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Association of Punjab Geographers 
(Registered under Societies Registration Act, XXI of 1860, No. 1902 of 1998-99) 

Executive Committee (2022-23 & 2023-24) 
 

Chief Patron:       Dr. H.S. Mangat (Patiala)  
Patron:        Dr. M.S. Jaglan (Kurukshetra)  
President:      Dr. Anuradha Sharma (Jammu)  
Outgoing President:      Dr. Dharam Singh Sandhu (Ludhiana)  
President Elect:      Dr. S.P. Kaushik (Kurukshetra)  
Vice Presidents:      1. Dr. K.V. Chamar (Rohtak)  

        2. Dr. Gaurav Kalotra (Chandigarh)  
        3. Dr. V. K. Bhardwaj (Jaipur)  

General Secretary:      Dr. Lakhvir Singh Gill (Patiala)  
Joint Secretary:      Dr. Monika Kannan (Ajmer)  
Finance Secretary:      Dr. Shaik Iftikhar Ahmed (Chandigarh)  
Press & Publicity Secretary:     Dr. Jaspal Singh (Mohali)  

Executive Members:  

1. Dr. Navneet Kaur (Chandigarh)    2. Dr. B.C. Jat (Jaipur)  
3. Dr. Inder Jeet Singh (Jammu)    4. Dr. Ram Lal (Shimla)  
5. Dr. Pritam Chand (Bathinda)    6. Mr. Navjot Singh Billing (Patiala)  
7. Dr. Jagseer Singh (Bathinda)    8. Dr. Tajinder Kaur (Jammu)  

Ex. Officio Members:  

Editor, Punjab Geographer     Dr. H.S. Mangat  
Managing Editor, Punjab Geographer   Sh. Jaswant Singh  
Associate Editor, Punjab Geographer   Dr. Omvir Singh  
Editor, Geographers’ Newsletter    Dr. Jaspal Singh  
Coordinator, Meritorious Student Award   Dr. Anuradha Sharma  
Coordinator, Young Geographer Award   Dr. Inder Jeet Singh   
Coordinator, Promising Geographer Award  Dr. Vishwa B. S. Chandel  
Coordinator, Inter-State Geographical Quiz   Dr. Manoj Kumar Jangra 

 

Please contact if you have any queries regarding conference: 
E-mail: apgconference2024@gmail.com 

Phone: +91-9416912640; +91-9646647342; +91-9996220010 



 

About the Association of Punjab Geographers 

The Association of Punjab Geographers (APG) is a national organization, 
registered under the Societies Act of 1860, No. 12 of 1989-99. At present, it has 592 
life members from all over India, including a few members from abroad. APG is 
striving for the promotion of teaching in Geography at the level of schools, colleges 
and universities. It encourages applied research addressing the problems of the 
society which fall within the scope of Geography. To achieve these goals, it has 
instituted the ‘Young Geographer Award’, ‘Promising Geographer Award’ and 
publishes quality research journal ‘Punjab Geographer’ indexed in SCOPUS. APG also 
publishes ‘Geographers Newsletter’ a bi-annual publication for disseminating 
geographical information and awareness. It also felicitates distinguished geographers 
in recognition of their specific achievements and services to the society. 

APG organizes its annual meet in the form of a national/ international 
conference in collaboration with Geography departments of various Universities/ 
Colleges to deliberate on the issues falling within the ambit of Geography. To 
generate environmental awakening among the children, APG regularly runs 
programmes such as plantation in schools, arranging special lectures, painting 
contests, teaching of Geography contests, model making, photography contests etc. 
APG also organizes Inter-state Geography Quiz Contest for undergraduate and 
postgraduate students from Punjab, Haryana, Himachal Pradesh and Jammu 
province. 

About the City 

 Welcome to Karnal, a city of agricultural splendor and cultural richness nestled 
in the heart of Haryana, India. The city is a dynamic blend of tradition and modernity. 
Karnal is a thriving education hub, home to prestigious research institutes like the 
National Dairy Research Institute (NDRI), Central Soil Salinity Research Institute 
(CSSRI) and Central Institute for Research on Buffaloes (CIRB) etc. This abundance of 
educational resources further enriches the city's intellectual landscape, providing a 
conducive environment for learning and research. In February, Karnal enjoys a 
delightful climate, with temperatures ranging from around 10°C to 22°C. The days are 
pleasantly sunny, and the nights are crisp and cool, making it an ideal time for 
outdoor activities and exploration. As you immerse yourself in the city's bustling 
markets, indulge in delectable local cuisine, and interact with the warm and 
hospitable residents, you'll experience Karnal's unique charm, where tradition meets 
progress. Karnal boasts excellent air connectivity, thanks to its proximity to 



 

Chandigarh, the capital city of Haryana and Delhi, the National Capital. Nestled just 
125 kilometers from Chandigarh and Delhi, Karnal is a city that promises seamless 
connectivity. With its strategic location on the Grand Trunk Road, Karnal ensures easy 
access from every corner of the country. The city's well-efficient rail transport system 
adds another layer of convenience, making your journey comfortable and hassle-free. 
We invite our esteemed delegates to enjoy the National Conference amidst Karnal's 
soothing February climate, leaving you with unforgettable memories of this vibrant 
city. 

About the College 

 Dyal Singh College, Karnal, the only NAAC accredited Grade A+ and ISO 
140001 & 9001 certified College in the city, is celebrating its 75th glorious year of 
excellence in education marking a remarkable milestone with pride and achievement. 
From its humble beginnings to becoming a beacon of knowledge and empowerment, 
the college has come a long way, shaping countless lives and leaving an indelible 
mark on the educational landscape of Karnal city. Founded in 1910 at Lahore in 
Pakistan, the college was reestablished at Karnal in 1949 after partition of India.  Dyal 
Singh College is embarking on a mission to provide quality education and holistic 
development opportunities to the youth of Karnal and its neighboring regions. Over 
the past seven and a half decades, this premier co-educational centre of learning has 
stood tall as a symbol of academic brilliance, fostering a nurturing environment 
where students are encouraged to explore, learn, and grow. The college has all the 
three streams of learning-Arts, Science and Commerce, with Master Courses in 
English, Hindi, Political Science, Chemistry and Commerce, 5-year Integrated Course 
M. Sc Forensic Science along with the add-on and vocational courses.  

 

 

 

 

 

 

 

 

 



 

Thrust Area of the Conference 

 The two-day National Conference on "Environment and Resource Management 
for Sustainable Future" is aimed to serve as a comprehensive platform for knowledge 
sharing, fostering awareness, and encouraging collaborative efforts in the realm of 
environmental sustainability and resource management. The conference is designed 
to bring together researchers, scholars, and experts from various fields, providing 
them with an opportunity to disseminate their research findings and insights related 
to pressing environmental issues. One of the primary objectives is to raise awareness 
about critical challenges such as climate change, pollution, and resource depletion, 
both among the general public and decision-makers. Through networking 
opportunities, the conference will facilitate valuable interactions, allowing 
professionals and researchers to forge collaborations, share innovative ideas, and 
establish meaningful academic and professional relationships.  

 Furthermore, the event is aimed to contribute to policy development by 
hosting discussions and proposing strategies for sustainable environmental 
management and resource conservation. Emphasizing an interdisciplinary approach, 
the conference will encourage dialogue between professionals from diverse fields, 
promoting a holistic understanding of complex environmental issues. Technical 
sessions will be organized to identify practical solutions, inspiring attendees to take 
proactive measures in their respective spheres towards environmental conservation 
and sustainable resource management. Overall, the conference will serve as a source 
of inspiration, encouraging positive actions and initiatives that may contribute to 
building a more sustainable future for all. 

Focal Theme of the Conference   

Environment and Resource Management for Sustainable Future 

The sub-themes 

 Geospatial technology in Resource Management and Planning 
 Sustainable Management of Mountains and Coastal Resources 
 Conservation of Natural Resources 
 Biodiversity and Sustainable Environment 
 Developing Resilience towards Climate Change 
 Tourism and Livelihood 
 Population and Urbanization-Emerging Trends 



 

 Gender Issues and Challenges 
 Blending Traditional and Modern Techniques for Sustainable Agriculture 
 Decentralization and People's Participation for Inclusive Development 

Call for Abstracts/ Papers 
 Researchers are cordially invited to submit their abstracts for presentation 
during the conference on any sub-theme and related issues. The abstract must be 
written in MS Word document (A4 size), Arial, 12 font size, and 1.15 line spacing 
without inserting any special symbol, formula, diagram, table, or reference. The 
abstract should clearly indicate the research problem, methodology, and the key 
findings of the work within 400 words. A sample template of the abstract can be 
downloaded from the given link: https://bit.ly/3FfNBlN. 
 Files sent through email or by any other means will not be considered. To 
prevent multiple submissions of the same abstract, only the corresponding author 
should submit one. If an abstract is contributed by more than one author and the 
non-presenting author also registers for the conference, he/ she will be automatically 
mapped to the abstracts co-authored. All abstracts will be reviewed by the organizing 
committee and may be sent back for revision if required. If a revision is necessary, the 
revised abstract must be sent back within a week. Participants are requested to fill up 
the registration form and send the same along with the abstract and the registration 
fee latest by January 15, 2024 using the given link for the registration: 
https://forms.gle/Hzj7jnGSMSYw9QGJA. Abstracts submitted without the registration 
fee and after last date (January 15, 2024) will not be included in the 
conference souvenir. A person attending the conference without an 
abstract can directly proceed with registration & payment. The 
persons’ status will be of attendee only. If you face any problem in 
abstract submission, feel free to send your query and abstract on the 
mail: apgconference2024@gmail.com. 

Registration Fees  
Payable Amount (INR) 

Category  Host Fee APG Fee Total**  
(without late Fee) 

Total 
(with late Fee) 

General Delegates/ 
Local Participants*   

1000/- 300/- 1300/- 1500/- 

Research Scholars 700/- 300/- 1000/- 1200/- 
Accompanying Persons 1000/- - 1000/- 1200/- 

Students 500/- - 500/- 500/- 

Senior Delegates (Above 65 Age) - - - - 
  *Accommodation will not be provided to the local participant 
 **Last date of submitting registration fee is January 15, 2024. 



 

The participants can get themselves registered online by paying registration fee 
(all inclusive) in A/C No. 55002451840; Name of Account Holder ‘Dyal Singh College 
Trust Society’; Name of the Bank: State Bank of India; Branch Name: Dyal Singh 
College Branch, Karnal-Haryana; Branch Code:  50637 and IFSC Code: SBIN0050637. 
The receipts of registration fee (Host + APG share) will be issued at the time of 
registration. Non-Paid research scholars & UG/PG Students are exempted from APG 
share of registration on the recommendation of respective head of the department. 
Senior Delegates (Above 65 Age) will be the honorable guests of the college and no 
fee will be charged from them. Registration fee includes participant kit, entry to all 
sessions, both boarding and lodging and participation certificate charges. Late fee of 
Rs. 200/- is applicable after January 15, 2024. Spot registration is also available on 
February 09, 2024, only to attend the conference. There is no provision for refunding 
the registration fees. 

Accommodation 

 The delegates in need of accommodation must write/ email to the convener 
along with the proof of registration fee before January 25, 2024 to enable the 
organizers to make arrangements. Accommodation will be provided on sharing basis. 
On the spot request for accommodation may create inconvenience both for the 
participants and organizers. Hence, no request for accommodation, on the spot or 
after January 25, 2024, will be entertained by the organizers. After January 25, 2024, 
participants will have to arrange for accommodation themselves at their own 
expense. 

Important Dates  

January 15, 2024      : Deadline for submission of abstract and deposit of  
    registration fee without delay. Thereafter, late fee will be  
    charged and the abstract will not be included in the souvenir.  
  

January 15, 2024      : Deadline for submission of paper for the Young Geographer  
    Award competition and poster for the Promising Geographer 
    Award competition. 
 

January 20, 2024      : Acceptance of Abstract 
 

January 25, 2024      : Deadline for information regarding accommodation  
 

February 9-10, 2024 : Conference dates 



 

Publication of Proceedings  

 The organizers intend to publish the proceedings just after the conclusion of 
the conference. Therefore, delegates are requested to submit full paper to the 
convener by February 15, 2024. The manuscript, tables and figures must be in the 
format as prescribed for ‘Punjab Geographer’ journal using the guidelines for the 
authors mentioned in the Journal, which can be downloaded by scanning this QR 
code. Presentation of the paper on the conference does not provide 
the right for publication. Selection of the paper depends on its quality 
check by the editorial team. The papers and posters received for 
award competition will also be considered for publication in the 
proceedings.   

Dr. Saminderjit Singh Memorial Young Geographer Award 

 Original research papers, along with bio-data of the authors who have done 
Masters’ in Geography and have not attained the age of 32 years, are invited from all 
over India and SAARC countries for the Young Geographer Award competition. A soft 
copy of the paper prepared according to the guidelines for the authors of 'Punjab 
Geographer' should be submitted in English to Dr. Inder Jeet Singh, Assistant 
Professor, Department of Geography, University of Jammu, Jammu (E-mail: 
indergeog.ju@gmail.com, Mob: 9906007392), with a copy to Dr. Lakhvir Singh Gill, 
General Secretary, Association of Punjab Geographers (Email: 
generalsecretaryapg@gmail.com Mob: 9814928741). The name of the author and 
department should not be mentioned on the paper, but in the covering letter, to 
keep secrecy. Evaluation and competition will take place only if there are at least six 
participants. The paper must accompany a proof of age and a certificate about the 
originality of the paper. The winner will be awarded a cash prize of Rs. 3000/- and 
first runner up with a cash prize of Rs. 2000/- along with certificates. The award 
money will be adjusted towards Life Membership if the participant is not a member 
of the APG.  The papers received later than January 15, 2024 will not be considered 
for evaluation. It is mandatory on the part of the participants to submit the certificate 
of date of birth and Masters’ degree in Geography at the time of submission of the 
paper to the coordinator. For detailed rules and research paper format, please visit: 
www.apgorg.org. The competition will take place in a special session of the 23rd APG 
Meet and National Conference being organized by Dyal Singh College, Karnal, 
Haryana on February 9-10, 2024. 



 

Prof. B. Hema Malini Promising Geographer Award 

 Under this award, Poster Presentation Competition is organized on the themes 
of the conference. Young Geographers, who have done Masters’ in Geography and 
have not attained the age of 28 years, are invited from all over India and SAARC 
countries for the Promising Geographer Award competition. The aspirants of this 
award shall submit soft copies of their original posters along with bio-data in English 
to coordinator of this award, Dr. Vishwa B.S. Chandel, Assistant Professor, 
Department of Geography, Panjab University, Chandigarh, (E-mail: 
vishwa.geoinvader@gmail.com. Mob: +91- 9872833637), with a copy to Dr. Lakhvir 
Singh Gill, General Secretary, Association of Punjab Geographers (E-mail: 
generalsecretaryapg@gmail.com Mob: 9814928741). The winner will be awarded with 
a cash award of Rs. 3000/-, the first runner-up Rs. 2000/- and the second runner-up 
Rs. 1000/- respectively along with certificates. The Award money will be adjusted 
towards Life Membership if the participant is not a member of the APG. The posters 
received later than January 15, 2024 will not be considered for evaluation. It is 
mandatory on the part of the participant to submit the certificate of date of birth and 
Masters’ degree in Geography at the time of submission of the poster to the 
coordinator. For detailed rules and guidelines, please visit www.apgorg.org. The 
competitors will have to display their posters on the space provided for it on 23rd 
APG Meet and National Conference being organized by Dyal Singh College, Karnal, 
Haryana on February 9-10, 2024. 

APG Meeting 

 A joint meeting of the Executive Committee of the Association of Punjab 
Geographers and the Editorial Board of ‘Punjab Geographer’ will take place in the 
Library, Dyal Singh College, Karnal, Haryana on February 9, 2024, at 6:00 pm. All the 
members are requested to attend the meeting. The agenda of the meeting will be 
circulated by the General Secretary well in advance. General Body meeting will also 
take place just after the Valedictory Session of the conference on February 10, 2024, 
to apprise and discuss with the members the decisions taken by the Executive 
Committee in its meeting held on February 9, 2024. All the members of APG are 
requested to attend the meetings.  
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Community Engagement: Stakeholder 
Participation in Education

 Abhishek Sharma
 Assistant Professor

 Govt. College Julana (Jind)

Abstract

Community engagement in education is fundamental for fostering inclusive 
and empowering learning environments. This chapter delves into the significance, 
challenges, and transformative potential of stakeholder participation in education. 
It explores the dynamic role of communities in shaping educational experiences, 
identifies key stakeholders, and showcases successful models of community 
engagement through case studies. Despite facing challenges such as resource 
disparities and communication barriers, strategies for overcoming these obstacles 
are proposed, emphasizing the importance of trust-building and equity-centered 
approaches. Looking toward the future, the chapter highlights the potential of 
technology and innovation to enhance community engagement in education, offering 
opportunities for broader collaboration and participation among stakeholders. 
By embracing inclusive practices and leveraging technological advancements, 
educational institutions can cultivate thriving learning communities and foster 
equitable educational outcomes for all learners.
Keywords: NEP 2020, Stakeholders, Community Engagement, Technical Innovations.
Introduction

Community engagement is a vital component of education, connecting learners, 
educators, and society. Throughout this chapter, we've explored its profound 
impact and diverse dimensions. It embodies inclusivity, shared responsibility, and 
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collective empowerment, recognizing that learning extends beyond classrooms into 
every aspect of life. By forging partnerships between schools and communities, we 
integrate learning into daily life. Community engagement enriches education by 
bridging theory and practice through real-world experiences like mentoring and 
internships, preparing students for the future and inspiring innovation. It fosters 
social cohesion, transcending barriers and promoting empathy and diversity. Despite 
challenges like logistical constraints and disparities, inclusive practices ensure every 
voice is valued. As we delve into case studies and best practices, let's commit to 
leveraging community wisdom for a brighter educational future. Collaboration, 
from grassroots initiatives to national policies, is key to fostering thriving learners 
and flourishing communities. Let's embark together on this transformative journey 
toward an inclusive tomorrow.
Understanding the Role of Community in Education

The community's role in education is vital, shaping individuals' educational 
journeys and contributing to society's well-being. Acting as a crucial support 
system, communities offer resources, guidance, and opportunities for learners to 
thrive. This chapter explores various dimensions of community involvement in 
education, delving into its significance, challenges, and transformative potential. 
Communities serve as the foundation for learning and development, influencing 
attitudes towards education from early childhood. As children interact with social 
norms and familial traditions, they build the groundwork for their educational 
paths. As learners progress, the community's role evolves, engaging a broader range 
of stakeholders. Parents and caregivers become active participants, supporting 
academic endeavors and advocating for educational needs. Meanwhile, local 
businesses, civic organizations, and cultural institutions offer extracurricular 
opportunities, enriching educational experiences. Communities also serve as 
experiential learning labs, providing real-world contexts for students to apply 
knowledge and develop critical thinking skills. Moreover, they shape educational 
policies and priorities, advocating for equitable access to resources and holding 
institutions accountable. Despite the benefits, community involvement faces 
challenges like resource disparities and cultural barriers, requiring commitment 
to transparency and collaboration. Understanding the dynamic interplay between 
communities and education enables harnessing collective wisdom for a more 
inclusive and enriching educational experience.
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Identifying Key Stakeholders and Their Contributions

Identifying key stakeholders in education is crucial for effective community 
engagement. These stakeholders, including parents, teachers, administrators, and 
local businesses, have a vested interest in educational processes and outcomes. 
Parents and caregivers support their children's education, advocating for their needs 
and actively participating in school activities. Teachers bring expertise and passion 
to classrooms, while administrators provide leadership and vision. Outside the 
school gates, local businesses, civic organizations, cultural institutions, and faith-
based groups contribute through financial support and real-world experiences. 
Engaging with policymakers and advocating for evidence-based policies prioritizes 
student needs and social justice. Fostering authentic partnerships requires open 
communication, active listening, and collaborative problem-solving. By fostering 
trust, transparency, and mutual respect, educational institutions can harness 
stakeholders' collective wisdom and resources to create a responsive, equitable, 
and student-centered educational system.
Case Studies: Successful Models of Community Engagement

Studying successful community engagement models offers valuable insights 
into collaboration strategies between educational institutions and local communities. 
Case studies provide real-world examples of implemented initiatives, showcasing 
their impact on educational outcomes and student success. These studies provide 
inspiration, identify best practices, and learn from others' experiences. They illustrate 
diverse collaboration strategies with parents, community organizations, businesses, 
and cultural institutions. Successful partnerships offer students real-world learning 
experiences, career exploration opportunities, and support services for learners' 
well-being. Case studies also highlight culturally responsive teaching practices and 
community-based learning experiences, promoting diversity and inclusion.
Overcoming Challenges and Barriers to Stakeholder Participation

Stakeholder participation in community engagement in education faces various 
challenges that must be addressed to foster collaboration effectively. This section 
outlines common obstacles and suggests strategies for overcoming them.
	 A.	 Lack of Awareness: Many stakeholders may not understand the significance of 

their involvement in educational initiatives. Raising awareness and clarifying 
roles are essential to overcoming this barrier.

	 B.	 Limited Resources: Underserved communities may lack resources and capac-
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ity, hindering their participation. Prioritizing equitable access and providing 
capacity-building opportunities can help address this challenge.

	 C.	 Communication Barriers: Language and cultural differences can impede ef-
fective communication. Inclusive communication strategies such as translation 
services and plain language materials can mitigate this barrier.

	 D.	 Power Dynamics: Systemic inequities may limit marginalized stakeholders' 
influence in decision-making processes. Equity-centered approaches and am-
plifying marginalized voices are crucial for addressing this challenge.

	 E.	 Trust Building: Historical mistrust between institutions and stakeholders can 
hinder collaboration. Transparency, accountability, and consistent communica-
tion are key to building and maintaining trust.

	 F.	 Resistance to Change: Stakeholders may resist significant shifts in practice. 
Involving them in decision-making processes and demonstrating the benefits 
of collaboration can help overcome this resistance.
Addressing these challenges requires a multifaceted approach that fosters 

inclusive communication, builds trust, and acknowledges systemic inequities. By 
doing so, educational institutions can create more impactful community engagement 
initiatives that support the success of all learners.
Future Directions: Harnessing Technology and Innovation for Enhanced Com-
munity Engagement

Looking ahead to the future of community engagement in education, leveraging 
technology and innovation offers numerous opportunities to enhance collaboration, 
communication, and participation among stakeholders. This section explores the 
potential of technology to transform community engagement, highlighting emerging 
trends, promising practices, and key considerations for its effective use.
	 A.	 Emerging Trends: Technology advancements such as social media, virtual 

reality, and artificial intelligence provide new avenues for connecting with 
stakeholders and fostering collaboration across diverse communities.

	 B.	 Promising Practices: Virtual town hall meetings, online surveys, and col-
laborative digital platforms enable stakeholders to participate in educational 
decision-making processes regardless of location or time constraints.

	 C.	 Key Considerations: Addressing digital divides, ensuring privacy and data 
security, promoting digital literacy, and fostering inclusivity are crucial for 
effective technology-enabled engagement.
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	 D.	 Innovative Approaches: Interactive webinars, virtual reality experiences, and 
online collaboration platforms facilitate engaging, participatory experiences 
for stakeholders.

	 E.	 Role of Artificial Intelligence: AI and data analytics offer insights into stake-
holder preferences and needs, aiding in tailoring engagement strategies to meet 
evolving interests.
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ABSTRACT: Bismuth vanadate (BiVO4) has been one of the most
promising photoanodes for the photoelectrochemical (PEC) water
oxidation process. Efforts are still on to overcome the drawbacks of
this photoanode to enhance the catalytic efficiency and improve the
stability. In the present work, three-dimensional graphene (3D-G) was
incorporated inside the BiVO4 matrix, primarily to improve the
conductivity of the material. The photoanodes are fabricated with the
incorporation of a SnO2 heterojunction and application of cobalt borate
(Co−Bi) as a cocatalyst. The incorporation of 3D-G has enhanced the
photocurrent from 0.72 o 1.21 mA cm−2 in ITO/SnO2/BiVO4 and ITO/
SnO2/3D-G-BiVO4 materials; the photocurrent has been improved from
0.89 to 1.52 mA cm−2 in ITO/SnO2/BiVO4/Co−Bi and ITO/SnO2/3D-
G-BiVO4. Semiconductor properties are evaluated from the Mott−
Schottky measurements, and the charge transfer and transport kinetics of the PEC process are measured from several
photoelectrochemical investigations. Both the charge transport and the charge transfer efficiencies are enhanced upon inclusion of
3D-G into the catalyst system. The lifetime of the charge carrier is observed to be increased. The decrease in the decay kinetics of the
holes, enhancement in the open-circuit photovoltage (OCPV), and the resulting modulation of the surface states are responsible for
the enhancement in the surface charge transfer process due to the inclusion of 3D-G into the catalytic system. Therefore, the
additional role of 3D-G in the modulation of the surface states and release of the Fermi level pinning has made the band alignment
between the semiconductor and the analyte better, which resulted in enhanced catalytic performance in the photoelectrochemical
oxidation of water.

1. INTRODUCTION
Generation of hydrogen using solar energy is one of the
promising routes to harvest solar energy for sustainable
utilization of renewable energy. The photoelectrochemical
(PEC) splitting of water using solar light is the most promising
route to harvest solar energy for sustainable energy generation
with zero carbon footprints.1 The overall water splitting
reaction through the PEC route has the anodic process; the
oxygen evolution reaction (OER) and the cathodic process;
and the hydrogen evolution reaction (HER). However, the
sluggish kinetics through complicated pathways makes the
oxygen evolution reaction the rate-limiting step of the overall
water splitting process. The development of an efficient
photoanode for sustainable oxidation of water is therefore the
most challenging in the overall PEC water splitting. The
important photoanode materials that have been investigated
over the years are TiO2, WO3, α-Fe2O3, and BiVO4,

2−6 and
most of these materials are not so expensive for practical
utilizations. Among them, BiVO4 has been extremely
promising due to some of the important parameters such as
band gap ∼2.4 eV, favorable band position, photoelectrochem-
ical stability in aqueous solution, earth abundance, and
nontoxicity with a high theoretical efficiency of 7.5 mA cm−2

under AM 1.5 G illuminations.7 However, the experimentally
observed solar to hydrogen (STH) conversion efficiency of the
bare BiVO4 is only 5.2%; such lowering of experimental
efficiency arises mainly due to the slow surface kinetics, poor
hole diffusion, and fast charge recombination.8−13

Several strategies have been adopted to enhance the
experimental STH efficiency, which include heterojunction
formation,14−18 heteroatom doping,6,19,20 creation of oxygen
vacancies,21,22 band engineering,20,23−26 crystal facet engineer-
ing,27−29 and nanostructure control;30 all these processes are
essentially aimed at enhancing the transport of the photo-
generated holes from the bulk of the material to the interface.
Heterojunction formation with suitable band positions has a
specific role in transporting the majority carriers toward the
sink through the generation of low-energy pathways, which

Received: May 10, 2023
Accepted: August 30, 2023

Articlehttp://pubs.acs.org/journal/acsodf

© XXXX The Authors. Published by
American Chemical Society

A
https://doi.org/10.1021/acsomega.3c03229

ACS Omega XXXX, XXX, XXX−XXX

This article is licensed under CC-BY-NC-ND 4.0

D
ow

nl
oa

de
d 

vi
a 

A
bh

is
he

k 
Sh

ar
m

a 
on

 S
ep

te
m

be
r 

10
, 2

02
3 

at
 0

2:
50

:5
3 

(U
T

C
).

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Abhishek+Sharma"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sudipa+Manna"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sriram+Kumar"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ashis+Kumar+Satpati"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.3c03229&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03229?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03229?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03229?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03229?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03229?fig=abs1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.3c03229?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://acsopenscience.org/researchers/open-access/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


reduces the electron−hole recombination. The sluggish OER
kinetics at the interface and the associated trapped surface
states cause the significant decrease in overall efficiency.31,32

Surface modification using oxygen evolution catalysts (OECs)
has been designed for the acceleration of the surface hole
transfer kinetics of BiVO4-based photoanodes. The OEC
catalysts such as Co−Pi,19,33−35 Co−Bi,

36−38 NiOOH/Ni-
borate,39 FeOOH,24 Ni(Fe)OOH,25 and FeOOH/NiOOH7

have been investigated to improve the onset potential and
suppress the charge recombination for the PEC water
oxidation. Among the different OECs, the Co-based cocatalyst,
especially cobalt borate (Co−Bi), has been extensively
investigated in view of its superior catalytic activity in PEC
water oxidation.40 The enhancement of both the bulk and
surface charge movements, which are called charge transport
and charge transfer, respectively, through the modifications of
the catalytic composite materials is therefore the important
aspect to be worked on.
The carbon nanostructures have important roles in the

electrochemical catalysis processes. The one-dimensional
nanomaterial with sp2-bonded carbon in the form of carbon
nanotubes (CNTs) is highly popular due to the enhanced
conductivity and edge adsorption properties. The two-
dimensional (2D) form of carbon as a graphene sheet has
been in the spotlight since its discovery in 2004.41 In the
graphene sheet with the presence of sp2 carbon in the
honeycomb-like arrangements in a single plane, the material
has one of the highest specific surface areas. The long-range
π−π stacking has resulted in several interesting properties;
most importantly, the excellent electron mobility is of the
primary interest for its use as a catalyst and as the catalyst
support. The excellent thermal conductivity of graphene is also
helpful in designing the catalyst support, as the material
network would distribute the localized heat generated during
the catalysis process. In spite having such good properties,
when the 2D graphene is put on practical applications in
energy harvesting and storage, it finds difficulty in sustainability
due to the restacking of the graphene sheets.42−45

The alternate way to solve the issue is to construct three-
dimensional (3D) interconnected structures in place of the 2D
structure. The 3D structure essentially retains the goodness of
the graphene network in addition to providing stability in the
system. The 3D graphene (3D-G) nanostructures are
generated through several synthesis protocols, and the
performance of the materials varies with the variation in the
synthesis protocols. The definition of the 3D graphene and
differentiating it from the graphite originate from the
involvement of a number of graphene layers and 3D
structuring of the graphene sheets from the two-dimensional
form. Presently, 3D graphene has been synthesized with
graphene oxide (GO) as the starting material. BiVO4 is
entangled with the 3D-G matrix to generate the BiVO4/3D-G
composite-modified photoanode. The modification of the PEC
catalytic performances is discussed in the direction of
enhancement of the conductivity of the material, essentially
to drive the charge carrier in both the directions.
In some of our previous publications, we have tried to

improve the catalytic performance of BiVO4 through the
formation of a SnO2 heterojunction, doping with Mo,
treatments by photocharging, and enhancement of the catalytic
performance by generation of the electrocatalyst Co−Bi outer
layer.6,35 The photocorrosion aspects of BiVO4 have been
reduced by generation of the TiO2 surface protective layer

using the atomic layer deposition technique.46 In addition to
the enhancement of the stability of BiVO4, the TiO2 surface
layer is observed to enhance the catalytic performance. The
present work has been focused on the enhancement of the
conductivity of BiVO4 through the incorporation of 3D-G into
the BiVO4 matrix. In addition to providing conductivity, the
3D-G matrix has the ability to hold the BiVO4 for enhanced
stability and also to channelize the charges for better catalytic
performances and enhance both the charge transfer and
transport processes. The 3D-G network is expected to provide
the required electronic stability of the composite without any
detrimental effect on the performance.

2. MATERIALS AND METHODS
2.1. Materials. Bismuth(III) nitrate (Bi (NO3)3·5H2O,

98%), ammonium vanadate (NH4VO4, >99%), stannic
chloride (SnCl4, 98%), sodium sulfite (Na2SO3, 98%), and
cobalt(II) nitrate hexahydrate (Co(NO3)2·6H2O, ≥98%) were
purchased from Sigma-Aldrich. Sodium sulfate (Na2SO4),
sodium hydroxide (NaOH, 98%), and boric acid (H3BO3,
98%) were obtained from Sarabhai M Chemicals. Ethylene
glycol (EG) and potassium ferricyanide were purchased from
SD fine Chemicals Limited. All the chemicals were used
without any further purification. Indium-doped tin oxide
(ITO) was used as a transparent substrate for the thin film
fabrication.
2.2. Fabrication of the Photoanode. The SnO2/BiVO4

heterojunction was prepared by a previously reported method.6

Briefly, 0.2 M SnCl4 in EG was stirred overnight and a 100 μL
aliquot was spin-coated onto ITO at 2000 rpm for 30s and
dried at 200 °C for 5 min. The 8 cycles of spin coating were
performed followed by 2 h of annealing at 450 °C (heating rate
was kept 5 °C per min). These modified electrodes are named
as ITO/SnO2. These ITO/SnO2 electrodes were further spin-
coated in a similar fashion with bismuth vanadate precursor
solution, which was prepared by dissolving 0.2 M bismuth
nitrate and 0.2 M ammonium vanadate in a 4:1 ethylene
glycol/water mixture. 3D-G was prepared from GO, 100 mg of
GO powder was dispersed into 200 mL of deionized (DI)
water, and 4 g of urea was added to the solution at 0 °C under
stirring conditions. 200 mL of 0.025 M HCl solution was
added and kept under vigorous stirring overnight. The material
was collected by centrifuging and redispersed into 100 mL of
DI water. 0.5 g of ascorbic acid was added to this mixture and
left undisturbed at 100 °C for 6 h. A cylindrical foam structure
was formed, and it was lyophilized to obtain the 3D-G. For
inclusion of 3D-G, the ITO/SnO2 electrode was coated with
the bismuth vanadate precursor containing thoroughly mixed 1
mg/mL 3D-G. Finally, these electrodes were annealed at 450
°C for 2 h under a nitrogen atmosphere to avoid
decomposition of 3D-G, and the samples without 3D-G are
annealed under atmospheric conditions. The electrodes with
3D-G are named ITO/SnO2/3D-G-BiVO4, and those without
3D-G are named as ITO/SnO2/BiVO4.
To further improve the catalytic activity of the electrodes,

photoassisted electrodeposition of cobalt borate (Co−Bi) was
performed. The deposition bath was prepared by dissolving 2
mM Co(II) nitrate in 0.1 M borate buffer solution of pH 8.
Photoassisted electrodeposition was performed at 0.86 V vs
reversible hydrogen electrode (RHE) under 1 sun light
irradiated using a solar simulator fitted with an AM 1.5 G
filter. The ITO/SnO2/BiVO4 electrode modified with Co−Bi
is named as ITO/SnO2/BiVO4/Co−Bi, and similarly, the Co−
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