraries. - ials : Py : o2
iy ‘f‘ es. Enormous e content materials have been published and it is available for users. The

i r?/ ro f:ssmnals are also chlal?ged and trained with advanced technology and they are trying to cope
up with user’s demands and providing all possible services to their respective users.

But Nlow-a-days, the whole world is facing the major problem of Covid 19 pandemic situation.
The CorF}na Virus spread all over the world within these 2 years. The WHO and all scientist of the world
are making research on vaccine.It is communicable decease. Corona virus causes cough, cold and mild
fever, the COVID-19 results in more scvere consequences and may even cause death in certain cases. So
the Central and State governments are taking proper care and announced the lockdown for the whole
country to control this decease. The economic and social positions of the world are becomes very worst.
The roles of Library and Information Centers are also changed due to lockdown. Because of social
distancing and wide spread of Corona virus all the government offices, colleges, universities and libraries
are totally closed. Libraries are service organizations where all reading materials are available for users but
in this lockdown period, ways of library services has been shifted from traditional to virtual. The present
paper will highlights on how the academic libraries services have been changed in the present ime.
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Conclusion
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ABSTRACT

Although there are three basic human needs, apart from food, clothing and shelter, human
beings need a variety of facilities to make their life comfortable and happy. These facilities mainly
require various things in human life such as health facilities, electricity, educational facilities, Market,
waste management etc. Therefore, this research paper is a geographical study of the type of facilities
in the areas or villages around Ahmednagar and Pune State Highway. This research is dependent on
secondary information sources.

Keywords: Amenities, State Highway 27, Education, Health, Market, Sewage
INTRODUCTION:

A variety of human amenities are needed to make human life pleasant and happy.
Geographical, political, socio-economic and demographic factors affect various human facilities. The
development of various human facilities depends on the population and human life is dependent on
various human constitutions for which a large number of facilities have been provided or are being
provided to human beings by the government or on a private basis. Although there are three basic
human needs, apart from food, clothing and shelter, human beings need a variety of facilities to make
their life comfortable and happy. These facilities mainly require various things in human life such as

health facilities, electricity, educational facilities, Market, waste management etc. Human facility is
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considered to be one of the most important factors in regional disparity '} Although human odd
to be doing it the result of geographical and socio-economic and political components of human
services is an important element of economic development in areas other hand, human infrastructure
deficiencies in that area, there was no economic development areas which are considered important
for social inequality, there is a variety of human resources and infrastructure development °7*. The
development of any geographical region depends on the availability of human resources. In short, the
economic development of any geographical region depends on the availability of human resourcesor
is understood by the human facility [*'??**!). Therefore, this research paper is a geographical study of
the type of facilities in the areas or villages around Ahmednagar and Pune State Highway no 27. In
this geographical area Education, Hospital, ATM Service, weekly Market, Drinking Water, and
sewage disposal Distribution Geographical Study is done.

STUDY AREA:

This region is located between coordinates of 18° 31' N and 19° 05' N latitudes and 73° 51' E
and 74° 44" E longitudes surrounding the State Highway i.e. MH SH 27 from Pune to Ahmednagar
cities (Map No. 1). The National Highway NH 50 and State Highway MH SH 141 pass through Pune
and Ahmednagar city respectively. The Pune-Ahmednagar State Highway is the main highway which
is numbered as MH SH 141. The distance between the two urban centres is 120 km. A buffer region
of 5 km on both sides and of state highway MH SH 141 is marked as the specific area for thorough

investigation study area covers an approximately area of 1257.53 sq km.

Map No. 1: Location Map
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Aims And Objective:

The main objective of this research is to study
the geography of human facilities in the
around of Ahmednagar Pune State Highway.
An important objective is to conduct a
geographical study of the educational facilities,
health facilities, markets and sewage disposal
facilities in the area.

DATA SOURCES AND RESEARCH
METHODOLOGY:

This research depends on the secondary
source of information. This numerical
information is also taken from District census
2011 in Ahmednagar Pune district. Reference
book, articles are also used in the secondary
information. The GIS method has been used
to convert the numerical information contained
in this research into qualitative information. As
well as the GIS methods is very importance
methods in geography "), The GIS software is
mainly used to map various human amenities
such as educational facilities, market, health,
sewage disposal. The only numerical
components of the facility are considered for
mapping the facilities. In short, the maps show
the total facilities and their geographical
distribution.

RESULT AND DISCUSSION:
Geographical, economic, social and
political factors affect the distribution of

human services. Although many factors affect

the development of human amenities, the
suitability of transportation affects one factor
because in areas where the number of roads or
connectivity is high, the population migration
is high and as a result affected on human
amenities. In this study area, a geographical
study of the effect of State Highway No. 27 on
the surrounding facilities has been done in this
research. In this geographical area Education,
Hospital, ATM Service, weekly Market,
Drinking Water, and sewage disposal
Distribution Geographical Study is done. The
geographical distribution of Human facilities
can be seen from the map below. It is clear
from the following map that there is a lack of
human amenities around Ahmednagar district,
comparative to Pune district.

1. EDUCATION:

Educational facilities are considered to be the
most important for human development. Due
to these educational facilities, human quality is
considered to be very important for the
development or progressive of human skills
and knowledge. Therefore, education is
considered as a positive factor in human
resource development. Map number 02 shows
the geography distribution of education
facilities. It is clear from this map that the
educational facilities in Pune district are more
than in Ahmednagar district. The most

important reason for this is population density.
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Pune district has high population density. On
the contrary, population distribution in
Ahmednagar district is sparse, i.e. population
density is low. In short, the number of senior
colleges is higher in cities i.e. there are more
senior colleges around Pune city and the
number of senior colleges near Ahmednagar
city is also quite high whereas the number of
colleges in rural areas is very low.

2. HOSPITAL:
Hospitals are needed for proper

human health, In short what is the best form of
human health or the health facility to identify
the qualitative index. The map number 03
shows the geographical distribution of the
hospital. From this map it is clear that there are
more health facilities around Pune district and
less health facilities around Nagar district. In
short, geographical areas with high health
facilities mean that more people get sick or
vice versa in areas where the number of
dispensaries is less. Population is also an
important factor affecting health facilities.
Areas with high access to health facilities are
considered to be overpopulated. In contrast, an
area with low health facilities is considered to
have a low population distribution or low
population density. The map shows more
health facilities around Pune district and less
health facilities around Ahmednagar district.

3. SEWAGE DISPOSAL:

Solid waste management is good for
health because solid waste can have a positive
impact on the environment if it is disposed of
or disposed of properly rather than in one
place. The population are the most important
factor affecting on garbage depots and the
areas with high population density whereas the
areas with low, the less garbage depots. The
number of garbage depots in Pune district is
more than in Nagar district, the most important
reason for this is that the population of Pune
district is higher or densely than that of
Ahmednagar district.
4. ATM SERVICES:

Economic Development,
Employment, Industry and occupations are the
most important factors on ATM facilities.
Banking and ATM facilities are more
prevalent in areas where economic growth has
taken place and employment is available. Map
No. 5 shows the distribution of ATM numbers.
The  distribution is  shown  around
Ahmednagar- Pune State Highway No. 27.The
number of ATMs in Pune district is sixty-two
and there are 44 ATM facilities around
Ahmednagar district. Meaning the most
important reason for the high number of ATMs
around Pune district is that Pune district has
more industrial and economic development
than Ahmednagar district due to the large

number of human services available.
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5. WEEKLY MARKET:

This weekly market deals with the sale and
purchase of everyday items, so these sales
markets have a unique significance in human
life. The weekly market centers are important
trading and financial exchanges in rural areas.
In short, in rural areas, weekly markets are the
center of the economy and also the center of
financial transactions. Due to that the number
of weekly markets is higher in Ahmednagar
district. There are 70 weekly markets in Pune
and around Ahmednagar district which means
rural areas are more in Ahmednagar district.
The reason for the high sales market in
Ahmednagar district is that there are more
rural areas in the district and the number of
rural areas around Pune district is relatively
less. Map number six shows the geographical
distribution of the weekly market. Although
Ahmednagar district has more market signs, it
is in scatter and Pune district has less numbers
but more in compact.

. DRINKING WATER FACILITIES:
Water has a unique significance in

human life. There are many sources of
drinking water which are mainly supplied
through various sources such as wells, lakes,
rivers and tanks etc. Human beings need
access to clean drinking water and the first
duty of the local government is to provide

clean drinking water to the people ! 2% 23,

The population factor affects the drinking
water facilities. The larger the population, the
greater the water consumption, and the higher
the industrial conditions, the higher the water
consumption. Map 7 shows the geographical
distribution of drinking water facilities. Pune
district has more people with drinking water
facilities than Ahmednagar district as Pune
district has more population. Although
drinking water sources are abundant in the
study area of Pune district, water consumption
is high in this area as there is a lot of industry
and population in this Pune district. As
Ahmednagar district has less industry and
population than Pune district, less water should
be used in this area.

Graph number 01 makes it clear that
the distribution of human facilities around
Pune -Ahmednagar State Highway 27 is shown
and comparative differences. It is clear from
this that the number of ATMs around Pune
district is 62 while the number around
Ahmednagar district is forty four which means
that the most important reason for the high
number of ATMs around Pune district is the
population and economic development as well
as employment. There are 86 hospitals around
Pune district and 70 hospitals around
Ahmednagar district. The total number of
markets in both the districts is 156 out of

which there are 70 market centers in Pune
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district and 86 markets are available around
Ahmednagar district. In short, the number of
markets around Pune district is less than
Ahmednagar district. The most important
reason for this is that the weekly market is
more in rural Ahmednagar district. Pune
district is ahead of Ahmednagar district in
terms of educational facilities as there are 52

senior colleges in Pune district and 40 senior

colleges in Ahmednagar district. All the above
information shows that due to the large scale
development of human facilities around Pune
district, the most important reason for the lack
of development of human facilities in
Ahmednagar district is that economic
development and  manufacturing  and

employment generation in Pune district is

higher than in Nagar district.

Amenities Around of State Highway 27 (Ahmednagr- Pune)

100
90

Number of Facilities

(e}

Hospitals

mPune B Ahmednagar

80
70
60
50
40
30
20
10

Weekly Market Education

Types of Facilities
Graph no 01: Amenities around of State Highway 27 (Ahmednagr- Pune)
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political factors affect the distribution of
human services. Considering this field of
study, human facilities have been developed to
a great extent in Pune district. In that respect,
various human facilities have not been
developed in Ahmednagar district or there is
lack of human facilities. The most important
reason for this is that Pune district has more
economic development than Ahmednagar
district and also industrial development has
taken place in this district and the population is
more than Ahmednagar district.
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INTRODUCTION

The earth surface is covered with lot of things which called land cover and land use [1]. The natural and
manmade features are fall in this land use and land cover. Land use and land cover is very important
consideration for proper planning and use of resources in the region to achieve ultimate goal of
development. From the land use and land cover mapping developer can get the proper idea for the
planning process of region. From that idea common man get the benefit of development [2,3]. Land cover
contributes to natural feature on the earth surface which created by nature and used by the man for the
prosperous development. The feature created by the man which bridge, agricultural processes, and
farming techniques, road, railway network, canal system for the irrigation, for utilization of natural
resource to develop the humanity. The GIS and remote sensing are efficient tools and techniques for
mapping, analysis of change detection and analyzing the land use and land cover features [4]. The use of
satellite data with very fine resolution is very useful for the root level planning and management [5]. The
land use and land cover mapping having importance for natural resource management, urban and village
horizontal and vertical expansion, baseline mapping survey, land mapping survey for revenue
department, resource extraction, mining activities, damage assessment by flood, drought, cyclone and
earthquake, legal boundaries detection and mapping for tax assessment and property evaluation in the
urban and rural areas [6]. The land use and land cover map is generated for the Khandala tahsil to
develop the proper planning and management of natural and manmade resource. The use of technology
for efficient planning and management is now requisite to development. To analysis land use and land
cover of study area.

MATERIAL AND METHODS

DATABASE

The secondary data is collected from following sources, Landsat Satellite images, Earth Explorer
(http://earthexplorer.usgs.gov ) useful as source of database for mapping of land use and land cover. The
remotely sensed data is having very high level accuracy and resolution to map the smallest feature from
the earth surface. The temporal resolution or revisit period of the satellite is useful for change detection
analysis. For this study the Landsat satellite data is used from the earth explorer of United Sates
Geological Survey. The cloud free and haze free data is required for the proper mapping.
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Table 1 Details of Landsat Image
Satellite Sensor Path Row Year
Landsat 8 ETM+ 146 & 147 48 26 December 2018
Software Ananlysis

Land use and land cover feature map is derived from satellite image using supervised classification
technique and using ERDAS Imagine 9.2 and ArcGIS 10.5 software.

[ Satellite Image W

[ Supervised Classification }

{ Field Check J

(Land Use and Land Cover Map}

Fig. 1 Methodology

Land use and land cover features are identified and signature value is derived from the satellite image
and different classes are prepared.

RESULTS AND DISCUSSION

There are five land use and land cover features are analyzed from the Khandala tahsil. Such as agriculture
land, settlement, forest land, water body, barren land derived in the Khandala tahsil. The land use and
land cover key parameter for the development of region. The planning process is dependent on the
diversity of region and resources of the region. The Khandala tahsil is versatile in the resources.

Table 2: Land use and land Cover (2018)

Agricultural Land 35893.75

Forest 6756.37
Barren Land 7285.59
Settiement 1646.86
Water body 789.34

Total 52372.00

Agricultural Land

The agriculture is main stay of the population in Khandala tahsil. Land use under agriculture is in
different crops. Nearly 35893.75 hectors area is under the agriculture field. Rainfall and irrigation from
the Veer dam is main source of irrigation to crops. Nearly 73 per cent area of Khandala tahsil is under
different crops.

Water body

The main source of water on the earth surface is rainfall. The water falling from the rain accumulates at
the depression and remaining water flow to sea. Water body is accumulation and flow of water on the
earth surface in the form of river, lake, pond and reservoir. The water body feature is two types one is
natural means created by nature and another is manmade which is developed by man to store the water
for various purpose. In the Khandala tahsil part of dam is falling and percolation tank is distributed in the
region. The river and stream are natural water body found in the region. "VEER" is the largest dam in
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Khandalaon the Nira River flows from the northern border of the taluka. The area covered by water body
is 789.34 hectors and one per cent of Khandala tahsil.

Land use and Land Cover of Khandala Tahsil (2018)

M Agricultural Land ® Forest m Barrenland mSettlement m Water body

3% 1%

Fig. 2Land use and land Cover (2018)

KHANDALA TAHSIL

LAND USE AND LAND COVER
(2018)

Legend
Land Use and Land Cover

| B
1 Barren Land

a3 18 a 3 . # 132
e e e e— ... I ~oricumnure
1 sememeen

Source: USGS EarthExplorer {earthexplorer.usgs. gov) . ot

Fig. 3 Land use and land Cover (2018)

Forest
Forest is natural and manmade resource which is utilized for different purposes. There is 33 per cent area

of the any region is under forest is need of safe and balanced environment. In the Khandala tahsil nearly
12.90 per cent area is under forest (6756.37 hectors). So it reflects need to plant more trees for balanced

environment.
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Settlement

For settlement purpose, man builds the houses and commercial building for the business. The settlement
is manmade land use feature. The land is utilized for the construction of building. The constriction of
canal, road, and railway for this purpose land also utilized. In the Khandala tahsil Lonand is census town
and 66 villages are settled. The total population of Khandala Taluka is 137,418 out of which urban
population is 18,723 while rural is 118,695 as per Census 2011. The area under settlement is 1646.86
hectors.

Barren Land

Land is not under the agriculture use, stony land, and high slope areal, hilly area cover the barren land.
The area under barren land is 11985.59 hectors and 6 per cent to the total area of Khandala tahsil. This
land is not applicable for the agricultural purpose.

CONCLUSION

The land use and land cover analysis is done for the planning and management of resources in the
Khandala tahsil. The agricultural land, barren land, forest cover, settlement and water body classes are
derived from the satellite image and using ArcGIS software. The remote sensing data and GIS technology
is efficient tool for the analysis of land use and land cover.
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Developing highly efficient, stable, and inexpensive electrocatalysts for oxygen evolution reaction (OER) is an
ongoing challenge due to the high energy barrier imposed by the OER during electrochemical water splitting.
Herein, we report one-dimensional iron-cobalt oxide (FeCo204) nanorod arrays supported on nickel foam (NF)
synthesized via a simple chemical bath deposition (CBD) method to accelerate OER. Consequently, the FeCo204
nanorods exhibit significantly increased OER activity in alkaline solutions while maintaining high stability and a

low OER overpotential of 2900 mV at 25 mA cm 2. The improved OER performance is attributed to the electrode’s
enhanced intrinsic electrocatalytic activity, which is due to the synergetic effect of Fe and Co, a large number of
active sites, and a low charge transfer resistance.

1. Introduction

It is crucial to develop sustainable and green energy sources to
reduce the environmental pollution created by use of the fossil fuels.
Water electrolysis is one of the easiest and efficient route to produce
green hydrogen energy [1]. However, the water-splitting process suffers
from the sluggish kinetics of the four-electron coupled oxygen evolution
reaction (OER), which requires a large overpotential [2,3]. To improve
the efficiency of OER, an efficient electrocatalyst is necessary. Current
noble metal-based electrocatalysts (Ru and Ir) exhibit excellent perfor-
mance for OER. So, the development of low-cost, earth-abundant elec-
trode materials is an important challenge [4].

Currently, transition-metal-based oxides have been employed as
efficient electrocatalysts [5,6]. Among the transition metal-based oxides
bimetallic iron-cobalt oxide is considered as a promising alternative to
noble metal-based catalysts. The bimetallic electrocatalysts showed
better catalytic activity compared to their unary catalysts because the
cationic sub-lattice accepts the substitution of other bi or trivalent cat-
ions [7]. This permits variation in chemical composition and enhances
the electrochemical properties. Although using several strategies iron-
cobalt oxide shows promising results, still the catalytic activities and
stabilities of oxides are still not on par with precious metal-based cata-
lysts. Therefore, to improve the performance the electrode material can
be deposited onto the highly conducting nickel foam (NF) substrate [8].
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The use of conducting NF substrate allows fast charge transfer and mass
transfer leads to improve conductivity [9]. Many researchers paste
electrode material on NF using a binder, which lowers the contact
resistance and degrades the catalytic activity.

Inspiring from these observations, we have prepared a highly effi-
cient FeCo204 on NF using a simple chemical bath deposition and used
as OER electrocatalyst. The prepared FeCoy04 electrocatalyst shows
excellent catalytic performance with a lower overpotential of 290 mV at
the current density of 25 mA cm ™2 with high stability for 20 h. The direct
growth of FeCo204 on NF can further enhance the electrocatalytic per-
formance by lowering the charge transfer resistance.

2. Results and discussion

In the present work, we used a simple chemical method for the
preparation of FeCoy04 (see Supporting information for experimental
details). The XRD pattern of FeCoy04 is shown in Fig. 1(a). The XRD
pattern shows FeCo,04 exhibits the different diffraction peaks at 19.31°,
31.27°, 36.66°, 43.23°, 58.87°, and 62.51°, attributed to the (111),
(220),(311),(440), (511), and (411) planes of spinel phase FeCo204
(JCPDS 16-3952) [10]. To gain more insight into the elemental
composition and valence state of FeCo204 film XPS measurements were
carried out. Fig. 1(b) shows the binding energies of Fe 2p3 2 and Fe 2p; /2
at 711 and 724 eV respectively, the peak position of Fe 2p3 5 suggests Fe
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Fig. 1. (a) X-ray diffraction pattern of FeCo,04, high-resolution (b) Fe 2p, (c) Co 2p, and (d) O 1 s XPS spectra of FeC0504.

Fig. 2. (a, b, ¢) Low and high magnification SEM images, (d) energy dispersive X-ray spectrum, inset is elemental composition of Fe, Co, and O elements.

is in a mixed oxidation state of + 2 and + 3. The high-resolution XPS of
Co 2p spectra indicates two main peaks at binding energy, to 779.7 eV
and 794.6 eV, attributed to Co 2ps,2 and Co 2py /, respectively. The Co
2p spectrum consists of two pairs of spin—orbit doublet arising from 2ps,
2 and 2pp/o signals and two shakeup satellites, which suggests the
presence of Co>" and Co>" both species (Fig. 1(c)) [11]. The O 1 s
spectra show three deconvoluted peaks at 529, 531, and 533 eV asso-
ciated with oxygen hydroxyl group, absorbed water, and metal-oxygen

bond respectively (Fig. 1(d)) [12].

The SEM images show a nanorod-like morphology as shown in Fig. 2
(a, b). The high-resolution SEM images indicate the surface of the
nanorods is plain. Such a one-dimensional (1D) nanorod-like structure
provides high surface area and more active sites. Ny adsorp-
tion—desorption isotherms were carried out to find the surface area and
pore size distribution of FeCo04. As shown in Fig. S1, FeCo204
possessed BET surface area of 38.437 m? g~ !. The presence of Fe and Co
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Fig. 4. CV curves of (a) FeCo,04 and (b) Co304 at different scan rates, (c) Cq; estimation using CV at various scan rates, (d) Nyquist plots of FeCo,04 and Co304. Inset
is the equivalent circuit of EIS fitting.

elements in the sample was confirmed by the corresponding energy The electrocatalytic OER performance of FeCoy04 was evaluated in
dispersive X-ray (EDX) spectra as displayed in Fig. 2(c). The molar ratio 1 M KOH solution using a three-electrode system. Fig. 3(a) shows the
of Fe to Co was found to be around 1:2, which was close to the initial LSV curves of FeCo,04 and Co304. Compared with Co304 electrode
precursor’s solution ratio. FeCo204 electrode exhibits a higher current density with lower
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overpotential. The FeCoy04 shows a much lower overpotential value of
290 mV at a current density of 25 mA cm ™2 than that of Co304 (370 mV)
at the same current density. Table S1 gives information about the
comparative OER performance of previously reported catalysts with
FeCo,04. Tafel slope for FeCo,04 is 80 mV dec™!, less than Co304 (94 mV
dec'l) indicates fast OER kinetics (Fig. 3(b)). In addition to catalytic
activity, stability is also a crucial parameter of the electrocatalyst. Fig. 3
(c) shows the long-term stability of FeCo04 for 20 h at a current density
of 25 mA cm 2. FeCo,04 shows excellent stability for OER. Fig. 3(d)
shows that almost no change in the value of overpotential after the 20 h
stability test.

Electrochemical active surface area (ECSA) of both the electrodes
was calculated using the double-layer capacitance (Cq;) values obtained
from the cyclic voltammetry (CV) curves measured at different scan
rates (Fig. 4 (a,b)). ECSA is directly proportional to the Cyj, therefore as
seen in Fig. 4(c) FeCoy04 electrode possesses a large number of elec-
trochemically active sites than Co304 [13]. To further study the kinetics
of electrodes, EIS measurements of all electrodes were carried out. Fig. 4
(d) shows low charge transfer resistance for FeCop04 compared to
C0304.

3. Conclusion

In this work, we prepared a FeCo204 electrode using chemical bath
deposition and investigated the OER performance. The FeCo,04 shows
enhanced electrochemical activity with a low overpotential of 290 mV at
25 mA cm 2 current density. This enhanced electrocatalytic perfor-
mance was attributed to the 1D nanorod structure which provides high
surface area and active sites. The simple preparation strategy used in this
work provides a new way for designing high-efficient electrocatalysts.
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Enhanced electrocatalytic activity of a layered
triple hydroxide (LTH) by modulating the electronic
structure and active sites for efficient and stable
urea electrolysist
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A clean and sustainable "hydrogen-based economy” will usher in a new era. Therefore, the hydrogen
production pathway is crucial. The urea (CO(NH,),) electrolysis has recently been investigated as
a promising energy-saving approach for renewable hydrogen production compared to conventional
water (H,0) electrolysis. This is because of the minimal cell voltage, mitigation of urea-rich wastewater,
and availability of electrocatalysts. Herein, we report trimetallic nickel-cobalt—iron layered triple
hydroxide nanosheets (NiCoFe-LTH) grown on nickel foam (NF) via a one-step hydrothermal synthesis
method. They were tested as catalysts for the urea oxidation reaction (UOR) and hydrogen evolution
reaction (HER) in direct urea fuel cells (DUFCs). NiCoFe-LTH/NF behaves as a highly active durable 2D
catalyst electrode for the UOR and HER with the required potentials of 1.337 V and 180 mV to achieve
catalytic current densities of 25 and 10 mA cm~2 respectively, in 1 M KOH with 0.33 M urea. Moreover,
this electrode also performs well in urea-electrolysis, requiring a very small potential of 1.49 V to achieve
10 mA cm~2 over a period of 30 h. The developed urea electrolyzer is very effective at producing Hy. It is
cost-effective and involves no difficulties in material synthesis or electrolyzer fabrication, paving the way
for the development of clean renewable energy infrastructure.
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instead of conventional water splitting, the thermodynamic
potential can be reduced from 1.23 V to 0.37 V."*** The anodic

1. Introduction
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Growing awareness about global warming and fossil fuel
depletion has made the development of renewable energy
production and storage technologies an important albeit chal-
lenging task.' Direct urea fuel cells (DUFCs) have recently been
approved as potential clean energy devices, utilizing urea/urine-
containing wastewater as fuel and low-cost catalyst materials
(Scheme 1).** DUFCs are based on the reaction 2CO(NH,), +
30, — 2N, + 4H,0 + 2CO,. The reaction produces power while
simultaneously treating urea-rich wastewater before it naturally
hydrolyzes in the ecosystem.”"® When urea electrolysis is used
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UOR, (CO(NH,), + 60H~ — N, + 5H,0 + CO, + 6e") has slower
kinetics than the cathodic HER due to a 6e” transfer process
and requires the use of electrocatalysts to speed up the reaction
rate.* " High performance UOR catalysts are required to reduce
the overpotential and drive the sluggish reaction.?*** Usually,
noble-metal-based catalysts, such as Rh/Pd and Pt/C, are
required to catalyze the UOR to ensure a faster reaction rate.>*>*
However, the use of expensive catalysts restricts the commer-
cialization and large-scale application of the UOR

Human/Animal \
urine T

o
Ccom [

Scheme 1 An illustration of the direct urea-to-hydrogen process.
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technique.”?**” Furthermore, developing a high-performance
anodic UOR catalyst and a cathodic HER catalyst from the same
low-cost precursor materials will streamline the process and
minimize production costs.”*** Much research has been
devoted to the development of efficient electrocatalysts from
earth-abundant materials, including transition-metal oxides,
(oxy)hydroxides, sulfides, nitrides, carbides, metal-organic
frameworks (MOFs), and covalent organic frameworks (COFs),
among others, to replace noble-metal-based catalysts.>*>
Among them, NiCo layered double hydroxide (NiCo-LDH)
possesses many favorable attributes for use as an efficient
electrocatalyst for urea electrolysis, including two-dimensional
(2D) nanosheet morphology, tunable electronic structure, and
good stability.”**>*%* However, major drawbacks, such as the
limited active sites and low conductivity, imply that NiCo-LDH
does not fulfill all the requirements of an electrocatalyst.
Different strategies have been employed to improve the catalytic
activities of catalysts. These include increasing the number of
active sites by surface incorporation, fabricating unique nano-
structures, and enhancing the intrinsic properties of catalysts
by modulating the electronic structure.**** The addition or
incorporation of metal elements has been effective in altering
the catalytic properties and electronic structure at the atomic
level.**»** The alteration of the electronic structure can generate
a valence change of the elements. It also helps to promote water
dissociation and adsorption capacity of different reaction
intermediates, which, in turn, helps to improve the electro-
catalytic performance.* In particular, Fe when combined with
Co®" or Ni** has recently been shown to significantly affect the
coordination structure by partial charge transfer and to reallo-
cate electronic density.’”**** Therefore, the synergy between
metals with different valence electronic configurations can
easily modify the local coordination and electronic structure of
the catalyst, thus enhancing the electrocatalytic activity.*®
Therefore, it can be expected that the incorporation of Fe into
nickel-cobalt-based (oxy)hydroxides will intrinsically facilitate
the OER activity and, therefore UOR activity.

Encouraged by the above-mentioned factors, we present our
recent work. Trimetallic nickel-cobalt-iron layered triple
hydroxide (NiCoFe-LTH) nanosheets grown on NF by a one-step
hydrothermal synthesis could act as a versatile and high-
performance electrode for catalyzing both overall water-split-
ting and urea-electrolysis simultaneously. These nanosheets
show good overall water-splitting efficiency requiring a cell
voltage of 1.65 V to achieve 10 mA cm ™. This material also has
excellent catalytic activity, selectivity, and durability for the UOR
with an ultralow potential of 1.337 V vs. RHE at an anodic
current density of 25 mA cm™2, as added benefits, out-
performing all previously reported transition-metal-based UOR
catalysts (Table S1t). A urea-assisted energy-saving alkaline
hydrogen production system was also built here by substituting
the anodic oxygen evolution reaction (OER) with UOR, with the
goal of improving the overall water-electrolysis efficiency. This
urea-electrolysis configuration actuated by NiCoFe-LTH/NF
provides 10 mA cm ™2 at a low voltage of 1.49 V, which is 160 mV
lower than the urea-free counterpart and comparable to other
reported catalyst performances (Table S31). The catalytic

This journal is © The Royal Society of Chemistry 2022
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performance of NiCoFe-LTH/NF could be attributed to the high
intrinsic activity, large surface area, and metallic features of the
NiCoFe-LTH phase. The nanosheet configuration exposes more
catalytically active sites and accelerates the diffusion of the
electrolyte and the generated gas bubbles. In addition, the triple
hydroxide structure and mixed-valence states of Ni, Co, and Fe
in the NiCoFe-LTH phase offer a variety of redox reactions.

2. Experimental section
2.1 Reagents

High purity (>99%) nickel(n) nitrate hexahydrate (Ni(NO;),-
6H,0), cobalt(u) nitrate hexahydrate (Co(NO3),-6H,0), iron ()
nitrate nonahydrate (Fe(NOs);-9H,0), urea (CH,N,O), and
cetyltrimethylammonium bromide (CTAB) were purchased
from Sigma-Aldrich and used as received. The NF substrate
(thickness, 1.6 mm; surface density, 420 g cm ™) was purchased
from Alantum Korea. Ultrapure deionized water was obtained
from a Millipore system.

2.2 Synthesis of NiCoFe-LTH and NiCo-LDH on NF

A simple hydrothermal method was used to grow NiCoFe-LTH
nanosheets on NF. Prior to use, NF (1 cm x 1 cm) was immersed
in a 3 M hydrochloric acid solution and then ultrasonicated in
acetone, ethanol, and DI water for 5 min each. Thereafter it was
dried at 45 °C in a hot air oven. Ni(NO3),-6H,0 (0.262 g), 0.175 ¢
of Co(NO3),-6H,0, 0.0175 g of Fe(NO3);-9H,0, and 0.5 g of
CTAB were dissolved in 30 mL of anhydrous methanol and 6 mL
of DI water. The solution was magnetically stirred for 15 min to
form a homogeneous solution, which was then transferred to
a 50 mL Teflon-lined autoclave vessel. The pre-cleaned NF was
then immersed in the precursor solution. Subsequently, the
autoclave was heated at 180 °C for 24 h, and the reaction system
was allowed to cool naturally. The NF was separated from the
reaction mixture, cleaned with ethanol and water several times,
and dried at 45 °C overnight to obtain NiCoFe-LTH nanosheets.
NiCo-LDH nanosheets were also synthesized for comparison
under the same conditions, with the exception of the iron
source. The mass loading of the catalysts was calculated by
weighing the NF before and after catalyst deposition. The total
mass loading of NiCoFe-LTH/NF was 0.0181 g.

2.3 Physical characterizations

X-ray diffraction (XRD) patterns were evaluated over the 5-90°
range on a PANalytical Empyrean 26 diffractometer (PANalytical
B.V., Netherlands) using a Cu X-ray source (Ke, 1.54 A). The
surface morphology was characterized using field-emission
scanning electron microscopy (FE-SEM, JSM-6701F, JEOL,
Japan) equipped with an energy dispersive X-ray (EDX) analyzer.
Transmission electron microscopy (TEM) and high-resolution
transmission electron microscopy (HRTEM) were performed on
an FEI Tecnai G2 F30 (FEI, Netherlands) instrument equipped
with an X-ray energy dispersive spectrometer at an operating
voltage of 200 kV. X-ray photoelectron spectroscopy (XPS)
profiles were recorded on an ESCALAB-MKII 250 photoelectron
spectrometer (VG Co. UK) with Al Ka radiation.
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2.4 Electrochemical measurements

All electrochemical measurements were performed on a WonA-
Tech, WMPG1000 Multichannel Potentiostat/Galvanostat (ver.
1.11) using a three-electrode system at room temperature (25
°C). The catalysts were measured in a 1 M KOH aqueous solu-
tion using a typical three-electrode configuration, in which
either NiCoFe-LTH or NiCo-LDH was used as the working
electrode, and Pt wire and the Ag/AgCl electrode were used as
the counter and reference electrodes, respectively. Linear sweep
voltammetry (LSV) was conducted in an O,-saturated 1 M KOH
electrolyte at a scan rate of 1 mV s~ . Stability tests were per-
formed at a constant current density of 25 mA cm ™. The elec-
trochemically active surface areas (ECSAs) were determined
based on the double-layer capacitance (Cyq) using cyclic vol-
tammetry (CV). The cyclic voltammograms were recorded in
a non-faradaic potential range of 0.30-0.42 V vs. Ag/AgCl. All
potentials were converted to the reversible hydrogen electrode
(RHE) using the following formula:**** Egyp = Eag/agci + 0.197 +
0.059 x pH. Electrochemical impedance spectroscopy (EIS)
data were measured in the frequency range of 0.1-100 kHz at an
AC amplitude of 10 mV. Turnover frequency (TOF) values were
calculated at potentials of 1.4 V-1.7 V with respect to RHE with
a regular interval of 0.05 V. The following equation was used in
the calculation of the TOF for urea electrolysis:*
J X Na

TOF = ———
nxFxt

1)

where j is the current density at a given potential, N, is Avoga-
dro's number (6.022 x 10** mol %), 7 is the number of electrons
transferred for the complete oxidation of urea (n = 6, in this

(a)

COZ'P
° Ni%*

..—

Fed*
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case), F is the Faraday constant (96 485.3 C mol '), and ¢
denotes the number of electrochemically accessible active sites
of NiCoFe-LTH/NF. Mass activity was calculated using the
equation - j/m, where j is the current density (A m~?) at
a particular potential, and m is the catalyst loading mass. The
specific activity was calculated using the equation, - j/A where j
is the current density and A is the Brunauer-Emmett-Teller
(BET) surface area of the catalyst. The performance measure-
ment of urea electrolysis was characterized by the polarization
curves in a two-electrode configuration in 1 M KOH with 0.33 M
urea at a scan rate of 5 mV s~ . Stability tests were performed
using a constant current density of 10 mA cm ™. All polarization
curves in this study are mentioned without iR-correction.

3. Results and discussion

3.1 Morphological and structural characterizations of
NiCoFe-LTH/NF

The synthesis procedure for the NiCoFe-LTH/NF nanosheets
includes a one-step hydrothermal process, as illustrated in
Fig. 1a. The phase purity and crystallographic structures of
NiCo-LDH and NiCoFe-LTH were determined using XRD anal-
ysis. The XRD pattern of the as-prepared NiCo-LDH nanosheets
is consistent with the previously reported NiCo-LDH structure
and is in good agreement with the well-known hydrotalcite-like
phase (JCPDS No. 38-0715).* As shown in Fig. 1b, the strong
diffraction peaks at 44.6°, 51.8°, and 76.4° correspond to the
(111), (200), and (220) planes of NF, respectively.”* Additionally,
the characteristic diffraction peaks at 11.08°, 22.15°, 34.41°,
38.63°, 45.16°, 60.15°, and 61.25° can be ascribed to the (003),

‘ Teflon container

Magnetic Stirrer Hydrothermal NiCoFe-LTH nanosheets
(b) —— NiCoFe-LTHINF (© —— NiCoFe-LTHINF (d) —— NiCoFe-LTHNF
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Fig.1 (a) Schematic of the synthesis and structure of the NiCoFe-LTH nanosheets on NF, (b) XRD patterns of NiCoFe-LTH/NF and NiCo-LDH/
NF, (c) powder XRD patterns of NiCoFe-LTH and NiCo-LDH, (d) FTIR spectra of NiCoFe-LTH and NiCo-LDH.

476 | Sustainable Energy Fuels, 2022, 6, 474-483

This journal is © The Royal Society of Chemistry 2022


https://doi.org/10.1039/d1se01478a

Published on 21 December 2021. Downloaded by CHONNAM NATIONAL UNIVERSITY on 7/20/2022 3:34:01 AM.

Paper

(006), (012), (015), (018), (110), and (113) crystalline planes of
NiCo-LDH, respectively. No additional diffraction peaks were
observed with Fe addition in NiCo-LDH. However, the intensity
of the main diffraction peaks of NiCoFe-LTH decreased.*>*®
Fig. 1c displays the XRD pattern of the powder sample of NiC-
oFe-LTH, which also shows the same diffraction peaks as shown
in Fig. 1b. Fourier transform infra-red spectroscopy (FTIR) was
used to monitor the changes in NiCo-LDH following the
hydrothermal reaction with the addition of the Fe precursor. A
strong and broad absorption peak at 3449 cm™ ' and another
peak at 1057 cm ' can be attributed to the stretching vibration
of the O-H group (Fig. 1d).*® The broad nature of the OH band is
attributed to the existence of hydrogen bonding between the
layered hydroxides, interlayer water, and anions in the inter-
layer gap. The IR bands in the region of 2800-2950 cm ™" were
assigned to the C-H stretching vibration originating from the
-CHj; group in methanol. The band at 1625 cm ™" corresponds to
H-OH vibration. The bands between 525 and 640 cm™ " are
attributed to the metal-oxygen vibrations in the layers, which
are typical of layered materials such as LDHs.>>*"®

XPS was employed to investigate the elemental compositions
and valence states of the samples. The XPS survey spectrum of
NiCoFe-LTH/NF confirmed the presence of all the elements Ni,
Co, Fe and O (Fig. S1at). Fig. 2a displays the Ni 2p orbital
spectra of NiCo-LDH and NiCoFe-LTH. The characteristic peaks
at 855.59 and 873.33 eV are assigned to the Ni 2p;/, and Ni 2p,,
orbitals of NiCo-LDH, respectively. They show a negative shift of
approximately 0.10 to 0.20 eV for the NiCoFe-LTH catalyst.>® In
Fig. 2b, the peaks at the binding energies of 781.47 and 796.84
eV correspond to the Co 2ps/, and Co 2p4,, of Co”", respectively.
The peaks fitting at 779.9 and 796.2 eV are associated with
Co>".% Co, similar to Ni, shows a shift towards a lower binding
energy in the NiCoFe-LTH sample, which could be attributed to
the partial transfer of electrons from Fe to Ni/Co after Fe
incorporation.*>**> The high-resolution XPS profiles of the Fe
2p orbital for NiCoFe-LTH (Fig. 2d) show three characteristic
peaks. The peaks at the binding energies of 714.5 and 725.1 eV,
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are indexed to the Fe** 2pss» and 2p;y, orbitals, respectively. The
peak at 717.6 eV corresponds to a satellite peak.®*** The high-
resolution O 1s orbital spectrum of NiCo-LDH and NiCoFe-LTH
is shown in Fig. 2c. It is deconvoluted into three peaks, 01, O2,
and O3, related to metal-oxygen bonding, surface hydroxyl
groups, and physisorbed and chemisorbed water, respec-
tively.*>*>% All the O 1s orbital peaks in the NiCoFe-LTH/NF
sample also show a slight shift to a lower binding energy as
compared to that in the NiCo-LDH/NF sample, implying strong
electronic interactions between the hydroxide layers.* It was
demonstrated from the XPS results that Fe was successfully
incorporated into NiCo-LDH. N, adsorption-desorption
isotherms were obtained to characterize the surface area and
pore size distributions of NiCoFe-LTH/NF (Fig. 2e) and NiCo-
LDH/NF (Fig. S1bt). NiCoFe-LTH/NF possessed a higher specific
surface area of 37.143 m”> g~ ' than that of NiCo-LDH/NF (32.5
m? g~ ), which indicates that Fe incorporation provides more
active sites for the urea-electrolysis process (Fig. 2e). In addi-
tion, the pore size distribution was in the range of 10-50 nm
(inset of Fig. 2e), which facilitated the transfer of electrons and
active intermediates.*

FE-SEM and TEM were used to study the morphological
characteristics of all films after the hydrothermal reaction. SEM
images of blank NF show a smooth surface as displayed in
Fig. S2.t SEM images of NiCo-LDH (Fig. 3a) show densely
dispersed nanosheets on the surface of the NF substrate. The
vertical orientation of the nanosheets offers a large number of
active sites and open areas for rapid ion transport.>* However,
NiCoFe-LTH (Fig. 3e) did not show any change in morphology
compared to NiCo-LDH, indicating that NiCoFe-LTH retained
its nanosheet structure. The morphology and 2D microstructure
of the NiCoFe-LTH catalyst were further studied by TEM and
HRTEM to confirm the formation of nanosheets. Fig. 3b and f
further confirm the nanosheet structures of NiCo-LDH and
NiCoFe-LTH, respectively. Selected area electron diffraction
(SAED) patterns in the insets of Fig. 3b and f clearly show the
diffraction rings, further confirming the crystallinity of both
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Fig. 2 High-resolution XPS profiles of (a) Ni 2p, (b) Co 2p, (c) O 1s, and (d) Fe 2p of NiCo-LDH/NF and NiCoFe-LTH/NF; (e) N, adsorption and

desorption isotherms and pore size distribution of NiCoFe-LTH/NF.
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Fig.3 (a—d) SEM, TEM, HRTEM, and STEM-EDX mapping images of NiCo-LDH/NF, (e—h) SEM, TEM, HRTEM, and STEM-EDX mapping images of
NiCoFe-LTH/NF. The insets in (b and f) show the corresponding SAED patterns.

samples. In the HRTEM images (Fig. 3c and g), a distinguish-
able lattice fringe was observed. It was indexed to the (012)
plane, with an interlayer spacing of 0.25 nm and 0.23 nm for
NiCo-LDH/NF and NiCoFe-LTH/NF, respectively. Fig. 3d and h
show the STEM-EDX mapping images of NiCo-LDH and NiC-
oFe-LTH, respectively, and illustrate the existence and uniform
distribution of Ni, Co, Fe, and O elements.

3.2 Electrocatalytic performances for the UOR and HER

We then examined the OER and UOR activities of the as-
prepared NiCo-LDH/NF and NiCoFe-LTH/NF materials using
a three-electrode configuration in 1 M KOH with and without
0.33 M urea. Polarization curves for the UOR (with their OER
activities for comparison) of the NiCoFe-LTH, NiCo-LDH, and
RuO, catalysts are shown in Fig. 4a. As observed, the OER occurs

478 | Sustainable Energy Fuels, 2022, 6, 474-483

on NiCo-LDH and RuO, in 1.0 M KOH at 25 mA cm ’ at
a potential of 1.538 V and 1.55 V, respectively, whereas in the
case of the UOR, a potential of 1.379 and 1.35 V is required
respectively. The oxidation peak at approximately 1.348 V could
be ascribed to the transformation of Ni(u) into Ni(in), which has
been commonly observed in the literature.®” In contrast, NiC-
oFe-LTH/NF yields a much greater UOR catalytic activity with
a lower potential of 1.337 V to achieve 25 mA cm ™2 in 1 M KOH
with 0.33 M urea. However, the OER requires a much larger
potential of 1.482 V to achieve the same current density of 25
mA cm 2. It can be observed that a lower potential is required
for NiCo-LDH/NF and NiCoFe-LTH/NF to reach the same
current density in 1 M KOH with 0.33 M urea. Fig. 4b shows the
UOR performances of all the catalysts. NiCoFe-LTH requires
less potential (1.337 V) than NiCo-LDH (1.379 V), RuO, (1.35 V),
and bare NF (1.475 V) to yield a current density of 25 mA cm >

This journal is © The Royal Society of Chemistry 2022
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Fig. 4 Electrocatalytic UOR and HER performances. (a) Polarization curves for the UOR and OER of NiCo-LDH/NF, NiCoFe-LTH/NF, and RuO,.
(b) Comparison of the UOR activities of various catalysts, (c) Tafel plots for the UOR and OER derived from figure (a), (d) long-term stability test
over 30 h of NiCoFe-LTH/NF for the UOR (polarization curves before and after the stability test in the inset), (e) polarization curves of NiCo-LDH/
NF, NiCoFe-LTH/NF, and Pt for the HER in 1 M KOH with and without 0.33 M urea, (f) comparison of the HER activities of various catalysts, (g)
Tafel plots for the HER derived from figure (f), (h) long-term stability test over 30 h of NiCoFe-LTH/NF for the HER (inset: polarization curves

before and after the stability test).

(Fig. 4b). The corresponding Tafel slopes of all the catalysts were
used to investigate the UOR kinetics. The NiCoFe-LTH/NF,
RuO,, and NiCo-LDH catalysts have very small Tafel slopes of
43, 49 and 55 mV dec” ', respectively, for the UOR process
(Fig. 4c). These values are substantially lower than those of
NiCoFe-LTH/NF (124 mV dec '), RuO, (139 mV dec '), and
NiCo-LDH/NF (136 mV dec™ ') indicating fast UOR reaction
kinetics. Moreover, the long-term stability of NiCoFe-LTH
during the UOR was studied by chronopotentiometric
measurements at 25 mA cm > for 30 h. Fig. 4d indicates that
NiCoFe-LTH was stable over this period. The LSV curve (as
observed by chronopotentiometry) of NiCoFe-LTH/NF after the
stability test is similar to that prior to the stability test, albeit
with a negligible loss after 30 h (inset of Fig. 4d).

Fig. 4e shows the LSV curves of NiCoFe-LTH/NF and NiCo-
LDH/NF in 1 M KOH with and without 0.33 M urea, suggesting
that the presence of urea does not cause a significant decrease
in HER activity. As expected, Pt has shown excellent HER activity
(Fig. 4f). The NiCoFe-LTH catalyst exhibited outstanding elec-
trocatalytic activity with a low overpotential of 180 mV at an
HER current density of 10 mA em ™2, which is much lower than
that of NiCo-LDH (200 mV) and bare Ni foam (340 mV) in 1 M
KOH with 0.33 M urea (Fig. 4f) (note that the HER performance
in 1 M KOH is almost the same with and without urea). The HER
activity of NiCoFe-LTH/NF outperformed that of some previ-
ously reported transition metal-based composites in terms of
overpotential (Table S2t). The Tafel slopes of all samples are
shown in Fig. 4g. Pt exhibits the smallest Tafel slope of 65 mV
dec ™. The Tafel slope of NiCoFe-LTH is 78 mV dec ™', which is
much smaller than that of NiCo-LDH (95 mV dec™ ') and bare Ni
foam (163 mV dec™ ). Fig. 4h shows the chronopotentiometric
curve of NiCoFe-LTH/NF which displays excellent HER

This journal is © The Royal Society of Chemistry 2022

durability over 30 h at a current density of 10 mA cm™ > The
polarization curves before and after the long-term durability
test (30 h) showed negligible changes, suggesting good dura-
bility of the catalyst (inset of Fig. 4h).

3.3 Origin of the enhanced catalytic activity

Generally, a larger surface area provides a higher number of
active sites, which enhances the electrochemical performance.®
Therefore, we first estimated the ECSA by calculating the
double-layer capacitance (Cq;) from the CV curves measured at
different scan rates (Fig. S31). As shown in Fig. 5a, the NiCoFe-
LTH/NF electrode has a larger Cg value (22.33 mF cm™?) than
the NiCo-LDH/NF electrode (6.13 mF cm 2). Cq values are
directly proportional to the ECSA, indicating that the NiCoFe-
LTH/NF electrode exhibited a much larger ECSA than the NiCo-
LDH/NF electrode, suggesting a greater number of active sites.
Electrolyte resistance is associated with conductivity, which
mainly affects the electrochemical performance.”® Therefore,
EIS was performed to further study the reaction kinetics of the
electrode. The Nyquist plots in Fig. 5b suggest that NiCoFe-LTH/
NF has a smaller charge transfer resistance (0.218 Q) than
pristine NiCo-LDH/NF (1.126 Q). This indicates that the inser-
tion of Fe facilitates the electrical conductivity of the NiCo-LDH/
NF electrode owing to its large electrochemical surface area. The
polarization resistances of NiCoFe-LTH/NF and NiCo-LDH/NF,
which were estimated using electrochemical machining char-
acteristic (ECM) fittings, are shown in Fig. 5c. To check the
intrinsic activity of the catalyst, the TOF values were calculated
using backward CV. The backward sweep of NiCoFe-LTH/NF
and NiCo-LDH/NF was recorded at 200 mV s~ ' in a 1 M KOH
solution containing 0.33 M urea to calculate the exact number
of electrochemically accessible sites for urea oxidation (Fig. 5d).
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(a) Capacitive current density vs. scan rate, (b) Nyquist plots of the NiCoFe-LTH/NF and NiCo-LDH/NF (inset: equivalent circuit), (c)

corresponding polarization resistances obtained by ECM fitting of both electrodes, (d) backward CV of NiCoFe-LTH/NF for charge integration
and calculation of electrochemically accessible sites, (e) plot of TOF against overpotential for the UOR (0.33 M urea in 1 M KOH) for NiCoFe-LTH/
NF, (f) mass and specific activities of the electrocatalyst at the potential of 1.5 V (vs. RHE).

It was found that NiCoFe-LTH/NF had 1.23 x 10" electro-
chemically accessible sites for urea oxidation. The correspond-
ing TOFs, at various potentials, were calculated from eqn (1),
using this value, as shown in Fig. 5e. The TOF value for urea
oxidation increased with increasing potential, and the highest
TOF value was observed at the vertex potential (1.70 V vs. RHE).
The TOF values of NiCo-LDH/NF were similarly calculated
(Fig. S4at). At 1.70 V, NiCoFe-LTH shows a higher TOF value
(412.70 s") than NiCo-LDH/NF (346.14 s~ ') suggesting high
intrinsic activity. In addition, the plot of TOF versus potential,
for the UOR is displayed in Fig. S4b.f Fig. 5f shows the mass
activity (MA) and specific activity (SA) values of NiCoFe-LTH/NF
and NiCo-LDH/NF. At a potential of 1.5 V (vs. RHE) the MAs of
NiCoFe-LTH/NF and NiCo-LDH/NF are 13.86 and 7.19 mA
mg ", respectively. The SA values normalized by the BET surface
area are 6.78 and 5.36 mA cm >, respectively, for NiCoFe-LTH/
NF and NiCo-LDH/NF. The high MA and SA of NiCoFe-LTH/NF
enhanced the electrochemical performance.

3.4 Electrochemical performances of a two-electrode system
by integrating the UOR with the HER

The remarkable performance of NiCoFe-LTH/NF observed for
both the UOR and HER suggests that NiCoFe-LTH/NF can be
used for urea-electrolysis. Thus, NiCoFe-LTH/NF was utilized as
both the anode and cathode to assemble the urea electrolyzer
(Fig. 6a). Fig. 6b demonstrates that the full urea-electrolysis
system offers greater thermodynamic and kinetic advantages in
1 M KOH with 0.33 M urea than pure water-splitting in the

absence of urea. To deliver a current density of 10 mA cm ™2,

480 | Sustainable Energy Fuels, 2022, 6, 474-483

a much larger voltage (1.65 V) is needed for the couple inte-
grated with the HER and OER in the alkaline electrolyte. Upon
the addition of urea, the voltage significantly reduced to 1.49 V
at the same current density of 10 mA cm™ 2. Gas bubbles
generated at the electrode sides clearly implied greater
hydrogen evolution and better energy conversion efficiency of
urea-electrolysis. To reach current densities of 10, 20, 50, and
100 mA cm 2, urea-electrolysis needs cell voltages of 1.49, 1.55,
1.67, and 1.81 V, respectively, whereas water-electrolysis needs
much higher values of 1.65, 1.71, 1.81, and 1.94 V (Fig. 6c),
clearly showing the superior cell efficiency of the urea electro-
lyzer. Stability is an important factor in practical applications in
addition to a high catalytic performance. Chronoamperometric
testing showed that the cell was able to deliver a current density
of 10 mA cm ™2, while the final potential reached 1.52 V after 30
h of continuous operation (Fig. 6d and inset). These results
indicate that the UOR was remarkably easier than the OER
catalyzed by NiCoFe-LTH/NF at the anode. The electrode
materials may undergo considerable changes under the high
applied potentials of the OER and HER owing to the vigorous
gas evolution. The quantity of H, evolved during urea-electrol-
ysis from NiCoFe-LTH/NF was determined quantitatively by gas
chromatography (Fig. 7). The amount of H, that was experi-
mentally measured and theoretically calculated from the
transferred charge showed nearly 92% faradaic efficiency for
urea-electrolysis using NiCoFe-LTH/NF electrodes.

The remarkable electrocatalytic activity and stability of the
NiCoFe-LTH/NF electrode can be ascribed to the following
factors. (1) Fe incorporation alters the electronic structure and
further promotes water dissociation and adsorption capacity.

This journal is © The Royal Society of Chemistry 2022


https://doi.org/10.1039/d1se01478a

Published on 21 December 2021. Downloaded by CHONNAM NATIONAL UNIVERSITY on 7/20/2022 3:34:01 AM.

Paper

(c) [l Urea electrolysis
191 [0 Water electrolysis

Potential (V)
> N »

-
w

-l
i

10 20 50 100
Current density (mA cm?)

View Article Online

Sustainable Energy & Fuels

o~ (b) — Urea electrolysis
e 160F 7 water electrolysis
Q
E 120}
9 Activity improved
5 L TR
3 80
€
2
5 40p
@]
1.2 14 1.6 18 2.0
- Potential (V)
“l(d) Initial potential- 1.49 V
16} Final potential- 1.52 V
g 15F
< o}
— E
_g 14¢ s
€ En20
L 13} £
gl ie
12F ¢
g w0
1aF 2, . .
12 1.4 15 1.8 20
10 X 90um§al(\!) .
o 5 10 15 20 25 30
Time (h)

Fig. 6 (a) Schematic diagram of the urea electrolyzer using NiCoFe-LTH/NF as the anode and cathode, (b) comparative polarization curves for
urea-electrolysis and water-electrolysis, (c) comparison of the cell voltage required to reach different current densities for urea-electrolysis and
water-electrolysis, (d) long-term stability test of urea-electrolysis performed at a current density of 10 mA~2, inset: the LSV curve of NiCoFe-LTH/

NF before and after the stability test.

100 100
T 804 90
2 80{ —s—Theoretical value 80 —
& 70] ——Measured value F70 2
> -~ faradaic efficiency 50 =
2 60, =
[} i c
E 50 - %0 a
® 401 a0 £
o - 30 o
1] 30- T
g 20
5 = 10
L 104 )

L] T 0

20 40 60 80 100
Time (min)
Fig. 7 Amount of H, theoretically calculated and experimentally

measured and faradaic efficiency versus time for NiCoFe-LTH/NF
during urea electrolysis.

(2) LTHs (brucite layers) with mixed valences of M** and M** (M
= Ni/Co/Fe) have high intrinsic and catalytic activities for the
UOR and HER. (3) The vertically aligned 2D-nanosheet structure
of NiCoFe-LTH/NF provides a widely explored catalytic surface

This journal is © The Royal Society of Chemistry 2022

and excellent electron transport. (4) The excellent electro-
catalytic stability may be achieved by the direct growth of NiC-
oFe-LTH/NF onto the NF substrate without the use of polymer
binders, which offers good electrical connection and mechan-
ical adhesion. (5) The highly open 2D nanosheet structure
facilitates the release of gaseous products generated during the
UOR and HER.

3.5 Physical characterizations of the NiCoFe-LTH electrode
after the stability test

The electrochemical results show that the UOR, HER, and
urea-electrolysis performance showed negligible changes after
the stability tests. Herein, we also studied the morphology and
composition of the catalyst after the long-term stability test.
We employed FE-SEM and XPS to determine the changes in the
electrodes after all the electrochemical studies. After the long-
term chronopotentiometric stability tests for the UOR and
HER, the nanosheet morphology of NiCoFe-LTH did not
change significantly (Fig. S5a and bt). Fig. S6 and S7 in the
ESIT show the XPS profiles of NiCoFe-LTH electrode materials
after the stability tests for the UOR and HER, respectively. The
XPS profiles of Ni, Co, Fe, and O are similar to the original
spectra. Thus, NiCoFe-LTH/NF exhibits high electrochemical
stability.
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4. Conclusion

We have developed a NiCoFe-LTH/NF hybrid film prepared by
a one-step hydrothermal method. The film acts as a high-
performance cathode and anode electrocatalyst for urea-elec-
trolysis to generate hydrogen and purify wastewater-containing
urea. The Fe incorporation promotes a synergistic interplay
between the three metals in NiCoFe-LTH and promotes the
formation of oxyhydroxide species, which are proven to be the
active species for the UOR and OER. Therefore, the as-deposited
NiCoFe-LTH/NF exhibited outstanding catalytic activity, with
a potential of 1.538 V to drive a current density of 25 mA cm >
for the OER, and 1.379 V at 10 mA cm ™2 for the UOR. Further-
more, electrolysis cells, constructed with NiCoFe-LTH/NF as the
cathode and anode, exhibited interesting catalytic properties.
These include achieving a current density of 10 mA cm ™2 for
water-splitting and urea-electrolysis at a cell voltage of 1.58 V
and 1.49 V, respectively. This work could pave the way for the
rational design of high-performance and cost-efficient electro-
catalysts for urea-containing wastewater electrolysis from the
viewpoint of practical applications.
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Abstract

During contemporary times global climate change is one of the biggest challenges
confronting humankind. Although the intensity of environmental pollution has been minimized due to
recent countrywide lockdown due to an outbreak of novel coronavirus (COVID-19) pandemic almost
all over the world. It seems that the phenomenon of climate change has been adversely influencing
because of frequent natural calamities, reduction in agricultural productivity, health risks, migration,
adaptation and growth in unemployment. The threats of global climate changes and their implications
are not only restricted to a particular continent or region but cross trans-national physical and
geographical boundaries. Keeping in mind the scope and limitations of this paper, impacts of global
climate change have been delineated, exposed and attempted to find appropriate alternatives in the
context of developing countries like India. To mitigate the impacts of climate change from global to
local levels it becomes necessary to rethink developmental models and discourses which are being
envisaged, implemented by the union government, concerned state government agencies, bodies and
policymakers. This paper is a sincere endeavour to understand the challenges and find out
appropriate measures to tackle the contemporary predicament concerned with climate change by
adopting sustainability in developmental models and paradigms. Simultaneously, it would further
minimise the social inequities, jobless growth and strengthen environmental and ecological
consciousness.
KEY-WORDS: 'COVID-19', 'Natural Calamities', 'Agricultural Productivity', 'Health Risk’,
'"Migration', 'Adaptation’, 'Unemployment', 'Sustainability', 'Social Inequities'’, 'Jobless Growth'
'Environmental and Ecological Consciousness'.

Introduction:

The term 'climate change' refers to a change in the longer-term pattern of behaviour of the
atmosphere over millennia or, more recently, as a result of natural processes or human activities.
Climate is distinguished from weather, which is the specific behaviour of the climate at a particular
time. The terms global warming and climate change sometimes seem to be used interchangeably.
Global warming is just one feature of climate change and is indeed an important indicative parameter
of climate change. Small rises in average global temperatures can further lead to very large changes in
other aspects of local and global climatic patterns. In the 21st Century, global climate change is one of
the most serious crises, problems confronting humankind. The human world is standing at a crucial
position in the pace of development. Never before have entire natural resources across the globe have
the threat of'its depletion. Hence, a widespread notion prevailed that no resource is finite and within its
existence, the developmental models should be encouraged which maintains environmental and
ecological equilibrium. Climate change and global warming are wide-ranging and profoundly
influencing almost all dimensions of human societies.

Global Climate Change: Brief Historical Backdrop:

Long before climate change has significantly influenced the history of mankind. Climate
changes over hundreds of thousands and even millions of years facilitated the shaping of the evolution
of our species. The complex and diverse components influenced human evolution and, indeed, in all
the phases of human prehistory and history. Climate change took several forms during the period of
human evolution. Human ancestors evolved during a period of general cooling. Itis generally believed
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and accepted the notion that climate change was a pivotal driving force for human evolution
(Lieberman and Gordon, 2018: 20). Records and accounts of crops and agriculture from the Roman
Empire thus provide possible proxies for climate history, but economics and cultural preferences also
drove planting. (Ibid: 104). The climate, in particular, has been attributed prominently as a molding
force throughout history. During the period of colonial expansion, for instance, issues of adaptation to
different environmental conditions became a major political, scientific and economic dilemma.
Geographical discussions of climate then also focused on centring patterns of variation in levels of
human civilization within a regional climatic framework (Endfield, 2009: 225). Many eighteenth-
century climatic theorists had pointed out with certainty that change of climate might cause a
transformation or even degeneration in man himself (Grove, 1995: 14). The 'El Nino' affects patterns
of drought, flood around the world and agrarian unrest between French revolutions took place during
1789-1793."'El Nino: History and Crisis', edited by Richard Grove and John Chappell has considered a
remarkable work that brings together the recent historical studies of the 'El Nino' and its drastic
impacts on past and present civilizations (Dutta, 2008: 262-63). While narrating an earlier climate
history work of the French Annales School of History, and associated most notably with the work of
Braudel and Le Roy Ladurie (1972), interests in climate-society interactions over the historical period
have also grown significantly over the last few decades. This pioneering work is not only providing
detailed regional climate histories but also put forth significant insights into how societies have been
influenced by, coped with and have responded to climatic variability and weather-related events in the
past (Endfield, 2009: 228). Fernand Braudel, Annals school historian, highlighted the importance of
the environment in historical phenomena. He defined thus,

"History of a human being means the relationships of man with the environment. The
environment is a barrier in human development, by avoiding it there is nothing to do because man is a
slave of the environment, although doing something there would be immense upheavals” (Dhavalikar,
2017:04).

Dealing with the threats of the present and making convenient choices for the future both
depends onunderstanding the environmental experiences of the past. (Hughes, 2009:01).

Factors Contributing To Global Climate Change:

The incineration of fossil fuels and other human activities are the major reasons for the
augmentation of Carbon dioxide (CO2) and other greenhouse gases (GHGs) emissions in the
atmosphere. Historically speaking, the industrialized countries have been the primary contributors to
emissions of Carbon dioxide (CO2). According to one estimate, industrialized countries are
responsible for about 83% of the rise in growing fossil fuel-related Carbon dioxide (CO2) emissions
since 1800. The accountability for emissions increase lies largely with the industrialized world,
though the developing countries are likely to be the source of an increasing proportion of future
increases (Sathaye et al., 2006:315-16). The historical 'Paris Agreement' (2005) framework of terms
concerned with reducing GHGs by major contributors however the USA which agreed to the deal did
not want to put much responsibility to make reductions (Narain, 2021: 49). Carbon emissions in the
atmosphere for hundreds of years, destruction of forest tracts for construction of dams, pollution, rapid
growth in chemical, industrial farming etc. are the major contributors to global climate change
(Nulkar, 2021:01).

Climate Change And Development: The Challenges Of Our Time:

The global temperature has already risen by 1.20C since the 1880s (Narain, 2021: 49).
According to the CEEW ('Council on Energy, Environment and Water') Report (2020), the threats of
natural calamities have arisen as an outcome of global climate change taking severe positions. The
appropriate measurable remedies to these climate change threats to India have been explored as well
by CEEW. Between 1970-2005, in India, there are 250 natural calamities such as droughts, floods and
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cyclones have been recorded and 310 phenomena amongst them have occurred in the last 15 years. Itis
anoteworthy fact that we call natural calamities, which occurred as an implication of consistent human
intervention (Nulkar, 2021:01). The adverse implications and their severity seem to be one of the
biggest impediments in the pace of development. In Jun. 2020 the Nisarg cyclone in the Arabian Sea of
Maharashtra has given a major setback to the peoples of the Konkan region. It has repelled economic
development by 20 years especially among tribal communities (Ibid: 04). The Himalayan glaciers
have been changing their streams and global warming leads towards the rise in the seal level
(Waslekar, 2011: 104). The recent glacier breaks in the Himalayan state of Uttarakhand in Chamoli
districts (7th Feb., 2021) created havoc by devastating the Rushiganga Power Project in the valley and
more than 100 labourers were missing. These phenomena are frequently occurring due to increased
human intervention in the natural ecosystem resulting in global warming, floods and landslides
(Dandekar, 2021: 10). Developing countries are facing immediate concerns that relate to forest and
land degradation, freshwater shortage, food security, air and water pollution. Climate change will
worsen the impacts of deforestation and other economic pressures, leading to further water scarcities,
land degradation and desertification. Increasing global temperatures will result in rising sea levels. In
the global climate change debate, the issue of the largest importance to developing countries is
reducing the vulnerability of their natural and socio-economic systems to projected climate change.
Over time, there has been a visible shift in the global climate change discussions towards adaptation.
Adaptation can complement mitigation as a cost-effective strategy to reduce climate change risks
(Sathayeetal.,2006:316).

Implications Of Climate Change:

The first and foremost setback of climate change bears on the governmental treasury. The
developmental budgets are being diverted for rehabilitation and maintaining public infrastructures.
Secondly, agricultural ruin adversely impacts productivity and food securities. Thirdly, an immense
jolt seems to the socially marginalized and underprivileged communities especially tribal's, women's
and other unorganized strata of the societies. During such natural calamities, they are becoming
socially insecure due to problems of livelihood. It further promotes migration on a large scale from the
inhabited state, region to other state or region. Fourthly, the biggest setback appears to be natural
ecosystems, habitations resulting in loss of pre-existed areas, tracts of biodiversity. It further weakens
the productivity of the natural ecosystems, decreases agricultural foods with nutritional deficiency. By
consuming such foods, the immunity of human beings is weakened. In the last few decades, zoonotic
diseases (transmission of novel diseases from animals to human beings) are frequently increasing
including SARS, Nipah, Zika, Swine flues. A recent outbreak of novel coronavirus (COVID-19)
pandemic is also included in these categories. These challenges before human societies and their
linkages with climate changes, development should be considered by the government and made
appropriate budgetary provisions for mitigations. It is an unfortunate thing that financial budgets are
being drafted by financial experts, policy-makers. However, not including scholars, experts from
diverse academic disciplines especially biology, geography, geology, ecology etc. in the financial
policies, frameworks, planning and administration. In brief, there should be an interdisciplinary
committee to study and emphasize adaptation and mitigation strategies by aiming to minimize adverse
impacts and consequences of climate change (Nulkar, 2021:04).

WhatAre Alternatives Before India? :

India is a large developing country with the largest rural population directly depending on
climate-sensitive sectors (agriculture, forests and fisheries) and natural resources. Simulations using
dynamic crop models indicate a decrease in the yield of crops as temperature increases in different
parts of India. It is important to note that the climate-sensitive sectors (forests, agriculture, coastal
zones) and natural resources (groundwater, soil, biodiversity, etc.) are already under stress due to
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socio-economic pressures. Thus, countries such as India with a large population dependent on climate-
sensitive sectors and low adaptive capacity have to develop and implement adaptation strategies.
(Sathaye et al., 2006:318-19). The measurable policies such as support for adaptation planning and
implementation, creation of a public-private insurance mechanism and alignment of climate funds and
development assistance can be deployed for gaining added benefits. Besides, the Adoption of a
participatory approach to forest management, rural energy, irrigation water management and rural
development, in general, can promote sustained development activities and ensure long-term
greenhouse gas emission reduction Large developing countries such as India should have long-term
Research and Development (R&D) groups working on various aspects of climate change science,
particularly the modelling aspects of GHG emissions scenarios, climate projections, climate impacts,
integrated assessments, adaptation and mitigation. (Ibid: 320-324). CEEW Report (2020)
recommends India to develop a strategic roadmap on five aspects for tackling global climate change
such as developing a climate risk atlas; developing an integrated emergency surveillance system;
mainstreaming risk assessment; enhancing the adaptive and resilience capacity; increasing the
participatory engagement of all stakeholders in the risk-assessment process; and integrating local,
sub-national, and national plans (Mohanty, 2020:34).

While looking into alternative developmental models as far as developing countries like India
is concerned, sustainable development practices would be encouraged which can minimize adverse
impacts of global climate change. Simultaneously it would bridge the lacunae between social
imbalances, urban sprawling due to mass migrants and jobless growth by strengthening environmental
and ecological consciousness. The afforestation, sanitation and cleaning drives of natural ecosystems
such as river cleaning, beach cleaning would further create green jobs which require environmental
innovations and sustainability (Vanitha, 2014: 36). The term 'sustainable development' is widely used
in today's scenarios worldwide. However, the accepted definition of it is "Sustainable development is a
development that meets the needs of the present without compromising the ability of future
generations to meet their own needs" (WCED, 1987:44). Therefore, to reduce further risks of climate
change governmental agencies, policymakers should rethink capital-centric developmental models
and a paradigm shift towards sustainability. It is thus not surprising that the causes and effects of global
climate change are also unequally distributed that needs to be addressed through humanitarian
perspectives with due emphasis on the Gandhian approach to sustainability and development (Barua,
2015:138).

Conclusion:

The threats of global climate change are not restricted to the natural calamities occurring in a
particular region or country but as discussed above it has global adverse implications. In the 21st-
century Global climate diplomacy with cooperation from all developing, developed and
underdeveloped countries is required to tackle contemporary problems. As far as developing countries
like India are concerned, renaming the ministry of environment and forest as climate change by the
union government and other state governments is not adequate. As one of the biggest challenges in the
pace of development, the government should set up strategic mechanisms and encourage sustainable
development practices, models for addressing adverse implications and creating environmental and
ecological consciousness.
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Abstract:

The novel Coronavirus pandemic has made us to use the digital resources due to closure
of colleges across the globe. N-LIST services are considered a vital part of college libraries. The
N-LIST programme provides access to e-resources to faculty, students and researchers from
subscribed colleges and other beneficiary institutions. The present study highlighted on the
awareness and usability of N-List e-resources in Faculty members of Arts, Commerce and
Science Colleges. The survey method has been used for data collection through Google form.
Out of 3004 teacher’s population, 450 teachers were contacted and 418 teachers were
responded for the said study. This paper finds out the necessity of awareness and training
programs to promote the N-List resources. It was found that majority of the faculty members
were preferred the N-List e-resources for their research attitude.

Keywords: N-List. Inflibnet, Covid-19, Ugc Infonet, E-Journals, etc.

1. Introduction:

The whole world is suffering from Covid 19 pandemic situation. Maintain the social
distance is the preventive major on Covid 19. WHO is trying to invent the proper vaccination to
control the Covid-19 virus. Every country is taking care on its own. The total economy and
social balance was disturbed. The education sector is also going through the drastic change by
applying the online education. Due to keep safe distance, all educational institutions are shut
down. Now a day the source of information is only the Internet. All the libraries are closed and
unable to provide the physical reading materials to their readers. Only online platform is open to
render the library services. Application of ICT and services of Digital and Virtual libraries are
the major source of information in this pandemic situation. Every institution can’t purchase all
required e-resources so they have to go for consortia. N-List is the cheapest and reliable
consortia for College libraries. The Project entitled "National Library and Information Services
Infrastructure for Scholarly Content (NLIST)", being jointly executed by the UGCINFONET
Digital Library Consortium, INFLIBNET Centre and the INDESTAICTE Consortium, IIT Delhi
was formally launched by Hon’ble Union Minister of Human Resource Development on 4th
May, 2010

2. Review of Literature

The researchers have focused on to check the use and popularity of N-List e-resources.
They have reviews the above articles for the said study. Dhuri, K. R., & Lobo, J. (2021).
intends in this study to emphasize the importance of having N-LIST e-resources, as well as the
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vital role they played in meeting users' information needs and maintaining their pleasure during
the pandemic era. Users are pleased with the e-resources supplied by the N-LIST collaboration,
according to the survey. In his paper "Lockdown Period and Information Sources," Bilawar
Prakash Bhairu (2020) made us aware of the Coronavirus lockdown time and how online
resources have come to the rescue of students all across the world. According to the findings of
this research study, 377 webinars, 36 FDPs, 26 workshops, 19 quizzes, and 19 training
programmes on various themes were held by various universities during the lockdown period.
Academics and students are encouraged to engage in "digital citizenship”" in the contemporary
environment. Farzand and Salem (2020) emphasized the role of libraries and librarians in
offering services during the COVID-19 pandemic. The research article clearly revealed the
situation of digital services provided by universities during the Covid-19 pandemic.

3. Objectives of the paper
1. To determine whether college faculties are aware of the N-LIST resources.
2. To find out the purposes of accessing N-LIST E-resources by the college faculties.
3. To recognize the problems faced by the faculties while accessing N-LIST.
4. To check the popularity and usability of N-List amongst the college faculties in the
COVID- 19 pandemic situation.

4. Research Methodology

Shivaji University, Kolhapur has 279 affiliated colleges. Among them 172 colleges were
Arts, Commerce and Science colleges. The present study focuses on only these 172 Arts,
Commerce and Science colleges. The researcher has used the survey method for present study.
Total population were 3004 teachers in affiliated colleges .Out of total population, 450 teachers
were contacted to fill the questionnaires on Google form. 418 teachers (84.61%) were filled in
questionnaires were using N-List E-Resources.

5. Data Analysis and Interpretation

The researcher has analyzed & interpreted data by using tables, graphs in the light of
frequency of usages of N-List e-resources by faculty members in Arts, Commerce and Science
colleges selected for present study. The Shivaji University, Kolhapur has 279 affiliated colleges
and it was situated in three districts viz. Kolhapur, Sangali and Satara. The researchers have
focused on Arts, Commerce and Science College teachers only.

a. District-wise distribution of Arts, Commerce & Science Colleges and Teachers

Sr. No | District Colleges Teachers

1 Kolhapur 67 1218

2 Sangali 53 876

3 Satara 52 910
Total 172 3004

Table No 1: District-wise distribution of Arts, Commerce & Science Colleges and Teachers

Table No. 1 shows that in 172 Arts, Commerce & Science Colleges have 3004 teachers
are working in their respective colleges. According to Morgan table 341 is a standard size of
sampling and out of 3304 teachers, 450 teachers were contacted and 418 teachers were
responded.
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b. Frequency of N-List e-resources usage:

Frequency No. of Percentage
Respondents

Daily 274 65.55

Once in a Two Weeks 69 16.51

Once in a Three Weeks 32 7.66

Once in a Month 21 5.02

Rarely 10 2.39

Never 12 2.87

Total 418 100

Table No 2: Frequency of N-List e-resources usage
The table No 2 states that 274 teachers were used the N-List e-resources daily. It means
that the majority of teachers were frequently uses the N-List e-resources in pandemic situation.
N-List resource is becoming the reliable source for them.
c. Purposes of use of N-List E-resources:

Purposes of use of N-List | No. of | Percentage Rank | Rank
E-resources Respondents Respondents
Access to  Electronic 401 95.93
Resources 1
Research and Consultancy | 382 91.39 2
Write a book or an article 358 85.65
or a research paper 3
Gain current and up to date

21 2.1
knowledge : 52.15 4
Study and Learning 196 46.89 5
Prepar.atlon of Lecture or 185 4426
Teaching 6
Reference 174 41.63 7
Other 8 1.91 8

Table No 3: Purposes of use of N-List E-resources

The above table highlights the rank of purposes of use of N-List e-resources. The total
respondents were given their response for each purpose and according to their response; rank had
been shown in the table. 95.93% response had been recorded for Access to Electronic Resources
as first rank and second rank was recorded to Research and consultancy purpose.

d. Awareness ,Availability and Usage of N-List E-Journals (Full Text):

Awareness & | Usage of N-List
Sr. . No. of o 3 .
Publisher . Availability of | e-resources in
No Titles
e-resource percentage
1 American Institute of Physics 18 88 21.05
2 Annual Reviews 33 74 17.70
Economic and Political Weekly
3 (EPW) 1 98 23.44
4 Indian Journals 180 255 61.00
5 Institute of Physics 46 104 24.88
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6 JSTOR 2500+ 345 82.54

7 Oxford University Press 262 152 36.36

8 Royal Society of Chemistry 29 189 45.22

9 H. W. Wilson 3000+ 302 72.25

10 Cambridge University Press 224 214 51.20
Total 6293

Table No. 4: Awareness, Availability and Usage of N-List E-Journals (Full Text)
82.54% teachers were responded their opinion that JSTOR e-journal resource is most useful and
usable resource in pandemic situation and 72.25% teachers were given preference to
H.W.Wilson. N-List is an important and reliable source for e-journals access.

e. Awareness, Availability and Usage of N-List E-Books (Full Text):

Sr. Awareness & | Usage of N-List
No Publisher No. of Titles Availability of | e-resources in
e-resource percentage
1 Cambridge Books Online 1800 85 20.33
2 E-brary 185000+ 347 83.01
3 EBSCoHost-Net Library 936 115 27.51
4 Hindustan Book Agency 65+ 98 23.44
Institute of South East Asian
> | Studies(ISEAS) Books 382+ 145 34.69
6 Oxford Scholarship 1402+ 102 24.40
7 Springer eBooks 2300 289 69.14
8 Sage Publication eBooks 1000 96 22.97
9 Taylor Francis eBooks 1800 156 37.32
10 Myilibrary-McGraw Hill 1124 176 42.11
11 South Asia Archive 45 10.77
12 World e-Books Library -—-- 37 8.85
Total 195809

Table No. 5: Awareness, Availability and Usage of N-List E-Books (Full Text)

N-List provides 195809 e-books in full-text form. These e-Books were freely available to
the registered college teachers. It was easy to access and download. So 83.01% teachers had
given more preference to E-bray e-Books and 69.14% teachers were accessing to Springer E-
Books.

f. Problems while accessing the N-List e-resources:

Sr. No Problems Yes Percentage
1 Slow Internet speed 314 75.12
2 Uncomfortable to Study on Computer screen 178 42.58
3 Slow Downloading 285 68.18
4 Regional Language Problem 301 72.01
5 Lack of Infrastructure 87 20.81
6 Lack of Training 247 59.09
7 Difficulty in finding relevant information 97 23.21
8 Information overload 108 25.84
9 Popups and advertisements of unwanted websites 147 35.17

Table No 6: Problems while accessing the N-List e-resources
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N-List Consortia plays a vital role in the research and paper writing. It gives thousands of
articles in various subjects. But most of the users were facing problem in accessing the e-
resources of N-List. 75.12% teachers were faced the problems viz. Slow Internet Speed,
Regional Language Problem (72.01%), Slow Downloading (68.18%) and Lack of
Training(59.09%) etc.

6. Findings

1. 65.55% of teachers were accessed N-List e-resources daily in pandemic situation.

2. 82.54% teachers were recorded their opinion that JSTOR e-journal resource is most
useful and usable resource in pandemic situation and 72.25% teachers were given
preference to H.W.Wilson.

3. 83.01% teachers had given more preference to E-bray e-Books resource where as 69.14%
teachers were accessing to Springer E-Books.

4. Teachers were facing the problems like Slow Internet Speed (75.12%), Regional
Language Problem (72.01%), Slow Downloading (68.18%) and Lack of Training
(59.09%) etc.

7. Suggestions
1. The College Librarians should be conducts the Awareness and Training Programs of N-
List.
2. The faculty members should enhance their mobile Data packs or Net Packs to get the
uninterrupted e-resources of N-List.
3. The faculties should prefer broadband or lease line Internet Connection to access the e-
resources of N-List.

8. Conclusion

N-LIST E-resources are easily accessible from anywhere and at any time, this was the
major advantage to the users during the pandemic and lockdown period. The inclusion of N-
LIST consortium subscription has made a huge impact in the ways of enhancing the quality of
the higher education among the users. The present study highlighted on the awareness and
usability of N-List e-resources in faculty members of Arts, Commerce and Science colleges. This
paper finds out the necessity of awareness and training programs to promote the N-List
resources. The suggestions will definitely enhance the usage of N-List consortia.
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Abstract. In this paper, we study the existence of a solution for the nonlinear implicit fractional differential
equation of the type

D*u(t) = f (t,u(t), D*u(t)),
with Riemann-Liouville fractional derivative via the different boundary conditions u(0) = u(T), and the three
point boundary conditions u(0) = f1u(n) and u(T) = pou(n), where T > 0,t € [ =[0,T],0<a<1,0<n<T,
0<pr<pa<l

1. Introduction

The theory of fractional calculus has been available and applicable to various fields of study. The
investigation of the theory of fractional differential and integral equations has started quite recently, see
[1, 10} [15) 22] and the references therein. Due to their significant applications in various science and
technology disciplines, differential equations of fractional order have received considerable attention from
researchers over the past few decades. Fractional derivatives introduce excellent tools for describing the
general properties of the various materials and processes. The benefits of fractional derivatives are evident
in the modeling of mechanical and electrical properties of real materials, as well as in the description of the
properties of gases , liquids, rocks and in many other fields, see [12,[13][15, 23] and the references therein.

Fractional order differential equations are used to model real world problems more effectively than
ordinary differential equations. The field deals with the study of the existence and uniqueness of solutions
to initial / boundary value problems for fractional differential and integrodifferential equations has been
studied very well and a lot of papers are available in the literature on it, see for example [2, 5H7, 9] 17, 20,
21,24, 25] and the references therein.

Integral boundary conditions are encountered in population dynamics, blood flow models, chemical
engineering, cellular systems, heat transmission, plasma physics, thermoelasticity, etc. They come up when
values of the function on the boundary are connected to its values inside the domain, they have physical
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significations such as total mass, moments, etc. Sometimes it is better to impose integral conditions because
they lead to more precise measures than those proposed by a local condition. An equation of type

Ft,x(8), %' (t), X" (1), e, XT1(E), X" (1)) = O,

is called the n'" order implicit ordinary differential equation. Such equations have different applications in
economics and managerial sciences. Motivated by the significance of implicit differential equations, many
authors extend this form in fractional order form and investigated the existence results with various initial
and boundary conditions, see [3, 4,8, 11} [14} 18} [19] and the references therein.

The aim of the present paper is to prove the existence of a solution for the nonlinear implicit fractional
differential equation with Riemann-Liouville fractional derivative via the different boundary conditions.
The main tools employed in our analysis are based on the theory of fractional calculus and fixed point
theorems.

2. Preliminaries

Before proceeding to the statement of our main results, we setforth definitions, preliminaries and
hypotheses that will be used in our subsequent discussion.

Definition 2.1. ([10,[15]): The Caputo fractional derivative of order a, for a continuous function f is defined by

1 (d)”f fGs)

T(n—a) \dt g (t—s)xn-1

ds, m—1l<a<nn=[al+1) (1)

Def(t) =
where [a] denotes the integer part of o, provided the right hand side is pointwise defined on (0, 00).

Definition 2.2. ([10],[15]): The Riemann-Liouville fractional derivative of order &« (n —1 < a < n) is defined as

1 ar

n t
DS, u(t) = (%) (Inzu(r) = Tr—m fo (t— )™ lu(s)ds, t > 0. )

We need the following definitions of & — {-contractive mapping and a-admissible mapping which have
been recently introduced in [16].

Definition 2.3. Let (X, d) bea metricspaceand T : X — X be a given mapping. We say that T is an a—1p-contractive
mapping whenever there exist two functions Y € W and a : X X X — [0, o0) such that a(x, y)d(Tx, Ty) < P(d(x, y))
forall x,y € X. Also, we say that T is a—admissible whenever a(x, y) > 1 implies that a(Tx, Ty) > 1.

Here, WV is a family of non-decreasing functions ¢ : [0, c0) — [0, o0). We need the following result which
has been proved in [16].

Theorem 2.4. Let (X, d) be a metric spaceand T : X — X be a given mapping. We say that T is an o — p-contractive
mapping and a— admissible self-map on X such that a(xo, Txo) > 1 for some xo € X. If x,, is a sequence in X such
that a(xy, x,4+1) = 1 for all n and x,, — x for some x € X, then a(x,,x) > 1¥n. Then T has a fixed point.

3. Existence Results

In this section, we prove the main results of the article. We divide this section into three important parts.
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3.1. Casel:

In this case, we discuss the nonlinear implicit fractional differential equation
‘D¥x(t) = f(t,x(t),"D*x(t)),0 <t <1,1<a<2) 3)

via the integral boundary condition

x(0) =0,x(1) = j: x(s)ds, (0 <n <1,

where ‘D* denotes the Caputo fractional derivative of order o and f : [0,1] X X X X — X is a continuous
function. Note that (X, || - ||) is a Banach space and C = C([0, 1], X) denotes the Banach space of continuous
functions from [0, 1] to X endowed with uniform topology.

Theorem 3.1. Suppose that

1. there exists p € C(I) and M € (0, 1) such that P < %(1 — M) where P = max{p(t)|t € [0,1]} and here exists a
function & : R* > Rand ¢ € W such that

|f(t,a1,a2) — f(t,b1,02)| < p(t)lar — ba1| + Mlaz — b
< 20— )+ L g - o),

forallt €[0,1], a1, az, by, by € R and &(ay,b1) 20, E(az, b2) > 0;
2. there exists xo € C(I) such that &(xo(t), Fxo(t)) = 0 for all t € I, where the operator F : C(I) — C(I) is defined by

Fx(t) f(t — )7 f(s, x(s),* D*x(s))ds —

@ G J, (-9 e Do

2-n
+ W j; [ j(; (s —m)*" f(m, x(m),* D“x(m))dm] ds; 4)

3. Foreacht € land x,y € C(I), E(x(t), y(t)) = 0 = E(Fx(t), Fy(t)) = 0; and
4. if {x,} is a sequence in C(I) such that x, — x in C(I) and E(x,, Xp11) = 0 for all n, then &(x,,, x) = 0 for all n.

Then the problem (3) has at least one solution on [0, 1].

Proof. We know that x € C(I) is a solution of the problem (3) iff x € C(I) is a solution of the integral equation
x(t) = 1 f t(t — )% f(s, x(s),* D*x(s))ds — __ 2t f 1(1 —5)%7 f(s, x(5),° D*x(s))ds
(@) Jo o 2 =1)I(a) Jo o

2t n s o ‘o
+ mf(; [fo (s —m)* " f(m, x(m), D x(m))dm] ds, (t €[0,1])

Define an operator F : C(I) — C(I) defined by

Fx(t) = ﬁ j:(t —5)* 1 (s, x(5),° D*x(s))ds wf (1 =) £(s, x(s), D¥x(s))ds

2-n
2t 1 ’ a-1 ca .
e fo [ fo (s — m)* f(m, x(m),* D x(m))dm]ds, (te[0,1]);

Then the problem (B) is eqivalent to finding x* € C(I), which is a fixed point of F. Let x, y € C(I) be such that
E(x(t), y(t)) = 0 for all t € I. By using (1), we have
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1 (! 2 1
|hm4wm%ﬁ5ﬁu—wﬁmmam%@m—aféﬁaﬁu—wﬁmwam%@m

1
+(2,]% f f (s—m)“‘lf(m,x(m),“D“x(m))dm]ds

1 2t 1 . .
- T@ (TFWEL“‘”V@WLDWWs

_ m j(; [](; (s —m)* L f(m, y(m),° D“y(m))dm]ds

1 t a-1 cHa cHa
Sf@ﬁf“‘ﬂ |f(s, x(5)," D*x(5) = f(s, y(s),” D"y(s))lds

(—WV@W)WGWH

mf [1—s|* 1|f(5 x(s), D*x(s)) — (s, y(s), D y(s))lds

L _ a-1
*@ﬂmmwﬁ L“ )

I"D*(x(t) = (1) = | (s, x(s), “D*x(5)) — f(5, y(5), “D*y(s))|
{p(Olx(t) — y(O] + MI'D*x(t) — “D*y(t)l}
p(t)

L0 — y )

.

f(m, x(m),* D*x(m)) — f(m, y(m), D*y(m))dm

Consider

"D x(t) = “Dy(t)|

IA

Therefore,

p(t)
T~y

Since 1 € W is non-decreasing, we have

P()

[“D%x(t) = Dy(t)| <

|CDlXx(t) _ CDle(t)l <

2O~y

= ¢ (I'Dx(t) - Dyl < llf(&l (t) - (t)I)

= y(FDx(0) - DY) < o9 (%0 - y(O)

Therefore,

ROy at) - yeo + N

£t (0, D*x(®) = £, ¥ DB < 0 (x(D) - y(O)

Hence, using above inequality, we get

R
() - yED s

F(a+ 1) P
() - YO s

a) - Py < s [ 1o {E Dy - o + LD

tas ngna‘fl —V‘lH“+”¢a<>—m)n

(2¥mafj‘ '“rm D (1xm) - y(my)
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T(@+1) P
o) = y(m)) s

I(a+1) ft 1 2t fl -1
< [loo) s [t —s|*"ds + ——— |t —s|*ds
Torgay VO~ vik)sup{ @1 Jo

(2 772) fnf Is — m|* 'dm ds}

F(a B
+ o M)r() SIS

X su |t s|*ds + f |t —s|*ds + f f s — m|% tdm ds}
fe? (2 @- n2>

<[3+5 _M]‘/’(”" = ylle)

Hence, for each x, y € C(I) with &(x(t), y(t)) = 0 for all t € I, we have

1. P
IFx — Fylleo < [5 1o M]wmx = Yliw)-

Next, define the function
a: C(I) x C(I) = [0, ) by

-1

a(x,y) = {1+ Za) , if £, y(1) 20 for all tel,

Y .
0, otherwise.

AsP < %(1 — M), so we must have a(x, y) > 1. Therefore, a(x, y)d(Fx, Fy) < y(d(x, y)) for all x,y € C(I).
This implies that F is a — 1p-contractive mapping. By using the condition (3), we get

a(x,y) =1 = (), y(t) = 0= p(Fx(t), Fy(t)) =0 = a(Fx,Fy) > 1

forall x, y € C(I). Therefore, using (4) and Theorem we get the existence of x* € C(I) such that F(x*) = x*
Hence, x* is a solution to (3). O

3.2. Case-II:

Now, we discuss nonlinear implicit fractional differential equation
D%x(t) + f(t,x(t), D*x(t)) =0,(0<t <1, a > 1) (5)

via the two-point boundary conditions x(0) = x(1) = 0, where f : I x R* — R is a continuous function and
I =[0,1]. Note that the Green’s function associated with the problem () is given by

G(t (H1=s) = (t—9)", 0<s<t<1
(t,s) = <_t<1r—(2)>"'l 0<t<s<l1

Theorem 3.2. Suppose that
1. there exists a function & : R> - Rp € C(I), M € (0,1) with P < (1 M) and p € ¥ such that

|f(t,a1,a2) = f(t,b1,b2)| < p(t)lay — b1l + Mlaz — bo| < %¢(|111 = b1l) + ¢Y(lax — byl)

forallt € Iand a,b € Rwith &(ay,b1) > 0, &(ar, b1) > 0.
2. there exists xg € C(I) such that é(xo, fol G(t,s)f(s, xo(s), D“xo(s))ds) >0foralltel
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3. foreacht € Iand x,y € C(I), &(x(t), y(t)) = O implies

1 1
gb(fo G(t,s)f(s,x(s),D"‘x(s))ds,f0 G(t,s)f(s,y(s),Day(s))ds)20;

and
4. if {x,} is a sequence in C(I) such that x,, — x in C(I) and E(xp, Xu41) = 0 for all n, then E(x,, x) 2 0 for all n.

Then the problem (5) has at least one solution.
Proof. We know that x € C(I) is a solution of (5) iff it is a solution of the integral equation

1
x(t) = f G(t,s)f(s, x(s), D*x(s))ds, for all t € I.
0

Define an operator F : C(I) — C(I) by

1
F(x(t)):jo‘ G(t,s)f(s, x(s), D%x(s))ds.

So finding a solution for (E[), it is enough to show that F has a fixed point. Now, let x, y € C(I) be such that
E(x(t), y(t)) > 0 for all t € I. By using (1), we get

1 1
|[Fx(t) — Fy(t)| = ' f(; G(t,s)f(s, x(s), D*x(s))ds — fo G(t,s)f(s, y(s), D*y(s))ds

1
< fo Gt )| |f(s,x(5), D(5)) — (s, y(s), D y(&))|ds

1
< fo Gt pBIx(s) = YO + MIDx(5) = Dy(o)l s

! 1 P
< [ 16091 F910x6) =y + T 70x6) — o s

! 1 P
< - . G, 9)l| 5 d
< 9l = yolysop [ 166,93 + T o

< Y(llx(s) - y(s)“w)[% 1 —PM]

This implies that x, y € C(I) with &(x(t), y(t)) > 0 for all t € I, we have

1 P
IFx = Fyllo < [ 5 + = [p0 = ylla)

Next, define the function
a: C(I) x C(I) — [0, ) by

-1
o g) = {% + ﬁ} | EG), y(B) = 0 for all tel,
0, otherwise.

As P < 1(1 - M), so we must have a(x,y) > 1. Therefore, a(x, y)d(Fx, Fy) < (d(x, y)) for all x, y € C(I). This
implies that F is a — i-contractive mapping. By using the condition (3), we get

alx,y) =1 =), yt) =0 = P(Fx(t), Fy(t)) 2 0 = a(Fx, Fy) > 1

for all x, y € C(I). Therefore, using (4) and Theorem we get the existence of x* € C(I) such that F(x*) = x*.
Hence, x* is a solution to (5). O
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3.3. Case-III:
Now, we study the nonlinear implicit fractional differential equation

Dx(t) + DPx(t) = f(t, x(t),D*x(t))), (0<t<1,0<B<a<]l) (6)

via the two point boundary conditions x(0) = x(1) = 0, where f : [ x R* — R is a continuous function and
I =10,1]. Note that the Green’s function associated with the problem @ is given by G(t) = t"“lEa_,g(—t“‘ﬁ).

Theorem 3.3. Suppose that
1. there exists a function & : R*> > R, p € C(I), M € (0, 1) with P < %(1 — M) and ¢ € WV such that

|f(t,a1,a2) — f(t, b1, b2)l < p(B)lay — b1 + Mlap — by| < %lmﬂl = bil) + ay(laz — Do),

forallt € Iand a,b € Rwith &(ay,b1) > 0, &(ar, b1) > 0.
2. there exists xg € C(I) such that cf(xo, fol G(t,s)f(s, xo(s), D“xo(s))ds) >0foralltel
3. foreacht € Iand x,y € C(I), E(x(t), y(t)) = O implies

1

1
1/)(](; G(t,s)f(s,x(s),D”‘x(s))ds,f0 G(t,s)f(s,y(s),D“y(s))ds)20;

and
4. if {x,} is a sequence in C(I) such that x, — x in C(I) and &(x,, xn11) = 0 for all n, then &(x,,, x) = 0 for all n.

Then the problem (6) has at least one solution.

Proof. We know that x € C(I) is a solution of (5) iff it is a solution of the integral equation
1
x(t) = f G(t —s)f(s, x(s), D*x(s))ds, for all t € I.
0
Define an operator F : C(I) — C(I) by

1
1—“(x(t)):f0 G(t —s)f (s, x(s), D*x(s))ds.

So finding a solution for (6), it is enough to show that F has a fixed point. Now, let x, y € C(I) be such that
E(x(t), y(t)) = 0 for all t € I. By using (1), we get

1 1
|Fx(t) — Fy(t)| = ' fo G(t = s)f(s, x(s), D%x(s))ds — fo G(t = s)f(s, y(s), D*y(s))ds
1
< fo G(t = s)| |f(s, x(5), D*x(s)) — £(5, y(5), D*y(s))|ds
1
< fo Glt = ) ~ o) + MIDx(5) - Dy(e)ds

1
P
< [ 16 =910l = s + 2570000 - o s

1 a P
< — ()l Gt -9l 5 d
< 9l =yl sup [ 166 -9[F + 7]



V. V. Kharat et al. / Filomat 35:12 (2021), 4257-4265 4264

o aP

< P(llx(s) — y(S)”oo)[E + 1-M

1 P
<[5+ 7 [p 06 - ¥l

Note that G(t) = t* ' E,_p(—t*F) < 1271 + | - 197F| < 1971, Hence, sup,; fot |G(t — s)lds <
that x, y € C(I) with &(x(t), y()) = 0 for all t € I, we have

Q=

. This implies

1 P
v = Fylle <[5+ 737 [0 = bl

Next, define the function
a: C() x C(I) = [0,0) by

-1
a(x,y) = {% + %/I} if E(x(t),y(t)) =0 forall tel,

0 otherwise.

As P < 1(1 - M), so we must have a(x,y) > 1. Therefore, a(x, y)d(Fx, Fy) < (d(x, y)) for all x, y € C(I). This
implies that F is a — i-contractive mapping. By using the condition (3), we get

a(x,y) = 1= (), yt) = 0= p(Fx(t), Fy(t)) = 0= a(Fx,Fy) > 1

forall x, y € C(I). Therefore, using (4) and Theorem we get the existence of x* € C(I) such that F(x*) = x*.
Hence, x* is a solution to (@ O

4. Conclusion

In this article, we have proved three existence theorems for three nonlinear implicit fractional differential
equations for various boundary conditions. Our results based on a — y-contractive and a-admissible
mappings. In the future, we will extend the results to other fractional derivatives.
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ABSTRACT
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INTRODUCTION

The earth surface is covered with lot of things which called land cover and land use [1]. The natural and
manmade features are fall in this land use and land cover. Land use and land cover is very important
consideration for proper planning and use of resources in the region to achieve ultimate goal of
development. From the land use and land cover mapping developer can get the proper idea for the
planning process of region. From that idea common man get the benefit of development [2,3]. Land cover
contributes to natural feature on the earth surface which created by nature and used by the man for the
prosperous development. The feature created by the man which bridge, agricultural processes, and
farming techniques, road, railway network, canal system for the irrigation, for utilization of natural
resource to develop the humanity. The GIS and remote sensing are efficient tools and techniques for
mapping, analysis of change detection and analyzing the land use and land cover features [4]. The use of
satellite data with very fine resolution is very useful for the root level planning and management [5]. The
land use and land cover mapping having importance for natural resource management, urban and village
horizontal and vertical expansion, baseline mapping survey, land mapping survey for revenue
department, resource extraction, mining activities, damage assessment by flood, drought, cyclone and
earthquake, legal boundaries detection and mapping for tax assessment and property evaluation in the
urban and rural areas [6]. The land use and land cover map is generated for the Khandala tahsil to
develop the proper planning and management of natural and manmade resource. The use of technology
for efficient planning and management is now requisite to development. To analysis land use and land
cover of study area.

MATERIAL AND METHODS

DATABASE

The secondary data is collected from following sources, Landsat Satellite images, Earth Explorer
(http://earthexplorer.usgs.gov ) useful as source of database for mapping of land use and land cover. The
remotely sensed data is having very high level accuracy and resolution to map the smallest feature from
the earth surface. The temporal resolution or revisit period of the satellite is useful for change detection
analysis. For this study the Landsat satellite data is used from the earth explorer of United Sates
Geological Survey. The cloud free and haze free data is required for the proper mapping.
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Table 1 Details of Landsat Image
Satellite Sensor Path Row Year
Landsat 8 ETM+ 146 & 147 48 26 December 2018
Software Ananlysis

Land use and land cover feature map is derived from satellite image using supervised classification
technique and using ERDAS Imagine 9.2 and ArcGIS 10.5 software.

[ Satellite Image W

[ Supervised Classification }

{ Field Check J

(Land Use and Land Cover Map}

Fig. 1 Methodology

Land use and land cover features are identified and signature value is derived from the satellite image
and different classes are prepared.

RESULTS AND DISCUSSION

There are five land use and land cover features are analyzed from the Khandala tahsil. Such as agriculture
land, settlement, forest land, water body, barren land derived in the Khandala tahsil. The land use and
land cover key parameter for the development of region. The planning process is dependent on the
diversity of region and resources of the region. The Khandala tahsil is versatile in the resources.

Table 2: Land use and land Cover (2018)

Agricultural Land 35893.75

Forest 6756.37
Barren Land 7285.59
Settiement 1646.86
Water body 789.34

Total 52372.00

Agricultural Land

The agriculture is main stay of the population in Khandala tahsil. Land use under agriculture is in
different crops. Nearly 35893.75 hectors area is under the agriculture field. Rainfall and irrigation from
the Veer dam is main source of irrigation to crops. Nearly 73 per cent area of Khandala tahsil is under
different crops.

Water body

The main source of water on the earth surface is rainfall. The water falling from the rain accumulates at
the depression and remaining water flow to sea. Water body is accumulation and flow of water on the
earth surface in the form of river, lake, pond and reservoir. The water body feature is two types one is
natural means created by nature and another is manmade which is developed by man to store the water
for various purpose. In the Khandala tahsil part of dam is falling and percolation tank is distributed in the
region. The river and stream are natural water body found in the region. "VEER" is the largest dam in
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Khandalaon the Nira River flows from the northern border of the taluka. The area covered by water body
is 789.34 hectors and one per cent of Khandala tahsil.

Land use and Land Cover of Khandala Tahsil (2018)

M Agricultural Land ® Forest m Barrenland mSettlement m Water body

3% 1%

Fig. 2Land use and land Cover (2018)

KHANDALA TAHSIL

LAND USE AND LAND COVER
(2018)

Legend
Land Use and Land Cover

| B
1 Barren Land

a3 18 a 3 . # 132
e e e e— ... I ~oricumnure
1 sememeen

Source: USGS EarthExplorer {earthexplorer.usgs. gov) . ot

Fig. 3 Land use and land Cover (2018)

Forest
Forest is natural and manmade resource which is utilized for different purposes. There is 33 per cent area

of the any region is under forest is need of safe and balanced environment. In the Khandala tahsil nearly
12.90 per cent area is under forest (6756.37 hectors). So it reflects need to plant more trees for balanced

environment.
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Settlement

For settlement purpose, man builds the houses and commercial building for the business. The settlement
is manmade land use feature. The land is utilized for the construction of building. The constriction of
canal, road, and railway for this purpose land also utilized. In the Khandala tahsil Lonand is census town
and 66 villages are settled. The total population of Khandala Taluka is 137,418 out of which urban
population is 18,723 while rural is 118,695 as per Census 2011. The area under settlement is 1646.86
hectors.

Barren Land

Land is not under the agriculture use, stony land, and high slope areal, hilly area cover the barren land.
The area under barren land is 11985.59 hectors and 6 per cent to the total area of Khandala tahsil. This
land is not applicable for the agricultural purpose.

CONCLUSION

The land use and land cover analysis is done for the planning and management of resources in the
Khandala tahsil. The agricultural land, barren land, forest cover, settlement and water body classes are
derived from the satellite image and using ArcGIS software. The remote sensing data and GIS technology
is efficient tool for the analysis of land use and land cover.
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minimising shortage cost. The results along with the relztion of profit and shortage cost with budget, warehouse
space are studied through sensitivity analysis,

Keywords; fuzzy nonlinear programming; intuitionistic fuzzy optimisation; IFCr multi-objective inventory model;
fuzzy multi-objective inventory model,
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Chickpea leaf exudates: a green Bronsted acid
type biosurfactant for bis(indole)methane and
bis(pyrazolyl)lmethane synthesis¥
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Rupesh C. Patil, 22 Shashikant A. Damate,® Dnyandev N. Zambare® and
Suresh S. Patil (2 *@
A clean and highly efficient bis(indole)methanes and
bis(pyrazolyl)methanes has been successfully achieved by using a naturally sourced bio-surfactant,

chickpea leaf exudates (CLE), as a Bronsted acid-type catalyst. The reaction proceeds smoothly with CLE

protocol for green synthesis of

in alcoholic medium at 60 °C in a very short reaction time, and therefore it is a green, environmentally
sound alternative to the existing protocols. In comparison to the reported conventional methods, this
synthetic pathway complies with several key requirements of green chemistry principles such as
avoiding the use of any toxic/hazardous catalyst and additives/promoters, the use of a biodegradable
catalyst obtained from renewable resources, auxiliary solvent conditions, and reusability of the catalyst.

Received 24th January 2021,
Accepted 11th April 2021

DOI: 10.1039/d1nj00382h Thus, the reported protocol offers an attractive option because of its ecological safety, straightforward

work-up procedure and excellent values of green chemistry metrics as compared with other reported
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1. Introduction

C-C bonding in organic transformations is an indispensable
tool for synthesis of numerous structural moieties which are
indeed building blocks of agrochemicals, natural products,
medicinally important compounds, and so forth."* The simplest
and of course the most imperative synthetic transformations are
based on formation of carbon-carbon and carbon-nitrogen
bonds. These transformations have been proved as a pioneer
for synthesis of various biologically active compounds and
construction of fine chemicals pharmaceutical agents, and smart
engineering materials, including conducting polymers and
molecular wires.>”

Due to the environmental issues associated with many
organic transformations, there is a huge challenge for researchers
to develop chemical processes using more environmentally
acceptable reagents, catalysts, solvents, and atom-efficient
methods, and energy-efficient technologies eliminating waste
production as well as employing renewable feedstocks are
experiencing a profound challenge to meet sustainability

“ Synthetic Research Laboratory, PG Department of Chemistry, PDVP College,
(affiliated to Shivaji University, Kolhapur), Tasgaon, Sangli (MS), 416312, India.
E-mail: sanyujapatil@yahoo.com
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criteria.® Furthermore, the environmental risks posed by volatile
and toxic organic solvents have become a major concern, as
organic reactions employ more consumption of solvents than
reactants and the employed solvents are difficult to recycle;” to
overcome this problem, the first task is to replace organic
solvents with auxiliary ones.

Nowadays, an important aspect which is receiving growing
attention is the use of alternative reaction media that avoid the
problems associated with many of the traditional volatile
organic solvents.® The use of hazardous solvents in the
chemical industry is associated with a variety of indirect
environmental impacts such as non-renewable resource
reduction as a result of petrochemical solvent production, air
emissions due to solvent incineration or high energy investment
for solvent recycling processes.” Therefore, the ability to
efficiently carry out organic reactions in more environmentally
friendly solvents remains an important object of green chemistry
research. It means that, wherever practicable, synthetic methods
should be designed to use and generate substances that possess
little or no toxicity to animal as well as human health and the
environment.'"® Our interest is using easily available natural
feedstocks to replace chemical catalysts and solvents.

Biosurfactants, being naturally sourced materials, have certain
advantages over chemical surfactants, such as their biodegradable
nature, their less toxic nature, and their ecological acceptability.
One of the fundamental properties of surfactants is their self-
association into organized molecular structures such as micelles,

New J. Chem.
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vesicles, microemulsions, bilayers, membranes and liquid
crystals."! The simplest class of association colloids is the micelle.
The micellisation characteristics of surfactants are determined by
micellization parameters such as the critical micelle concentration,
aggregation number, etc. Combined Bregnsted acid surfactant
catalysts have also been employed in several organic reactions.'>
Considering the significance of surfactants, in this work, chickpea
leaf exudates (CLE) were chosen as catalytic media without using
any external promoters, external acids, ligands, biphasic media
and ionic liquids. The catalytic medium is directly collected
from the chickpea leaf. From the literature record, the botanical
name of chickpea is Cicer arietinum, locally known as chana (or
harbhara) in India; commonly cultivated on a farm, it is an
important source of protein for the local population. Chickpea is
a grain legume adapted to dry and cool environments in Central
and South America, southern Europe, western and southern Asia,
and eastern and northern Africa. A solution containing surfactants
shows appreciable changes in the physical and chemical
properties at the critical micelle concentration (CMC). The CMC
is the concentration of surfactants above which micelles form
spontaneously. Efficient surfactants have very low CMC values, ie.
less surfactant is required to decrease the surface tension.">"*

Nowadays, the development of bis(indolyl)methanes has
received significant attention because they are present in a
variety of natural products and also play a vital role in plant
growth, biomedicine, and agriculture.”> In addition, these
heterocyclic compounds and their analogues present various
important biological and many pharmacological activities,
such as antitumor,'® antileishmanial,'” antihyperlipidemic,®
anticancer,'® antifungal, anti-inflammatory, antibacterial, anti-
biotic, and analgesic properties.”® Some applied methodologies
with different catalysts such as microwave irradiation,*" visible
light,”®> the grinding technique,® ultrasound irradiation,*
infrared,® the solvent free approach,® under aqueous
conditions,*” using an ionic liquid,*® use of acids,* use of nano-
materials,® use of natural materials,*" in micellar media,** and
eco-friendly reagents and catalysts® have been reported.

The 4,4’-(arylmethylene)bis(1H-pyrazol-5-ols) are another
important class of bis-heterocyclic compounds. This is because
the pyrazolone nucleus is one of the most important nitrogen
heterocyclic moieties found in numerous bioactive molecules
with predominant properties such as cytokine inhibitory,>*
COX-2 inhibitory,®> and antitumor properties.*® 2,4-Dihydro-
3H-pyrazol-3-one derivatives including 4,4’-(arylmethylene)
bis(1H-pyrazol-5-ols) also display a wide range of pharmacological
activities for use as antibacterial,>” antidepressant,*® and antima-
larial agents,* and a gastric secretion stimulatory drug.*® They are

Chickpea Leaf Exudates (CLE)
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also extensively applied as fungicides, pesticides, insecticides and
dyestuffs.** Bis(pyrazolyl)methanes are usually synthesized by the
reaction of aryl aldehydes with hydrazine hydrate and ethyl
acetoacetate. For this purpose, a variety of methodologies with
different catalysts including microwave irradiation,** electrolysis,**
ultrasound irradiation,** the solvent free approach,”> under
aqueous conditions,*® using ionic liquids,*” use of acids,*® use of
nano-materials,* and in micellar media® have been reported.
These reported methods have their own limitations such as low
yield, lower product selectivity and an environmentally toxic
catalyst. Considering these aspects, new methodologies in mild
reaction conditions with a cheap and easily available catalyst will
be beneficial as an interesting challenge. Although diverse
approaches towards the synthesis of these derivatives have been
developed, the use of a bio-surfactant is the most elegant strategy.

Therefore, the aim of the present work is to explore the
synthetic utility of a naturally sourced acidic bio-surfactant in
carbon-carbon and carbon-nitrogen bond formation.
Considering the significance of a naturally sourced catalytic
medium, we explore the catalytic activity of CLE for the
synthesis of bis(indole)methanes (Scheme 1) starting from
readily available substituted indole and aryl aldehydes and
also synthesis of bis(pyrazolyl)methanes starting from aryl
aldehyde, ethyl acetoacetate, and hydrazine hydrate in iso-
propanol. To the best of our knowledge based on a literature
survey, the pronounced catalytic effect of CLE as a Brgnsted
natural acid type biosurfactant is being described for the first
time for organic synthesis and the CMC was determined by the
conductivity method.

2. Experimental section
2.1 General information

Except chickpea leaf exudates all reactants and solvents were
commercially obtained from Sigma-Aldrich and used without
further purification. The FTIR spectra were recorded using the
ATR technique on a Bruker ALPHA FT-IR spectrometer.
Thermal gravimetric analysis (TGA) was performed using a TA
SDT Q600 V20.9 Build 20 instrument in nitrogen at a linear
heating rate of 10 °C min~ . The "H NMR spectra (300 MHz and
400 MHz) and "*C NMR spectra (75.5 MHz and 100 MHz) were
measured with AVANCE-300 instruments, using TMS as an
internal standard in DMSO-d, and CDCIl; as a solvent.
The pH of the catalyst and aqueous solutions of chemical
surfactants was measured using a digital pH meter (model
EQ-610). An HPLC-MS instrument (6200 series TOF/6500 series

0
I/ + 2 /H
1a-0 2a-b

Scheme 1 Synthesis of bis(indole)methane derivatives.
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Q-TOF B.05.01 (B5125.3); Agilent Technologies, Santa Clara, CA,
USA) was used for determination of the organic components in
the CLE catalyst. Thin layer chromatography (TLC) analysis was
performed on silica gel 60-F254 pre coated plates (250 pum
layers). Optical microscopy measurements: a drop of
turbid reaction mixture was subjected to light microscopy mea-
surements using an ordinary light microscope under 50x and
100x magnification. The conductivity measurements for the
CMC were performed with an Equiptronics (Model EQ-660B) digital

auto ranging conductometer with a cell constant = 1 cm™".

2.2 Collection of chickpea leaf exudates

For quantitative collection of CLE as a catalytic medium we
consider the growing period of newly cultivated chickpea crops.
At first, for the purpose of exudate collection, cultivated crops on
various lands were selected and then exudates were collected
manually using a clean and soft cotton cloth by an absorption-
wringing process. It was observed that a good quantity of
exudates was obtained from chickpea crops of two months old
(just before the flowering stage). It was also observed that the
early morning (5.00 am to 6.00 am) period gave good collection
of exudates (ESIf). The pH of the collected exudates was
measured using a pH-meter before use and it was found to be
1.1. The collected catalyst was stored for several days at 5 °C.

2.3 General procedure for the synthesis of 3-((1H-indol-3-yl)
(4-methoxyphenyl)methyl)-1H-indol

All the reactions were carried out under an air atmosphere in
pre-dried glassware. A mixture of indoles (2.0 mmol), and aryl
aldehydes (1.0 mmol) in a solution of CLE (5.0 mL) and
iso-PrOH (3.0 mL) was stirred at 60 °C in a preheated oil bath
till the completion of the reaction as indicated by TLC (petro-
leum ether:ethyl acetate). After completion of the reaction,
5.0 mL water was added to the reaction mixture. The solid
products were separated by simple filtration followed by

o

N=(
/_%_ A
NH e

Fig. 1 Structures of acids present in CLE.
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washing with 5.0 mL cold water. The pure products were
obtained by recrystallization with 96% ethanol. All the products
were confirmed by the spectroscopic method using NMR and
FT-IR. The physical and spectroscopic data are consistent with
the proposed structure and is in harmony with the literature
values.

2.4 General procedure for the synthesis of 4-((5-hydroxy-3-
methyl-1H-pyrazol-4-yl)(4-methoxyphenyl)methyl)-3-methyl-1 H-
pyrazol-5-ol

In a 25 mL round bottom flask aryl aldehyde (1.0 mmol), ethyl
acetoacetate (2.0 mmol), and hydrazine hydrate (2.0 mmol)
were placed in a solution of CLE (5.0 mL) in iso-PrOH (3.0 mL)
and stirred at 60 °C in a preheated oil bath till the completion of
the reaction as indicated by TLC (petroleum : ethyl acetate). After
completion of the reaction, 5.0 mL water was added to the
reaction mixture. The solid products were separated by simple
filtration followed by washing with 5.0 mL cold water. The pure
products were obtained by recrystallization with 96% ethanol.
Representative compounds were confirmed by physical
constants and characterized by spectral analysis.

3. Results and discussion

3.1 Characterization of the catalyst

3.1.1 HPLC-MS studies. High performance liquid
chromatography-mass spectroscopy (HPLC-MS) is an analytical
technique commonly used to identify the presence of organic
components in biological samples. It has been reported that
the leaf surfaces of the chickpea plant secrete several organic
acids®"** such as malic, succinic, oxalic, quinic and citric acids
which are responsible for the highly acidic nature (1.1 pH) and
have been correlated with reduced pod damage.>® Because of
the acidic nature of CLE due to the presence of different
organic acids reported in the literature,™ we decided to

(b)
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Fig. 2 FTIR spectra of (a) the CLE catalyst, (b) neat pyridine and (c) a
mixture of pyridine with the CLE catalyst.

investigate the presence of these acids in the exudates. For this
investigation we analyzed a fresh CLE sample by HPLC-MS and
more than 50 acids along with other organic components were
detected as shown in Fig. 1. The mass spectra of all acids are
given in the ESL ¥

In view of these data and in continuation of our ongoing
research in the development of green synthetic protocols
utilizing natural feedstocks,>”*® we thought that this amazing
medium may serve as a Brensted acid type biosurfactant for
this transformation.

3.1.2 FTIR analysis. The FTIR spectra of CLE were recorded
in a frequency range 1850-1300 cm ™ * using pyridine as a probe
for Bronsted acidity measurement. The presence of a band near
1582 cm™ ' is an indication of the formation of pyridinium ions
resulting from the presence of Brgnsted acid sites. In this work
CLE (Fig. 2a), neat pyridine (Fig. 2b) and pyridine added to CLE
(Fig. 2c) show well resolved spectra. The observation of an
absorption band at 1587 cm™' due to the formation of
pyridinium ions suggests that Brensted acids are also present

Sample: RCP-A1 Filo: CATADaSOTIChemSSMRCPAT 001

Size: 33,6330 mg DSC-TGA Operator; TA
Run Dale: 11-Jan-2021 09:52
Comment: TG-DTA-DSC @ 10C/min in Nitrogen instrument: SDT Q600 V20 9 Buld 20
t0a 5 1]
6 .2n
=04 [\ (12 29mg) e
2
_ = / e
g / g
£ « E
§ %1 3% L
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f‘ 11198°C
S217Wig
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sseeC TR, f 6
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Fig. 3 DSC-TGA curves of CLE.
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Table 1 Optimization of the reaction conditions for the model reaction?

OMe

(0] | =
H N =
2 Reaction conditions Q
+ N ——————— - Q
H
1a 2 | |
N
) N

3a

Mely”

CLE Co-surfactant (3 Temp. Time

Entry (mL) mL) (°Q) (min) Yield® (%)
1 0.5 — Rt 180 Trace
2 1.0 — Rt 180 Trace
3 1.5 — Rt 180 Trace
4 2.0 — Rt 180 12

5 2.5 — Rt 180 15

6 3.0 — Rt 180 32

7 4.0 — Rt 180 32

8 5.0 — Rt 180 32

9 3.0 — 60 60 69 (70, 69)°
10 3.0 MeOH 60 30 81

11 3.0 EtOH 60 30 88

12 3.0 iso-PrOH 60 60 94

13 3.0 t-BuOH 60 60 82

14 1.0 iso-PrOH 60 60 84

15 2.0 iso-PrOH 60 60 88

16 5.0 iso-PrOH 60 30 96

17 7.0 iso-PrOH 60 60 90

18 9.0 iso-PrOH 60 60 82

19 5.0 iso-PrOH Rt 60 36
20 — iso-PrOH 60 60 Nr

“ Reaction conditions: 4-methoxybenzaldehyde (1.0 mmol), indole
(2.0 mmol) and CLE (mL). ” Isolated yield. © Temperature: 80 °C, 90 °C.

(Fig. 2¢). Also the band observed at 1637 em™" indicates the
presence of -C—C- bonds and that at 1390 cm ™" indicates ~OH
bending vibrations present.

3.1.3. TGA analysis. As indicated in Fig. 3, the thermal
stability of CLE was determined by thermogravimetric analysis.
The TGA curves of CLE show three thermal decomposition
peaks. The initial weight loss of 36.29% below 55.98 °C is
due to the most volatile component present in CLE. The major
weight loss of 51.30% up to 110 °C is attributed to dehydroxy-
lation and decarboxylation of water soluble acids. The third
weight loss of 2.664% corresponds to the decomposition of
organic compounds. The DSC-TGA data confirm that the catalyst
is stable to 120 °C.

() (b) ()

Fig. 4 The phenomenon of the reaction between 4-methoxybenzaldehyde
and indole: (a) homogeneous phase of the reactants and catalyst at the
beginning of the reaction, (b) the reaction mixture after 5 min, and (c) product
formation after reaction completion.

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021
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Normal view Magnified view

Fig. 5 Optical microscopic images of the model reaction mixture —
normal view and magnified view.

& £

Specific conductance (m.S. em-t)
o
)

-10 0 10 20 30 40 50 60 70 80 9 100 110
Composition of Chickpea Leaf Exudates (viv) (%)

Fig. 6 Plot of specific conductance against percentage composition of CLE.

3.2 Application of CLE for bis(indole)methane and
bis(pyrazolyl)methane synthesis

Our initial studies were focused on the development of an
optimum set of reaction conditions for the synthesis of
bis(indole)methane using chickpea leaf exudates as a bio-based
catalyst by reacting aryl aldehyde and substituted indoles in
alcoholic conditions.

View Article Online
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3.2.1 Optimization of the reaction conditions. For optimi-
zation of the reaction conditions, a 25 mL round bottom flask
was charged with 4-methoxybenzaldehyde (1.0 mmol), and
indole (2.0 mmol) as a model substrate in the presence of
CLE, and the reaction mixture was stirred at room temperature.
After 3 h a low yield (32%) of corresponding product 3a was
observed in TLC (Table 1, entry 6). On increasing or decreasing
the catalytic amount (0.5 to 5 mL), no significant improvement
in the results was obtained after a prolonged reaction time
(Table 1, entries 1 to 8). We continued our efforts for improvement
of the results and when the model reactants were allowed to react
under elevated temperature conditions in the presence of 3 mL
CLE, surprisingly at a 60 °C temperature the product yields were
doubled, while on a further increase in temperature nearly the
same results were recorded (Table 1, entry 9) after 3 h. However,
we were not satisfied with these moderate results and, since
solvents play a crucial role in organic synthesis, the effect of
solvents as co-surfactants was studied for the model reaction
(Table 1, entries 10-13). Among the tested co-surfactants, it was
found that iso-propanol was found to be more efficient for the
present transformation (Table 1, entry 12).

The amounts and nature of the organic solvent have
produced a significant change in the properties of surfactants.
Iso-propanol provides dual performance (co-surfactant and
co-solvent) for organic transformation.?” Iso-propanol as a co-
surfactant increases the hydrophobicity of the micellar medium
of the catalyst while as a co-solvent it increases the solubility of
the reactants in the reaction mixture. Therefore, iso-propanol at
a 60 °C temperature efficiently worked as a co-surfactant leading
to effective synthesis of 3a along with enhanced product yield. It
was also noticed that the condensation using a co-surfactant
proceeded rapidly and was superior to the reported procedures
with respect to the reaction time and yields of the product.’®”°

Furthermore, we also optimized the surfactant: co-surfactant
ratio for the model reaction by changing the amount of CLE

Hydrophobic interior
Hydrophilic exterior

Fig. 7 Mechanistic picture of the role of micelles for bis(indole)methane formation.

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021
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Table 2 CLE-catalyzed synthesis of bis(indole)methane derivatives (3a—t)?
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3b (25, 94)

H
3a” (30°, 96%

NO,

3e (15, 85) 3£ (15, 94)
MeO NO,
0 OMe O
N N N N
3i(15,89) 3j (10, 84)
(b
)
H N
3m (20, 88) 3n (20, 84)
OMe

i ® ( ®

3d (15, 93)

Cl

3¢ (40, 90)

N N
3g (30, 90) 3h (40, 84)
O,N
O OH
N
3k (15, 90) 31 (20, 89)
Br, O Br
|
N N N| |N
30 (35, 92) ;p (40, s;)
S NO,

3q (30,85)

3r (40,85)

3s (35, 80) 3t (30, 88)

“ Reaction conditions: aryl aldehydes (1.0 mmol), substituted indole (2.0 mmol), CLE (5.0 mL), and iso-PrOH (3mL) at 60 °C. * Entry. ¢ Time

in min. ¢ Isolated yields in %.

(Table 1, entries 14-18). The results showed that a surfactant: co-
surfactant ratio at just above the CMC (30%) is a suitable reaction
medium for smooth conversion of the reactant to the product
with respect to time and yield (Table 1, entry 16). From these
results, it was also revealed that further decreasing or increasing
the surfactant: co-surfactant proportion reduces the yield of the
desired product. At ambient temperature with the same reaction

New J. Chem.

conditions, a 36% yield of 3a was obtained (Table 1, entry 19).
Moreover, the catalyst-free condition was also examined (Table 1,
entry 20); the result observed was a viscous reaction system with
no product formation, which indicates that the role of the bio-
surfactant is decisive for bis(indole)methane formation.

The HPLC-MS study of CLE showed the presence of several
organic acids along with other organic components, which may

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021
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Table 3 Comparison of the efficiency of different chemical surfactants with the CLE bio-surfactant for synthesis of 3a

Entry Surfactants Time Yield (%) Ref.

1 Sodium dodecyl sulfate (SDS) 5h 80 60

2 Dodecylsulphonic acid (DSA) 18 min 94 61

3 Tetrabutylammonium tribromide (TBATB) 30 min 95 62

4 Tetrabutylammonium tribromide (TBAT) 3h 65 63

5 Sodium 4-dodecylbenzenesulfonic acid (SDBS) 45h 70 64

6 Cetyltrimethylammonium bromide (CTAB) 5h 20 64

7 Ferric dodecyl sulfonate [Fe(DS);] 8h 80 65

8 Ytterbium(m) triflate/sodium dodecyl sulfate (Yb(OTf);/SDS) 1.5h 84 66

9 Chickpea leaf exudates (CLE) 30 min 96 Present work

X
| =R
H =
0 Chickpea Leaf Exudates (CLE)
© 164 o iso-PrOH, 60°C >
§ @ 0CHs + c,Hs0 '
HQN\ /NHZ
NH, H,N
6

Scheme 2 Synthesis of 4,4’-(arylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-5-ols).

() (b) (c)

Fig. 8 The phenomenon of the reaction between 4-methoxybenzaldehydes
(1.0 mmol), hydrazinehydrates (2.0 mmol), and ethyl acetoacetate (2.0 mmol):
(a) the homogeneous phase of the reactants and catalyst at the beginning of
the reaction, (b) the reaction mixture after 5 min, and (c) product formation
after reaction completion.

collectively form micelles in the reaction mixture and support
moving the reactions in the proper direction. We thought that
this amazing medium may serve as an acidic bio-surfactant, a
better alternative to chemical surfactants and also to harmful
corrosive acids used for organic transformations.

At the beginning, the clear reaction mixture turned to a
turbid emulsion (Fig. 4), which implies that there is the
formation of micelles or micelle-like colloidal aggregates,
which was visualized through an optical microscope (Fig. 5).

The aggregation of organic ingredients from CLE under the
reaction conditions results in the semi-ordered structure of
micelles protruding into the aqueous phase, whereas the
hydrophobic parts are brought into close proximity in the core
of the aggregate excluding water. When organic compounds are
introduced in an alcoholic micellar solution, hydrophobic

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021

interactions will cause binding of these compounds to the
micelles and they will get collected in the core of the micelle
where the reaction occurs more easily. This further confirmed
that the catalyst does not simply provide the acidic medium to
activate the substrate molecules but also helps to aggregate all
the reactants into micelles.

3.2.2 Determination of the CMC by the conductivity
method. To maintain a proper CLE : iso-PrOH composition for
this condensation reaction, we employed electrical conductivity
measurement experiments to determine the CMC and it was
found to be 30% v/v (Fig. 6).

During organic transformations micelle formation occurs
above the CMC, at which the reactants undergo self-assembly to
form aggregates in the solution, which causes conversion of the
true solution to a colloidal system. The micellar solution is
known as a colloidal dispersion of organized surfactant
molecules. The micelle formed in the solution is in a spherical
form in which the hydrophobic tails face toward the interior of
the micelle structure while the hydrophilic head group is
exposed to the solution. The role of micelles to catalyze the
reaction in this condensation is schematically represented in
Fig. 7.

After optimization of the reaction conditions, condensation
reactions were carried out in CLE:iso-PrOH (5:3, v/v) at 60 °C
using a series of structurally diverse aryl aldehydes with sub-
stituted indoles. Aldehydes with electron-withdrawing groups
(-NO,, -Cl, -Br) as well as electron-donating (-OCH3;, -OH,
-N(CHj;),) and hetero aromatic functionalities reacted
successfully and gave the expected products in the stipulated
time period (Table 2).

Thus, the acidic nature of the exudates and the surfactant
activity due to different organic acids offered a synergistic

New J. Chem.
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Table 4 CLE-catalyzed synthesis of 4,4’-(arylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-5-ol) derivatives (7a—n)?

OMe OH
o~
Y R\ N:’ | | \,N N | Y
N\ l l /N N ﬁ \N N/
E OH 01-1H O H OH OH"
7b (25, 90) Te (15, 86) 7d (15, 90) Te (15, 92)
NO, OH Cl 0\
TN
N N N
H oH oHH H OH oOHH
7f (25, 90) Tg (15, 84) 7h (20, 88)
NO,
N, | | \/N N\/ N
H OH a:)Hﬁ H OH OHH
7k (20, 90) 71 (30, 84) Tm (25, 88) 7n (35, 82)

% Reaction conditions: aryl aldehydes (1.0 mmol), hydrazinehydrates (2.0 mmol), ethyl acetoacetate (2.0 mmol), CLE (5.0 mL), and iso-PrOH

(3.0 mL), 60 °C. ? Entry. © Time in min. ¢ Isolated yields in %.

Table 5 Comparison of the efficiency of different chemical surfactants with the CLE bio-surfactant for synthesis of 7a

Entry Surfactants Time Yield (%) Ref.

1 Sodium dodecyl sulfate (SDS) 5h 80 60

6 Sodium dodecyl benzene sulfonate (SDBS) 45h 70 67

10 Chickpea leaf exudates (CLE) 15 min 94 Present work

effect, and the reaction proceeded rapidly in a short time. The
comparison of efficiency of the different chemical surfactants
with CLE bio-surfactant has been presented (Table 3, entries
1-8). The surfactant obtained from chickpea leaf was found to
be excellent with respect to time as well as the yield of the
product (Table 3, entry 9), suggesting that both the surfactant
property and strong Brensted acidity of CLE are essential to
promote the reaction efficiency.

Inspired by these tempting results obtained for condensation
of aldehydes with indoles to afford the desired bis(indole)
methanes, we extended the optimized protocol for a one-pot
pseudo five component synthesis of 4,4’-(arylmethylene)bis(3-
methyl-1-phenyl-1H-pyrazol-5-ols) (Scheme 2).

New J. Chem.

At the beginning, the yellow colour reaction mixture turned
to a turbid emulsion (Fig. 8), which implies that there is the
formation of micelles or micelle-like colloidal aggregates, and
the obtained product was separated easily with the procedure
described in the experimental procedure.

Condensation reactions were carried out in 5.0 mL CLE and
iso-propanol at 60 °C using a series of structurally diverse aryl
aldehydes with hydrazine hydrate and ethyl acetoacetate
(Table 4). As the data in this table show, CLE were simple
and highly efficient for the reaction; all aryl aldehydes (containing
electron-donating substituents, electron-withdrawing substituents
and halogens) afforded the desired products in high yields within
short reaction times.

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021
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Fig. 9 Recyclability and reusability of the CLE catalyst.
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& &8 &8 8 ¢ R

To compare the catalytic activity of CLE with different
chemical surfactants, we also carried out the reaction using
various other chemical surfactants (Table 5, entries 1 and 2).
Comparison of the results shows a better catalytic activity of
CLE as a biosurfactant for synthesis of 7a (Table 5, entry 3).

Recycling of the catalyst

In order to investigate the recyclability and reusability of the
CLE catalyst, we synthesized compounds 3a and 7a. After
completion of the reaction, H,O (5.0 mL) was added to the
reaction mixture and then it was filtered off. The whole filtrate
containing CLE was concentrated under a vacuum and directly
used for the next cycle with fresh reactants for synthesis of 3a
and 7a in iso-PrOH at 60 °C. The recovered catalyst was
employed for a further five successful cycles without significant
loss of efficiency. However, the reaction times were found to be
increased while reusing the recovered catalyst (Fig. 9).

4. Conclusion

In conclusion, we report a simple and new approach for
synthesis of bis(indole)methanes and bis(pyrazolyl)methanes
which represents a highly efficient and environmentally benign
protocol. Apart from this, simplicity of product separation and
effortless reusability of the catalyst are the significant
advantages of this protocol. This new natural Bregnsted acid
bio-surfactant should thereby provide an attractive alternative
to harmful corrosive catalysts. However in a true sense we think
that a bio-surfactant doesn’t offer only a synergistic effect of
acidic nature and surfactant activity but there might be a
combination of many other factors. Hence to have a good
contribution in innovation of green chemistry, we will lengthen
our research to have more exposure to natural surfactant
catalyzed organic transformations.
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This study considered Zn-substituted cobalt ferrite (ZnyCojxFe;04 (x = 0.0—1.0) (ZCF)) thick films
structural, morphological, and electrical properties; and gas sensing performance. The ZCF thick film
sensor was screen printed on a glass substrate and tested for different analyte gases, including Hp, HsS,
CO3, Cly, NH3, LPG, and CoH50H. We used X-ray photoelectron spectrometry to investigate composition,
chemical state, iron/cobalt or zinc ratio, and cation distribution within Zn-substituted cobalt spinel ferrite
tetrahedral and octahedral sites without impurities. FESEM and HR-TEM confirmed grain dimensions
between 0.13 and 0.23 pm and porous, nearly spherical to flake-like morphology for the ZCF samples.
Sample DC resistivity reduced with increasing temperature, confirming semiconductor nature. Thick film
ZCF composition achieved highest the gas response and selectivity to 100 ppm ethanol at room tem-
perature (30 °C). Overall results confirmed that flake-like ZCF sensors could be effective ethanol gas
Sensors.
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1. Introduction

Ethanol is a fermentation product from naturally occurring
biomass sugar, robust corn, and cellulosic material. Raw materials
used in ethanol production are renewable resources. Pure ethanol
is a promising candidate for clean and efficient fuel to address
global air pollution and energy crisis, and many industries require
ethanol vapor detection and monitoring at low concentrations
(ppm/ppb) during manufacturing, handling, and storage, including
wineries, beverages, chemicals, and pharmaceuticals [1]. Ethanol is
a colorless, slightly odorous, volatile liquid containing a psychoac-
tive organic molecule that depresses activity in the upper brain. Its
industrial uses include solvent, fuel, paint constituent, and hot

* Corresponding author.
** Corresponding author.
E-mail addresses: hhpark@yonsei.ackr (H.-H. Park), dnzambare1966@gmail.
com (D.N. Zambare).

https://doi.org/10.1016/j.mtchem.2021.100607
2468-5194/© 2021 Elsevier Ltd. All rights reserved.

drinks, and it is commonly used as an antitussive drug in clinical
medicine. Pure ethanol irritates the skin and eyes and can
contribute to nausea, omitting, and dizziness. Long term ingestion
can lead to severe harm to the liver. The human body forms acet-
aldehyde in the liver after large quantity consumption or exposure,
which is poisonous, mutagenic, and carcinogenic, and hence greatly
increases respiratory, liver, and digestive tract cancer risks [2].
Ethanol containing beverages remain a major contributor to
vehicular and other accidents in many countries, e.g. driving drunk,
etc. [3]. Therefore, gas detectors or sensors to identify ethanol are
essential, and many studies have proposed cost-effective, selective,
and room temperature operating ethanol gas sensors. They are
particularly required for personal safety and environmental
monitoring, i.e., gas concentration around ppm or ppb level [4,5].

Spinel ferrite- based sensors have been developed over the last
two decades to replace traditional sensor materials for environ-
mental monitoring, personal safety, agriculture, defense, space-
craft, etc. Ferrite-based sensors offer easy fabrication, low
manufacturing costs, long-term stability, good sensitivity and
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selectivity, and fast response and recovery times for both oxidizing
and reducing gases, and excellent consistency for actual devices.
Thus, many ZnFe;04, CuFe;04, NiFe;04, and CoFe;04 based de-
tectors have been proposed to detect Hy, HyS, NHs, Cly, acetone,
liquified petroleum gas (LPG), and ethanol gas [6—13]. Cubic spinel
Zinc ferrite-based ethanol gas sensors have been reported at high
operating temperatures [5,10—12]. Mugutkar et al. proposed Gd-
substituted Co—Zn nano ferrites using self-ignited citrate sol-gel
techniques, with nano-crystalline spinel ferrite achieving the
highest response at room temperature to H,S gas [13]. Substituting
transition metal cations in simple ferrites improves structural,
optical, catalytic, magnetic, electrical, and semiconducting prop-
erties due to enhanced morphology (size, shape, surface area, and
porosity) and also increases the number of reactive surface sites
with exceptional chemical reactivity.

The screen printing technique is a simple method to prepare a
thick film of sensing material on non-conductive substrates (glass
or ceramics) by percolating thixotropic printing ink (sensing ma-
terial) through open wood-clad mesh stencil sieves. The printing
ink combines sensing material and organic media, and display
stencils were created by exposing a photo-sensitive layered canopy
to ultraviolet light while concealing the desired design. Binder
mixture and exposure time after printing have a significant influ-
ence on film adhesion and compactness. The technique offers
several benefits, including low cost, allows multiple layers and
reheating, flexible deposition, and can be easily stimulated to built-
up improvement. Binders requiring lower degradation temperature
and minimal toxic gas discharge during heating are strongly rec-
ommended for human and environmental health concerns. Thus,
screen printing enables cheap and durable chemical sensor pro-
duction [9]. The underlying technology can also improve the sur-
face area for gas sensing, and Dalawai et al. reported spinel-type
ferrite thick film formation using screen printing for gas sensing
applications [8].

The current study purpose was to investigate structural,
morphological, electrical, and gas sensing properties for ZnyCo.
xFe204 (x = 0.0—1.0) (ZCF) samples synthesized by chemical co-
precipitation using n-hexadecyl trimethyl ammonium bromide
(CTAB) surfactant. This is a facile, low-cost route offering consid-
erable time and energy savings compared with traditional solid-
state reaction techniques that required sintering. Structural,
morphological, electrical, and gas sensing properties were inves-
tigated for fabricated samples and various analytes, including CO5,
Hy, HaS, Cl, LPG, CoHs0H, and NHs at 30—350 °C operating
temperature.

2. Experimental
2.1. Materials

Extraordinary analytical grade (A.R.) chemicals were employed.
Zinc nitrate hexahydrate (Zn(NOs3),.6H,0), cobalt nitrate hexahy-
drate (Co(NO3),.6H,0), iron nitrate nonahydrate (Fe(NO3)3.9H;0),
acetone, n-hexadecyl trimethyl ammonium bromide (CTAB), 30%
aqueous ammonia, ethylcellulose, and 2, 2 butoxy ethoxy ethyl
acetate were purchased from Thomas Baker (Chemicals) Pvt. Ltd.,
Mumbai, India and used as received without further purification.
Double distilled water was used for all experiments.

2.2. ZCF thick film preparation

Small polycrystalline grain ZnyCoq_4Fe;04 spinel ferrites (x = 0.0,
0.25, 0.5, 0.75, and 1.0; denoted as CF, Z,CF, Z,CF, Z3CF, and ZF,
respectively) were prepared using a surfactant- assisted chemical co-
precipitation route [14]. We then used the screen printing method to
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deposit the prepared ZCF powders. The screen printing setup
included nylon, polyester, and stainless steel screens, polyurethane
and neoprene squeegees, glass substrates, organic binders, and other
miscellaneous items. Fine ZCF powder was deposited (printed) on
the glass substrate through a fine mesh screen, and a thixotropic
emulsion was generated using a volatile ethyl cellulose solution
binder to form homogeneous ZCF adequate particles. Various 2, 2
butoxy ethoxy ethyl acetate proportions were used as an organic
solvent to provide consistent paste viscosity. Paste inorganic to
organic ratio was kept constant at 80:20 for all ZCF thick films [15].
The thixotropic paste was then screen printed on the preferred
substrate, and the printed films were sintered for 3 h at 450 °C. The
critical task for standardized thick film formation was done on the
glass substrate with the help of a fine mesh nylon screen, squeeze,
and then paste as mentioned earlier coated on non-conducting bo-
rosilicate glass substrate was graphically shown in Fig.1 (a).

2.3. Gas sensing

We fabricated a static gas sensing device and measured ZCF
thick film sensor response for several analyte gases (CO,, Hy, Cly,
H,S, LPG, ammonia, and C;Hs0H) at different concentrations and
operating temperatures, as shown in Fig. 1(b). The sensor surface
was silver coated to ensure good electrical contact with the ZCF
film, the resultant sensor was placed in a borosilicate glass gas
chamber equipped with heating assembly, and two silver probes
were well-adjusted by a gap of 10 mm. A calibrated syringe was
used to introduce a known quantity of analyte gas into the chamber,
and sensor electrical resistance was measured in air and the pres-
ence of analyte gas using a Keithley 6514 device coupled to a
computer. Gas response for a sensor was calculated as [16,17].

| Rg— Ra] AR

5 T

(1)

expressed as a percentage, where R, and Rg are sensor resistance in
air and analyte gas environment, respectively, and AR is resistance
change. Sensor selectivity refers to its capacity to react to a single
gas at a given operating temperature in the presence of several
other gases. Response time is the time required for the sensor to
achieve maximum (90%) resistance change in the presence of the
target gas, and recovery time is the time for the sensor to regain 10%
baseline resistance in the air.

2.4. Characterizations

We used thermogravimetric differential thermal analysis (TG-
DTA, Nietzsche STA 409 TG DSE) from ambient to 1000 °C under
synthetic air conditions with 10 °C/min heating rate to investigate
thermal activity and phase temperatures for spinel ferrite. Chemi-
cal compositions and elemental valence states were estimated by
X-ray photoelectron spectrometry (XPS, K-alpha Thermo Scientific
Inc., UK) incorporating an Al K-alpha p-focused monochromator
(1486.6 eV) with variable spot size (30—400 pm in 5 pm steps)
operating at 3 mA and 12 kV. Binding energies for oxygen, iron,
cobalt, and zinc were calibrated using the C 1s peak (284.8 eV).
Field emission scanning electron microscopy (FE-SEM, SIGMA HV
model) with 50—100,000 times magnification was employed to
examine thick film sample surface morphology. Transmission
electron microscopy (TEM, JEM-2100) confirmed particle size for
prepared ferrites with 50—1,500,000 times magnification. The two-
probe technique was used to measure DC conductivities ranging
from room temperature to 600 °C using an in-house ceramic
sample holder. Room temperature gas sensing response was per-
formed with an in-house static gas sensing unit.
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Fig. 1. (a) Schematic presentation of screen printing tools and (b) Graphical illustration of the lab-made gas sensing unit.

3. Results and discussion
3.1. TG-DTA analysis

Sample stability and phase- related information were examined
using thermogravimetric (TG) analysis for air-dried Z;CF precipitate
(ZnyCoq.xFe;04 sample x = 0.25) at 10 °C/min heating rate from
room temperature to 1000 °C, as shown in Fig. 2. The TGA curve for
as-prepared Z;CF indicates net weight loss =21% below 450 °C,
with ~11% due to associated engaged water at approximately
120 °C. The second substantial weight loss occurred at 200—350 °C,

due to pyrolytic exclusion of carbon-based compounds (organic),
leftover hydroxyl groups, trapped gases, etc. The exothermic peak
near 210 °C was due to the decomposition of C, H, and N complexes
associated with the precipitate. The horizontal plateau after 500 °C
confirms thermal stability up to 1000 °C [18,19].

3.2. XPS
Fig. 3(a) and (b) elemental composition and chemical states for

Z,CF and ZF from XPS, confirming the presence of the constituent
elements (zinc, iron, cobalt, and oxygen) in both compounds.
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Fig. 2. TGA-DTA for as-prepared Zng,5C0g75Fe;04 sample.

Fig. 3(c) shows Fe 2p XPS spectra for Z,CF and ZF samples. Peaks at
710.64 and 710.57 eV can be assigned to cubic spinel ferrite octa-
hedral and tetrahedral sites, whereas peaks at 724.57 and 724.37 eV
were due to Fe 2py)p, indicating that Fe is in the trivalent state
(Fe**) in both samples [20,21]. Fig. 3(d) shows Z;CF and ZF sample
Zn 2p spectra exhibit Zn 2p3j; and Zn 2pyj; peaks at 1020.76 and
1021.33; and 1043.89 and 1044.45 eV, respectively, confirming zinc
only occurs at +2 states in both samples. Zn 2p spectra for ZF
nanoparticles only exhibit core level binding energy = 1020.76 eV
for Zn>* species, whereas Co?t and Co>* peaks occurred for the
Z1CF sample. Fig. 3(e) shows that Z;CF high-resolution spectra for
Co 2p states can be resolved into four peaks. Co 2p3 peaks at
779.67 and 781.71 eV, attributed to cubic spinel ferrite octahedral
and tetrahedral occupancy, respectively; a single Co 2pq); peak at
795.82 eV; and satellite shakeup peak at 802.62 eV [20,22]. Fig. 3(f)
shows ZiCF and ZF sample XPS spectra for O 1s. The peak at
529.56 eV indicates metal-oxygen, i.e., Fe—0, Zn—0, or Co—O, cubic
spinel lattice oxygen systems; whereas peaks at 531.74 and
536.52 eV are due to other O species components and water vapor
absorbed on the thick film surface, respectively [23].

3.3. Morphology

Fig. 4(a)—(e) show FE-SEM micrographs for ZCF thick films to
investigate zinc substitution influence on cobalt ferrite thick film
morphology. Increased zinc concentration in cobalt ferrite trans-
forms near-spherical to flake-like morphology, increasing average
grain size from 0.13 to 0.23 pm [14]. Micro-scale lump-like shapes
occurred due to small crystallite or grain agglomeration, with more
loosely agglomerated particles occurring for higher sintering tem-
peratures. The increase in particle size with the rise in Zn concen-
tration in cobalt ferrite (CF) was observed in the micrograph of a
thick film prepared via the screen printing technique shown in
Fig. 4(a—e). ZCF samples confirmed increased zinc doping caused
increased particle size due to the most favorable nature of zinc ions
at tetrahedral sites of spinel ferrite [24,25]. Fig. 4(f) and (g) show
typical HR-TEM and selected area electron diffraction (SAED) im-
ages for bare and mixed zinc cobalt ferrite, respectively. Cobalt
ferrite grains have nearly spherical morphology with uniform size
distribution (Fig. 4(f)), whereas mixed cobalt ferrite exhibits flake-
like and distorted spherical shapes with slight (Fig. 4 (g)). HR-TEM
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images for CF and ZCF particles (Fig. 4(f) and (g)) confirm the
nanocrystalline spherical to flake-like morphology transformation.
Lattice fringes with (220), (311), (400), (511), and (440) intensities
confirm the spinel structure reported previously from XRD data
[14], with d-spacing for the (220) plane in good agreement between
HR-TEM and XRD results. SAED patterns exhibit perfect lattice
planes and bright spots, confirming crystallization and poly-
crystalline nature for the CF and ZCF samples. Thus, HR-TEM and
SAED confirm the CF sample morphology an almost spherical,
which transforms into flake-like morphology with increasing zinc
substitution due to aggregation and reactivity at higher sintering
temperatures.

3.4. Direct current (DC) electrical resistivity

Fig. 5 shows temperature- dependent electrical resistivity for
ZCF thick films under ambient conditions above the Curie tem-
perature using the two-probe technique. The d. c. electrical re-
sistivity logp vs. reciprocal of temperature (10%/T) (k~!) plots
were presented in Fig. 5, which showed that the value of log p
reduces linearly with increasing temperature, claimed a re-
sistivity drops drastically at a definite temperature. Reduced re-
sistivity with increasing temperature was ascribed to increased
charge carrier drift mobility and released bound charges with
increased thermal energy [26]. The rapid drop or break in the
curve indicates reduced resistivity due to some conduction
mechanism, confirming semiconductive nature. Hence octahe-
dral spinel sites are favorable to the charge transfer mechanism,
thereby decreasing resistivity for higher cobalt concentrations in
ZCF samples. Increasing electrical conductivity with increasing
temperature shows that ZCF semiconductivity follows Arrhenius’
relationship [27].

p= po eE/kD, (2)

where T, k, and E, are absolute temperature, Boltzmann’s constant,
and activation energy, respectively. The highest resistivity was
found for Z{CF at room temperature due to stoichiometric zinc and
cobalt proportions.

3.5. Ethanol sensor

We fabricated a ZCF thick film sensor using a screen printing
technique, and measured gas-sensing performance for several
oxidizing and reducing gases: Hy, H,S, CO,, Cly, LPG, ammonia,
and ethanol. The gas response was calculated by measuring
sensor resistance changes between air and analyte gas environ-
ments. Oxygen species adsorbed on the sensor material changes
sensor resistance during gas sensing. The number of oxygen
species adsorbed on the surface of the sensor thick film
depending on grain size, specific area, porosity, and working
temperature. Thus, the sensor gas response is an interface be-
tween adsorbed oxygen species and analyte gas physical
adsorption or chemisorption. Chemisorption typically includes
charge exchange amongst adsorbed gas molecules and semi-
conductors, modifying the charge extent near interfaces, and
hence that differs sensor conductance [28]. Therefore oxygen
molecules on or near sensor surfaces transfer electrons from the
conduction band to adsorbed oxygen atoms, establishing O, 07,
andjor 0~ ionic species. Oxygen species adsorption-desorption
involves critical complex chemical reactions in the gas sensing
process [15,29],
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Fig. 3. XPS for Zn,Co;_sFe;04 thick film samples: survey spectra for (a) x = 0.25 (Z1CF), (b) x = 1.0 (ZF); XPS spectra for (c) iron and (d) zinc; high resolution spectra for (e) cobalt and

(F) oxygen.
02 (airy <= O2(ads) (3)
Oz(ads) + € <> Oaqs) (4)
Oi(ads) + e7 <« 20(_ads>, (5)
Ofads) + € < Ol (6)

and
Oaads) + 2~ <> Olygy (7

where subscripts air and ads refer to oxygen from surrounding air
and adsorbed species, respectively. Thus, chemically adsorbed ox-
ygen species exchange electrons from the sensor material con-
duction band, hence changing resistance (either increasing or
reducing, depending on the specific analyte species) [30,31].
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Fig. 4. FESEM micrographs for ZnyCo;_xFe;04 thick film where (a) x = 0.0, (b) x = 0.25, (c) x = 0.50, (d) x = 0.75, and (e) x = 1.0; typical HR-TEM images and SAED patterns for

ZnyCoq_xFe;04 (f) x = 0.0 and (g) x = 0.5.

Fig. 6(a) shows the correlation between gas response and
operating temperature for ZCF thick film sensors to 100 ppm
ethanol vapor over 30—350 °C. The Z;CF thick film sensor exhibited
the highest response at room temperature (30 °C), which reduced
with increasing temperature. Ethanol gas response was linked to
the number of oxygen species adsorbed on the sensor surface,
where response rate depends on the film active surface, porosity,
and pore diameter remaining favorable to analyte gas adsorption
[32,33]. The ZCF samples exhibited high specific surface
area = 4.72, 5.20, 2.14, and 2.93 mz/g; with cumulative pore
volume = 0.066, 0.064, 0.054, and 0.077 cm’/g; and typical pore

diameter = 56.39, 49.12, 100, and 10.53 nm for x = 0.0, 0.25, 0.75
and 1.0 respectively, estimated by Barrett—Joyner—Halenda anal-
ysis, as detailed in our earlier publication [14]. Oxygen molecules
from the environment dissociate rapidly on or the near porous,
chemically reactive grain surface of ZCF thick films due to Zn
incorporation. Synergistic effects from the heterojunction
improved sensing parameters, such as gas response, selectivity, and
operability for a wide humidity range at room temperature. Ethanol
adsorption rate reduced with increasing temperature, with the
stable gas response above 150 °C for all ZCF thick films. The Z;CF
sensor achieved the highest gas response and selectivity, with other
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sample responses well-ordered by chemical reaction rates and gas
molecule diffusion equilibrium due to the hydrophilic nature of
sensor film and polar, weak acidic nature of ethanol molecule at
room temperature. Whereas the thick film sensor response reduced
with increasing temperature due to reduced gas diffusion on or
near the sensor film.

The Z;CF thick film sample exhibited a higher response to
ethanol than bare CF at room temperature and maximum response
compared with other mixed ZCF thick films due to higher active
surface area, porosity, and stoichiometric composition. The highest
overall sensing capability was confirmed by the highest room
temperature electrical resistance, hydrophilic and maximum sur-
face area (5.20 m?/g), pore diameter (49.12 nm), and total pore
volume (0.064 cm>/g). Z;CF porosity deals with the nanoflake-like
surface to enhance oxygen adsorption on or near the surface where
ethanol vapors respond to pre-adsorbed oxygen species. The ZCF
thick film interacts with oxygen molecules from the air, acquiring
electrons from the conduction band to adsorbed O, molecules,

creating O,, O, and/or 0%~ jonic species. Species 0, (<150 °C)
were produced at room temperature rather than O~ and O~
(>150 °C). Chemisorbed oxygen species reactions with ethanol on
or near ZCF sensor active sites may include

C2H5OH(gaS) + Oi(ads) _)CZHSO(_gaS) + OH(_adS) (8)

and/or

2C2H50H(ad5) + Oi(ads) bd 2CH3CHO<gaS> +H20(gas) —+ 2e.
9)

The released electrons bounce back to the ZCF sensor material
conduction band, increasing electron flow and reducing resistance
for the ethanol gas environment. Fig. 7 visualizes the reaction be-
tween adsorbed oxygen species and ethanol vapors and their
charge transfer mechanism. The semiconducting gas sensor per-
formance strongly depends on the conduction mechanism and
active surface area within the porous material, impacting chemi-
sorption reactions between the sensor surface and surrounding
gases [34].
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Fig. 5. DC electrical resistivity for ZCF thick films.
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Fig. 6(b) shows ZCF thick film sensor selectivity to 100 ppm
ethanol gas and 500 ppm other analyte gases response at room
temperature since earlier experiments established maximum gas
response towards ethanol vapor at room temperature. Z;CF thick
film sensor achieved highest response and selectivity to ethanol
with approximately 34% response to 100 ppm ethanol with corre-
sponding 0.13%, 0.34%, 0.23%, 0.17%, 0.21%, and 0.18% response for
LPG, CO,, Hy, Cl, ammonia, and H;S gases at 500 ppm, respectively.
The Z,CF detection response (34%) is significantly improved
compared with current sensors and attributed the previous sensor
systems different sensor film surface reaction energies, porosity,
and pore diameters.

Selectivity coefficient (K) was calculated as

K = SEthanol/SX7

where Sginanot and Sx are sensor gas responses in the presence
of ethanol and other (X) gases, respectively, and thus,
K = 261.53, 100, 147.82, 200, 161.90, and 188.88 for LPG, CO,, Hj,
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Fig. 6. ZnyCo;.xFe;0,4 thick film sensor (a) response to 100 ppm ethanol gas with
respect to operating temperature, and (b) selectivity for different analyte gases at room
temperature.
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Cl,, ammonia, and H,S gases, respectively, where larger K
means the sensor has stronger selectivity to distinguish the test
gas (ethanol) in the presence of the other gas were attributed to
the fact that the different gases have different energies for re-
action to occur on the sensor surface, porosity, and pore di-
ameters too [15].

Reproducibility and stability are essential factors for gas sensing
applications. Fig. 8(a) shows Z;CF thick film sensor repeatability to
100 ppm ethanol vapors at room temperature under constant
relative humidity RH = 70%. Fig. 8(b) shows Z;CF thick film sensor
response and recovery time to 100 ppm ethanol concentration at
room temperature = 27 and 58 s, respectively, indicating quick
response and recovery. The Z;CF sensor response was relatively
steady for 3 cycles dynamic response to 100 ppm ethanol at room
temperature. Fig. 8(c) shows relative humidity effects on Z1CF thick
film sensor gas response to 100 ppm ethanol concentration at room

temperature. Z;CF sensor maintains a steady response up to 75%
RH but rapidly loses responsiveness for higher humidity. Never-
theless, a clear reaction was detected with 34% and 33.3% response
at 75% and 90% RH, where most previous gas sensors fail. Thus, the
proposed Z;CF sensor can detect ethanol at exceptionally high RH.
Ambient humidity can also affect sensor response and recovery
rate since active sites on the thick film surface may become more
commonly filled by water molecules as RH increases. Fig. 8(c) also
shows Z1CF sensor response and recovery time for fixed 100 ppm
ethanol with respect to relative humidity. Sensor response and
recovery time increases with increasing relative humidity but
remain less than 30 and 62 s, respectively, even at extreme hu-
midity (90% RH). Modest response and recovery times, 27 + 3 and
58 + 5 s, across a wide range of relative humidity (15—75%)
confirms that the Z;CF sensor responds and quickly recovers while
sensing ethanol gas.
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effects.
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Fig. 9(a) shows Z;CF sensor response increased monotonically
with increasing ethanol concentration at room temperature; with
indicated cut off, active, and saturation regions indicating practical
concentration ranges. An unimolecular analyte gas layer formed on
the active film surface in the Z;CF sensor active region
(20—100 ppm), producing more significant sensor response. In
contrast, gas concentrations beyond 100 ppm increased surface
regions with several gas molecule layers, i.e., saturation sensitivity.
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In contrast, the Z;CF limit of detection = 7 ppm ethanol at room
temperature. Fig. 9(b) shows Z;CF sensor stability to 100 ppm
ethanol at room temperature over three months versus the gas
response. Previous studies have shown that metal oxide sensor
response tends to reduce with sensor age. However, the proposed
Z,CF sensor shows very little age affect, retaining approximately
98% response level after 90 days, considerably extending practical
application opportunities. Table 1 compares the proposed Z;CF zinc
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Table 1
Proposed zinc substituted CoFe,04 sensor compared with previously reported cubic spinel ferrite sensing materials.
Sensor Material Temperature ("C) Analyte Gases Concentration (ppm) Gas Response (%) Response time (Sec.) Ref.
ZnFe,04 332 C,HsOH 100 215 4 [5]
240 H,S 100 14.8 7
ZnFe04 220 C,Hs0H 40 202.5 ~56-69 [11]
ZnFe,04 340 C,HsOH 500 8486 10 [12]
Gd—Zng3C0p7Fe;04 RT H,S 100 40 - [13]
ZnFe;04/TiO,/NiO RT. Propanol 6000 - 80 [32]
Ethanol 6000 — 20
ZnoeMng 4Fe;04 350 C,HsOH 50 ~0.8 10 [33]
CoFe,04 150 C,Hs0H 50 71.90 50 [34]
Mgo.5ZngsFe;04 325 Acetone 20 56 137 [35]
Ethanol 20 39 61
CoFe,04 240 NH3 100 0.6 19.6 [36]
CoFe,04 RT NH; 1000 0.42 - [37]
Pd—Cog gNig 2Fe,04 210 NH; 200 0.9 20 [38]
ZnFe,04 RT LPG 5vol % 16 120 [39]
Zng25C00.75Fe204 RT Ethanol 100 34 ~27 This work

cobalt ferrite thick film sensor with several previous cubic spinel
ferrite-based semiconducting material- based sensors for ethanol
gas sensing at room temperature.

4. Conclusions

This study proposed and fabricated a screen- printed thick- film
sensors- incorporated ZnyCoq.xFe;04 (ZCF) nanoparticles synthe-
sized using a facile and low-cost chemical co-precipitation route.
Elemental examination using XPS confirmed the anticipated stoi-
chiometry for Fe, Zn, and Co elements without impurities. FE-SEM,
HR-TEM, and SAED confirmed morphology changed from spherical
to flake-like, increased grain diffusion, and increased average par-
ticle size (0.13—0.23 pm) with increasing Zn*>* content in the cobalt
ferrite. HR-TEM and SAED confirmed ZCF polycrystalline and cubic
spinel structure. The Zng5Cog 75Fe204 (Z1CF) sensor material ach-
ieved the highest room temperature resistance and clear semi-
conduction characteristics with extraordinary DC resistivity.
Subsequently, the fabricated Z;CF sensor achieved the highest
response and selectivity to 100 ppm ethanol at 30 °C, with excellent
long-term stability. Thus, screen-printed Z;CF thick film is a worthy
candidate for efficient ethanol sensors, suggesting applications as
breath analyzers for safety and health monitoring.
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