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Abstract:  

The relationship between poetry and the environment has been the subject of much scholarly 
attention, with many scholars arguing that poetry can serve as a means of exploring and expressing 
environmental concerns. This research paper examines the connection between poetry and ecological 
imagination, exploring how poetry can be used to develop ecological consciousness and promote 
sustainable living. 

The study draws on a close reading and analysis of selected poems from a range of poets to 
identify common themes related to nature, ecology, and environmental degradation. The analysis 
shows how poetry can help us to connect with the natural world and to develop a deeper 
understanding of our relationship with the environment. It also highlights the potential for poetry to 
serve as a means of inspiring action towards environmental sustainability. 

The authors argue that poetry can be a powerful tool for promoting ecological awareness, 
providing a means of exploring environmental issues in a way that is both emotionally and 
intellectually engaging. They suggest that poetry can help us to see the world in a different way, 
encouraging us to view the environment as something to be protected and preserved. 

The paper concludes with a discussion of the implications of the findings for environmental 
education and advocacy. The authors suggest that poetry can play an important role in promoting 
environmental literacy and in inspiring individuals to take action towards environmental 
sustainability. They highlight the need for greater recognition of the role of poetry in environmental 
discourse and call for increased efforts to integrate poetry into environmental education and advocacy 
efforts. 

Key Terms: Ecological imagination, Poetry, Nature, Environment, Environmental degradation, 
Sustainability, Consciousness, Environmental education, Advocacy. 

Research Paper: 

Ecological Imagination: 

The term ecological imagination was coined by American literary critic, Lawrence Buell, in 
his book, "The Environmental Imagination: Thoreau, Nature Writing, and the Formation of American 
Culture". Ecological imagination refers to the ability to imagine and understand the 
interconnectedness of all living things in the environment. It involves an empathetic understanding of 
the natural world and the recognition of human impact on it. Ecological imagination is a crucial aspect 
of environmental consciousness, as it allows us to appreciate the complexity and beauty of the natural 
world. 

Ecological imagination has three primary aspects: cognitive, affective, and practical. The 
cognitive aspect involves the ability to comprehend and understand the ecological systems and their 
interconnectedness. The affective aspect involves the emotional connection with the natural world and 
the empathy towards its creatures. The practical aspect involves the application of ecological 
knowledge and understanding in daily life, such as making environmentally conscious decisions. 
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Relationship between Ecological Imagination and Literature: 

Literature, as an art form, has the power to evoke a sense of ecological imagination in readers. 
It provides a platform for the representation of the natural world and its creatures, which can evoke 
emotional responses and encourage empathy towards the environment. Literature can also provide a 
means to educate readers about environmental issues and promote sustainable behaviour. Through the 
use of vivid descriptions of landscapes, ecosystems, and creatures, literature can enhance readers' 
understanding of the interconnectedness of all living things. 

Ecological Imagination and poetry: 

Ecological imagination is a concept that has been explored in poetry for centuries. It is the 
ability to see the interconnectedness of all living things and to appreciate the beauty and wonder of the 
natural world. Poetry has the unique ability to express the emotional and spiritual connection between 
humans and the environment, and to inspire readers to appreciate and protect the natural world. 

Through the use of vivid imagery, metaphor, and language, poets have been able to create 
powerful works that invite readers to experience nature in new and meaningful ways. Overall, poetry 
has played an important role in the development of ecological imagination. By inviting readers to 
connect with nature on a deep emotional and spiritual level, poetry has helped to foster a greater 
appreciation and understanding of the natural world and to inspire readers to work towards its 
preservation and protection. 

Poems with Ecological Imagination 

"The Waste Land" by T.S. Eliot 

"The Waste Land" by T.S. Eliot is a complex modernist poem that contains elements of 
ecological imagination. The poem explores themes of despair, fragmentation, and the loss of meaning 
in a post-World War I world. In doing so, it reflects on the relationship between humans and the 
natural world and the impact of human actions on the environment. 

One example of ecological imagination in the poem is when the speaker describes the "brown 
fog of a winter dawn" and the way it "settles down over the shabby houses." This line highlights the 
impact of human activity on the environment, specifically the way pollution and industrialization have 
degraded the natural world. It also invites readers to reflect on their own role in environmental 
degradation and the need for action to address these issues. 

Another example is when the speaker describes the "unreal city" and the way it is "crowded 
with people, walking round in a ring." This line highlights the disconnect between humans and the 
natural world and the way urbanization and modernity have alienated humans from the environment. 
It also invites readers to consider their own relationship with the environment and the importance of 
reconnecting with nature. 

Overall, "The Waste Land" demonstrates ecological imagination through its exploration of the 
impact of human activity on the environment and its reflection on the need for humans to live in 
harmony with nature. The poem invites readers to consider their own relationship with the 
environment and to take action to address environmental issues. 

 

"Ode to the West Wind" by Percy Bysshe Shelley 

"Ode to the West Wind" by Percy Bysshe Shelley is a poem that embodies ecological 
imagination. The poem is an extended metaphor for the power of the natural world and the way it can 
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inspire change and transformation in human life. The poem celebrates the beauty and majesty of the 
natural world, while also reflecting on the relationship between humans and the environment. 

One example of ecological imagination in the poem is when the speaker describes the wind as 
a "destroyer and preserver" that brings both death and renewal to the natural world. This line 
highlights the interdependence of all living things and the way that death and decay are necessary for 
new growth and renewal. It also invites readers to reflect on the importance of preserving biodiversity 
and the need to protect all living things. 

Another example is when the speaker describes the wind as a "dirge / Of the dying year." This 
line highlights the cyclical nature of the natural world and the way that change and transformation are 
constant features of the environment. It also invites readers to consider their own relationship with the 
environment and the importance of embracing change and transformation in their own lives. 

"Ode to the West Wind" demonstrates ecological imagination through its celebration of the 
power and beauty of the natural world and its reflection on the relationship between humans and the 
environment. The poem invites readers to consider their own relationship with the environment and to 
embrace the transformative power of the natural world. 

"Climate Children" by Craig Santos Perez: 

"Climate Children" by Craig Santos Perez is a poem that embodies ecological imagination. 
The poem describes the impact of climate change on the environment and on future generations, and 
the need for action to address these issues. The poem reflects on the relationship between humans and 
the natural world, and the responsibility humans have to protect and preserve the environment. 

One example of ecological imagination in the poem is when the speaker describes how the 
"ocean's plastic is inside the bodies of our fish." This line highlights the impact of human actions on 
the environment and how these actions have lasting consequences on the natural world. It also invites 
readers to reflect on their own actions and the impact they have on the environment. 

Another example is when the speaker describes how "even the smallest creatures are 
disappearing / like the language of our ancestors." This line highlights the interconnectedness of all 
living things and how the loss of one species can have far-reaching consequences on the environment 
as a whole. It also invites readers to reflect on the importance of preserving biodiversity and the need 
to protect all living things. 

The poem as a whole demonstrates ecological imagination through its use of vivid imagery 
and language that highlights the beauty and fragility of the natural world. It also invites readers to 
consider their own relationship with the environment and the importance of taking action to address 
environmental issues. 

"The Fish" by Elizabeth Bishop: 

"The Fish" by Elizabeth Bishop is a poem that showcases ecological imagination by exploring 
the relationship between humans and the natural world, specifically the interactions between humans 
and fish. The poem invites readers to reflect on the beauty and complexity of the natural world and the 
need for humans to live in harmony with it. 

Example of ecological imagination in the poem is when the speaker describes the fish in great 
detail, paying attention to its physical features and movements. This detailed observation highlights 
the beauty and complexity of the natural world and invites readers to consider the value of all living 
things, no matter how small or seemingly insignificant. 

Another example is when the speaker describes the "five big hooks / grown firmly in his 
mouth." This line highlights the impact of human activity on the environment, specifically the way 
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that overfishing and other human actions can harm fish populations and disrupt the natural balance of 
the ecosystem. It also invites readers to consider their own role in environmental degradation and the 
need for action to address these issues. 

"The Fish" demonstrates ecological imagination through its exploration of the relationship 
between humans and the natural world, its celebration of the beauty and complexity of the 
environment, and its reflection on the impact of human activity on the ecosystem. The poem invites 
readers to consider their own relationship with the environment and to take action to protect and 
preserve the natural world. 

"The World Is Too Much with Us" by William Wordsworth 

"The World Is Too Much with Us" by William Wordsworth is a poem that expresses 
ecological imagination by critiquing the materialism and greed of human society and celebrating the 
beauty and power of the natural world. The poem invites readers to reflect on their relationship with 
the environment and to consider the value of nature beyond its economic or utilitarian value. 

Ecological imagination in the poem is seen when the speaker laments that "we have given our 
hearts away" to material possessions, and that we have "lost" our connection to nature. This line 
highlights the importance of reconnecting with the natural world and recognizing its intrinsic value, 
rather than valuing it only for what it can provide for human consumption and exploitation. 

Another example is when the speaker exclaims "Great God! I'd rather be / A pagan suckled in 
a creed outworn" than to be part of a society that has lost its connection to the natural world. This line 
underscores the idea that modern society has lost touch with its spiritual connection to the natural 
world, and that this disconnection has led to environmental degradation and destruction. 

"The World Is Too Much with Us" demonstrates ecological imagination through its critique of 
modern society's greed and materialism, its celebration of the power and beauty of the natural world, 
and its call for a reconnection with the environment. The poem invites readers to reflect on their own 
relationship with nature and to consider the value of the natural world beyond its economic or 
utilitarian value. 

"The Tuft of Flowers" by Robert Frost 

"The Tuft of Flowers" by Robert Frost is a poem that showcases ecological imagination by 
exploring the connections between humans and nature. The poem invites readers to reflect on the 
beauty and interconnectedness of the natural world and the role that human actions can play in either 
preserving or destroying this delicate balance. 

Ecological imagination in the poem is reflected when the speaker observes the tuft of flowers 
and realizes that the mower who had cut the grass before him had spared the flowers intentionally. 
This realization prompts the speaker to reflect on the interconnectedness of all things in nature, and 
how one small action, like sparing a tuft of flowers, can have a ripple effect on the environment. 

Another example is when the speaker describes how the flowers "seemed to me to hint / At 
something unexplained that made me feel / That much as they were flowers, they were part / Of what 
had been a perfect day." This line highlights the beauty and interconnectedness of the natural world 
and invites readers to consider the value of all living things, no matter how small or seemingly 
insignificant. 

"The Tuft of Flowers" demonstrates ecological imagination through its exploration of the 
connections between humans and nature, its celebration of the beauty and interconnectedness of the 
natural world, and its reflection on the importance of human actions in preserving or destroying this 
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delicate balance. The poem invites readers to consider their own role in environmental preservation 
and to reflect on the impact that their actions can have on the environment. 

"The Sea Around Us" by Rachel Carson: 

"The Sea Around Us" by Rachel Carson is a poem that demonstrates ecological imagination 
by celebrating the beauty and majesty of the ocean, while also acknowledging the impact that humans 
have on the natural world. The poem invites readers to reflect on the interconnectedness of all living 
things and the importance of preserving the natural world for future generations. 

The speaker describes the ocean as "the living ocean, the blue heart of the planet earth." This 
line highlights the importance of the ocean as a vital part of the earth's ecosystem, and invites readers 
to consider the impact that human actions can have on the health and well-being of the ocean. 

Another example is when the speaker laments the "wave of plastic debris" that has 
accumulated in the ocean due to human pollution. This line highlights the impact that human actions 
can have on the environment, and invites readers to consider the importance of environmental 
preservation and sustainability. 

Overall, "The Sea Around Us" demonstrates ecological imagination through its celebration of 
the beauty and majesty of the natural world, its acknowledgement of the impact that humans have on 
the environment, and its call for environmental preservation and sustainability. The poem invites 
readers to reflect on their own relationship with the natural world and to consider the impact that their 
actions can have on the environment. 

"When I Heard the Learn'd Astronomer" by Walt Whitman 

"When I Heard the Learn'd Astronomer" by Walt Whitman is a poem that demonstrates 
ecological imagination by inviting readers to connect with the natural world through their own 
experiences, rather than relying solely on scientific analysis. The poem challenges the notion that 
knowledge gained through scientific inquiry is the only way to understand the world, and instead 
celebrates the wonder and mystery of the natural world. 

One example of ecological imagination in the poem is when the speaker describes stepping 
outside into the "mystical, moist night-air" after leaving the astronomer's lecture hall. This line invites 
readers to reflect on the sensory experiences of the natural world and to connect with nature through 
their own senses and emotions, rather than through scientific analysis alone. 

At the same time, when the speaker describes the "stars, untroubled, and placid" in the sky. 
This line highlights the beauty and majesty of the natural world, and invites readers to consider the 
wonder and mystery of the universe. 

"When I Heard the Learn'd Astronomer" demonstrates ecological imagination through its 
celebration of the wonder and mystery of the natural world, its challenge to the notion that scientific 
analysis is the only way to understand the world, and its invitation to readers to connect with nature 
through their own experiences and emotions. The poem invites readers to reflect on their own 
relationship with the natural world and to consider the importance of preserving and celebrating the 
beauty and wonder of the universe. 

"The Love of Nature" by William Cullen Bryant: 

"The Love of Nature" by William Cullen Bryant is a poem that demonstrates ecological 
imagination by celebrating the beauty and power of the natural world, and by inviting readers to 
connect with nature through their own experiences and emotions. The poem highlights the importance 
of preserving the natural world and emphasizes the interconnectedness of all living things. 
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Ecological imagination in the poem is observed when the speaker describes the "mighty 
woods" and the "torrents that from cliff to valley leap." This line invites readers to appreciate the 
beauty and power of nature and to connect with the natural world through their senses and emotions. 

The speaker emphasizes the interconnectedness of all living things by describing how "each 
to the other is a helper and a friend." This line highlights the importance of preserving the natural 
world and invites readers to reflect on their own relationship with nature and their responsibility to 
protect it. 

Overall, "The Love of Nature" demonstrates ecological imagination by celebrating the beauty 
and power of the natural world, by emphasizing the interconnectedness of all living things, and by 
inviting readers to connect with nature through their own experiences and emotions. The poem invites 
readers to reflect on their relationship with the natural world and to consider the importance of 
preserving and protecting the beauty and wonder of the universe. 

"The Way Through the Woods" by Rudyard Kipling 

"The Way Through the Woods" by Rudyard Kipling is a poem that demonstrates ecological 
imagination by inviting readers to imagine the natural world as a place of mystery and beauty, and by 
emphasizing the importance of preserving and protecting it. The poem encourages readers to reflect 
on their relationship with the natural world and to consider the consequences of human actions on the 
environment. 

One example of ecological imagination in the poem is when the speaker describes the woods 
as a place of mystery and enchantment. The line "Oh, do not ask, 'What is it?' / Let us go and make 
our visit" invites readers to enter into the mystery and beauty of the natural world, and to appreciate it 
on its own terms. 

Another example is when the speaker describes the "green, shaded mosses" and the "golden-
lichened trunks" of the trees. This line emphasizes the beauty and intricacy of the natural world, and 
invites readers to appreciate the small details that make it so special. 

"The Way Through the Woods" demonstrates ecological imagination by inviting readers to 
imagine the natural world as a place of mystery and beauty, by emphasizing the importance of 
preserving and protecting it, and by encouraging readers to reflect on their relationship with the 
environment. The poem invites readers to consider the impact of human actions on the natural world, 
and to recognize the importance of preserving and celebrating the beauty and wonder of the universe. 

 

Impact ofEcological Imagination in poetry: 

Ecological imagination in poetry can have a range of benefits, both for individual readers and 
for society as a whole.  

Increased environmental awareness: Ecological imagination in poetry can help readers to 
develop a greater understanding and appreciation of the natural world. By reading poems that 
celebrate the beauty of nature and emphasize the interconnectedness of all living things, readers can 
become more aware of environmental issues and more motivated to take action to protect the planet. 

Emotional and spiritual connection to nature: Ecological imagination in poetry can inspire 
readers to form a deeper emotional and spiritual connection with the natural world. By using vivid 
imagery, metaphor, and language, poets can help readers to experience nature in new and meaningful 
ways, fostering a sense of awe and wonder that can be transformative. 
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 Promotion of eco-literacy: Ecological imagination in poetry can help to promote eco-
literacy, or the ability to understand environmental issues and make informed decisions about how to 
address them. By reading poems that explore the complexities of the natural world and the impacts of 
human actions on the environment, readers can become more knowledgeable about these issues and 
better equipped to engage in environmental activism. 

Inspiration for environmental activism: Ecological imagination in poetry can inspire 
readers to take action to protect the natural world. By reading poems that call attention to 
environmental issues and advocate for conservation and sustainability, readers can be motivated to 
make changes in their own lives and to work towards a more sustainable future for all. 

Overall, the benefits of ecological imagination in poetry are many and varied. By inspiring a 
deeper appreciation and understanding of the natural world, poetry can help to promote environmental 
awareness, eco-literacy, and environmental activism, all of which are essential for building a more 
sustainable future. 
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Abstract:  The research paper explores the New Education Policy (NEP) 2020 in India, which aims to 

bring comprehensive reforms and transform the education system in the country. The NEP 2020 emphasizes 

accessibility, equity, quality, and flexibility, envisioning an inclusive and learner-centric education system. 

It particularly focuses on higher education institutions (HEIs) and promotes autonomy, multidisciplinary 

education, research, innovation, and global competitiveness. 

One aspect highlighted in the paper is the interdisciplinary approach to teaching English in HEIs under the 

NEP 2020. This approach encourages the integration of English with other disciplines, such as literature, 

social sciences, media studies, or technology. By adopting this approach, the teaching of English becomes 

more dynamic, relevant, and engaging for students. It enhances language proficiency and critical thinking 

skills by exploring real-life applications of language in different academic and professional contexts. 

The effectiveness of the interdisciplinary approach is discussed, emphasizing the enhanced relevance, 

holistic learning, language and content integration, collaboration, critical thinking, problem-solving skills, 

preparation for multidisciplinary careers, and cultivation of global competence. However, challenges 

associated with faculty collaboration and expertise, curriculum design and integration, resource allocation, 

assessment methods, time constraints and workload, resistance to change, and institutional support and 

policies are also addressed. 

Despite the challenges, the interdisciplinary approach offers significant benefits for English language 

instruction in HEIs. By strategically addressing these challenges through faculty development, institutional 

support, and policy changes, HEIs can successfully implement interdisciplinary teaching models aligned 

with the NEP 2020. This will create a dynamic and enriching learning environment, preparing students to 

excel in a globalized and interconnected world. 

The research paper concludes that the NEP 2020 and the interdisciplinary approach for teaching English 

in HEIs are transformative initiatives that pave the way for a learner-centric, multidisciplinary, and 

globally competitive education system in India. By embracing these reforms, HEIs can empower learners, 

foster innovation, and drive academic excellence in the country. 

 
Keywords: NEP-2020, English language teaching, Higher Education Institutions, Interdisciplinary 

approach, Effectiveness, Comparative study, Pedagogy, Curriculum 

 

I. INTRODUCTION 

The New Education Policy (NEP) 2020 marks a significant milestone in the Indian education system. Adopted by the 

Government of India, the NEP 2020 aims to bring about comprehensive reforms and transform the educational 

landscape in the country. With its overarching vision of providing a holistic and learner-centric education, the NEP 

2020 seeks to address the evolving needs of a rapidly changing world and empower learners with the necessary skills 

and knowledge. 

The NEP 2020 is built upon the foundational principles of accessibility, equity, quality, and flexibility. It envisions an 

education system that is inclusive, promotes creativity and critical thinking, fosters a multidisciplinary approach, and 

prepares learners for the challenges of the 21st century. This research paper aims to delve into the key aspects of the 

NEP 2020, analyzing its objectives, strategies, and potential impact on the education system in India.  

The New Education Policy (NEP) 2020 in India has brought about substantial changes and implications for Higher 

Education Institutions (HEIs) across the country. With a vision to transform the higher education system, the NEP 2020 

focuses on promoting autonomy, academic freedom, multidisciplinary education, research, innovation, and global 
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competitiveness. HEIs are now granted greater autonomy to design their own curricula, enhance research activities, and 

make decisions regarding admissions, governance, and faculty recruitment. The policy encourages HEIs to break down 

disciplinary boundaries and foster a multidisciplinary approach, encouraging collaboration and interdisciplinary 

research. It also emphasizes the integration of vocational education with higher education, enabling students to acquire 

practical skills and improving their employability.  

The NEP 2020 emphasizes research and innovation, with HEIs encouraged to establish research clusters, centers of 

excellence, and technology transfer offices. Flexibility in curricula and credit transfer mechanisms is promoted, 

allowing students to design personalized learning pathways and transfer credits across institutions. HEIs are also 

encouraged to leverage technology and digital tools to enhance learning outcomes and expand access to quality 

education. Overall, the NEP 2020 aims to revitalize the higher education sector in India and align it with global 

standards, empowering HEIs to drive innovation, research, and academic excellence. 

 

Interdisciplinary Approach for Teaching English:  

The New Education Policy (NEP) 2020 in India has ushered in a transformative approach to higher education, and this 

includes the teaching of English. The NEP 2020 promotes an interdisciplinary approach to teaching English in Higher 

Education Institutes (HEIs), aiming to enhance students' language proficiency and critical thinking skills. 

Under the NEP 2020, the traditional boundaries of subject areas are being blurred, encouraging HEIs to adopt a 

multidisciplinary approach. This approach can be effectively applied to the teaching of English by integrating it with 

other disciplines such as literature, social sciences, media studies, or technology. 

By incorporating interdisciplinary perspectives, the teaching of English can become more dynamic and relevant to 

students' diverse academic interests. For example, English courses can explore literary texts that reflect social issues or 

historical events, providing a context for students to develop a deeper understanding of language, culture, and society. 

Furthermore, the interdisciplinary approach encourages collaboration among faculty members from different 

disciplines. English instructors can collaborate with educators from other fields to design courses and projects that 

integrate language skills with subject-specific knowledge. For instance, students studying engineering or sciences can 

be exposed to technical or scientific writing in English, enabling them to effectively communicate their ideas in their 

respective fields. 

In addition to integrating English with other disciplines, the NEP 2020 emphasizes the importance of experiential 

learning and practical application of knowledge. English courses can incorporate project-based learning, where students 

engage in activities such as writing research papers, creating multimedia presentations, or participating in debates and 

discussions. These activities foster critical thinking, creativity, and effective communication skills. 

The NEP 2020 also encourages the use of technology in education. English instructors can leverage digital tools, online 

resources, and language learning platforms to enhance language acquisition and provide interactive learning 

experiences. Technology can facilitate collaborative projects, language practice, and access to authentic language 

materials, making the learning process more engaging and immersive. 

 

Effectiveness of using interdisciplinary approach for teaching English in HEI under NEP-2020 

The use of an interdisciplinary approach for teaching English in Higher Education Institutes (HEIs) under the New 

Education Policy (NEP) 2020 can have several significant benefits and enhance the effectiveness of language 

instruction. Here are some key points highlighting the effectiveness of this approach: 

 Enhanced Relevance: The interdisciplinary approach allows students to see the practical applications of 

English language skills in various academic and professional contexts. By integrating English with other 

disciplines, such as literature, social sciences, or technology, students can better understand how language 

proficiency can be applied in real-life situations. This relevance motivates students and improves their 

engagement and retention of language skills. 

 Holistic Learning: Interdisciplinary teaching of English promotes a holistic learning experience. Students not 

only develop language skills but also gain knowledge and insights from other fields. This broader 

understanding enhances critical thinking, problem-solving abilities, and creativity. It encourages students to 

make connections between different subjects and develop a well-rounded intellectual perspective. 
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 Language and Content Integration: Integrating English with other disciplines allows for the seamless 

integration of language learning with subject-specific content. This approach helps students acquire both 

language skills and subject knowledge simultaneously. For example, studying literature in English enhances 

language proficiency while also deepening students' understanding of literary themes and cultural contexts. 

 Collaboration and Communication: Interdisciplinary teaching of English encourages collaboration and 

communication among students and faculty members from different disciplines. This collaboration fosters 

teamwork, cultural exchange, and the exchange of diverse perspectives. Students learn to effectively 

communicate and collaborate with individuals from various academic backgrounds, mirroring real-world 

professional environments. 

 Critical Thinking and Problem Solving: The interdisciplinary approach to teaching English stimulates 

critical thinking and problem-solving skills. Students engage in analyzing complex issues from multiple 

perspectives, applying analytical skills, and developing arguments. They learn to approach problems 

creatively, fostering a deeper understanding of language and its impact on society. 

 Preparation for Multidisciplinary Careers: The interdisciplinary approach equips students with versatile 

skills and knowledge that are increasingly valued in today's job market. By integrating English with other 

disciplines, HEIs prepare students for multidisciplinary careers, where they can navigate diverse professional 

settings, communicate effectively across disciplines, and adapt to evolving industry needs. 

 Cultivating Global Competence: The interdisciplinary approach aligns with the NEP's vision of nurturing 

globally competent individuals. English, as a global language, becomes a tool for intercultural communication, 

fostering cross-cultural understanding and collaboration. Students gain a broader worldview and become more 

open-minded, adaptable, and culturally sensitive. 

Overall, adopting an interdisciplinary approach to teaching English in HEIs under the NEP 2020 offers numerous 

benefits. It expands students' perspectives, develops their language proficiency in a meaningful context, and equips 

them with transferable skills. By integrating English with other disciplines and embracing experiential learning, HEIs 

can prepare students to thrive in a globalized and interconnected world, where effective communication and critical 

thinking skills are highly valued. 

Challenges of using interdisciplinary approach for teaching English in HEI under NEP-2020 

 While the interdisciplinary approach for teaching English in Higher Education Institutes (HEIs) under the New 

Education Policy (NEP) 2020 brings numerous benefits, it also presents certain challenges. Here are some key 

challenges that may arise when implementing this approach: 

 Faculty Collaboration and Expertise: Interdisciplinary teaching requires collaboration among faculty 

members from different disciplines. However, finding faculty members with expertise in both English 

language instruction and other subjects can be challenging. HEIs need to invest in professional development 

and training programs to ensure that faculty members are equipped with the necessary interdisciplinary skills. 

 Curriculum Design and Integration: Developing an interdisciplinary curriculum that effectively integrates 

English language instruction with other subjects can be complex. It requires careful planning, coordination, 

and alignment of learning outcomes and assessments. Creating cohesive and meaningful connections between 

disciplines may require substantial effort and resources. 

 Resource Allocation: Implementing an interdisciplinary approach may necessitate additional resources, such 

as teaching materials, technological tools, and instructional support. HEIs may need to allocate funds to 

procure relevant resources and provide training and infrastructure to support the integration of English with 

other disciplines. 

 Assessment Methods: Assessing student learning outcomes in an interdisciplinary context can be challenging. 

Traditional assessment methods may not adequately capture the integrated knowledge and skills gained 

through the interdisciplinary approach. Developing appropriate assessment strategies that align with 

interdisciplinary learning goals can be a complex task. 

 Time Constraints and Workload: Incorporating an interdisciplinary approach within existing curricular 

structures may impose time constraints on faculty and students. It may require restructuring course schedules, 
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coordinating class timings, and managing additional workload for both faculty and students. Balancing the 

workload across disciplines can be demanding, and time management becomes crucial. 

 Resistance to Change: Introducing interdisciplinary approaches may face resistance from stakeholders who 

are accustomed to traditional disciplinary boundaries. Faculty, students, and even administrators may need to 

overcome resistance to embrace a new pedagogical paradigm. Building awareness and fostering a culture of 

interdisciplinary collaboration and openness to change is essential. 

 Institutional Support and Policies: Effective implementation of an interdisciplinary approach requires 

institutional support and policies that encourage and facilitate interdisciplinary collaboration. HEIs need to 

develop supportive policies, recognize interdisciplinary achievements, and provide institutional structures that 

promote collaboration across disciplines. 

Despite these challenges, the interdisciplinary approach holds immense potential in enhancing English language 

instruction and fostering holistic learning. By addressing these challenges through strategic planning, faculty 

development, and institutional support, HEIs can successfully implement interdisciplinary teaching models that align 

with the NEP 2020 and create a dynamic and enriching learning environment for students. 

 

II. CONCLUSION 

In conclusion, the New Education Policy (NEP) 2020 in India signifies a significant milestone in the education system, 

aiming to bring comprehensive reforms and transform the educational landscape. The NEP 2020 promotes accessibility, 

equity, quality, and flexibility, envisioning an inclusive and learner-centric education system. It emphasizes autonomy, 

academic freedom, multidisciplinary education, research, innovation, and global competitiveness in Higher Education 

Institutions (HEIs). 

Under the NEP 2020, the interdisciplinary approach for teaching English in HEIs emerges as a transformative 

pedagogical strategy. By integrating English with other disciplines, such as literature, social sciences, media studies, or 

technology, the teaching of English becomes more dynamic, relevant, and engaging for students. This approach fosters 

enhanced relevance, holistic learning, language and content integration, collaboration, critical thinking, and problem-

solving skills among students. It prepares them for multidisciplinary careers and cultivates global competence, aligning 

with the NEP's vision. 

However, the implementation of the interdisciplinary approach for teaching English in HEIs under the NEP 2020 also 

presents challenges. Faculty collaboration and expertise, curriculum design and integration, resource allocation, 

assessment methods, time constraints and workload, resistance to change, and institutional support and policies are 

some of the key challenges that need to be addressed. 

Despite these challenges, the interdisciplinary approach offers numerous benefits and holds immense potential for 

improving English language instruction in HEIs. By addressing the challenges through strategic planning, faculty 

development, and institutional support, HEIs can successfully implement interdisciplinary teaching models that align 

with the NEP 2020. This will create a dynamic and enriching learning environment, preparing students to thrive in a 

globalized and interconnected world. 

Overall, the NEP 2020 and the interdisciplinary approach for teaching English in HEIs are transformative initiatives 

that pave the way for a learner-centric, multidisciplinary, and globally competitive education system in India. By 

embracing these reforms, HEIs can play a vital role in empowering learners, fostering innovation, and driving academic 

excellence in the country. 
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Abstract: This research paper explores the ways in which Indian English literature responded to colonial 

violence and resistance during the period of British colonial rule in India. Focusing on a selection of 

literary works, this study examines the various forms of violence perpetuated by the colonial administration 

and the ways in which Indian writers depicted and critiqued such violence. Additionally, the research 

investigates how literature became a medium for resistance, allowing writers to voice the grievances of the 

oppressed and challenge the legitimacy of colonial power structures. Through a combination of close 

textual analysis and historical contextualization, this study aims to identify the literary techniques employed 

by Indian authors to represent and resist colonial violence. It examines the themes of oppression, 

exploitation, and subjugation within the literary works, shedding light on the experiences of marginalized 

communities and individuals affected by colonial violence. By exploring the works of both renowned and 

lesser-known Indian English authors, this research provides a comprehensive understanding of the diverse 

perspectives and strategies employed in response to colonial violence. By analyzing the literary responses 

to colonial violence and resistance in Indian English literature, this research contributes to a deeper 

understanding of the role of literature as a medium of social and political critique. It highlights the agency 

of Indian writers in representing and resisting colonial violence and showcases the power of literature as a 

tool for resistance and liberation. The findings of this study will serve as a valuable resource for scholars, 

historians, and literary enthusiasts interested in the intersection of literature, colonialism, and resistance in 

the context of Indian English literature 

 
Keywords:. Colonial Violence, Resistance, Indian English Literature, British colonial rule 

 

I. INTRODUCTION 

In the rich tapestry of Indian English literature, a significant and deeply explored theme revolves around violence and 

resistance during the era of colonial rule. This strand of literature delves into the intricacies of colonial violence and the 

various forms of resistance employed by the Indian populace, providing a nuanced understanding of the tumultuous 

historical period and its lasting repercussions. 

Indian English literature captures the multifaceted dimensions of violence under colonial rule, encompassing not only 

physical brutality but also the psychological and emotional toll it inflicted on individuals and communities. Authors 

vividly depict the horrors of massacres, exploitative labor practices, cultural erasure, and the suppression of indigenous 

knowledge systems. They illuminate the trauma experienced by individuals and communities who endured the violence 

and its enduring legacy, inviting readers to confront the collective wounds inflicted by colonialism. 

Moreover, Indian English literature highlights the diverse and innovative ways in which resistance was expressed and 

enacted. It explores the intricate web of organized movements, rebellions, and uprisings, such as the Indian National 

Congress, the Quit India Movement, and the Non-Cooperation Movement. Additionally, literary works shed light on 

the contributions of lesser-known activists, revolutionaries, and freedom fighters who valiantly fought against colonial 

oppression. These narratives celebrate the courage, determination, and resilience of individuals who stood up against 

injustice, defying colonial authority and asserting their agency in the face of immense adversity. 

In the realm of Indian English literature, authors use their creative prowess to critique the colonial regime and challenge 

its dominant narratives. They expose the contradictions inherent in the colonial project, deconstructing the rhetoric of 

benevolence and progress. Through their writings, these authors reveal the insidious nature of colonial power dynamics, 
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its impact on social structures, and the erosion of cultural identities. They highlight the importance of cultural 

reclamation, linguistic revival, and the preservation of indigenous traditions as acts of resistance against the cultural 

hegemony imposed by the colonizers. 

The literature of violence and resistance in Indian English literature not only serves as a historical record but also 

imparts valuable lessons about the enduring struggle for justice and liberation. It fosters empathy, critical thinking, and 

introspection, prompting readers to examine the power imbalances that persist in contemporary society and inspiring 

them to contribute to the ongoing quest for a more equitable and inclusive world. By amplifying marginalized voices, 

these literary works contribute to the larger discourse on decolonization, social justice, and the pursuit of freedom. 

 

Violence and Resistance in the work of Rabindranath Tagore: 

Rabindranath Tagore, the eminent Indian writer and Nobel laureate in Literature, made significant contributions to 

Indian English literature during the pre-independence era. His literary works, characterized by their profound insight 

and lyrical beauty, not only reflected his response to colonial violence but also explored themes of resistance and 

cultural resurgence. 

One of Tagore's seminal works is "Gitanjali" (Song Offerings), a collection of poems that showcases his deep critique 

of colonialism and its impact on the Indian psyche. In the poem "Where the Mind is Without Fear," Tagore vividly 

expresses his longing for a free India, writing: 

"Where the mind is without fear and the head is held high, 

Where knowledge is free, 

Where the world has not been broken up into fragments, 

By narrow domestic walls." 

These lines encapsulate Tagore's vision of a liberated nation, free from the fear and division imposed by colonial rule. 

Another notable work by Tagore is his novel "The Home and the World," which explores the themes of resistance and 

nationalism during the Swadeshi movement. Through the character of Nikhil, Tagore portrays a nuanced perspective on 

resistance, advocating for dialogue and understanding rather than violent confrontation.  

He writes, "The home is the inner chamber where the soul finds refuge in intimacy. It is therefore all the more 

necessary for its doors to be open wide to the winds from without. It is through these doors that I come out into the 

open." 

These lines emphasize Tagore's belief in the power of inner strength and open dialogue as means of resistance, 

highlighting his nuanced approach to challenging colonial violence. 

In his literary works, Tagore consistently sought to revive and celebrate Indian cultural heritage, emphasizing the 

importance of embracing one's own identity. His writings echoed the sentiments of a nation yearning for liberation from 

colonial violence, and his words continue to inspire generations, resonating with the collective aspirations of Indians 

seeking freedom and self-determination. 

Rabindranath Tagore's literary contributions epitomize his response to colonial violence and his advocacy for 

resistance. Through his evocative poetry and insightful prose, he provided a voice for the oppressed and instilled a 

sense of cultural pride and resilience. Tagore's works remain timeless, serving as a testament to the enduring power of 

literature in critiquing injustice and inspiring movements for change. 

 

Violence and Resistance in the work of Sarojini Naidu: 

Sarojini Naidu, often referred to as the Nightingale of India, was a prominent Indian writer and poet who actively 

participated in the freedom struggle against colonial rule. Her literary works not only showcased her deep 

understanding of the issues surrounding colonial violence but also served as a rallying cry for resistance and national 

pride. 

Naidu's poetry, characterized by its lyrical beauty and evocative imagery, captured the spirit of defiance against colonial 

oppression. In her poem "In the Bazaars of Hyderabad," she vividly depicts the vibrant marketplace while subtly 

conveying the oppressive presence of the colonial rulers. Lines such as  

"What do you sell, O ye merchants?  

Richly your wares are displayed, 
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Turbans of crimson and silver, 

Tunics of purple brocade"  

In this poem, she not only celebrate the richness of Indian culture but also subtly critique the economic exploitation by 

colonial powers. 

Naidu's poem "Wandering Singers" serves as a powerful representation of resistance. It celebrates the wandering 

minstrels who traveled from village to village, spreading songs of rebellion and liberation. She writes, 

"Tell them, O tell them,  

Our drums are not fashioned of cowries;  

Our torches are fed on the oil  

Stored in the temples of learning." 

 These lines portray the subversive power of art and knowledge, emphasizing their role in mobilizing the masses against 

colonial violence. 

Sarojini Naidu's literary works not only critiqued the violence of colonialism but also celebrated Indian culture, 

resilience, and the spirit of resistance. Her poetry became a powerful medium to unite people, ignite national pride, and 

inspire them to actively participate in the struggle for independence. Naidu's legacy as a writer and freedom fighter 

continues to inspire generations, reminding us of the power of literature in challenging oppression and shaping the 

course of history. 

 

Violence and Resistance in the work of Bankim Chandra Chattopadhyay: 

Bankim Chandra Chattopadhyay, a renowned Indian writer and novelist, made significant contributions to Indian 

English literature during the pre-independence era. Known for his influential works, Chattopadhyay's writings reflected 

his response to colonial violence and played a crucial role in inspiring a sense of nationalistic fervor among Indians. 

One of Chattopadhyay's most celebrated works is the novel "Anandamath," which became a symbol of resistance 

against British colonial rule. Set against the backdrop of the Sannyasi Rebellion in Bengal, the novel portrays the 

struggle and sacrifice of freedom fighters. It includes the iconic song "Vande Mataram" (I Bow to Thee, Mother), 

which became the anthem of India's freedom movement. The lines "Vande Mataram, Sujalam, Suphalam" captured the 

essence of patriotic fervor and unity in the face of colonial violence. 

In his novel "Devi Chaudhurani," Chattopadhyay depicted a strong female protagonist who becomes a symbol of 

resistance against oppressive British rule. The character of Devi Chaudhurani embodies courage, resilience, and 

determination, inspiring readers to challenge the authority of the colonial administration. Chattopadhyay's portrayal of 

Devi Chaudhurani reflected his belief in the inherent strength and leadership potential of Indian women. 

Chattopadhyay's writings often emphasized the need for cultural revival and the preservation of indigenous traditions. 

In his novel "Krishna Charitra," he delved into the complexities of identity and advocated for a return to India's rich 

cultural heritage. His words, "Let your body be free, but your heart must bow to the old ways" demonstrated his call for 

a cultural reawakening amidst the colonial onslaught. 

Bankim Chandra Chattopadhyay's literary contributions provided a powerful platform for voicing resistance against 

colonial violence. His works not only inspired nationalistic sentiments but also promoted cultural pride and the 

importance of preserving Indian traditions. Chattopadhyay's portrayal of strong characters and his use of powerful 

symbols in his writings served as a catalyst for the freedom struggle, contributing to the formation of a collective 

consciousness and a spirit of defiance against colonial rule. His legacy as a writer and nationalist thinker continues to be 

revered, demonstrating the enduring power of literature in shaping the course of history. 

 

Violence and Resistance in the work of Toru Datt: 

Toru Dutt, a trailblazing Indian poet and novelist, made significant contributions to Indian English literature during the 

pre-independence era. Despite her short life, Dutt's literary works reflect her profound response to colonial violence and 

her exploration of themes such as cultural identity and the clash of civilizations. 

Dutt's poetry collection "Ancient Ballads and Legends of Hindustan" stands as a testament to her deep engagement with 

Indian history and mythology. In her poem "Sindhu," she mourns the lost glory of the Indus Valley Civilization, which 

was devastated by external invasions. Lines such as  
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"O Indus! 'Tis not the wide flowing river  

 of old that rolls down to the Western Sea" 

 poignantly capture the anguish and sense of loss caused by colonial violence and cultural subjugation. 

In her novel "Bianca or The Young Spanish Maiden," Dutt explored the clash of Indian and European cultures. The 

story revolves around a young Indian girl, Bianca, who faces the challenges of navigating cultural boundaries and 

resisting colonial influence. Through Bianca's character, Dutt delves into themes of cultural pride, identity, and the need 

for cultural preservation amidst colonial dominance. 

Dutt's writings often celebrated the rich tapestry of Indian traditions and customs. In her poem "Our Casuarina Tree," 

she pays homage to the majestic tree that symbolizes her connection to her homeland. She writes,  

"This tree, with its slender stem, 

 Surpasses them all in its height,  

And this is why, O Casuarina!  

I lie down beneath you in sheer delight."  

These lines highlight Dutt's deep reverence for her cultural roots and her desire to preserve and cherish them. 

Toru Dutt's literary works exemplify her response to colonial violence and her exploration of cultural identity. Her 

writings serve as a poignant reminder of the need to reclaim and celebrate India's rich heritage. Through her evocative 

poetry and engaging narratives, Dutt contributed to the discourse of resistance and cultural revival during the pre-

independence era. Her legacy as a pioneering Indian English writer continues to inspire and resonate with readers, 

affirming the enduring power of literature as a medium of self-expression and resistance against oppression. 

 

Violence and Resistance in the work of Mulk Raj Anand: 

Mulk Raj Anand, a prominent Indian writer and social activist, played a significant role in responding to colonial 

violence and advocating for social justice during the pre-independence era. His literary works, known for their realistic 

portrayal of social issues and human suffering, shed light on the impact of colonialism on the marginalized sections of 

society. 

Anand's novel "Untouchable" stands as a powerful critique of the caste system and the violence and discrimination 

faced by the Dalit community. Through the protagonist Bakha, a young sweeper, Anand exposes the oppressive social 

hierarchy perpetuated by colonial rule.  

He writes, "They [the sweepers] were condemned to be untouchables, to be despised, to be kicked, beaten, and cursed, 

to do the dirty work of others." This quote reveals Anand's condemnation of the dehumanizing violence inflicted upon 

the lower castes under colonialism. 

In his novel "Coolie," Anand delves into the harsh realities of labor exploitation and class oppression. Through the story 

of Munoo, a young boy working as a coolie, Anand highlights the inhumane working conditions and the systemic 

violence endured by the laboring class. He writes, "Coolie life had always seemed to him like a condemned man's life, a 

life below human dignity, a subhuman life." These lines expose the violence inherent in the colonial economic system 

and Anand's commitment to giving voice to the marginalized. 

Anand's writings often focused on the struggles and resilience of the common people. His short story "The Big Heart" 

depicts the story of a poor, generous rickshaw puller who selflessly helps others despite his own poverty. Through this 

tale, Anand highlights the compassion and humanity that exist amidst the violence and adversity faced by the 

marginalized. 

Mulk Raj Anand's literary works provided a voice for the oppressed and brought attention to the social inequalities 

perpetuated by colonialism. His writing not only exposed the violence and injustice but also called for social reform and 

empathy towards the marginalized communities. Anand's contribution to Indian English literature remains significant, 

as his works continue to resonate with readers, inspiring them to confront social injustices and strive for a more 

equitable society. 
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Violence and Resistance in the work of R. K. Narayan: 

R.K. Narayan, one of the most renowned Indian writers in English, captured the essence of colonial India through his 

insightful and humorous storytelling. His works, set in the fictional town of Malgudi, reflected the everyday lives of 

ordinary people and subtly critiqued the impact of colonial rule. 

In his novel "The Guide," Narayan explores the themes of personal transformation and cultural oppression. The 

protagonist, Raju, undergoes a journey of self-discovery and challenges societal norms. Through Raju's reflections, 

Narayan exposes the influence of colonialism on Indian culture. He writes, "Colonialism had stripped us of our self-

esteem; we had begun to despise our own values, our art, and our customs." 

Narayan's short story "A Horse and Two Goats" presents a humorous yet poignant depiction of the clash between 

Indian and Western cultures. The story follows Muni, an elderly Indian villager, and an American tourist. Narayan's 

clever use of dialogue and vivid descriptions encapsulates the cultural divide and the absurdity of colonial interactions. 

The lines "The horse is mine. I must have him. How much do you want for him?" reflect the miscommunication and 

cultural disconnection between the characters. 

Another notable work by Narayan is the novel "The Vendor of Sweets," which explores generational and cultural 

conflicts in the context of a changing India. Through the protagonist Jagan, a traditional sweet vendor, Narayan 

examines the clash between Indian traditions and Western influences. He writes, "He [Jagan] felt sorry for his son who 

did not know his mother tongue properly and cared nothing for his own people." 

R.K. Narayan's writings provide a nuanced portrayal of the impact of colonialism on Indian society. His ability to 

infuse humor and wit into his narratives allows readers to engage with complex social issues. Through his works, 

Narayan sheds light on the cultural challenges faced by Indians and invites readers to reflect on the multifaceted 

consequences of colonial rule. 

 

Violence and Resistance in the work of Raja Rao: 

Raja Rao, a significant figure in Indian English literature, is Known for his introspective and philosophical writing 

style, Rao's works often delved into the themes of cultural identity, spirituality, and the impact of colonialism on Indian 

society. 

In his novel "Kanthapura," Rao captures the spirit of the Indian independence movement and the collective resistance 

against colonial rule. The following quote exemplifies the blending of spirituality and political consciousness in Rao's 

writing: "Our cause is the cause of India, the cause of her awakening and freedom, the cause of India's spiritual, 

intellectual, and economic regeneration." 

Rao's novel "The Serpent and the Rope" explores the clash between traditional Indian spirituality and the rationality of 

the Western world. Through his protagonist, Ramaswamy, Rao reflects on the complexities of navigating between two 

distinct cultural paradigms. He writes, "If you go to the West, you will lose your Indian identity; if you remain here, you 

will lose your Western identity." 

In his essay "The Meaning of India," Rao reflects on the rich cultural heritage of India and its ability to withstand the 

onslaught of colonialism. He emphasizes the resilience of Indian civilization by stating, "India has absorbed many 

cultures...India stands as a proof of the existence of the Aryan race and of the permanence of her own culture." 

Raja Rao's writings beautifully blend spirituality, political consciousness, and introspection, offering profound insights 

into the Indian experience during colonial times. His works navigate the complexities of cultural identity, inviting 

readers to contemplate the lasting impact of colonialism on India's spiritual and intellectual traditions. Rao's 

contributions to Indian English literature continue to inspire readers to reflect on their own identities and the historical 

forces that have shaped them. 

 

II. CONCLUSION 

In conclusion, the exploration of violence and resistance in Indian English literature during the colonial era provides a 

profound and nuanced understanding of the historical period and its profound impact on individuals, communities, and 

the nation as a whole. Through vivid depictions of colonial violence and its far-reaching consequences, authors 

illuminate the multifaceted dimensions of physical, psychological, and emotional trauma experienced by the oppressed. 
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By showcasing the diverse forms of resistance employed by the Indian populace, from organized movements to 

individual acts of defiance, Indian English literature celebrates the courage, determination, and resilience of those who 

fought against injustice and colonial authority. These narratives not only shed light on well-known freedom fighters but 

also bring attention to the contributions of lesser-known activists, revolutionaries, and ordinary people who played 

pivotal roles in the struggle for liberation. 

Indian English literature also serves as a powerful platform for critiquing the colonial regime and deconstructing its 

dominant narratives. Authors challenge the rhetoric of benevolence and progress, exposing the inherent contradictions 

of the colonial project and its detrimental impact on social structures and cultural identities. They emphasize the 

significance of cultural reclamation, linguistic revival, and the preservation of indigenous traditions as acts of resistance 

against the cultural hegemony imposed by the colonizers. 

The literature of violence and resistance in Indian English literature not only serves as a historical record but also 

imparts valuable lessons for contemporary society. By fostering empathy, critical thinking, and introspection, these 

works prompt readers to reflect on the power imbalances that persist in today's world and inspire them to contribute to 

the ongoing struggle for justice and liberation. By amplifying marginalized voices and engaging in the larger discourse 

on decolonization, social justice, and the pursuit of freedom, Indian English literature continues to shape the collective 

consciousness and contribute to the quest for a more equitable and inclusive world. 
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Abstract: The present paper highlights Indian freedom struggle and its impact on the literature of the 

contemporary period especially the leader of the freedom struggle Mahatma Gandhi. This period before 

independence was greatly influenced in every sector by the thoughts of Mahatma Gandhi. There were many 

novels and other literary forms which were influenced by the Mahatma Gandhi and his revolutionary 

movements. The present paper focused on the impact of Mahatma Gandhi and his thoughts in the two 

novels waiting for the Mahatma and Untouchable. Mulkraj Anand has described the central character as 

Bakha who is very much frustrated by the cast system in the society and the work he has to do as 

untouchable for the high-class people. Bakha is in the search of the remedy to reduce the burden as 

untouchable activity. Bakha is a cleaner who cleans the society’s dirt, for it is his caste’s obligation. Bakha 

does not clean the toilet of his own choice but because he is born in a cast that has been assigned to do. But 

this central character is influenced by the thoughts of Mahatma Gandhi and expects that he is the person 

who can reduce the burden of the untouchability. Waiting for the Mahatma is the e novel of R. K. Narayan, 

it is set in the writers created village Malgudi. Here the character of the Mahatma is of the Mahatma 

Gandhi and the central character of the novel is Sriram who falls in love with Bharati, the activist of 

Mahatma Gandhi’s Movement Quit India. The central character Sriram is inclined to the freedom struggle 

and he actively participated in the quit India movement. In short the hero and heroine of the novel are 

involved in the freedom struggle and whole atmosphere is of the freedom struggle in the novel. Sriram 

involved in the anti British extremists and goes to jail. In short both of these novels are focused on the 

freedom struggle and movements of Mahatma Gandhi 

 

Keywords:. freedom struggle, Movements, Untouchable 

 

I. INTRODUCTION 

Literature is always influenced by the contemporary movements and trends in the society. Indian freedom struggle and 

that specific period is very much influenced in literature all various kind of writing is reflected by the freedom struggle. 

People in that period very much influenced by the freedom struggle. During this time, literature played a crucial role in 

shaping public opinion, spreading awareness, and inspiring people to join the struggle for freedom. In this period novels 

and short stories fictional works played a significant role in portraying the soci political conditions of the time and 

depicting the struggles faced by the Indians under British rule. Raja Rao’s Kantapura, Mulkraj Anand’s Untouchable 

waiting for Mahatma of R. K. Narayan and Khwaja Ahmad Abbas’s Inquilab are notable examples. Gandhian 

philosophy and thoughts had a unfathomable impact on the literature of freedom struggle period before independence. 

His thoughts like non-violence, truth, self-reliance and upliftment of the oppressed classes influenced writers, poets and 

intellectuals which is reflected it in their literature. This research paper is focused on the impact of Gandhian thoughts 

in the novel ‘Untouchable’ of ‘Mulkraj Anand’ and ‘Waiting for the Mahatma’ of ‘R. K. Narayan’. The literature of 

contemporary period has made great impact on the society and it has created successful awareness among the common 

people regarding the freedom struggle of Indians and especially thoughts and philosophy of Mahatma Gandhi.  

 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

 Volume 3, Issue 17, May 2023 

Copyright to IJARSCT                   114 

www.ijarsct.co.in                                                   

Impact Factor: 7.301 

II. GANDHIAN THOUGHTS IN THE NOVEL ‘THE UNTOUCHABLE’ 

The novel untouchable is focused on the cast system. The central character of the novel Bakha is belonging to 

untouchable community and he is very much impressed by the Mahatma Gandhi and his leadership in the country. He is 

very much frustrated by the cast system. This novel untouchable focuses on the social and psychological ramifications 

of the cast system in India, particularly focusing on the plight of dalit community. Bakha the central character getting 

the dehumanizing treatment and he is in the search of the human dignity which is not the part of untouchables. Bakha 

thought that his work is hand over to him because of his untouchability and there must be someone in the world who 

will remove this untouchability and therefore he is expecting this from the great leader Mahatma Gandhi..There is much 

more humiliation to him on the base of the untouchability but there are few characters in the novel who treated him 

properly, he loves to have their company, in short he needs self respect which is not getting because of his low cast. 

Therefore Bakha is expecting more from the father of nation that is from Mahatma Gandhi. This novel serves as call for 

the social reformation and need to give collective efforts for the eradication of caste system which is Gandhian thought. 

Mahatma Gandhi has always encouraged the individuals to empathize with the marginalized and work towards their 

upliftment. In other words Mahatma Gandhi was kind of hope and aspirations for the downtrodden people, especially 

for the Bakha the central character who is very much disturbed with the treatment given by the society because of his 

cast restrictions.  

 

III. THE COMMENT OF THE NOVEL ‘UNTOUCHABLE’ FOR THE GANDHIAN APPROACH 

The novel untouchable portrays a positive attitude of the protagonist towards the Gandhian thoughts for the eradication 

of caste system or it is kind of awareness towards caste system to common public in that contemporary period. But this 

novel also explores the limitations and failures of Gandhian approach in effectively addressing the cast system and 

social inequality. Mulkraj Anand’s work goes beyond Gandhi’s ideas and create critical perspective on the complexities 

of social change in Indian society. In short the novel advocates the Gandhian thoughts and philosophy for eradication of 

cast system in our country.  

 

IV. GANDHIAN THOUGHTS IN THE NOVEL ‘WAITING FOR THE MAHATMA’ 

 Gandhian thoughts non-violence and satyagrah have influenced the overall spirit of the freedom struggle. In waiting for 

the Mahatma the protagonist Sitaram initially drawn to the nationalist movement’s violent aspect. However through the 

encounter with the character Bharati, who embodied the Gandhian principles. Sitaram learns the power of principle like 

non-violence. This novel emphasizes on the importance of the nonviolent means in achieving the social and political 

change. This novel even emphasizes on the Gandhian principles like simplicity and self reliance. These principles are 

echoed in the female protagonist Bharati in the novel. Bharati influenced the Sitaram who is also transformed for the 

same kind of changes and who give up his materialistic desires and started to follow the modest life. In short the novel 

waiting for the Mahatma by R. K. Narayan reflects the certain aspects of the Gandhian thoughts including the principles 

of non- violence, simplicity and self- reliance and pursuit of truth and moral values. The novel explores the broader 

themes and conflicts of the freedom struggle era while offering insights into the transformative power of Gandhian 

ideals.  

  

V. CONCLUSION 

The novel waiting for the Mahatma shows how the Gandhian thoughts and philosophy has reflected in the novel 

‘Waiting for the Mahatma’ of R. K. Narayan. The novel explores the main protagonist Sriram’s journey from the 

common man to Satyagrahi. Mulk Raj anand reveal deep influence of Gandhian philosophy, he has emphasized more 

and more on the social problems of poor, downtrodden, oppressed, low cast of Hindu society and their inhuman 

exploitation. Mulk Raj anand himself great influenced by the Gandhian thoughts therefore it is observed in his writings.  
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Abstract:  The present paper highlights about inclusion of socially backward students in the higher 

education institutions. After the seventy five years of independence of the nation there is always question 

about the inclusion of backward class in the higher educational institutions. New education policy has 

declared that the admission process will be inclusive for all male female as well as socially backward class 

students and everyone. Most of such students are from the rural area and there is need to create awareness 

among such students about the facilities available for admission and the future prospectus of that course or 

degree which has created negative impact on them. There is poor employability after completion of the 

degrees in the higher education and students need to fulfill the economic needs of their family therefore 

many students are away from the higher education and they are facing their own social and economic 

problems and they are not in the main stream education. In short it is challenging to include all classes of 

the society in the main stream of higher education and it will be the problem in the new education policy 

20220 as well. There is serious, inclusive and best multidisciplinary courses need to be available to the 

students in higher educational institutions which will be more fruitful and best employment opportunities 

need to make available 

 
Keywords:. Inclusive, New education policy, socially backward classes 

 

I. INTRODUCTION 

The central government at certain break has accepted new changes in the education sector with new educational policy. 

The central government has adopted new changes in educational sector with the help of new educational policy. It is 

expectations of everybody that new educational policy will accept the every aspects of the society and make them 

available every opportunity of the education. Inclusion in education always focuses on the equal opportunities to those 

who are deprived from the educational opportunities than others. Inshort it must be the equal opportunity to every part 

of the society or education must go to every part of the society.  The education policy must plan to support the 

individualized educational plans for every different kind of the society because all students are from the same social, 

economical background their demands and needs are different, if New education policy plan as per the individualized 

educational plan then it will become more fruitful and it will go to every part of the society. Actually it is very easy to 

plan something at government level but while it is implementing in the reality there are many difficulties. So it is the 

question before the researcher that whether this new education policy will enhance the inclusion practices for all the 

deprives classes of the society.     

 

II. THE NEW EDUCATION POLICY 

The NEP 2020 also acknowledges the social disadvantages faced by the certain groups such as Schedule caste (SC) 

Schedule tribes (ST) The other backward classes (OBC) the economical backward sections of the society. The hew 

education policy wants to focus more on these marginalized groups of the society.  

2.1. The new education policy also advocates the existing reservation policy for the SC, ST and OBC people in the 

higher education policy in higher education to support these deprived classes. 2.2 NEP supports the deprived classes 

with the Scholarship and financial support, in order to complete their higher education and to remain competitive with 

the other students and to overcome on the economical problems of them for their higher education.  
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2.3 The new education policy aims to establish special education zone in disadvantage area in order to make available 

the educational infrastructure to the marginalized communities and to promote them in the higher education. Because 

most of the students in our country are from the hilly or rural region and such facilities of higher education are not 

available to them.   

2.4 NEP 2020 aims to provide the bridge course and remedial coaching to the deprived classes in order to cope up with 

their peers in the class. It is very vary at every class that students are from the different background and at such higher 

institute the students from the marginalized community are not able to cope up with their other peers in the class 

therefore with the remedial coaching all students can able to cope with the present situation. 

2.5 NEP aims to promote the inclusive education to all type of the students from the different backgrounds. There 

should be no any king of hierarchy in the education structure in the higher education.     

 

III. DIFFICULTIES IN INCLUSION OF DEPRIVED CLASSES IN HIGHER EDUCATION 

It is very systematically shown in the new education policy that they will implement the new education policy to 

include all sectors of the society including the backward classes. But there are many problems in order to make it equal 

to everyone.  

3.1 The NEP suggests adopting the existing reservation policy in the higher education policy in order to make equal 

opportunities to everyone.  It is found that already there are many vacant posts are available in the central universities 

and state universities of backward classes for both recruitment and admission and therefore there must be some special 

efforts must be taken in order to promote the reservation vacancies. 

3.2 About the financial help and scholarships to the backward class students, it is found that there is no uniformity in 

the circulation of financial help to the backward class students in all states of the country. In most of the places students 

have to protests for their financial support and assistant. It is read in the news paper that students from the schedule 

caste, schedule tribes  got admission in the foreign university for the higher education but still they are waiting for the 

scholarship from the Maharashtra state Government. 

3.3. It should not be only on the paper about the special education zone in NEP 2020 but it must be establish with the 

priority in the various region of the nation.         

3.4 Teachers and professionals must be well trained for the remedial coaching and bridge courses of the students to 

cope up with their peers. Otherwise it will remain as only policy and students will not match with their fellow students 

for their learning and they will naturally likely behind in learning the existing structure of the class.       

The NEP 2020 emphasizes the importance of inclusion and equity in education, with a focus on addressing the needs of 

marginalized and disadvantaged groups, including backward classes. But as researcher it is found that this policy should 

be only planned and not implemented successfully for the well being of the different marginalized classes. 

 

IV. CONCLUSION 

It is good thing that we should always change with new changes and education section is not exception for this 

therefore the new education policy is new change in education sector but it must have equal opportunities for everyone 

that is the expectation. It is challenging that this NEP 2020 should be equal opportunity to everyone especially to the 

backward classes.  
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• The rapid synthesis of Ag-doped silica 
coatings and the quick assessment of 
their antibacterial activity. 

• A Self-cleaning ability of coatings was 
checked by spreading dust on coatings 
and applying water drops to clean them. 

• The robustness of the coatings was 
evaluated by sand impact test and water 
jet test. 

• Antibacterial activity of the modified 
coatings was higher against the Gram- 
negative bacteria than Gram-positive 
bacteria.  

A R T I C L E  I N F O   

Keywords: 
Superhydrophobic 
Sol-gel method 
Dip coatings 
Antibacterial 

A B S T R A C T   

The contamination of healthcare and industrial surfaces by microbes, particularly antibiotic-resistant strains, has 
stimulated more excellent studies into creating effective antibacterial coatings. This work presents the rapid 
synthesis of metal nitrate (Ag) doped methyltrimethoxysilane (MTMS) coatings and the quick assessment of their 
antibacterial activity. The coatings were challenged with Gram-positive and Gram-negative bacterial cultures. 
The surface roughness of the modified coatings increases from 23.15 nm to 51.17 nm, and the corresponding 
water contact angle increases from 97◦ to 154◦. Electron micrographs of the Ag/SiO2 coatings revealed a highly 
porous network of silica particles on the glass surface. The Ag/SiO2 coatings showed moderate antimicrobial 
activities against Gram-positive bacteria (Staphylococcus aureus) whereas strong antibacterial properties against 
Gram-negative bacteria (Escherichia coli).   

1. Introduction 

Due to their superior qualities and numerous applications, multi-
functional flexible coatings have gained significant attention in the last 
ten years. Numerous industrial applications are possible with them, 

including those for personal electronics and medical equipment [1–4]. 
Because of the need for transparent, sterile, rigid, self-cleaning, pro-
tective surfaces, these responsive coating materials based on 
organic-inorganic blends are heavily focused on antibacterial applica-
tions. Antibacterial surfaces also have prime importance in various 
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industrial products like textiles and fabrics, water treatment plants, 
facial masks, personal protective equipment, air conditioners, food 
processing, and packaging because they can kill or stop the growth of 
bacteria [5–7]. Pathogenic bacteria cause infectious diseases, which are 
a more significant threat to human life and result in huge losses. The 
second leading cause of human death is bacterial infections, accounting 
for approximately 17 million deaths per annum and 64% of all those 
needing to be hospitalized worldwide. Also, extensive use of antibiotics 
against bacterial infections gradually reduces the efficiency of these 
antibiotics as bacteria develop resistance to antibiotics [8–10]. So, it is 
legitimate to develop characters with extensive antibacterial properties 
and the potential to evolve into powerful tools for infection 
management. 

The primary classification of antibacterial surfaces contains (a) 
bacteria-repulsive, anti-biofouling surfaces, which are resistant to pri-
mary bacterial adhesion, and (b) antibacterial surfaces, usually boosted 
with an antibacterial agent to kill bacteria. 

The properties considered for synthesizing bacterial anti-adhesive 
surfaces are free energy, surface charge, zeta potential, and wettability 
[11–13]. However, numerous investigations into surface wettability 
have shown that both superhydrophobicity and superhydrophilicity 
prevent bacterial adherence [13–15]. 

The synthesis techniques of antibacterial surfaces include the 
incorporation of an antibacterial agent. Various researchers are inves-
tigating various inorganic antibacterial agents. Silver (Ag) is the most 
widely investigated of many antibacterial agents [16–19]. Other anti-
bacterial agents investigated are gold (AU) [10,20,21], Copper(Cu) [1, 
22], and some metal oxides, viz zinc oxide (ZnO) [23,24], copper oxide 
(CuO) [25,26] and titanium dioxide (TiO2) [27,28]. 

Antibacterial coatings can be created using a range of physical and 
chemical techniques, such as physical vapor deposition (PVD), Chemical 
vapor deposition (CVD), electrochemical deposition, and sol-gel depo-
sition. Each technique has its own unique advantages and disadvantages 
and can be used in different applications [29–31]. However, the sol-gel 
method has many advantages over other coating methods, such as 
excellent chemical homogeneity, low-temperature synthesis, and the 
ability to control particle size and shape. It is also a potent tool for 
producing glasses of varied compositions [32]. Sol-gel technique has 
gained much popularity because of its outstanding control over the 
texture and surface properties of the materials [33], reproducibility, and 
high surface-to-volume ratios of obtained products [34]. Materials 
synthesized by the sol-gel process provide suitable matrices for a wide 
range of organic and inorganic chemical compounds. Doped sol-gel 
materials’ capacity to maintain the dopants’ chemical and physical 
characteristics is one of their fundamental characteristics. This charac-
teristic designates such substances as nearly exclusive carriers of various 
biologically significant compounds that can be applied in multiple 
biomedical applications [35]. 

Many groups interested in preparing silver-doped silica coatings re-
ported different processing times, ranging between several hours [32, 
36–39], and different gelation times ranging between several days [40, 
41]. We intended to reduce processing and gelation time by heating and 
stirring during the hydrolysis of the precursor. As suggested in our 
previous article [42], a slight change in the homogenization and hy-
drolysis process gave us encouraging results in effectively reducing the 
processing time and gelation time. In a study, the temperature was 
maintained by continuous stirring during the hydrolysis of the precur-
sor. The increase in temperature of the precursor effectively reduces the 
processing time and the gelation time because aggregation takes place 
faster at a higher temperature. Increasing temperature increases the 
particle’s kinetic energy, i.e., the particle’s speed, and thus increases the 
probability of collision and aggregation. This generally increases the 
number of secondary particles with time, thus generally reducing the 
gelling time as the reaction temperature increases [43]. 

2. Materials and synthesis 

2.1. Materials 

Silver-doped SiO2 coatings were prepared using the dip coating 
method by the sol-gel process. The chemicals used were Methyl-
trimethoxysilane (MTMS), trimethylchlorosilane (TMCS) (Sigma- 
Aldrich Chemical, Germany), Methanol (MeOH), and hexane (S. D. Fine 
chemicals, India), Nitric acid (HNO3) and silver nitrate (AgNO3) (Loba 
chemicals, India). 

2.2. Synthesis 

The initial solution was prepared from MTMS, MeOH, and distilled 
water with a molar ratio of 1:17.63:7.92. In the first step, MTMS, MeOH, 
and distilled water were mixed and stirred at 45 ◦C for 10 min 0.5 N 
HNO3, a hydrolysis catalyst, was added to a solution to keep the pH 
value of the solution at 3.5 approximately. After stirring for 20 min, an 
AgNO3 solution was added, and the sole was further stirred for 30 min. 
The MTMS: AgNO3 molar ratio was held constant at 1:0.24. As nitrates 
are decomposed easily during heating, AgNO3 is one of the best pre-
cursors for silver. During this whole process, the temperature of the 
solution was kept constant at 45◦. 

After the sol was prepared, an optically transparent and ultrasoni-
cally cleaned microscopic substrate was dipped vertically into a sol. The 
substrate was kept in a sol for a sufficient time and withdrawn at a 
constant rate of 4 mm per second to get the desired uniform thickness of 
the coatings. To obtain a strong chemical bond between the substrate 
and deposited coatings, the coatings were dried at room temperature for 
1 h. All the films were heat treated at 150 ◦C in the air for 2 h with a 
ramping rate of 1 ◦C/min to obtain transparent and uniform coatings. 
After heat treatment, yellowish transparent coatings were obtained. 
Some of these coatings were further modified using TMCS as a silylating 
agent. These films were dipped in a 0.8% TMCS in hexane for 24 h. After 
removing the TMCS solution, the coatings were dried at room temper-
ature for 1 h and thermally cured at 150 ◦C for another hour. 

3. Characterization 

A UV–Vis spectrometer (Systronics 119, USA) was used to obtain the 
UV–Vis spectra of dried sol in the range of 300–800 nm. To determine IR 
spectra, pellets of the powder scratched from coatings were prepared by 
mixing the dried sol with a KBr-diluted medium. Pellets were dried for 
24 h at 150◦ Celsius. A Fourier transform infrared spectrometer (FTIR) 
(PerkinElmer Model no. 783, USA) is used to record IR spectra in the 
range of 4000 to 400 cm− 1, having a resolution of 1 cm− 1. Surface 
morphology and homogeneity of unmodified and TMCS-modified 
coatings were investigated using Scanning Electron Microscopy (SEM) 
(Model: JEOL-JSM-6360). The coating surfaces’ topography is respon-
sible for a surface’s wettability. The wettability of the unmodified and 
TMCS-modified coatings was studied using Atomic Force Microscopy 
(AFM Nanoscope E′ of ‘Digital Instruments, USA). The water drop con-
tact angle was measured with a standard goniometer (Ramehart In-
strument Co., USA) equipped with a CCD camera. All contact angles 
were determined by maintaining a 10 L water droplet on a coating at 
room temperature. 

A self-cleaning test is employed to check the self-cleaning ability of 
coatings. The mechanical hardness of coatings was checked using jet 
spray test and sand impact test. The film attachment method was used to 
perform an antibacterial test. The microorganisms used were Escher-
ichia coli (gram-negative), and Staphylococcus aureus, (gram-positive). 
Escherichia coli was chosen because these types of bacteria are 
accountable for more than 80% of all infections. 

S.S. Patil et al.                                                                                                                                                                                                                                   



Materials Chemistry and Physics 303 (2023) 127865

3

4. Result and discussion 

4.1. Optical transmission studies 

Fig. 1 shows the optical transmission spectra of the unmodified and 
TMCS-modified Ag/SiO2 films. The optical transmission of the coatings 
occurs in the visible wavelength region, and both are translucent 
because they do absorb a small amount of visible light. Both unmodified 
and TMCS-modified coatings showed an optical transmission of 79%. 

4.2. Fourier transform infrared spectroscopy analysis 

The FT-IR transmission spectra for unmodified and modified silver- 
doped SiO2 coatings named Ag/SiO2 are shown in Fig. 2. The charac-
teristic peaks in the spectrum acknowledge the formation of bands. 
There are eight absorption peaks at 455 cm− 1, 795 cm− 1, and 1083 cm− 1 

assigned to three vibrational modes of Si–O–Si bonds. The peak at 455 
cm− 1, the lowest frequency mode, corresponds to the symmetric Si–O–Si 
stretching. A weak band near 795 cm− 1 is due to the symmetric 
stretching of the Si–O–Si bond. The highest frequency mode, 1083 cm− 1, 
relates to and fro the motion of the oxygen atom parallel to the Si–Si axis 
[44–46]. The peak at 964 cm− 1 shows the existence of a characteristic 
Si–OH bond, while the bond peak at 1385 cm-1 is due to residual or-
ganics. The peak at 1634 cm− 1 is due to the bending of absorbed water 
molecules on the silanol bond with hydrogen bonds. The large band 
around 3463 cm− 1 is the stretching of the OH groups [47,48]. Addi-
tionally, the Ag/SiO2 sample shows new absorption peaks at 836 cm− 1 

and 1755 cm− 1, which correspond to Si–O–Ag bond vibrations. The two 
peaks at 3009 cm− 1, and 762 cm-1 are designated to C–H stretching 
vibrations. The intensity of these C–H bands increased significantly after 
TMCS modification resulting in an increase in water contact angle. 
Based on the FTIR bond values, silica matrix formation is conformed 
through its respective vibration mode among silanols and siloxanes 
[49]. 

4.3. Wettability analysis 

The water droplet contact angle with the solid surface can be used to 
estimate the surface’s hydrophobicity. Fig. 3a and b shows images of the 
water droplet on unmodified coatings and TMCS-modified Ag/SiO2 
coatings, respectively. For these coatings, the contact angle of a water 
drop increased from 95 ± 2◦ to 154 ± 2◦. A lower water contact angle in 
unmodified Ag/SiO2 coatings was observed due to the presence of hy-
droxyl groups on the surface of the coatings. These hydroxyl groups help 

in the adsorption of water molecules on the coating surface. A greater 
contact angle on TMCS-modified coatings shows that the silica coatings 
have become more hydrophobic, perhaps because the non-polar –CH3 
groups of the TMCS replace the polar –OH groups on the coating surface. 

4.4. Atomic force microscope (AFM) 

In addition to the chemical composition, the wettability of coating 
surfaces also depends on the topography of the coatings. Fig. 4a and b 
shows the standard three-dimensional AFM image and roughness profile 
of the unmodified coatings. In contrast, Fig. 4c and d shows the AFM 
image and roughness profile of TMCS-modified films on the glass sub-
strates, respectively. The images were recorded at 2 × 2 μm2 planar in 
contact mode. The root means square (RMS) roughness value of the 
unmodified and TMCS-modified Ag/SiO2 was obtained to be 23.15 nm 
and 51.17 nm, respectively. Compared to unmodified films, TMCS- 
modified films have a higher surface roughness value, resulting in a 
greater contact angle. 

The unmodified and TMCS-modified coatings surface shows a hills 
and valleys structure. Unmodified coatings were a smaller number of 
short hills, whereas TMCS-modified coatings have a more significant 
number of growing hills projecting upward. This increase in the number 
and height of the hills in TMCS-modified coatings contributed to 
increasing contact angle. The low surface contact area due to hills and 
valleys on coatings prevents water from penetrating valleys. Due to this, 
water cannot wet the surface leading to a superhydrophobic surface. 

4.5. Surface morphology studies 

The surface microstructure of the unmodified and TMCS-modified 
coatings was examined through SEM. The critical parameter for mak-
ing hydrophobic surfaces is surface roughness. Two-dimensional FESEM 
images of unmodified Ag/SiO2 (Fig. 5a–b) and TMCS-modified Ag/SiO2 
(Fig. 5c–d) coatings show highly porous 3D structure with a micro-nano 
roughness which is responsible for the wettability. Unmodified Ag/SiO2 
shows varying grain sizes ranging from 1 to 7 μm and a nonuniform 
distribution of these grains. TMCS-modified Ag/SiO2 shows the desired 
surface morphology of coatings with a highly porous surface. The grain 
size ranges from 1 μm to 2 μm. As clearly seen, the unmodified and 
modified coatings have a particle size distributed over a range of 250 
nm–320 nm. This micrograph shows the high degree of continuity in the 
silica particle’s porous network. This porosity leads to hydrophobicity. 

4.6. Self-cleaning ability of coatings 

The Lotus leaves demonstrate self-cleaning properties. As the water 
falls on a lotus leaf, it collects all the debris in its path and rolls off 
quickly, leaving a clean leaf behind. The self-cleaning ability of super-
hydrophobic coatings was demonstrated using this characteristic of 
lotus leaves. Upon contact with the rough surface of the super-
hydrophobic surface, water drops adopt a round shape and flow off 
quickly. Additionally, dust particles accumulate at the tips of the rough 
structure, which facilitates the accumulation of dust particles by the 
spherical water drops [6,7]. Compared to rough superhydrophobic 
surfaces, dust adheres to water drops much more strongly. Rolling water 
drops can readily self-clean dust particles between submicron and 
millimeter sizes on the lotus-leaf-like superhydrophobic surface. 

The self-cleaning ability of unmodified and TMCS-modified coatings 
was verified. Normal dirt is used as dust as coatings are most likely to be 
exposed to this dirt. Dust was arbitrarily scattered over both coatings. A 
small drop was formed using a syringe and slowly placed on a substrate 
with dust inclined to roll off the drop. A water drop on TMCS-modified 
coating effectively collects dust during roll-off as shown in Fig. 6a. With 
the minimum inclination required to roll the drop, water droplets on 
TMCS-modified coatings collect dust and break after leaving the coating. 
An area of 2 × 2 cm2 of TMCS-modified coating was cleaned with only 5 

Fig. 1. Optical transmission spectra of unmodified and TMCS-modified Ag/ 
SiO2 coatings. 
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water drops. This self-cleaning ability of TMCS-modified coating was 
tested more than 20 times, and the results specify the outstanding self- 
cleaning property. An unmodified coating also shows self-cleaning 
ability, but the equal area with the approximately same amount of 
dust required a greater number of water drops to clean the coating as 
compared to TMCS-modified coating. 

4.7. Mechanical robustness of coatings 

The morphology of surfaces can be altered by dynamic impacts, 
which can lead to a decrease in superhydrophobicity. The coating was 
evaluated under two different dynamic impact scenarios (sand impact 
and water jet impact). 

Fig. 2. FTIR spectra of unmodified and TMCS-modified Ag/SiO2 coatings.  

Fig. 3. Water contact angle measurement of (a, b) unmodified and (c, d) TMCS-modified Ag/Sio2 coatings.  
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4.7.1. Water jet impact test 
Superhydrophobic coatings must be mechanically stable in order to 

be useful in practical applications. High-speed water droplets in the 
rainy season can degrade the micro-nano surface morphology of the 
coating, resulting in a loss of superhydrophobicity characteristics. In 
order to assess the structural strength of superhydrophobic coatings, 
water jet tests have been conducted. A water jet generated from a 20 ml 
syringe was sprayed over the superhydrophobic coatings at 3–4 cm 
above the surface. As the maximum speed of the water drop in rainfall is 
8 m/s, the jet’s velocity was maintained at 8–9 m/s Approximately [50]. 
At this impact velocity, the dynamic pressure exerted by the water jet on 
the surface of the coating was 32 kPa–40.5 kPa. 

Upon impact, with unmodified and TMCS-modified coatings a water 
jet repelled quickly away without spreading. Fig. 6b shows the photo-
graph of the impacted water jet on TMCS-modified. These tests were 
conducted with measurements of WCA every 10 s until the value exceeds 
the superhydrophobic threshold. A TMCS-modified coating remained 
superhydrophobic up to 200 s. 

4.7.2. Sand impact test 
In outdoor applications, superhydrophobic coatings are subjected to 

harsh conditions including collisions with particles. By destroying the 
coating’s surface or altering its surface chemistry, these processes will 
negatively impact the coating’s chemical or structural properties. 
Therefore, sand impact tests were performed on the coatings after being 
prepared. Containers with sand were positioned 10 cm above the spec-
imen which was inclined at 45◦. 

For each impact cycle, 10 g of 0.3–0.5 mm-sized sand particles were 
employed. For this, a laboratory setup for testing dynamic impact 
resistance was used as discussed in the previous chapter. The outcomes 
for both unmodified and TMCS-modified samples are shown in Fig. 6c. 
With each passing cycle of the sand impact test, both coatings lose their 
hydrophobicity. After the 5th (50 g) cycle, the unmodified sample lost its 
hydrophobicity, and WCA drops to 85◦ ± 2◦. TMCS-modified sample 
shows the best performance even after 12 cycles (150 g) and holds its 
water-repellence properties. After the 13th (130 g) cycle TMCS-modified 
coating also loses its superhydrophobicity and WCA drops to 148◦ ± 2◦. 
After this, both the coatings were challenged by the sand impact from 

Fig. 4. 3D AFM image and roughness profile of unmodified (a, b) and TMCS modified (c, d) Ag/Sio2 coatings respectively.  
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different heights (20/30/40/50). A 10 g. Of sand was used for each 
height. With the increase in height, the impact velocity of sand particle 
increase, and the tolerance of hydrophobicity decreases. 

For each impact cycle, 10 g of 0.3–0.5 mm-sized sand particles were 
employed. For this, a laboratory setup for testing dynamic impact 
resistance was used as discussed in the previous chapter. The outcomes 
for both unmodified and TMCS-modified samples are shown in Fig. 1a. 
With each passing cycle of the sand impact test, both coatings lose their 
hydrophobicity. After the 5th (50 g) cycle, the unmodified sample lost its 
hydrophobicity, and WCA drops to 85◦ ± 2◦. TMCS-modified sample 
shows the best performance even after 12 cycles (150 g) and holds its 
water-repellence properties. After 13th (130 g) cycle TMCS-modified 
coating also loses its superhydrophobicity and WCA drops to 148◦ ±

2◦. After this, both the coatings were challenged by the sand impact from 
different heights (20/30/40/50). A 10 g. Of sand was used for each 
height. With the increase in height, the impact velocity of sand particle 
increase, and the tolerance of hydrophobicity decreases. 

A simple experiment was carried out to prove the presence of an air 
layer on the superhydrophobic coating. For this, a superhydrophobic 
coating and pristine glass substrate were immersed in water (Fig. 6d and 
e). Surfaces of pristine substrates and superhydrophobic samples exhibit 
a distinct phenomenon. Capillary force makes water climb some dis-
tance along untreated substrates, but superhydrophobic surfaces never 
allow water to contact the sample. 

4.8. Antibacterial studies 

Ag/SiO2 coatings’ antibacterial efficacy was evaluated against Gram- 

positive and Gram-negative microorganisms using the film attachment 
method. Staphylococcus aureus, and Echerichia coli were the microbes 
employed. The immaculate glass slide served as a control (reference). 
The outcomes of the antimicrobial activity of pristine, unmodified, and 
TMCS-modified coatings are depicted in Fig. 7. The control samples 
revealed no zone of inhibition, and it was possible to see bacterial 
growth on or near the glass. TMCS-modified coating displayed strong 
antibacterial activities against Gram-negative bacteria (Escherichia coli) 
as shown in Fig. 7a and moderate antimicrobial properties against 
Gram-positive bacteria (Staphylococcus aureus) as shown in Fig. 7b. The 
antibacterial activity of TMCS-modified coatings increases as wettability 
increases. The TMCS-modified coatings showed the highest inhibition 
zones. This highest inhibition is due to the high surface area of the 
TMCS-modified coatings [51]. The microparticles can easily attach to 
the cell membrane of bacteria, tunnel through it, and pile up there. 
Silver ions are released into the bacteria’s nuclei by Ag/SiO2 through 
slow oxidative dissolution, resulting in their death [52,53]. The bigger 
zones of inhibition were observed for the TMCS-modified Ag/SiO2 
coatings for both bacteria. The antibacterial activity of the 
TMCS-modified Ag/SiO2 coatings was higher against the Gram-negative 
bacteria than Gram-positive bacteria. It could be because Gram-positive 
bacteria contain a higher level of peptidoglycan, which resists silver 
particles [54]. Additionally, this difference in activity could be caused 
by differences in the structure of bacterial cell walls. In gram-positive 
bacteria, the outer membrane possesses a more complex structure and 
restricts the entry of many substrates and compounds, including 
micro-nano particles [55]. 

Fig. 5. Scanning electron microscope images of different magnifications for unmodified (a, b) and TMCS-modified Ag/Sio2 coatings.  
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Fig. 6. Self-cleaning ability of TMCS-modified coatings (a), water spray jet test (b), sand impact test (c) and experiment to prove stable air layer on coatings (d, e).  
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5. Conclusions 

Superhydrophobic coatings with antibacterial properties were 
fabricated rapidly by in situ sol-gel method. The micro-nano roughening 
effect of the coating surface favors the construction of superhydrophobic 
surfaces. At the same time, incorporating the silver particle into the 
silica matrix provides an antibacterial property to the coatings. This 
method of multi-functionalizing simple glass with one material is helpful 
in various industries. This method is expected to become a formidable 
platform for manufacturing multifunctional materials. Though these 
antibacterial coatings provide various advantages in terms of mini-
mizing bacterial transmission and avoiding infections, it is crucial to 
carefully examine their use for several other bacteria. Furthermore, the 
practical applications may need a large surface area which is beat 
challenging to produce by using the sol-gel dip coating method. This 
may limit the potential use of these antibacterial coatings. 
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Abstract 
There is a high demand for superhydrophobic coatings that are optically transparent, 

mechanically durable, and self-cleaning for everyday use. Researchers have attempted to create 
such coatings on glass using silica- polymethylmethacrylate composite through sol-gel 
processing. The coatings show a water contact angle of 1540 and a sliding angle of 80. The 
coatings also show a good self-cleaning behavior collecting dirt from the coating surface. The 
coatings’ mechanical stability was examined using a water jet. The addition of a small amount 
of PMMA polymer to the silica improves mechanical stability.  

 
Keywords: Silica coatings, Superhydrophobic, Self-Cleaning 
 
1. Introduction:  

It is impossible to achieve perfect mimicry in both the arts and sciences. Although 
scientists have developed superhydrophobic surfaces with excellent self-cleaning properties by 
mimicking the micro/nanostructure and chemical composition of lotus leaves,[1] achieving the 
same degree of non-wettability, durability, self-healing, and self-cleaning properties as lotus 
leaves on artificial surfaces is a difficult task. In order to use superhydrophobic coatings in 
daily life applications, they must possess both high optical transparency and mechanical 
durability, which is challenging because surface roughness is a critical parameter for 
developing superhydrophobic surfaces. On highly rough superhydrophobic surfaces, the contact 
area between the solid and liquid is minimal, and water droplets roll over the surface 
effortlessly, collecting dust particles without leaving any traces behind. However, highly rough 
surfaces are also brittle and easily damaged by little force, making it challenging to use them in 
everyday applications. To make superhydrophobic surfaces highly transparent, the surface 
roughness must be smaller than the wavelength of light, and surfaces with roughness values less 
than 400 nm can be highly transparent. [2.3] However, the challenge lies in balancing the 
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durability and transparency of superhydrophobic coatings. Coatings that prioritize transparency 
over durability can only be used in short durations and damage-free areas. 

Currently, the focus of superhydrophobic surface research is on practical applications. 
Such surfaces can be used in outdoor settings, such as on-road mirrors, car windshields, 
building windows, and various metals for anti-corrosion purposes. [4-6] Polymers that have 
good film-forming properties, natural hydrophobicity, high optical transparency, toughness, and 
flexibility are the ideal materials for designing and developing durable and transparent 
superhydrophobic surfaces. Adding polymers, even in small amounts, to the inorganic phase 
can enhance the overall properties of the composite coating, particularly its mechanical 
durability and optical transparency. [7-9] Researchers have developed transparent 
superhydrophobic films using various techniques, such as modifying silica nanoparticles with 
hydrophobic polydimethylsiloxane [10], synthesizing raspberry-like SiO2/polystyrene particles 
[11], and preparing superhydrophobic porous polymer coatings. [12] However, these methods 
have limitations such as large contact angle hysteresis, weak mechanical stability, and white 
color.[13] In the current study, the researchers found that adding a small amount of 
Poly(methylmethacrylate) (PMMA) polymer to sol-gel processed silica sol resulted in a 
superhydrophobic coating with better optical transparency and scratch resistance. However, 
increasing the amount of PMMA reduced the mechanical durability of the coating. The study 
proposed a simple and direct method for creating semi-transparent, durable, and self-cleaning 
superhydrophobic coatings. 

 
2. Material and synthesis 
2.1 Materials: 
Tetraethyl orthosilicate (TEOS 98%), poly(methylmethacrylate) (PMMA), and N,N-
dimethylformamide (DMF) were purchased from Sigma Aldrich, USA. Methanol 
(MeOH), and ammonia solution (NH3OH), were obtained from Loba Chemicals, India. 
Methylene  

2.2 Synthesis of Superhydrophobic Coatings 
Initially, a mixture was prepared by adding 5 ml of double distilled water and 1 ml of 0.5 

M ammonia solution to 20 ml of ethanol with continuous stirring. After stirring for 1 hour, 5 ml 
of TEOS was slowly added drop by drop to the mixture, and stirring was continued for an 
additional 2 hours. Meanwhile, a solution of 5mg/ml PMMA in DMF was made. Silica sols 
containing 2%, 4%, and 6% PMMA were prepared by adding the PMMA solution to previously 
prepared silica sol and stirring the mixture for another 4 hours. Glass substrates were then dip-
coated with the sol using a dipping rate of 5 mm/s and withdrawal with same. The deposition 
time varied from 5 to 10 minutes. All the experiments were conducted at room temperature. The 
dip-coated substrates were air-dried at room temperature for 1 hour and then annealed at 1500 C 
for 4 hours with a ramping rate of 20 C per minute.  

 
3. Characterization  
The surface microstructure of the coatings was examined through Scanning Electron 
Microscopy (Model: JEOL-JSM-6360). Fourier Transform Infrared Specgroscopy was used to 
analyze the chemical compositions of the coatings, while a UV-Vis spectrophotometer 
(Systronics 119, USA) was used to measure the optical transmission of the coatings. Optical 
photographs and videos were captured using a Canon Digital Camer (1500 D). The contact 
angle of water was measured at ten different positions on the samples using a contact angle 
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goniometer (Ramehart Instrument Co., USA), and the average value was taken as the final 
value. The self-cleaning ability of coatings was examined by applying water drops to the 
coating surface with dirt. 
 
4. Result and discussion 
4.1 FTIR Studies 

The FTIR spectrum of the unmodified, 4 vol. % PMMA modified, and 6 vol. % PMMA 
modified silica coatings are shown in Fig. 1. 

 
Fig. 1 FTIR spectra of unmodified silica (a), 4 vol. % PMMA (b), and 6 vol.% PMMA (c) modified silica coatings 

The figure labeled as Fig. 1(a) illustrates the IR spectrum of unmodified silica, which 
displays a band at 3424 cm-1 indicating the presence of surface hydroxyl groups [14] and 
adsorbed water (the Si-H2O flexion) at 1636 cm-1. [15] The spectrum also shows a characteristic 
band of unmodified silica such as a Si-O stretching mode of Si-O-Si linkages at 1095 cm-1 and 
at 810 cm-1. [16] The peak at 1728 cm-1 in Fig. 1b and c is attributed to the ester group in 
PMMA.[17] The peak at 2953 cm-1 is due to the symmetric stretching vibration of the C-H 
bond corresponding to a non-polar CH3 group in PMMA [18] which is responsible for the 
increase in constant angle for PMMA-modified coatings. The presence of the silanol group (Si-
OH) stretching is shown by the peak at 3444 cm-1.[19] Both spectrum 1b and c show a peak at 
1095 cm-1 is attributed to the Si-O stretching mode of Si-O-Si linkages.[20] This confirms that 
polymer chains had been successfully grafted on the surface of silica modified by PMMA. 

 
4.2 Optical Transmittance 
 The relationship between hydrophobicity and transparency is affected by the roughness 
of the surface. When a surface is rough, it scatters light and reduces the amount of light 
transmitted, which makes it harder to achieve high transparency in the visible range. To achieve 
better transparency, the surface nanostructures should be controlled to be less than 400 nm. 
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Fig. 4.2 Transmittance study of pure silica and PMMA-modified silica coatings. 

 
 The Transmittance of superhydrophobic coatings on glass was measured using a UV-Vis 
spectrometer (Systronic 119, USA). From the above spectrum, it is clear that the transmittance 
of the coating increases with increasing the vol. % of PMMA. A 6 vol. % PMMA-modified 
silica coatings show the highest transmittance. The surface roughness of these coatings was 
measured using a surface profilometer (Ambios XP-1 Model). At a specific location, the 
surface roughness was measured ten times, and for each sample, the average of the five 
measurements was calculated. 
As shown in the table.1, the surface roughness of the film increases with an increase in the 
concentration of PMMA in base silica sol. 
 
Table 1 surface roughness (Rq), transmittance, and contact angle values of unmodified silica, 2 vol. % PMMA modified silica, 4 vol. 

% PMMA modified silica, and 6 vol. % PMMA modified silica coatings 

 
Sample Roughness Rq 

(nm) 
Transparency 

(%) 
Contact 
Angle 

Pure Silics 15.5 87 85 
2 vol. % PMMA in Silica 27.8 91 126 
4 vol. % PMMA in Silica 45.6 96 154 
6 vol. % PMMA in Silica 37.3 96 135 
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4.3 Surface morphology studies 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4.3 SEM micrograph of Silica coatings without PMMA (a), 2% PMMA (b), 4% PMMA (c), and 6% PMMA (d) 

 
 
 The coatings that contained 4 vol % of PMMA in silica had the highest water contact 
angle after 10 minutes of deposition compared to other coatings compositions. SEM images in 
Fig. 4.3a showed that the coatings prepared without PMMA had a homogenous morphology, 
resulting in a low contact angle. Coatings with 2%, 4%, and 6% of PMMA have 
nonhomogeneous morphology, which is desirable for a higher contact angle. Coatings with 
PMMA showed a porous morphology with the highest porosity for a coating with 4% PMMA. 
The coatings with 4% PMMA showed a porous interconnected solid layer with micro-nano 
scale roughness present in between the structure (fig. 4.3c). The presence of such micro-nano 
scaled roughness could easily trap the air, and water could sit on the layer of air in the Cassie-
Baxter state. Further, an increase in PMMA % decreases the porosity and surface roughness 
causing the decreases in water contact angle. 
 
 
 
 
 
 
 
 

a 

10µm 

b 

10µm 

c 

10µm 

d 

10µm 
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4.4 Water Contact Angle Measurement  
 

 
 

 
Fig 4.4  Water contact angle for different vol % of PMMA (a) and water droplet photograph of spherical water drop on 4% PMMA 

Silica film (b) 

Fig. 4.4a shows the water contact angle measurement for various vol. %  of PMMA-
added silica coatings. As the vol. % of PMMA increases water contact angle increases and 
becomes superhydrophobic for % PMMA modified silica coatings.  A contact angle of 1540  
was recorded for 4 % PMMA-modified silica coatings(fig. 4.4 a). increase in PMMA 
concentration in base sol will decrease the contact angle as the morphology of coatings become 
less porous. The water contact angle reduces as the amount of PMMA increases, possibly 
because the rough structure formed by silica particles is reduced by the presence of the soft 
polymer. When more PMMA  is added to the silica, the coating’s optical transmission in the 

visible range is improved, as seen in Fig. 4.2. This improvement could be attributed to the soft 
polymer’s coverage of the rough scattering centers for light. Fig. 4.4 b shows the optical 
photograph of water drop on 4 vol. % PMMA-modified silica coatings. 
 
 
 
 
 
 

b 
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4.5 Self-Cleaning Ability of Coatings 

 
Fig. 4.5 Self-cleaning abilities of 4 vol % PMMA modified silica coatings 

Superhydrophobic coatings have unique self-cleaning abilities due to their water-
repellent properties. These coatings are designed to mimic the natural water-repellent properties 
of lotus leaves and other plants, which have evolved over time to keep themselves clean and dry 
in wet environments. The term "superhydrophobic" refers to surfaces that are extremely 
difficult to wet with water. This is achieved through the use of a coating material that is highly 
hydrophobic, meaning it repels water molecules. When water comes into contact with a 
superhydrophobic surface, it forms droplets that roll off the surface rather than wetting it. 
 This rolling action of water droplets on a superhydrophobic surface allows them to pick 
up dirt and other contaminants as they roll, effectively cleaning the surface in the process. The 
self-cleaning ability of superhydrophobic coatings is due to the fact that dirt and contaminants 
cannot stick to the surface due to their water-repellent properties. The self-cleaning properties 
of superhydrophobic coatings have numerous applications in a wide range of industries. For 
example, these coatings can be used to protect electronic devices from water damage, as well as 
to keep buildings and other structures clean and free from dirt and debris. One of the most 
promising applications of superhydrophobic coatings is in the field of transportation. By 
applying these coatings to the exterior surfaces of airplanes, ships, and automobiles, it is 
possible to reduce drag and improve fuel efficiency. This is because the rolling action of water 
droplets on a superhydrophobic surface creates a thin layer of air between the droplet and the 
surface, reducing the amount of friction and drag. 
 The unmodified coatings show poor self-cleaning ability whereas modified coating 
shows the best self-cleaning ability as shown in Fig. 4.5. 
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5 conclusions 
Superhydrophobic coatings with self-cleaning abilities have emerged as a promising 

solution for a wide range of applications. These coatings not only repel water but also 
effectively clean the surface by rolling off water droplets with contaminants. The self-cleaning 
ability of superhydrophobic coatings has numerous practical applications, from protecting 
electronic devices to improving the efficiency of transportation. Furthermore, these coatings 
have a significant impact on reducing environmental pollution by minimizing the use of water 
and chemical cleaning agents. As research continues in this field, it is expected that new and 
innovative applications of superhydrophobic coatings with self-cleaning abilities will emerge, 
making our daily lives easier and more sustainable. 
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A study of amenities in Mauje Ambap village using Q-GIS 

technology 
Dr. Dinesh Bhandare 

Assistant Professor 

Shri Vijaysinha Yadav College, Peth Vadgaon 

Abstract 

 In the current situation, the importance of technology is increasing in all areas of the world. In 

such a situation, if technology is used in all the work systems, administration, business, structure etc. in 

the rural area, solutions to the problems of the rural life can be found in a modern way. In this study, the 

current status of amenities and essential services in Mauje Ambap village located in Hatkanangale taluka 

of Kolhapur district has been mapped using Q-GIS technology. For this, GPS-Waypoint mobile 

application has been used to take the location of all the facilities and put them in the map of Ambap 

village. While all the amenities were arranged separately, the problems came to the fore. Inequality is seen 

in the distribution of factors like medical, grocery stores, education etc. The map prepared from the said 

study can be viewed online with the help of the website to the administration and citizens of Ambap 

village so that it will help for future business location. 

Keywords: Village Information System, Q-GIS, Health facilities, Grocery, Public Services etc. 

1. Introduction: 

 In today's world it is essential to have complete information about every location 

and region. In absence of updated and accurate information about all kind of resources at village 

level, the government and people of the nation are handicapped in planning and controlling their 

own destiny (Khan, Subhan and others, 2005). For the present study, researcher has used remote 

sensing (Remote Sensing) and GIS at various government and private levels. (GIS) technology 

has made satellite imagery and statistical information available. Therefore, the level of 

development and necessary factors of any region of the world can be estimated. This new 

technology can reduce the time and cost for the development of an information system and help 

the planners in organizing the data to arrive at precise conclusion and decisions (Sitender and 

others 2012). 

Village Information System (VIS) is crucial in regional planning of rural development. In 

this study, the rural information system of Mauje Ambap village in Hatkanangle taluka of 

Kolhapur district of Maharashtra has been studied. The distribution of road network, water 

facilities, land use for various purposes, education facilities, construction, other facilities, 

essential services etc. in Mauje Ambap can be understood at the local level with the help of 

various statistical and geographic information. As a result comprehensive management and 

planning of Mauje Ambap village will be easy. Therefore, many problems can be solved 

together. 

 

2. Study Area:  

 The village Mauje Ambap selected for the present study is located in the western part of 

Hatkanangle taluka of Kolhapur district of Maharashtra state. 22 km from Kolhapur city. In the 

north, Hatkanangle is 23 km north-west of the taluka headquarters and is bounded by settlements 

like Talsande in the north, Peth Vadgaon in the east, Ambapwadi in the south and Padali in the 
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west. The latitude and longitude position of this village is 16o 81' 88.35" to 16o 86' 22.31" north 

latitude and 74o 24' 92.87" to 74o 28' 41.05" east longitude respectively. According to the 2011 

census, Mauje Ambap had a population of 6,661. So total houses are 1354. The literacy rate here 

is 74.1 percent. As Mauje Ambap is located in the eastern region of Kolhapur district, this 

area is a part of Deccan Plateau and the topography here is flat. A very slight difference in 

elevation occurs due to local stream mining. The maximum height here from the sea level is 520 

m. is The slope of the land is generally from southwest to northeast. The maximum and minimum 

temperature observed in Mauje Ambap is 39o C respectively. Average annual rainfall is 600 mm. 

Average humidity is 70 percent. 

Map No. 1 

Location of Mauje Ambap 

 
Source: Prepared on QGIS software. 

3. Objectives of the Study: 

1) To create a basic map of rural information system related to facilities of study area. 

2) To analyze all existing infrastructure and other amenities. 

3) Publish village information system map online on website. 

4. Importance of Study: 

1) For the purpose of management and planning of the rural area at the local level, the statistical 

information about the basic amenities of Ambap village can be obtained. 

2) The base map will be useful for the purpose of making suggestions regarding the current status 

of Mauje Ambap village and any future spatial planning. 

5. Methods of Data collection and Analysis: 

Primary and secondary sources of information were used for this study. The primary 

information is obtained through direct observation and interviews as well as available service 
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facilities using smart phones with the help of GPS Waypoint application in which the absolute 

position is obtained. Whereas the secondary information has been collected from various gram 

panchayat reports, information, government documents, government reports, census information 

etc. 

 QGIS, an open source software, has been used for analysis and map creation for this 

study. Also, the infrastructure map has been published with the help of the website 

www.github.com. 

6. Limitations of the study: 

a) Due to the settlement pattern of Mauje Ambap village, there were difficulties in getting 

information about the actual absolute location of service facilities. 

b) Since the maps used for this study are to be prepared at the local level, there may be slight 

variation in map accuracy. Google image has been used instead of satellite image for this. 

7. Explanation of Mauje Ambap Village Amenities: 

In the said study all the factors have been differentiated with the help of MS-EXCEL 

using mobile application GPS Waypoint to show all infrastructure and other amenities 

distribution in Ambap village. The distribution of each amenity is shown below using Q-GIS, an 

open-source software. 

7.1. Public and Financial Services: 

Public service facilities in Mauje Ambap village include administration, drinking water 

facilities, public toilets, etc. At the same time, credit institutions and private banks appear in the 

necessary services for financial transactions. They are shown with the help of the following map. 

Map No. 2 

Public and Financial Services in Ambap village 

 
Source: Prepared on QGIS software. 
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 It can be seen from the above map that drinking water and all financial facilities are not 

available by the local administration to the far developed settlements of Ambap village. Except 

the village and industrial estates in the eastern part of the village, any settlement has to depend on 

ground water for drinking water. Private financial services such as credit institutions and 

nationalized banks except private banks are not available in the village. Therefore, citizens are 

forced to use financial services in Peth Vadgaon, Wathar and Kodoli. As there is no ATM facility 

in the village yet, one has to go outside to withdraw money. 

7.2. Medical Services: 

In Mauje Ambap village, the medical services available in neighboring Peth Vadgaon and Kodoli 

villages as well as all the highest facilities available in Kolhapur district, except for one private 

and one government hospital, do not have all the facilities. 

Map No. 3 

Health related facilities in Ambap village 

 
Source: Prepared on QGIS software. 

At the same time, total 4 medical heads are in Gavthan area. But to get any medical 

supplies, residents of neighboring colonies and plantations have to come to the commercial area 

in the center of the village. 

 

 

 

 

 

 

7.3. Essential household goods and food services: 

Map No. 4 

Grocery and food services in Ambap village 
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Source: Prepared on QGIS software. 

 Grocery stores and chicken shops in Ambap village are found to be satisfactorily 

distributed as per demand. On the Peth Vadgaon-Ambapwadi road, grocery stores are mainly 

seen outside the village. 

7.4 Educational Facilities: 

Map No. 5 

Education facilities in Ambap village 

 
Source: Prepared on QGIS software. 

 Due to the educational facilities developed in neighboring Peth Vadgaon and Kodoli, 

education services such as Anganwadi, Zilla Parishad School, High School and Residential 

School have been distributed. 

7.5 Agricultural Services: 

In Ambap village, apart from the main village, there is no work related to agricultural 

services in other settlements. Only poultry farms, poly houses and nurseries are seen in village 

areas. 
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Map No. 6 

Agro-services in Ambap village 

  
 Source: Prepared on QGIS software. 

 

7.6 Industry and Other Services: 

Map No. 7 

Industries and other Services in Ambap village 

 
Source: Prepared on QGIS software.  

In Mauje Ambap village, industries have developed in the eastern part of the village at 

appropriate locations. Chilli kandap is a household auxiliary industry seen in village areas. At the 
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same time, other facilities such as hairdressing salon, cloth shop, pico-fall, footwear are 

concentrated in the main road and village panchayat road in the Gavthan area of the village. 

8. Village Information System Website Information: 

https://dineshbhandare.github.io/Ambap-village-information/  

9. Essential amenities required in Mauje Ambap: 

a) ATM Center  b) Four wheeler garage 

c) Nationalized Bank d) Fire fighting system 

E) Petrol Pumps e) Senior Health Officers and Additional Beds in Government Health 

Centres  f) Arrangements for waste collection (dry and wet waste) 

9. Conclusion: 

a) A web-map has been prepared using the website github.com so that all the facilities in Mauje 

Ambap can be viewed through the internet. Availability of such a map through the internet can 

be beneficial for administration as well as taxation. 

b) The study shows that the service facilities available in Mauje Ambap are concentrated in the 

center of the village on Talsande and Ambawadi streets. 

c) The small scale industries of Ambap village are concentrated in the east of the village i.e. near 

the national highway for the convenience of transportation. 

d) As the facilities in Ambap village are mainly in the center of the village, the facilities are not 

available in other plantations. Everyone has to travel a distance of one and a half to two km to get 

the essential services. 

e) The main street of the village is crowded here on Saturdays as the weekly market is held. 

f) People from settlements on Talsande road and Ambawadi road have to come to the village to 

buy and sell goods / food. 

g) Shops were found less in Malwadi, a settlement in the southern part of the village. This colony 

has gradually grown to the south of the village. 

h) According to the size of the village and considering the educational institutions in the 

neighboring colonies of Peth Vadgaon and Vathar, there are more educational institutions here. 

Also, there is a polytechnic college near the village.  

References: 

1. Census of India, Kolhapur District, 2011. 

2. Economic and Social Commentary, Kolhapur District, 2011. 

3. Mission Antyodaya Baseline Survey, (2020), Grampanchayat Report, 2020. 

4. Malik, Sitender & Kumar, Satish & Reena, (2012) Village Information System - A Case 

Study of Muklan Village, Hisar, Haryana, (INDIA). International Journal of Research in 

Social Sciences. 2. 184.  

5. Subhan Khan, Shakti Parkash and Swaran Jaggi (2005), “Village Information System (VIS) 

for Developmental Planning: Geospatial Science based study of Chharora Village in Mewat 

Region of District Gurgaon (Haryana), India”, Map India organized at New Delhi during 

February 7-9, 2005. www.mapindia.org/2005/paper/isg/109.htm 

Applications used: 

1) Google Earth-Pro (Windows 11) 



Gurukul International Multidisciplinary 
Research Journal (GIMRJ)with 

International Impact Factor 6.305 

Peer Reviewed Journal 
 

 

Page 81 

e-ISSN No. 2394-8426 

Dec-2022 

Issue–IV, Volume–X 

Quarterly Journal         Peer Reviewed Journal ISSN No. 2394-8426 
Indexed JournalReferred Journal http://www.gurukuljournal.com/ 

2) GPS Waypoints (Android Application) 

3) Quantum-GIS (Opensource Software) 

Website used: 

1) https://dineshbhandare.github.io/Ambap-village-information/  

 

  



Education and Society, May-23 Special Issue-II, Vol.-III UGC CARE Listed Journal, ISSN: 2278-6864           1 

Education and Society                                             Special Issue 
(शिक्षण आशण समाज)                           UGC CARE Listed Journal

                                                           ISSN 2278-6864 

 
 

 
Education and Society   

Since 1977 
 

The Quarterly dedicated to Education through Social Development  
And Social Development through Education 

 
 
 

Special Issue on the theme of 
“Socio-Economic Status of SC/ST In India and Human Recourse 

Development” 
 
 

May 2023 
 

(Special Issue-1I/ Volume-III) 
 
 
 
 

 

 
Indian Institute of Education 

J. P. Naik Path, Kothrud, Pune- 38 

 
 
 



Education and Society, May-23 Special Issue-II, Vol.-III UGC CARE Listed Journal, ISSN: 2278-6864           2 

Indian Institute of Education 
 
 

Education and Society 
Special Issue on the theme of “Socio-Economic Status of SC/ST In India and Human 
Recourse Development” (National Seminar organized by Vivekanand College, Kolhapur 
sponserd by ICSSR New Delhi dated 12, 13 May 2023 ) 
 

 

Prof. J. P. Naik and Dr. Chitra Naik 
Founder of the Institute 
 
 

Editorial Board:  
Prin. (Dr.) Jayasing Kalake, Chief Editor 
Dr. Prakash B. Salavi, Executive Editor 
Mrs. Shailaja D. Sawant, Secretary 
 

Guest Editors:  
Dr. Govardhan Ubale 
Dr. Shubhangi Kale 
 

 
Publisher: 
Indian Institute of Education 
J. P. Naik Path, Kothrud, Pune- 38 
 

Contact Numbers: 8805159904, 9834109804 

Web-site: www.iiepune.org  
Email: educationandsociety1977@gmail.com, iiepune1948@gmail.com 
 

------------------------------------------------------------------------------------------------ 
 Education and Society, the educational quarterly is owned, printed and 
published by the Indian Institute of Education, Pune. It is printed at Pratima Mudran, 1-
B, Devgiri Istate, Survey No. 17/1-B, Plot no. 14, Kothrud Industrial Area, Kothrud, 
Pune 38. It is published by the Editor Dr. Jaysing Kalake at Indian Institute of 
Education J. P. Naik Path, Kothrud, Pune- 38. Opinons or views or satatements and 
conclusions expressed in the articles that are published in this issue are personal of 
respective authors. The editor, editorial board and the institution will not be responsible 
for the same in any way. 

 

mailto:iiepune1948@gmail.com


Education and Society, May-23 Special Issue-II, Vol.-III UGC CARE Listed Journal, ISSN: 2278-6864           7 

22. Study of Industrial Agglomeration in Shiroli MIDC of Kolhapur District 
(Maharashtra): A Geographical Perspective 
Dr. N. V. Gaikwad, and Mr. Samadhan P. Parakhe    172 
------------------------------------------------------------------------------------------------ ---------- 
23. Pressure of Population on Food Grains Production in Village Chitali of 
Khatavtahsil (Satara): A Geographical Study 
Dr. S. P. Divate, Dr. D. N. Kharat, and Prof. (Dr.) U. S. Tembare  181 
------------------------------------------------------------------------------------------------ ---------- 
24. An Assessment of Rainwater Harvesting Potential of Dr. Babasaheb 
Ambedkar Marathwada University Campus, Chh. Sambhajinagar (M.S.) 
Mr. D. J. Bhandare, N. M. Wankhade     187 
------------------------------------------------------------------------------------------------ ---------- 
25. Study of Female Occupational Structure: Sangli District 
Ms. M. A. Patil, Ms. S. K. Shinge, Mr. P. D. Mane and Dr. A. C. Gejage 201 
------------------------------------------------------------------------------------------------ ---------- 
26. An Analytical Overview of Geo-Environmental Status of the River Gomti 
Dr. Ritu Jain        211 
---------------------------------------------------------------------------------------------------------- 
27. A Critical Study of Effects of Population and Climate on Indian Agriculture 
Dr. Ashok S. Patil       223 
------------------------------------------------------------------------------------------------ ----------
28. Trend and Spatial Analysis of Covid-19 in Pune City, Maharashtra from March 
2020 to December 2020 
Dr. Shrikant Ghadge, Miss Aishwarya Hingmire, and Mr. Mayur Goud  228 
------------------------------------------------------------------------------------------------ ---------- 
29. Horizontal and Vertical Distributional Pattern of Mangroves along Devgad to 
Achara Estuaries Southern Coast of Maharashtra 
Dr. Nisha Mugade and Dr. Vidya Ajit Chougule    240 
------------------------------------------------------------------------------------------------ ---------- 
30. Analysing Monthly Rainfall Pattern using Whisker Plot technique of 
Maharashtra from 1991 to 2020 
Mr. Mayur Goud, Ms. Aishwarya Hingmire, Mr. Balkrishna Shinde and Mr. Sandip 
Wadekar        249 
---------------------------------------------------------------------------------------------------------- 
31. Evaluating Rainfall Changes using Rainfall Anomaly Index of Maharashtra 
from 1991 to 2020 
Mr. Mayur Goud, Mr. Sandip Wadekar, Ms. Aishwarya Hingmire, Mr. Balkrishna 
Shinde         254 

32. Status of Literacy in Scheduled Castes in Kolhapur District: A Geographical 
Analysis 
Dr. Sampada Tikekar       261 



 

Education and Society, May-23 Special Issue-II, Vol.-III UGC CARE Listed Journal, ISSN: 2278-6864      187 

An Assessment of Rainwater Harvesting Potential of Dr. Babasaheb 
Ambedkar Marathwada University Campus, Chh. Sambhajinagar (M.S.) 

 

Dr. Dinesh Jagannath Bhandare 
Assistant Professor 

Dept. of Geography, Shri Vijaysinha Yadav College,  
Peth Vadgaon, Kolhapur  

Dr. Nilesh Mohanrao Wankhade 
Assistant Professor and Head,  

Department of Geography, Shri S. H. Kelkar College of Arts, Commerce and Science, 
Devgad,Dist. Sindhudurg, Maharashtra 

----------------------------------------------------------------------------------------------------------
-Abstract: 

Rainwater harvesting contains direct collection and storage of rainwater locally 
with the help of various technologies, for furthermore use. It is essential for human 
beings, livestock, groundwater recharge, beautification practices in Dr Babasaheb 
Ambedkar Marathwada University campus. Potential of rainwater harvesting in this area 
denotes to the capacity of an individual catchment area of rooftop that connects the 
water falling on the catchment during a rainfall considering specific year. The present 
research paper emphasises the identification of potential rooftops in study area and 
marking it as a Polygon in Google Earth Pro and calculating the area of Rooftops of 
various buildings in every section. It is enormously an ideal and operative solution to 
overcome the water scarcity through rainwater harvesting in the study area. 
----------------------------------------------------------------------------------------------------------
Keywords: Rainwater Harvesting, Potential of rainwater Harvesting and application of 
QGIS 
---------------------------------------------------------------------------------------------------------  
Introduction: 

In digital era we have astonishing achievements in the field of Science and 

Technology, despite that nature remains to be a mystery for human beings. Though 

water is also being obtained through desalination, artificial rain by cloud seeding 

etc. in some of the developed countries, the shortage of water even for drinking 

purpose is a perpetual phenomenon throughout the world, eventually in 

developing and underdeveloped countries (Rain Water Harvesting and 

Conservation, Govt. of India, 2002 p.1).  

The fact that the water resources in the world are stable and their 

availability is limited, the importance of water resources, efficient use of water and 

the use of technologies related to alternative water resources have become 

important (A. Yasin YİĞİT and others). Accessibility of water in an area depends on 

the pattern of rainfall in the region. In this point of view, Marathwada region is 

facing draught since last few decades due to insufficient rainfall. Due to this, water 
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scarcity is becoming a leading problem of Sambhajinagar district as well as city. It 

is need of hour to find sustainable solutions for these circumstances. Rainwater 

harvesting is one of the effective and proficient solution to this problem. The 

present paper concentrated on availability of water resource for domestic purpose, 

nature of present-day utilization and aims at assessing the feasibility of certain 

traditional methods of rainwater harvesting.  

Rainwater Harvesting:  
Rainwater Harvesting and Conservation involve the direct collection of rainwater 

and storing it for direct use or can be re-charged into the Groundwater. The aim of it is 
to maximize water storage and minimize the runoff through drains/nallahas or to the 
rivers without making any use of it. Groundwater levels are depleting continuously due 
to ever growing demand for water (Durgasrilakshmi Hari and others, 2017). 

Rainwater harvesting provide the independent water supply during regional 
water restrictions. It provides water when a drought occurs, can help mitigate flooding 
of low-lying areas, and reduces demand on wells which may enable groundwater levels 
to be sustained. It also helps in the availability of potable water, as rainwater is 
substantially free of salinity and other salts. Applications of rainwater harvesting 
in urban water system provides a substantial benefit for both water 
supply and wastewater subsystems by reducing the need for clean water in water 
distribution systems.  
Study Area: 

 
The study area belongs to Sambhajinagar city which is known for one of the 

drought-prone cities in Marathwada region. Dr. Babasaheb Ambedkar Marathwada 
University was established on 23rd August 1958. This university has contributed to the 
improvement of neighbouring regions and individuals in immeasurable ways. The 

university located on 19°53’26.07” to 19o54’47.69” North Latitude and 

https://en.wikipedia.org/wiki/Integrated_urban_water_management
https://en.wikipedia.org/wiki/Water_supply
https://en.wikipedia.org/wiki/Water_supply
https://en.wikipedia.org/wiki/Clean_water
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75°18’09.92” to 75o19’00.83” East Longitude, expanded over on 725 acres (2.93 Square 
km) surrounded by hills on north and west direction. The study area comes into semiarid 
climate under the Köppen climate classification. Average annual temperature ranges 
from 17 °C to 33 °C and average annual rainfall is 710 mm. most of the rainfall occurs 
in the monsoon season from June to September. The university campus consists of 52 
departments, 10 hostels, 27 quarters and 23 other buildings. Approximately more than 
thousand people come to the campus for various purpose and more than 5000 students, 
faculties and guest resides in hostels, quarters and guest houses demanding much water 
for their daily use. Apart from that there are ‘n’ number of shrubs, lawns, trees required 

water. But the scenario of less rainfall resulted shortage of ground water, surface water. 
In this point of view, water storage is available in entire campus. For supply of enough 
water for all, university authority must have to hire some water tankers from outside; 
which is much expensive, for overcoming this critical situation there are strong need of 
rainwater harvesting.   
Aims and Objective: 

1. To make geospatial database for the potential of rainwater harvesting in study area. 
2. To identify the rooftop water harvesting capacity of university campus. 

Database: 
The current work is based on secondary sources. For the cross verification of 

secondary data, the researcher used visited personally on the site and checked the 
infrastructure types. The data related to infrastructure like administrative buildings, 
departments, auditorium, indoor sports buildings, guest houses, hostels and quarters is 
collected from the official website of the concerned university and Google Map and 
Satellite image. 
Methodology:  

The collected data has sort out in tabular form and processed with mathematical 
calculations. QGIS is used to create the Study area map. Google satellite images has 
been used to draw and delineate different types of roof catchments and they are 
digitized into kml file on Google Earth-Pro software. Average annual rainfall data is 
considered for the assessment of potential rooftop runoff. Total three parameters i.e., 
available catchment area of rooftop, amount of rainfall and runoff coefficient are used 
for calculating the rainwater harvesting with this formula: 
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The harvested water can be store in artificial tanks the ground water 

reservoirs. Capacity of tanks is estimated according to the collected water from 
Rooftops. The diameter and the height of the tank are proposed according to the 
collected water and beyond the collected water. The tank is also placed according to the 
area. 



 

Education and Society, May-23 Special Issue-II, Vol.-III UGC CARE Listed Journal, ISSN: 2278-6864      191 

 
Limitations of the Study: 

Appropriate data regarding rainfall is available for entire district and city but no 
reliable data available for university campus because of that amount of rainfall is taken 
into consideration may be erroneous for study area. The number of people inside 
campus is unpredictable due to that standard parameter of per capita water demand is 
useless for guessing the water storage. Calculated rooftop area of each building by 
satellite image from Google earth pro is fluctuate from actual calculations because high 
resolution satellite images are not simply obtainable. Spatio-temporal data is used for 
analysis, it will be altered with infrastructural development by university authority as 
well as meteorological changes i.e., amount of rainfall, rate of evaporation, temperature 
and humidity.  
Discussion and Result: 
 The following study is divided into five sections as per the field visit and 
suitability of area for field work. 

Image 1: Section-wise Distribution of Dr. Babasaheb Ambedkar Marathwada 
University. 
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SECTION I: 
 This section encompasses the area of university gate, buildings of bank, foreign 
language, music department, auditorium, hostels and teacher quarters. This section has 
rooftop of total 5 quarters, 2 departments, 2 hostels and 3 other buildings including a 
temple. The total rooftop area in this section is 3,862.42 sq. m. The detailed information 
is in the following. 

 
  As reflection of above table no. 2, the water available from rooftop is counted 
in litres and total proportion of water to be accumulated during rainfall is 19,67,772.40 
litres from all type of roofs in section one. The rooftop area of auditorium is found large 
(2331.04 sq. m.) where 58.87 percent rainfall water can be collected and will be stored 
on vast scale. At the other side 14.60 percent rainwater will be collected from rooftop of 
quarter buildings 1 to 5. An iron sheet rooftop area of existing temple in section one 
(339.08 sq. m.) has pay significant contribution of collecting 11.01 percent rainwater. 
While, maximum water used in hostel and mess but less amount (4.55 percent) of 
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rainwater will be collected through this building rooftop. The rooftop area of music and 
foreign languages department buildings donate 10.95 percent rainwater for multipurpose 
use. The density of buildings is less means that open space is huge in this section due 
that overall rainwater harvesting is less compare to other sections in university campus. 
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  The table no. 3 portraits that, the section two has devoted to Hostels as large 
infrastructure, providing cumulated 43.53 percent rooftop for rainwater harvesting. As 
per figures came out from this table, total 60,63,740.30 litres of rain water to be 
accumulated during rainfall from all kind of roofs in section-2. Infrastructure capacity of 
NIELIT individually 41.89 percent rainwater collect and 38.51 percent water could be 
stored. It is higher among all buildings exist in this section. At the second side, all 
hostels are contributed 41.41 percent rainwater cumulatively. The rooftop of Vice-
chancellor’s bungalow and faculties quarters have 08.41 percent rainwater collecting 

capacity. Two farm building similarly contribute 06.33 percent rainwater during rainfall. 
While, Vidyarthi Bhavan building have iron sheet roof means runoff coefficient of this 
building is better than other buildings therefore, less but not least amount (2.39 percent) 
of rainwater collected. All hostels and NIELIT buildings might collectively catch 83.30 
percent rainwater in this section.  
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  Section third in university campus has second largest capacity of collecting and 
storing rainwater during rainfall because density of buildings is higher than other 
sections in the campus. Table no. 4 represent that, Hostel 1 to 6, Guest House and 
Yashwant Hostel has 33.46 percent rainwater collecting capacity. While, UGC, RDC, 
Humanities, RUSA, Geography Department, Post Office and other buildings 
collectively has second largest size of rooftop for collecting 22.62 percent rainwater. 
Total 3713.65 sq. m. rooftop area of Quarters 1, 2 and 4 to 15 from this section have 
14.93 percent rainwater collection and 17.31 percent storing volume. At other side, 
Sport_Complex2, 3 and Other Quarters could accumulate 11.04 percent rainwater. 
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Similarly, 07.74 percent rainwater might be cached by rooftop of Drama Dept 2 and 
Sport Complex 1.  The roofs of buildings 1 and 3 Drama and Yoga Department can 
collect 7.14 percent rainwater throughout the year during rainfall. A corny building in 
botanical garden with iron sheet roof having 01.92 percent rainwater collecting capacity. 
The smallest (219.89 sq. m.) iron sheet roof of quarter no. 3 has able to contribute 01.14 
percent rainwater.  The overall capacity of storing rainwater collected from all rooftops 
available in this section is 1,47,04,727.61 litres. It will be more helpful to make self-
sufficient to this section along with surrounding premises too.          

 
The fourth section includes the various department buildings rather than other 

infrastructures due to the proximity of Administrative Area. In this section, Central 
facility centre, Chemistry building and Computer and IT building have high capacity to 
collect the rainwater. The total rainwater collection availability from roof is 
84,85,566.00 litres. Table no. 06 represents that, the highest 60.20 percent rainwater 
collected and 60.82 percent might be stored trough rooftop of Physics, Management, 
UNIC, IT, Botany, Mathematics, Environment, Zoology, Chemistry, Biodiversity 
Studies department buildings. Central Workshop and Facility centre has 22.86 percent 
second largest capability of collecting rainwater in this section. Then, Bajaj Incubation 
Centre in this premises is play important role in collecting 10.35 percent rainwater. 
While, roof of Phule Ambedkar Study Centre has ability to catch 05.61 percent 
rainwater during rainfall. Iron sheet roof of canteen in this section is could collect 0.98 
percent rainwater during rainfall throughout the year.      
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In section fifth, density of building is higher than all existing sections in 

university campus. Another notable thing is that, highest amount of rainwater collection 
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is 1,39,81,541.52 litres due to most of the roofs are made from Iron sheet. Principal 
reason of having iron sheet roof in this section is availability of parking shade and 
administrative facilities provided by university authority around the administrative 
building. The highest 19.59 percent of rainwater collection is possible by rooftop of E-
Learning Centre, History Museum, Lunch House, Parking, Printing Press buildings. In 
the same way, roofs of Library Science, Tourism Management, Library Reading Room, 
Study Centre constructions having a capability to collect 19.35 percent rainwater. 
University Administrative Building individually able to catch 16.27 percent. Similarly, 
Exam Section, Commerce, Bhasha Bhavan, DLLE2 buildings also collectively would be 
able to collect similar 16.27 percent conceivable rainwater during rainfall. Whereas, 
Exam Section and Parking1, 2, 3, 4 are sufficient to collect 07.92 percent rainwater. At 
the other side, Bhasha Bhavan Parking (05.54  

percent) and History Museum and Printing Press Building collect 5.14 percent 
rainwater from their respective roofs. During precipitation, smaller but noticeable 
amount of rainwater collect from varied roofs by University Parking1, 2, 3 (02.76 
percent), NSS Department-2 (02.03 percent), NSS Department-1(01.99 percent), DLLE 
building (01.90 percent) and DLLE parking (01.23 percent). 

 
Summery and Conclusion: 

Sambhajinagar city is in central Marathwada region of Maharashtra state well 
known as industrial and tourism hub but from several years back this city is facing 
draughts. Dr. Babasaheb Ambedkar Marathwada University is leading university in 
north Marathwada region in this point of view more than 5000 students, faculty, and 
guests resides within the campus demanding enough water for domestic use but existing 
sources are unable to fulfil this demand because of less rainfall scenario. To overcome 
the problem of water scarcity rooftop water harvesting is most essential for this area. 
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The entire campus has much potential for rainwater harvesting. Through this method the 
all components of the university campus can use sufficient water stored by them.    
Conclusion: 

1. It is found that no effective measures taken towards rain water harvesting in study area. 
This resulted into scarcity of usable water in campus.  

2. As per the calculated area of rooftop rainwater harvesting potential section-Five has 
highest potentiality out of all remaining sections.  

3. In case of Section-Three the proportion of RCC buildings is higher than other sections. 
Whereas section-five in study area has higher proportion of buildings having iron sheet 
roof it means that the coefficient of iron sheet roof is higher than RCC roof. This will 
helpful to collect rooftop rain water in high proportion from iron sheet.   

  4. The large infrastructures in study area have high potential for rain water harvesting.  
  5. With the help of roof top rain water harvesting technique entire campus of this 

university can become self-sufficient.  
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Abstract
CdS quantum dots sensitized  TiO2 nanocrystalline photoanode was developed on conducting FTO substrates which act as 
working electrode in photoelectrochemical cells. Deposition process was conducted by applying ionic layer adsorption and 
SILAR process. The thickness of CdS quantum dots (QDs) are maintained by cycles of SILAR. The morphology and nature 
of  TiO2/CdS photoanodes are characterized by XRD, UV–Vis., IR, PL, TEM and EDS analysis. XRD patterns indicate 
the presence of anatase  TiO2 and CdS in  TiO2/CdS quantum dots thin film (5 and 10 cycles) samples with crystallite size 
11.19 nm. The optical band gap energies are 3.10, 3.05 and 2.78 eV for  TiO2,  TiO2/CdS quantum dots (5 and 10 cycles), 
respectively. The band gap energy of  TiO2 found to be decreases with the sensitization of CdS quantum dots. The images of 
HR-TEM confirm the formation of a heterostructure between  TiO2 and CdS quantum dots. The PEC performance for  TiO2/
CdS photoanode was analyzed using a 500 W tungsten lamp with light intensity of 30 mW/cm2 in the electrolyte iodide/
polyiodide as a redox couple (0.5 M). CdS quantum dots sensitized  TiO2 film as a photoanode for solar cells produces good 
power conversion efficiency of 1.32 and 3.52% for 5 and 10 cycles respectively.

Keywords Titanium dioxide · Nanocrystalline · X-ray diffraction · Sensitization · Band gap · Photoelectrochemical 
efficiency

1 Introduction

In the last two decades there is a significant development in 
solar cell research together with silicon, perovskite (PSCs), 
dye-sensitized (DSSCs), organic (OSCs), and heterojunction 
solar cells [1]. QDs have become substantially engrossed in 
solar cells due to their unique electronic and optical prop-
erties, tunable band gap by manipulating their sizes, large 
intrinsic dipole moments, and intrinsically stronger light 
absorbers. The ability of tuning of QDs band gap to match 
the sunlight spectrum which makes them attractive candidate 
as a sensitizers in solar cells [2, 3]. Normally the QDSSCs 
operating under concentrated sunlight can have maximum 

theoretical conversion efficiency by conventional solar cells-
up to 66%, compared to 31% for current-day 1st and 2nd 
generation [4]. Meanwhile, the 3rd generation solar cells 
include DSSCs, QDSSCs and PSCs cells are much lower 
in cost and photoelectric conversion efficiency around 40% 
according to theoretical calculations [5]. QDSSCs are very 
promising 3rd generation solar cells have already made 
progress in photovoltaic efficiency up to 12%, very close 
to its counterpart of DSSCs [6]. However, DSSCs efficien-
cies are still lagging behind and highest yield obtained is 
11.9%, which  is  lower than that of perovskite solar cells 
(19.7%) [5]. The state‐of‐the‐art of QDSSCs surpassing 15% 
of power conversion efficiencies [7].

A perfect QDSSCs, just like DSSCs, contains QDs sensi-
tized a wide band gap semiconductor film electrode, counter 
electrode and an electrolyte with redox couples. The wide 
band gap semiconductor such as ZnO–SnO2 nanocomposites 
(NCs),  TiO2 nanorods (NRs),  TiO2 nanoparticles (NPs) and 
ZnO NPs are played a major role in the transportation of 
generated electrons and back recombination rates [8, 9]. But 
the QDSSCs are the next improvement of DSSCs in uplift-
ing efficiency by sensitizing with semiconductor QDs. The 
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emergent curiosity of QDs is their use in cheap solar cells, 
which have the possibility to increase the thermodynamic 
conversion efficiency above the Shockley–Queisser limit 
(33%) [10]. Enhancing the power conversion efficiency of 
QDSSCs has always been a predominant concern for all sci-
entists. Light capturing quantum dot decorated, wide band 
gap nanostructure like  TiO2 [11], ZnO [12, 13], and  SnO2 [6, 
14] have to harvest more light. Moreover, One-dimensional 
 TiO2 nanostructures have been regarded as ideal candidates 
for solar energy conversion due to their unique structural 
merits including large surface-to-volume ratio, fast and long-
distance charge transport, and low rate of recombination of 
electrons and holes [15]. Also, the band gap of  TiO2 is wide 
(3.26 eV) which requires UV light for the excitation of elec-
trons from the valence band to the conduction band but he 
solar spectrum has only 5% UV radiation [15].

Quantum dot-sensitized solar cells have developed in 
recent years using various inorganic QDs as sensitizers such 
as CdS, CdTe, CdSe, PbS, PbSe, AgI,  Ag2S, and ZnS  Sb2S3 
etc., by SILAR method which exhibited more benefits over 
organic dyes [5, 6, 16, 17]. Especially, CdS QDs can harvest 
hot electrons, generate multiple electron–hole pairs, conduc-
tion band is more negative than  TiO2 and be designed with 
intermediate band, which offer chance to achieve considera-
ble high performance solar cells [18].Taking into an account 
of CdS QDs prominence in photochemical cell, the various 
thickness of CdS on  TiO2 QDSSCs found enhanced (13%) 
efficiency in comparison with that of bare CdS QDSSCs 
[19], Sun et al., has achieved 4.15% efficiency by CdS QDs 
sensitized  TiO2 nanotubes-array photoelectrode [20]. The 
CdS/CdSe co-sensitized solar cells with CdS QDs doped 
by  Mn2+ and found to be 5.4% efficiency [21]. The CdS/
CdSe co-sensitized  TiO2 nanotube arrays found efficiency 
around 4.61% [22]. Also, CdS QDs are deposited by SILAR 
and CBD method which produce the required surface cov-
erage of quantum dots on  TiO2 [23–25]. To the date, the 
eco-design carbon dots from rosemary leaves [26], inorganic 
leaf CdS-BiVO4 [27] and rGO [28], ink-based deposition 
of ZnxCd1-xS buffer layers in CZTS [29] photoelectrodes 
are targeted to construct solar cells. The efficiency (11, 9% 
DSSCs, while for QDSSCs, 11.6%) and low stability are the 
most important challenges for the commercial deployment 
of both technologies will be satisfied in the near future by 
QDs with high absorption coefficient [30].

The present work represents development of CdS QDs 
deposited by SILAR on anatase  TiO2 thin film by chemi-
cal method. These two methods are easy to process, good 
surface coverage and produces a high-quality films at low 
temperature. The number of deposition cycles that is CdS 
QDs loading density was varied to study the effect on the 
photoelectrochemical performance of  TiO2 and optimized 
thickness of CdS QDs which improved the photoelectro-
chemical efficiency.

2  Experimental details

2.1  Materials

Nanocrystalline  TiO2 photoanode was fabricated on FTO 
(60 × 15 × 3.2 mm, surface resistivity 8 Ω/sq, Transmittance 
80–81.5%) and commercial glass substrates (75 × 25 × 2 mm) 
by a chemical bath deposition method. Titanium tetra-
isopropoxide (TTIP) and Isopropanol are purchased from 
Sigma-Aldrich Chemie, India. Double distilled (DW) water 
was used through the experimental part.

2.2  Fabrication of  TiO2 photoanode

In a typical procedure, 4 mL of Titanium tetra-isopropoxide 
and 16 mL isopropanol are mixed and stirred for 10 min to 
achieve a homogeneous solution. The FTO and glass sub-
strates (area: 2.5 × 2.5  cm2) were carefully washed in the 
ultrasonic bath for 10 min with each of the two different 
solvents: deionized water, and acetone. After cleaning, the 
substrates were dried well and immersed vertically in the 
above bath at room temperature for five min. Afterward, 
substrates were removed from the bath and dried for 2 min 
and further immersed for 5 min. In this way, two cycles are 
conducted to confirm stable, uniform, adherent thin film 
deposition. The deposited thin film was taken out from the 
bath and washed with deionized water repeatedly. These 
films are dried at 100 °C in the oven for 2 h and followed by 
calcined at 400 °C in a muffle furnace.

2.3  Sensitization of  TiO2 by CdS quantum dots

The  TiO2 photoanodes are sensitized by CdS quantum dots 
via successive ionic layer adsorption and reaction (SILAR) 
method. This method facilitates fast processing as well as 
resulted into QDs with desired stoichiometry [19]. The 
FTO/TiO2 electrodes are dipped in the aqueous solution 
of Cd(NO3)2 (0.05 M) for 1 min afterwards washed with 
distilled water and further immersed in aqueous solution 
of  Na2S (0.05 M) for 1 min and then rinsed with distilled 
water. The same cycle was repeated for 5 and 10 times. After 
completion of sensitization process, it was found that the 
white colour of the  TiO2-coated substrates changed to a light 
yellow or dark red brown color after the adsorption of CdS, 
respectively. Resulting films were designated as (a) Bare 
 TiO2, (b)  TiO2/CdS (5cy), (c)  TiO2/CdS (10 cy) and (d) CdS 
deposited by SILAR method is as shown in Fig. 1. For the 
CdS QDs deposition on  TiO2 films the involved chemical 
reaction is given below:

TiO
2

Cd
2+

⟶TiO
2
Cd

2+
→ Wash

S
2−

⟶TiO
2
CdS → Wash.
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2.4  Characterization techniques

X-ray diffraction (XRD) patterns of the films were 
recorded in a Rigaku D/MAX-2000 diffractometer, Japan, 
using a Cu–Kα radiation (λ = 1.54056 Å). UV- Vis. spec-
tra of  TiO2/CdS photoanode films were obtained using 
(UV–Vis (DRS)-NIR V-77O, JASCO, Japan) in the wave-
length range of 200–800 nm. Fourier- transform infrared 
(FT-IR) spectra was recorded using (FT-IR JASCO-4600) 
scanning from 4000 to 400   cm−1. The photolumines-
cence spectra were recorded at 340 nm as an excitation 
wavelength using Spectrofluorometer (FP-8200, JASCO, 
Japan). The shape and size of the particles were meas-
ured using transmission electron microscopy (TEM) with 
a model JEOL JEM 2100 (SAIF, Shillong). Elemental 
mapping (EDS) of  TiO2/CdS films top surface was char-
acterized by EDAX (PHI-1600, USA) using Mg Kα as the 
radiation source. The photoelectrochemical efficiency of 
 TiO2/CdS quantum dots photoanode films are measured 
using the electrochemical workstation (Autolab PGSTAT 
100 Potentiostat) with two the electrode system.

2.5  The photoelectrochemical performance

The photoelectrochemical performance of the  TiO2 sensi-
tized with CdS quantum dots was analyzed using standard 
two electrode configuration under dark (500 W tungsten) 
light and the illumination of intensity 30 and 100 mW/
cm2 with an active surface area 1  cm2 in iodide/polyiodide 
(0.5 M) electrolyte as a redox couple. The iodide/polyiodide 
electrolyte has high reduction potential which facilitates the 
flow of electrons from the working electrode to the counter 
electrode. The measurements for the power output character-
istics and I-V plots were made at fixed intervals after waiting 
for sufficient time to equilibrium the system (both dark as 
well as under illumination) [24].

3  Results and discussion

In this study, one of the simplest aqueous solution method 
for the deposition of QDs on to  TiO2 thin film was carried 
out by SILAR. Besides its simplicity, SILAR has a num-
ber of advantages: (i) it deals very easy path to deposit and 
dope film with effectively any element in any proportion 
by simply adding cationic solution, (ii) unlike closed vapor 
deposition method, SILAR does not require high quality 
substrates nor does it need vacuum at any stage, (iii) the 
deposition rate and the thickness of the film can be eas-
ily controlled over a wide range by changing the deposi-
tion cycles, (iv) operating at room temperature can produce 
films on any substance [31]. On the other hand, the CdS 
QDs solar cells, assembling quantum dots on  TiO2 film is a 
significant to decide the charge separation and transport of 
electrons which directly affect the solar cell efficiency. SIL-
LAR method totally depend on rapid cations and anions are 
reactive in solution that provides a simple and cost-effective 
process to achieve desired size and thickness [2]. Also the 
drawback of SILAR method is possibility of leaching of ele-
ments due to utilization of films after many cycles.

3.1  Structural analysis

The XRD patterns of  TiO2,  TiO2/CdS quantum dots (5 and 
10 cycles) and CdS are shown in Fig. 2. The peaks at 25.25, 
37.87, 48.18, 54.06, 55.20, 62.75, 65.70, 70.29, 75.10 degree 
are assigned to (101), (004), (200), (105), (211), (204), 
(116), (221), (215) (hkl) planes observed for nanocrystal-
line  TiO2 thin film [24]. These planes are corresponding to 
the crystal structure of tetragonal anatase phase matching 
with the standard JCPDS (Card No. 21–1272). The crys-
tallite size is 14.61 nm estimated using Scherrer equation. 

Fig. 1  Thin films of a  TiO2, b  TiO2/CdS QDs (5cy), c  TiO2/CdS QDs 
(10cy) and d CdS

Fig. 2  XRD patterns of synthesized nanocrystalline photoanodes a 
 TiO2, b  TiO2/CdS QDs (5cy),  c  TiO2/CdS QDs (10cy) and d CdS
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The bare CdS shows peaks at 26.6, 43.8 and 51.8 degrees 
are assigned to (111), (220), (311) (hkl) planes respectively. 
These planes correspond to the crystal structure of cubic 
phase matching with standard JCPDS Card No. 10–0454 
[32]. For  TiO2/CdS quantum dots (5 and 10 cycles) sam-
ples, XRD pattern shows presence of anatase  TiO2 and CdS 
peaks. After sensitization by CdS quantum dots, the XRD 
patterns showed rather weak CdS peaks at 26.6 and 43.8 
degrees due to the high dispersion and low content of CdS 
QDs [33]. The broadening of (101) peak is observed with 
increase in CdS content. The crystallite size observed from 
the (101) peak width is 11.19 nm for  TiO2/CdS quantum 
dots (5 cycles) and 12.89 nm for  TiO2/CdS quantum dots (10 
cycles). Such small crystallite size is a suitable parameter 
for solar cell efficiency.

3.2  FT‑IR analysis

The characteristic peaks of the FT-IR spectra along the 
vibrational mode of  TiO2 and  TiO2/CdS quantum dots (10 
cy) are displayed in Fig. 3. The characteristic broad peak at 
3440  cm−1 indicates the stretching vibration of O–H of water 
molecules and the moisture in the processed samples. The 
spectra show prominent peaks at 530, 1627 and 3440  cm−1 
for  TiO2 and  TiO2/CdS thin films. The band at 1627  cm−1 
was attributed to the bending vibration in H–OH of adsorbed 
water molecule [34]. Strong band positions in the region of 
900–1100  cm−1 may result from the sulphate group stretch-
ing vibrations. The substantial peak detected at 748  cm−1 
corresponds to the stretching mode of the CdS bond [35]. 
The broad band at below 1000  cm−1, with minimum values 
of 670  cm−1 and 522  cm−1, can be attributed to the typical 
Ti–O and Ti–O–Ti stretching and bending vibrational modes 
of  TiO2, respectively [36].

3.3  TEM analysis

The TEM analysis of the  TiO2/CdS quantum dots photo-
anode is shown in Fig. 4a–d. The image of  TiO2/CdS indi-
cates the CdS QDs are uniformly and densely grown over 
the entire  TiO2 nanocrystals by SILAR (Fig. 4a, b). The 
HR-TEM image (Fig. 4c) confirms the formation of a novel 
heterostructure between  TiO2 nanocrystals and CdS QDs. 
Two different lattices with d spaces 3.51 Å and 3.36 Å can 
be clearly found, corresponding to (101) crystal planes of 
anatase  TiO2 and (111) crystal planes of CdS are consistent 
to XRD analysis. Such heterojunction may enhance the sepa-
ration of photogenerated electron–hole pairs which increases 
the visible light photoelectrochemical activity. The SAED 
image (Fig. 4d) shown the successful sensitization of CdS 
QDs on  TiO2 nanocrystals. In addition, the EDS spectrum 
of  TiO2/CdS quantum dots photoanode clearly showed only 
a higher percentage of titanium along with oxygen (O), Cd, 
S elements which established the successful construction of 
the  TiO2/CdS QDs as shown in Fig. 5.

3.4  Optical property

The UV–Vis. absorption spectra of  TiO2 and  TiO2/CdS 
quantum dots (5 and 10 cy) are shown in Fig. 6. The effect of 
CdS sensitization was determined from optical absorbance 
measurements in a wavelength range of 200–800 nm. The 
 TiO2 thin film shows low absorbance in the visible region 
and characteristic absorption wavelength is < 400 nm. How-
ever for CdS sensitized  TiO2, the absorption edge strongly 
expanded to the visible light region. The film of  TiO2/CdS 
quantum dots for 5 and 10 cycles showed the band edge 
absorption at 404 and 430 nm, respectively (Fig. 6b, c). 
Interestingly, the blue shift has been observed in the CdS 
QDs deposited  TiO2 thin film, indicating the size quanti-
zation effect of the nanoparticles [37]. The band gap was 
obtained by plotting the graph (αhν)2 versus photon energy 
(hν). The intercept of tangent of the plot gave a good approx-
imation to the band gap energy for direct band gap material. 
Figure 7 indicates that the optical band gap energies are 
3.10, 3.05 & 2.78 eV for  TiO2,  TiO2/CdS quantum dots (5 
and 10 cycles). It is observed that the band gap decreases 
with sensitization of  TiO2 by CdS quantum dots.

3.5  Photoluminescence (PL) analysis

A photoluminescence spectrum shows signals due to 
recombination of charge carriers produced by photo-
absorption which relates the photoelectrochemical activity 
of the cell. Figure 8 shows PL spectra of  TiO2 and  TiO2/
CdS (10cy) QDs thin films. An intense signal observed at 
378 nm for  TiO2 and  TiO2/CdS (10cy) quantum dots thin 
films due to near band edge emission of nanocrystalline Fig. 3  FT- IR spectra of a  TiO2 and b  TiO2/CdS QDs (10cy)
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 TiO2 as well as at 470 nm a weak signal raised due to pres-
ence of oxygen vacancy defects [38]. The CdS deposition 
on the  TiO2 causes reduction and quenching of the emis-
sion of  TiO2 at 378 and 470 nm respectively, indicating 
the passivation of  TiO2 surface and decreases the rate of 

recombination of photo-induced electron–hole pairs. The 
broad emission peak around 503 nm is observed which 
represents the band edge emission of CdS nanoparticles 
[34, 39].

Fig. 4  a, b TEM images of 
 TiO2/CdS QDs, c HR-TEM 
image  and d SAED pattern of 
 TiO2/CdS QDs

Fig. 5  Elemental mapping (EDS) of  TiO2/CdS QDs
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3.6  Photoelectrochemical cell performance

The schematic mechanism of the PEC solar cell of  TiO2/
CdS quantum dots photoanode was represented in Fig. 9. 
The current–voltage (I-V) characteristics of the  TiO2 sen-
sitized with CdS quantum dots are measured by fluorine 
tin oxide (FTO)/TiO2/CdS quantum dots/polyiodide/graph-
ite electrode cell configuration. Figure 10 shows the cur-
rent–voltage (I–V) characteristic curves of the  TiO2 sen-
sitized with CdS quantum dots by SILAR reaction with 5 
and 10 cycles. Under the light illumination, the excitons 
are generated by CdS quantum dots and the charge separa-
tion occurred in the  TiO2/CdS interface. The formed elec-
trons were quickly transformed into the FTO layer through 
 TiO2 electrode layer and further the holes were recovered 
by polyiodide electrolyte. The PEC cell parameters fill fac-
tor (FF) and light conversion efficiency (η %) were calcu-
lated using the following equations.

where, Imax and Vmax are the values of maximum current and 
maximum voltage, Isc and Voc are short circuit current and 
open circuit voltage, P

in
 is the input light intensity (30 mW/

cm2) respectively.
The PEC cell parameters  such as fill factor and light 

conversion efficiency for sample  TiO2/CdS quantum dots 
(5cy) is 0.4197 and 1.32% as well as    10cy is 0.4626 and 
3.52% respectively. All calculated parameters are given 
in Table 1.

Comparing these two samples, the  TiO2 sensitized with 
CdS quantum dots by 10 SILAR cycles shows more fill 
factor and light conversion efficiency than  TiO2/CdS quan-
tum dots by 5 SILAR cycles. SILAR is the best method 
to prepare QDs which facilitates the fast processing and 
produces QDs with high stoichiometry. The number of 
SILAR cycles is an important parameter which determines 
the quantity and size of deposited quantum dots and PEC 
activity [31]. However more number of SILAR cycles lim-
its the PEC activity of  TiO2/CdS quantum dots because of 
the aggregation of the CdS quantum dots which blocks the 
pores of  TiO2 and reduces access of the reagent and light 
on the surface of  TiO2 nanocrystals [40]. The photoelec-
trochemical efficiency of  TiO2/CdS quantum dots synthe-
sized in present work is better as compared to other pho-
toanodes due to uniform deposition of CdS quantum dots 
on nanocrystalline  TiO2 and more absorption of radiations.

(1)Fill Factor =
I
max

.V
max

I
sc

.V
oc

(2)�% =

I
sc

.V
oc

P
in

× FF × 100,

Fig. 6  UV–Vis. absorption spectra of a  TiO2 b  TiO2/CdS QDs (5cy) 
and c  TiO2/CdS QDs (10cy)

Fig. 7  Determination of band gap energy of a  TiO2, b  TiO2/CdS QDs 
(5cy) and c  TiO2/CdS QDs (10cy)

Fig. 8  Photoluminescence spectra of a  TiO2 and b  TiO2/CdS QDs 
(10cy)



Nanocrystalline  TiO2 sensitized with CdS quantum dots for photoelectrochemical study  

1 3

Page 7 of 9   559 

Fig. 9  Schematic  of PEC cell 
mechanism for  TiO2/CdS QDs 
photoanode

Fig. 10  I–V curves of nanocrystalline  TiO2 photoanode sensitized with CdS QDs

Table 1  Fill factor and 
power conversion efficiency 
of nanocrystalline  TiO2 
photoanode sensitized with CdS 
QDs (5 and 10 cycles) under the 
illumination of different light 
intensity

Sample Isc (mA/cm2) Voc (mV/cm2) Im (mA/cm2) Vm (mV/cm2) FF Eff. %

Light illumination inten-
sity at 30 mW/cm2

  TiO2/CdS QDs (5 cy) 1.71 ± 0.1 550.49 ± 2 1.04 ± 0.1 363.76 ± 2 0.4197 1.317
  TiO2/CdS QDs (10 cy) 2.98 ± 0.1 763.26 ± 2 2.08 ± 0.1 508.38 ± 2 0.4649 3.524

Light illumination intensity at 100 mW/cm2 ( 1 Sun)
  TiO2/CdS QDs (5 cy) 7.18 ± 0.1 831.45 ± 2 5.72 ± 0.1 518.10 ± 2 0.4966 2.960
  TiO2/CdS QDs (10 cy) 10.19 ± 0.1 926.50 ± 2 9.67 ± 0.1 650.38 ± 2 0.6661 6.285
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4  Conclusions

CdS quantum dots sensitized solar cells have been fabricated 
using nanocrystalline  TiO2 photoanode deposited with CdS 
layer by successive ionic layer adsorption and SILAR reac-
tion. For  TiO2/CdS quantum dots (5 and 10 cy) samples, 
XRD pattern indicates presence of anatase  TiO2 and CdS. 
The crystallite size was found in the range of 11.19 nm for 
 TiO2/CdS quantum dots (5 cy). The optical band gap energy 
is 3.10, 3.05 and 2.78 eV for  TiO2,  TiO2/CdS quantum dots 
(5 and 10 cy). The band gap energy decreases with sensiti-
zation of  TiO2 with CdS quantum dots, TEM and elemental 
analysis confirms enhanced deposition of CdS quantum dots 
on  TiO2 surface. The  TiO2 sensitized with CdS quantum 
dots by 10 cycles shows more fill factor and light conversion 
efficiency is 0.4626 and 3.52% than  TiO2/CdS quantum dots 
by 5 cycles. This study provides a simple and rapid method 
to improve the performance of CdS on the anatase  TiO2 thin 
films QDSSCs, as promising materials for PECs customs.
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Abstract: 
 
The organisms belonging to class Insecta plays so many roles in the 
ecosystem, one of which is a pest. The spiders are exclusive predators 
of many insect pests. Hence, spiders can play a very important role in 
the regulation of the insect population in any ecosystem. The present 
study of spider diversity from Vijaysinha Yadav College Campus Peth 
Vadgaon, Dist. Kolhapur, Maharashtra is the first attempt to find out the 
diversity of spiders in the selected area. A survey was carried out in the 
rainy season from July 2023 to October 2023 on the campus of 
Vijaysinha Yadav College, Peth Vadgaon, Dist. Kolhapur. The College 
building and vegetation of the campus were surveyed in the morning 
between 08.00 am to 11.00 am weekly. A total of 31 spider species 
belonging to 19 genera of 09 families were identified. 
 
Keywords: Kolhapur, Shri Vijaysinha Yadav College, Spider diversity, 
Vegetation 

 
Introduction 
 
Spiders are the predators of many insect pests as well as they are an important food source for birds, lizards, 
wasps, and other animals. Ground-dwelling spiders may be important in transferring energy directly from the 
below-ground detritus food web to the above-ground terrestrial food webs of familiar birds, reptiles, 
amphibians, and mammals (Johnston, 2000). Spiders are an important source of food for many birds, 
especially in the winter (Peterson et al. 1989; Hogstad, 1984). Spider silk is important to bird species for nest 
building; 24 of 42 families of passerine birds and nearly all species of hummingbird depend on silk from 
spiders and caterpillars for construction (Hansel 1993). 
 
In the world, there are 49853 spider species from 131 families and 4238 genera (World Spider Catalog 
(2022). World Spider Catalog. Version 23.0 Natural History Museum Bern, at http://wsc.nmbe.ch, 29-01-
2022. doi: 10.24436/2). Keswani and others of SGB Amaravati University have given updated Spider 
checklist of India in 2012 representing 1686 species from 60 families and 438 genera of spiders (Suvarna 
More, 2015). In India studies on Spiders were started in the late nineteenth century and it was pioneered by 
Stoliczka (1869). Later on, many workers have contributed to Indian Spider diversity. Gajbe (2003) prepared 
a checklist of 186 species of spiders in 69 genera under 24 families distributed in Madhya Pradesh and 

mailto:rajan6340@rediffmail.com
http://wsc.nmbe.ch/
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Chhattisgarh. Patel (2003) described 91 species belonging to 53 genera from Parabikulum Wildlife 
Sanctuary, Kerala. Manju Silwal et al. (2003) recorded 116 species from 66 genera and 25 families of spiders 
from Purna Wildlife Sanctuary, Dangs, Gujarat. Suvarna More (2013) recorded 150 spider species belonging 
to 24 families from the Bamnoli region of Koyna Wildlife Sanctuary, Maharashtra, and 90 species of 19 
families from the Zolambi region of Chandoli National Park, Maharashtra (2015). 
So far nobody has worked on the spider diversity of Peth Vadgaon, Dist. Kolhapur and hence we have 
decided to explore the spider diversity from this area. 
 
Study area - Peth Vadgaon is a city in the Kolhapur district of the state of Maharashtra having more than 
20000 human population. It is governed by a municipal council. Peth Vadgaon is a semi-urban city with good 
vegetation and agricultural land. A total of 07 acres of the College campus (16.50°N 74.19°E) has all types of 
plantations like herbs, shrubs, trees, and climbers. Also, the campus has 03 different buildings. The present 
study is carried out mainly in the buildings and shrubby plants. 
 

 
Fig. Location of Study area 
 
Material and Methods 
 
Different bushes and College Buildings were surveyed early in the morning between 08.00 am to 11.00 am 
weekly in the rainy season from July 2023 to October 2023. Visual search, Sweeping, Pitfall trapping, Hand 
collection, Litter Sampling are the different collection methods used during the present study. Identification 
of spiders was carried out with the available literature from Kaston, 1978; Tikader 1980; Tikader, 1987; 
Barrion and Litsinger, 1995 and Mujumdar, 2007. The spiders are identified mainly based on morphological 
characteristics, palp structure by using the literature. 
 
Results 
 
Below is the list of spiders with their families observed from Vijaysinha Yadav College campus, Peth 
Vadgaon, Dist. Kolhapur, Maharashtra. 
1. Araneidae – Orb Web Spiders 

i. Argiope aemula (Thorell) 
ii. Argiope anasuja 

iii. Argiope pulchella 
iv. Gasteracantha remifera (Butler) 
v. Neoscona bengalensis (Tikadar and Bal) 

vi. Neoscona mukerjei (Tikader) 
vii. Poltys nagpurensis (Tikadar) 

viii. Telecantha brevispina (Doleschall) 
2.   Corinnidae – Ant Mimicking Sac Spiders 
ix. Castianeira himalayansis (Gravely) 
x. Castianeira zetes (Simon) 
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3.   Lycosidae – Wolf Spiders 
xi. Archtosa indica (Tikadar and Malhotra) 

xii. Evippa mandlaensis (Gajbe) 
xiii. Lycosa balaranai (Patel and Reddy) 
xiv. Lycosa thoracica (Patel and Reddy) 
xv. Pardosa leucopalpis (Gravely) 

xvi. Pardosa partita (Simon) 
4.     Nephilidae 
xvii. Nephila pilipes 
5.     Pholcidae – Daddy Long Leg Spiders 

xviii. Pholcus phalangioides (Fuesslin) 
6.     Salticidae – Jumping Spiders 
xix. Marpissa singhi (Singh and Sadana) 
xx. Menemerus bivittatus (Dufour) 
xxi. Plexippus paykulli 

xxii. Plexippus petersi 
xxiii. Rhene decorate (Tikadar) 
xxiv. Telamonia dimidiata (simon) 
7.     Sparassidae – Giant Crab Spiders 
xxv. Heteropoda venatoria (Linnaeus) 

xxvi. Olios millet (Pocock) 
8.     Tetragnathidae 

xxvii. Leucauge decorate (Blackwall) 
xxviii. Tetragnatha javanus (Thorell) 

9.     Thomisidae – Crab Spiders/Flower Spiders 
xxix. Thomisus pooneus (Tikadar) 
xxx. Tmarus kotigeharus (Tikadar) 

xxxi. Xysticus bharatae (Gajbe and Gajbe) 
 

 
Argiope pulchellla 
 

 
Plexippus paykulli                                      Pholcus phalangioides 
 

http://en.wikipedia.org/wiki/Nephilidae
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Discussion 
 
Total 31 specimens were collected and identified from the study area which is dominated by ground-dwelling 
spiders like Araneids, Salticids, and Lycosides in the Vijaysinha Yadav College Campus. All the recorded 
spider species from the study area during July 2023 and October 2023, belonged to 24 genera and 09 
families. Plexipus pykulli and Pholcus phalangiodes are seemed to be abundant in Peth Vadgaon as they are 
collected in large numbers. The rich diversity of spiders in this area provides a nice opportunity for research 
and education. Spiders have a very significant role to play in ecology by being exclusively predatory and 
thereby maintaining ecological equilibrium. An account of the spider fauna of this region and that of 
Kolhapur district is not done so far. Hence, work on Spiders in this region has a huge scope. 
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‘भारतीय �वातं�य ल�यातील महारा��ाचे योगदान :एक 

��ट��ेप’ 

डॉ. �नतेश सरुवस े

इ�तहास �वभाग, �ी. �वजय�सहं यादव महा�व�यालय, पेठ, वडगांव िज.को�हापूर 

niteshsurwase@gmail.com 
 

गोषवारा 

इ. स. 1757 �या �लासी�या यु�ाने इं�जांनी आप�या सा�ा�याचा पाया भारतात घातला तर 

1764 �या ब�सार�या य�ुाने तो भ�कम बनला.भारता�या �वातं�यल�यातील तीन रा�याचे योगदान 

मह��वाचे आहे. �याम�ये महारा��, बंगाल आ�ण पंजाब या रा�यांचा समावेश होतो. भारतीय 

रा��वादाचा उदय आ�ण �यापूव�पासूनच वासाह�तक स�तेला �वरोध कर�याची भू�मका महारा��ात 

�दसून येते.भारतीय �वातं�यलढा हे परा�माच,े वैभवाचे व तेजाचे पव� होते.�याम�ये महारा��ाची 

भू�मका मह�वाची होती. 

 

��तावना: 

भारतीय �वातं�यलढा हे परा�माचे, वैभवाचे व तेजाचे पव� होते. भारता�या �वातं�यल�यातील 

तीन रा�याचे योगदान मह��वाचे आहे. �याम�ये महारा��, बंगाल आ�ण पंजाब या रा�यांचा समावेश 

होतो. भारतीय रा��वादाचा उदय आ�ण �यापूव�पासूनच वासाह�तक स�तेला �वरोध कर�याची 

भू�मका महारा��ात �दसून येते. �यामुळे भारताला �वातं�य �मळ�या�या ��येक ट��यात 

महारा��ाची भू�मका, नेत�ृव वकाय� मह�वाचे रा�हले �या�याच अ�यास याशोध�नबंधात कर�यात 

आला आहे.  

 

*  ��ट�शांची स�ता�ा�ती  

इ. स. 1757 �या �लासी�या यु�ाने इं�जांनी आप�या सा�ा�याचा पाया भारतात घातला तर 

1764 �या ब�सार�या यु�ाने तो भ�कम बनला. इं�जांनी भारतात आपले वच��व �नमा�ण करताना 

मह��वाचे एकेक �देश िजंकून घेत�याचे �दसून येते. इं�जांना हा �देश िजंकून घेताना काह� �देश 

सहजपणे िजंकून घेतले �कंवा काह��देशात इं�जांना फारसा संघष� करावा लागला नाह� उदा. 
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बंगाल�या �देश इं�जांनी सहजपणे िजंकून घेतला परंतु महारा��ाचा �देश िजंकून घे�यासाठ� 

इं�जानंा संघष� करावा लागला. 

 

��ट�शांच ेधोरण 

इं�ज हे भारताकड े वासाह�तक ��ट�कोनातून पहात होते. आ�थ�क फायदा क�नघेणे हा 

वासाह�तक स�तेचा �मुख उ�ेश होता. इं�जांनी जसे �शास�नक बदल केले तसा �यांनी केलेला एक 

मह�वाचा बदल �हणजे �श�णाचा होता. इ.स. 1835 �यामेकॉले ��तावाने भारतातील पा�चा�य 

�श�णाचा पाया घातला गेला. इं�जां�या या शै��णक सुधारणेमुळे एक बु�ीजीवी वग� तयार झाला. 

महारा��ात आ�ण भारतातया म�यम वग�य ब�ुीजीवी वगा�ने �वातं�य चळवळीच े नेत�ृव केल.े 

राजक�य जागतृीबरोबरच सामािजक सुधारणेची ह� बाजू मह�वाची होती. �श�णा�या सुधारणेमुळे 

समाजसुधारणेची चळवळग�तमान बनल�. म. फुले यांनी �श�णाचे मह�व ओळखनू बहुजन समाजात 

�श�णाची बीजे रोवून �ा�हणेतरामं�ये जनजागतृी कर�याचे मोलाचे काय� केले. राजक�य 

जनजागतृीचा �वचार करताना याचवेळी महारा��ात झाले�या या सामािजक सुधारणा चळवळी 

वेग�या�वचारक�न चालत नाह�त तर�यांचाह��वचार करावा लागतो. 

 

रा��वादा�या �वकासाचा प�हला ट�पा (1885- 1905)  

भारतातील रा��वादाचा उदय ह� एक वै�श��यपूण� घटना होय. वासाह�तक स�तेला 19 �या 

शतका�या पूव�पासूनच�वरोध होत अस�याचे �दसून येत.े �याम�ये महारा��ात बॉ�बे असो�शएशन, 

पूण� साव�ज�नक सभा, बॉ�बे �े�सड�सी असो�शएशन या संघटना काय� कर�त हो�या. भारतीय रा���य 

काँ�ेसची �थापना आ�ण महारा��ाचा �वचार करताना �याचे सवा�त मह�वाच ेवै�श��य �दसून येते ते 

�हणजे भारतीय रा���य काँ�ेसची �थापना मुंबई येथे 28 �डस�बर 1885 रोजी झाल�. या प�ह�या 

अ�धवेशनाला 72 ��त�नधी उपि�थत होत.े �यामधील 18 ��त�नधी एक�या मुंबईतून आले होत.े इ. 

स 1885 पासून भारताला �वातं�य �मळेपय�त जी अ�धवेशने झाल� �यामधील14 

अ�धवेशनेमहारा��ात झाल�. 

याप�ह�या ट��यात महारा��ातील गोपाळ कृ�ण गोखले, रानड,े दादाभाई नौरोजी यासार�या 

�वचारवंतांचे काय� मह��वाचे होते.1885-1905 या काळातील भारतीय �वातं�य लढयातील मवाळाचं े

योगदान मह�चाचे होते. या काळातील नेत�ृव भारता�या �वातं�य चळवळीला �दशा देणारे होते. 

लोकांम�ये राजक�य जनजागतृी कर�याचे काय� �यांनी केले. ��ट�शांच े आ�थ�क शोषण सांगणारे 
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दादाभाई नौरोजी, रानडे मुंबईतीलच होत.े�यामुळे या प�ह�या ट��यात महारा��ाची भू�मका मह�वाची 

�दसूनयेते. 

 

2. जहालयुग  

रा���य काँ�ेस�या काया�चा दसुरा ट�पा �हणजे जहालवादाचा होता लो. �टळकांनी �याचे 

नेत�ृव केले. �वरा�य, �वदेशी ब�ह�कार आ�ण रा���य �श�ण या चतुःसु�ीचा वापर �यांनी 

भारता�या सातं�य चळवळीत केला. बंगाल�या फाळणी�या �वरोधात महारा��ात ह� मोठया �माणात 

आंदोलन कर�यात आले. होम�ल चळवळीचा ह� �सार महारा��ात झाला. 

 

3 गांधीयुग  

लोकमा�य �टळकां�या नंतर �वातं�य चळवळीच े नेत�ृव म. गांधीजी यां�याकडे आले. म. 

गांधी यां�या नेत�ृवाखाल� सव�सामा�य जनता �यापक �माणात सहभागी झाल�.म. गांधी यां�या 

काया�ची सुरवात देखील मुंबईतूनच झाल�. म. गांधी यां�या नेत�ृवाखाल� तीन �मुख चळवळी 

झा�या. 

 

* असहकाराची चळवळ – 

म. गांधीजींनी सु� केलेल� ह� प�हल� मोठ� चळवळ होती. या चळवळीला जन आंदोलाचे 

�व�प �ा�त झाले. या असहकार चळवळी�या अंतग�त �यायालय,ेपरक�यव�तूवर ब�ह�कार ,म�यपान 

�नषेध असे उप�म राब�व�यात आल.े मुळशी स�या�ह व नागपूरचा झ�डा स�या�ह हे असहकार 

चळवळीतून उ�वलेले लढे होत.े 

 

* स�वनय कायदेभंगाची चळवळ  

म. गांधीजीं�या नेत�ृवाखाल�ल दसुर� मह��वाची चळवळ �हणजे स�वनय कायदेभंगाची 

चळवळ होय. मीठ व त�सम काय�याचा भंग करणे, शेतसारा व सरकारला कर न देणे, याबरोबरच 

जेथे समु��कनारा नाह� अशा �ठकाणी जंगल स�यागहृ कर�यात आले. �शरोडा,वडाळा, पुणे 

िज�हयातील स�यागहृ मह�वाच े होत.े महारा��ात संगमनेर, अकोला, ना�शक, खानदेश या भागात 

जंगल स�यागहृ कर�यात आले. सोलापुरातील उठाव वै�श��यपूण� होता. �बळाशी, सातारा िज�हात 

अनेक �ठकाणी जंगल स�या�ह कर�यात आले. म�य �ांत, व-हाड �ांतातह� कायदेभंगाची चळवळ 

चाल�व�यात आल�. स�वनय कायदेभंगा�या चळवळीतील सोलापूरमधील उठावह� ��स�द गती देणार� 
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घटना होती. याम�ये संप, हरताळ, �मरवणूका यांचा समावेश होता. पो�लसांनी बेछूट गाळीबार 

के�यामूळे सोलापूर म�ये माश�ल लॉ लॉगू कर�यात आला. नगरपा�लके�या इमारतीवर �तरंगा �वज 

फडक�व�यात आला. 

 

* छोडो भारत चळवळ  

छोडो भारत हे भारता�या �वातं�य लढातील शवेटचे मोठे आंदोलन होते. याचळवळीतह� 

महारा��ाची भू�मका मह��वाची रा�हल�. मुंबई हे 1942 �या चलेजाव चळवळीच े�मुख क� � होते. 

मुंबई येथे 7 ऑग�ट 1942 रोजी छोडो भारतचा ठराव कॉ�ेसने ि�वकारला. 'कर�गे या मर�गे' ह� 

घोषणा दे�यात आल�. पुणे शहरातह� ह� चळवळ कर�यात आल�. रा��संत तुकडोजी महाराजानी 

यावल� येथे आंदोलन केले. को�हापूर, सोलापूर, औरंगाबाद इ�याद� �ठकाणीह� या चळवळीचचा �सार 

झाला. 

 

* ��तसरकारचे काय�– 

 ��तसरकार हे महारा��ा�या �वात�ंय चळवळीतील एक मह�वपूण�वै�श�टय मानल� जाते. 

��तसरकार म�ये �ामीण जनतेचा सहभाग मह�वाचा होता. ��ट�शाचे अ�याय व दडपशाह� व 

आ�थ�क शोषणातून मु�तता करणे हे �मुख उ�द�टय होते. 600 गावात ��तसरकार होत.े �याला 

शतेकर� कुटंुबाची पा�व�मूमी होती. �ांती�सहं नाना पाट�ल �कसनवीर, जी.डी.लाड इ. ��तसरकार 

मधील �मुख नेत�ृव होते. भु�मगत काया�बरोबरच समाजसुधारनेचे काय� ह� ��तकसरकारने केले. 

 ि��यांचाह� सहभाग �याम�ये उ�लेख�नय होता. �ललाताई पाट�ल, नागनाथआ�णा नायकवडी 

यां�या मातो�ी ल�मीबाई बापूसाहेब लाड यां�या प�नी �वजयाबाई यांसार�या अंस� या ि��या 

सहभागी हो�या. 

 

4. * �ां�तकारकांचे काय� - 

भारता�या �वातं�यल�यातील �ां�तकारक चळवळीम�ये महारा�� अ�ेसर होता. अज� आ�ण 

�वनं�या या मागा�ने हे सरकार जागे होत नाह�. �यामुळे �यांना �ां�तकारक माग� मह�वाचा वाटत 

होता. मातभृूमी�या संर�णासाठ�, �वातं�यासाठ� दहशतवाद� �ा�ंतकारक माग� �यांनी वापरला. �यांना 

समाजात आ�थ�क सामािजक �ांती करायची होती. महारा��ातील �ां�तकारकांचा �वचार करता प�हले 

नाव उमाजी नाईक यांचे येते. �यांनी इं�जां�या �वरोधात उठाव केला. सा�ा�यवाद� श�तीला त�ड 
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दे�याचे काय� �यांनी केले. वासुदेव बळवंत फडके यांनी रामोशी सार�या जमातीला हाताशी ध�न 

आंदोलन केल.े �व. दा. सावरकरानंी इ.स.1900 म�ये '�म�मेळा' नावाचे संघटन �थापन केले. इ. 

स.1904 म�ये �याचे �पांतर अ�भनव भारत या संघटनेत कर�यात आले. महारा��ातील 

सोलापूर,ना�शक, पुणे इ. �ठकाणी �या�या शाखा सु� कर�यात आ�या. 

 

* व�ृतप�ांची काम�गर� 

महारा��ातील या कालखंडातील व�ृतप�ांची काम�गर� उ�लेख�नय होती.दप�ण, इंद�ुकाश, 

केसर�, मराठा, मुकनायक, ब�ह�कृत भारत यासारखे अनेक व�ृतप�े महारा��ात होती. ह� व�ृतप�े 

रा���य �वचारांने ��रत होती. समाजातील अंध��दा, अ�प�ृयता, जातीयता , चकु��या चाल�र�ती व 

परंपरा दरू कर�यासाठ� �श�ण �साराचे ह� मह�यची काय� या काळातील व�ृतप�ांनी केले. या 

काळात 30 पे�ा जा�त व�ृतप�े काय�रत होती. राजक�य जागतृी बरोबच समाज सुधारणेचे 

उ�लेखनीय काय� व�ृतप�ांनी केले.समाजसुधारणेचा �वचार करता महा�मा फुल,े छ.शाहू महाराज, डॉ. 

बाबासाहेब आंबेडकर यांचे नेत�ृव महारा��ातून पूढे आले. 

 

* मह�वाची अ�धवेशने  

भारतीय रा���य कॉ�ेसची महारा��ात 14 अ�धवेशने झाल�. �यामधील 3 �मुख अ�धवेशने 

मह�वाची आहेत. मुंबई येथे प�हले अ�धवेशन भरले. या�शवाय फैजपूर येथ े�ामीण भागातील प�हले 

अ�धवेशन भरले.या�शवाय नागपूर येथील आ�धवेशन मह�वपूण� ठरले. 

मुंबई येथील ना�वकानी 1946 म�य ेकेलेला उठाव दे�खल मह�वाचा होता.मुंबईतील लोकांचा 

या उठावाला पा�ठंबा होता. 

 

उपसंहार - 

अशा �कारे भारतीय �वातं�य लढात महारा��ाची भू�मका मह�वाची अस�याचे �दसून येते. 

याम�ये �वातं�य�ा�ती आ�ण समाजसुधारणा अशा दहेुर� बाजू �दसून येतात. आध�ुनक महारा��ात 

मवाळयुग, जहालयुग, गांधीयुग आ�ण �ांतीकारक गट अशा �कारे �वातं�यांची चळवळ �वकसीत होत 

गेल�. 

 

�न�कष� :  

1) रा���न�म�तीचे ओज�वी काय� हे महारा�� भूमीतून होत रा�हले. 
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2) भारतीय �वातं�य लढया�या ��येक ट��यात महारा��ात�या नेत�ृवाने मह�वाचे योगदान �दले. 

3) इ.स.1885 ते 1905 या काळातील नेत�ृव भारतीय �वात�ंय चळवळीला �दशा देणारे होते. 

�याम�ये गोपाळकृ�ण गोखले, महादेव गो�वदं रानड,े दादाभाई नौरोजी या सारखे नेत�ृव महारा��ातून 

पूढे आले.  

4) मुंबई हे भारतीय �वात�य चळवळीच ेमह�वाचे क� � रा�हले. ��ट�शाना वैचा�रक �वरोध मुंबईमधून 

होऊ लागला. 

5) ��ट�शां�या �वरोधी भू�मका घेणे तो �योग महारा��ात झा�याचे �दसून येते. 

6) �ांतीकारक चळवळीतह� महारा��ाचे योगदान मह�वपूण� राह�ले.  

7) उमाजी नाईक पासून अ��युतराव पटवध�न यां�यापय�त �ांतीकारक चळवळीने मह�वाचे योगदान 

�द�याचे �दसून येते. 

8) महारा��ातील व�ृतप�ांची भू�मका मह�वपूण� रा�हल�. राजक�य जागतृी बरोबरच समाजसुधारणेची 

भू�मका मह�वाची अस�याचे �दसून येते. 

9) साता-या�या ��तसरकारची �ेरणा भारता�या �वात�य चळवळीला �मळा�याचे �दसून येते. 
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“1857 �या उठावातील छ�पती �चमासाहेब उफ�  शाहू 

महाराजांची भू�मका” 
डॉ. संभाजी �व�वासराव मान े

�ी. �वजय�सहं यादव महा�व�यालय, पेठ वडगाव िज. को�हापूर 

manesambhaji3282@gmail.com 
 

गोषवारा 

1857 �या उठावहा भारतीय इ�तहासात �वातं�यय�ु, प�हला भारतीय �वातं�यलढा आ�ण 

�शपायाचे बंड या नावाने ओळखला जातो. हा उठाव उ�तर भारतातील ���टश स�ते�या अ�याय 

धोरणा�वरोधात केला होता.31 मे 1857 ह� उठावाची पूव��नयोिजत तार�ख होती. मा� �याआधीच 29 

माच� 1857 लाबराकपूर�या छावणीतील उठावाची तोफ डागल� गेल�. याउठावाचे लोन हे उ�तर 

भारतानंतर द��ण भारतात पसरल.े �याम�ये को�हापूर सं�थानात येऊन पोहोचले होते. यातूनच 

1844 म�ये को�हापूर �वभागातील प�हाळा, �वशाळगड, सामानगड व भुदरगड या �ठकाण�या 

गडक�यांनी एकाच वेळी ���टशा�व�� बंडाचे �नशाण उभारले. पण �यांची ताकद अपुरे पड�याने 

���टशांनी ते बंड मोडून काढले. या घटनेचा प�रणाम �चमासाहेबांवर झाला, �या�यामनात ��ट�शा 

�वरोधात असंतोष भडकू लागला. �यांनी �वरोध उघड बोलून दाखवला. को�हापुरातील या उठावाचे 

नेत�ृव �चमासाहेब महाराजांनी �वीकारले. पेशवा नानासाहेबांचा दतू �चमासाहेबांना भेटला. �यानंतर 

को�हापूर�या देशी पायदळा�या 27 �मांका�या तुकडीन3े1 जुलै 1857 रोजी छ�पती �चमासाहेबाचंा 

सहकार� रामजी �शरसाट�या नेत�ृवाखाल� को�हापुरात बंडाचे �नशाण उभारले. इं�ज अ�धका�यां�या 

�नवास�थानावर अचानक ह�ले क�न �यांना ता�यात घेणे �कंवा ठार मारणे ह� उठावा�यांची मूळ 

योजना होती. पण को�हापुरातील उठाव एकान े�फतूर� के�यान ेथोडे अपयशी झाला. �फरंगोजी�शदें व 

�यां�या सहका�यांना गो�या घात�या या उठावा�या पाठ�माग े �चमासाहेब महाराज यांना जबाबदार 

धरले. �यांना को�हापुरात ठेवणे धोका आहे, �हणून समु� माग� लांब दरू कराची या �ठकाणी नजर 

कैदेत ठेवले. कराची तु�ंगातील अकरा वषा�ची कैद भोग�यानंतर छ�पती �चमासाहेब महाराजांचा 15 

मे 1869 रोजी कराचीतददु�वी अंत झाला.1857 �या उठावात अनेकांची नावे �ामु�याने घेतल� जातात. 

पण याच �वातं�य सं�ामात छ. �शवाजी महाराजांचा वारसा लाभले�या कत�बगार घरा�यात एक 

�ां�तवीर होऊन गेला.1857 �या ल�याला को�हापूरचे नेत�ृव करणारे, इं�जां�या पुढे न झुकता, 
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माफ�न मागता छ�पती असूनह� ���टशां�या कैदेतमरण पसंत करणारे, छ�पती �चमासाहेब हे 

छ�पती घरा�यातील प�हले �वातं�यवीर होऊन गेले. 

 

��तावना  

1857 चा उठाव हा भारतीय इ�तहासात �वातं�य यु�, प�हला भारतीय �वातं�यलढा आ�ण 

�शपायांचे बंड या नावाने ओळखला जातो. हा उठाव उ�तर भारतात ���टश स�ते�या अ�यायी 

धोरणा�वरोधात केला होता. 31 मे 1857 ह� उठावाची पूव��नयोिजत तार�ख होती मा� �याआधीच 29 

माच� 1857 रोजी बराकपूर येथील छावणीत मंगल पांड ेया �शपायाने ���टश अ�धकार� मेजर हयूसन 

यां�या वर गोळी झाडून �थम उठावाची तोफ डागल�. प�रणामी �नयोिजत तारखेपूव�च �ांती 

उ�या�या उठावाची �ठणगी पडल�. �मरत मधील छावणीतील  सै�नकानंी 10 मे 1857 रोजी उठाव 

केला. हे �ां�तकार� सै�य 11 मे 1857 रोजी �मरत होऊन 30 मैल अंतरावर असले�या �द�ल� या 

�ठकाणी पोचले उठावात �द�ल� हे शहर �ांतीकारकाच ेमु�य क� � बनले . �ां�तकारकांनी �द�ल�चा 

बादशाह �हणून बहादरु शहा दसुरा यास घो�षत क�न �याने �द�ल� आप�या ता�यात घेतल�. या 

उठावाचे लोण उ�तर भारतात �चंड �माणात पसरले होते मा� �या मानाने या उठावापासून द��ण 

भारत ब-यापैक� वं�चत रा�हला देशातील अनेक सं�था�नकांनी आपल� गाद� वाचव�यासाठ� आ�ण 

रा�यकारभाराचे �थान अबा�धत ठेव�यासाठ� ���टश कंपनी सरकारला �वरोध न करता मदत केल�. 

पण पेशवा नानासाहेब, सनेापती ता�या टोप,े झाशीची राणी ल�मीबाई यासारखे �ां�तकार� शरू मंडळी 

उठावात आघाडीवर होती. या उठावाचे लोण को�हापूर रा�यात ह� येऊन पोहोचले होते स�ता�पपास ू 

���टश सरकार�या �वरोधात को�हापुर� जनता ह� संत�त होऊन उठावात सामील झाल�. या 

उठाववा�यांना छ�पती �चमासाहेब महाराज यां�या �पाने लाभले�या नेत�ृव, ज�म, बालपण, 

उठावातील �यांची भू�मका, को�हापुरातील उठाव �व�वासू सहका-याची साथ27 �या ने�ट�ह इ�फं�� 

पलटणीची भू�मका उठावाचा अंत इ�याद� घटकांचा स�व�तर आढावा या शोध�नबंधात घे�यात आला 

आहे. 

 

ज�म व बालपण  

छ�पती चीमासाहेब उफ�  शाहू महाराज यांचा ज�म 8 जानेवार� 1831 रोजी छ�पती शहाजी 

उफ�  बुवासाहेब महाराज आ�ण नम�दाबाई राणीसाहेब या माता�प�यां�या पोट� झाला.1 छ�पती 

�चमासाहेब हे लहान पाच म�ह�याच ेअसतानाच �यांची आई नम�दाबाई राणीसाहेब मरण पाव�या. 
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�चमा साहेब पोरके झाले. लहानपणी छ�पती �चमासाहेबांचा सांभाळ कर�यासाठ� भाऊसाहेब च�हाण, 

खंडेराव बाबासाहेब �नबंाळकर, बापूसाहेब �ह�मतबहादरू, �योतीराम घाडगे, आ�पासाहेब घाडगे आ�ण 

भीमबहादरू अशा कत�बगार मंडळींची नेमणूक केल�. 1840 म�ये छ�पती चीमासाहेबांची मुंज 

कर�यात आल�. �यानंतर पॉ�ल�टकल एजंटाकडून �यां�या �श�णाची �यव�था करावी अशी  

सुच�व�यात आले होते. परंतु कारभा-यांनी  �या�याकडे दलु�� के�यामुळे ते �श�णात मागे रा�हले. 

मा� काह� �दवसानंतर �यां�या �श�णासाठ� �याकरणकार दादोजी पांडुरंग यांची �नयु�ती केल� होती. 

�यानंतर इं�जी व इतर �वषय �शकव�यासाठ� ए�लफंट�स कॉलेजमधील केशव नर�सहं देशपांडे या 

पदवीधराची �नवड कर�यात आल�. पुढे �चमा साहेबांचा 26 ए��ल 1847 रोजी नर�सगंराव �शदें 

नेसर�कर यां�या मुल�शी �ववाह झाला 

 

गडक-यां�या उठावाचा �चमा साहेबावर झालेला प�रणाम 

 ���टश इला�यातील महसूल �यव�थ�ेमाणे दाजी कृ�ण पंडीताने मामलेदारांची नेमणूक 

केल�. सरदार सरंजामदारा�या ज�मनी मामलेदारां�या अ�धकार क�ेत आण�यामुळे येथे सु�यव�था 

��था�पत झाल�. तथा�प या संदभा�त �हतसंबंध असलेले सरदार सरंजामदार दखुावले गेले. यातूनच 

1844 म�ये को�हापूर भागातील प�हाळा, �वशाळगड, सामानगड आ�ण भुदरगड या �ठकाणी�या 

गडक� यांनी एकाच वेळी ���टशा�व�� बंडाचे �नशाण उभारले.2 पण �यांची ताकद अपुर� पड�याने 

���टशांनी ते बंड मोडून काढले. या घटनेचा प�रणाम छ�पती �चमासाहेबांवर झाला �यां�या मनात 

���टशा�व�� असंतोष भडकू लागला. बाहेर�या परदेशी लोकांनी येथे येऊन आप�या रा�यकारभारावर 

वचक ठेवणे आपणास आवडत नाह� असे ते उघड उघड बोलू लागले. छ�पती �चमासाहेबांना मदा�नी 

खेळ खेळणे आ�ण �शकार�ची आवड होती. या छंदातून �यांनी करवीर रा�यात �फरत असताना 

लोकांची पारख क�न लोकसं�ह केला. याम�ये �फरंगोजी �शदें, राम�सगं परदेशी, रामजी �शरसाठ, 

हंबीरराव व दौलतराव मो�हते असे अनेक �व�वासू सहकाया�ना सोबत घेऊन छ�पती �चमासाहेब 

महाराजांनी उठावाची ज�यत तयार� केल�. 

 

को�हापुरातील उठाव  

1857 �या उठावास उ�तर भारतात �थम सु�वात झाल�. या उठावाची �या�ती वाढ�व�यासाठ� 

पेशवा नानासाहेबांनी द��णेकडील रा�यांशी संधान बांध�याचा �य�न केला. �याम�ये �वशेषता 

को�हापूरकरांना उठावातील सहभागी क�न घे�यासाठ� पेशवा नानासाहेबांनी आपला दथू �हणून 
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�यो�तराव उफ�  भाऊसाहेब घाटगे यांना छ�पती बाबासाहेब महाराज यां�याकडे पाठवल,े पण 

बाबासाहेब महाराजांची उथ� �ां�तकार� उठावाशी जुळणार� नसावी अथवा उठावात सहभाग घेतलास 

आपले रा�य  खालसा केले जाईल �क काय याची �यांनी धा�ती वाटत असावी. �शवाय �यां�या 

हाती रा�यकारभाराचे अ�धकार न�हते अशा प�रि�थतीत उठावात सहभागी होणे �यांना अनुकूल 

वाटत नसावे. �यामुळे �यांनी उठावा संदभा�त पेशवा नानासाहेबां�या आ�हानाला ��तसाद �दला नाह� 

4 छ�पती बाबासाहेबांना ज ेजमले नाह� ते  �यांचा भाऊ चीमासाहेब क�न दाखवले. को�हापुरातील 

या उठावाचे नेत�ृव चीमासाहेबांनी �वीकारले. जून 1857 म�ये पेशवा नानासाहेबांचा दतू भाऊसाहेब 

घाटगे यांनी �चमासाहेब महाराजांची भेट घेऊन �यांना चांद�ची मूठ व मौ�यवान पाते असलेल� 

तलवार भेट �दल�.5 या घटनेने �े�रत होऊन �चमासाहेबांनी आप�या सरकार�या मदतीने छ�पतीच े

रेड �रसाला ल�कर आ�ण इं�ज सरकारची को�हापुरातील 27 वी पलटण या फौजांम�ये �फतुर� 

घडवून आणल.े 

 

27 �या ने�ट�ह इ�फं��� पलटणची भू�मका 

को�हापूर�या देशी पायदळा�या 27 �मांका�या तुकडीने 31 जुलै 1857 रोजी छ�पती 

�चमासाहेबाचंा सहकार� रामजी �शरसाठ यां�या नेत�ृवाखाल� को�हापुरात बंडाचे �नशाण उभारले 

इं�ज अ�धकारां�या �नवास�थानावर अचानक ह�ले क�न �यांना ता�यात घेणे �कंवा �यांना ठार 

मारणे ह� उठावाची मूळ योजना होती.6 ह� योजना �हदं ू हवालदारां�या �फतुर�ने इं�जांना समजल� 

�यावेळी ���टशांनी ता�काळ बेळगाव, र�ना�गर� या �ठकाणाहून आप�या फौजा बोलावून घेत�या. 

�यांनी रामजी �शरसाठ आ�ण �यां�या काह� साथीदारांना पकडून फाशी �दल�, तर काह�ंना गो�या 

घात�या. या�करणी रामजी �शरसाटला छ�पती �चमासाहेबाचंी फूस होती. यांची शहा�नशा क�न 

इं�जांनी �चमासाहेब महाराजां�या राजवा�यात नजर कैदेत ठेवले �चमासाहेबां�या काह� सहकाया�नाह� 

���टशांनी अटक केल�. �यासाथीदारांनी �चमासाहेब महाराज ���टशां�या �वरोधी उठावात सामील 

आहेत अशी सा� �यावी �हणून �यां�यावर जुलम जबरद�ती अ�याचार कर�यात आले. पण 

कोणताह� �वामी�न�ठ मद� मावळा छ�पती �चमासाहेबां�या �वरोधात सा�ी �यायला पुढे आला नाह�. 

शवेट� ���टशांनी �यानाह� फासावर चढवले. �यानंतर छ�पती �चमासाहेबाचंा एक �व�वासू साथीदार 

�फरंगोजी �शदें यांनी आप�या साहेबाला नजरकैदेतून सोडव�यासाठ� 5 �डस�बर 1857 रोजी पाचगाव 

आ�ण �गरगाव मधील आप�या �नवडक साथीदारांना घेऊन को�हापुरात �वेश केला. राजवा�याला 

पहारा दे�यासाठ� असले�या ���टश सै�नकांना कापून काढत �फरंगोजी �शदें राजवा�यात �शरले आ�ण 
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छ�पती �चमासाहेबांना हाका मा� लागले. तेव�यात लपून बसले�या एका ���टश सै�नकाने 

�फरंगोजी �शदें यां�यावर गो�या झाड�या �फरंगोजी �शदें धारातीथ� पडले या कालावधीत ���टश 

अ�धकार� कन�ल जेकब आपल� फौज घेऊन राजवा�यावर पोहोचला, जेकबने �शदें�या सव� 

साथीदारावर गो�या झाड�या र�ता�या थारोळयात सव�� पडले�या �वातं�य सै�नकांना तुडवत कन�ल 

जेकब राजवा�यात गेला �चमासाहेब राजवाडातच आहेत हे पाहून �याने सटुकेचा �न�वास सोडला. या 

सव� घटनेला छ�पती �चमासाहेबाला जबाबदार धरले छ�पती �चमासाहेब महाराजांना को�हापुरात 

ठेवणे हे आप�यासाठ� घातक अस�याची ���टशांना जाणीव झाल�. ���टशांनी 1858 �या माच� 

म�ह�याम�ये �यांना को�हापूरातून हलवून र�ना�गर� येथनू बोट�ने सम�ु माग� को�हापूर  पासून 

शकेडो मैल दरू असले�या कराची या �ठकाणी नजर कैदेत ठेवले. कराची तु�ंगातील अकरा वषा�ची 

कैद भोग�यानंतर छ�पती �चमासाहेब महाराजांचा 15 मे 1869 रोजी कराची म�ये ददु�वी अंत झाला. 

 

समारोप  

1857 चा उठाव �हटले क� आप�यासमोर मंगल पांड,े बहादरूशाह जफर, पेशवा नानासाहेब, 

ता�या टोपे आ�ण झाशीची राणी ल�मीबाई इ�याद�ंची नावे �ामु�याने येतात पण यात �वातं�य 

सं�ामात छ�पती �शवाजी महाराजांचा वारसा लाभले�या कत�बदार घरा�यात एक �ां�तवीर होऊन 

गेला. 1857 �या ल�यात को�हापूरचे नेत�ृव करणारे इं�जां�या पुढे न झूकता माफ� न मागता 

छ�पती असूनह� ���टशां�या कैदेत मरण पसंत करणारे हे छ�पती चीमासाहेब हे छ�पती 

घरा�यातील प�हले �वातं�यवीर होऊन गेल.े 
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Abstract 

The present research paper is confined to study the users of Ayurvedic Medical College libraries in Western 
Maharashtra viz Doctors, Teachers, and medical students as the users of the library. The efforts are made to study their users 
from the view point of their satisfaction about their requirements from the library. 
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Introduction 

In the library there are important factors responsible for working of the library i.e. user, library collection and 
librarian. Librarian is the mediator and playing an important role and bringing users and its reading material together. 
Librarians develop the collection as per the desired goal of organization / institution, whereas user requirement (needs) to 
be given proper attention while fulfilling the goal of the institution. 

 General, in the context of the library the term 'Reader' is called as "Who reads the book is reader", whereas the users 
defined as "Who makes the use of large verity of documents of the library." In this context the term 'Users' is fully employed 
to represent the seekers of information. Users are continuously imparting the information as per requirement. 

 Therefore, it needed to understand he users of the library systematically. For the purpose of the study the term users 
and reader taken in the context of use of library and the meaning of both are the same. 

Concept of User 

 The term 'User' in the context of information chain may be at the end. The generator of information, who comes in 
the beginning of the chain, may also be an 'End User' of information. In the context of database, he is the 'Searcher', a user 
may be a 'Researcher' he may be a middle man or liaison officer in the dissemination of information.  

Definition of User 

 The definition of information user is as under given by the information security Glossary. 

 "An Information User is the person responsible for viewing / amending / updating the content of the information 
assets. This can be any user of the information in the inventory created by the Information Owner."1  
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USER STUDY 

 For a long time, the users even in a scientific library were considered a neglected component by librarians. But 
today the situation has changed. The librarian, have recognized the significance of users as the most vital component in the 
communication cycle. In fact modern libraries are becoming more and more user oriented. The present trend towards 
national information system has made the need for user studies more significant. 

 In India however, It is a new phenomenon. The present trend to the Indian universities and colleges is that the 
number of students, researchers and teachers are increasing year after year. But the resource allocation to the university and 
college libraries is not commensurate with increased rate of users and cost escalation of documents especially scientific 
documents. The aforesaid problems are forcing librarians to think more and more in terms of need based acquisition of 
documents and providing appropriate information services. Considering this point in mind a user study is conducted among 
the users in the Ayurvedic Medical College Libraries In western Maharashtra.  

Objective of the study 

Following objectives can be categorized as.  

1.  To know what are the information requirements of the user. 

2.  What need to be done do make effective use of the library resources services. 

3.  To know the adequacy of library collection for the needs of users. 

Scope of the study. 

Research is an endless process. The scope of the present study is confined to study the users of Ayurvedic Medical 
College libraries in Western Maharashtra viz Doctors, Teachers, and medical students as the users of the library. The efforts 
are made to study their users from the view point of their satisfaction, about their requirements from the library. The area 
of the study is cover to five district in Maharashtra state it’s called Western Maharashtra these are Kolhapur, Sangli, Solapur, 
Satara and Pune. Its area in kilometer near about 400. The scope of this study is limited to the health science faculty and 
students of Ayurvedic college libraries in Western Maharashtra. 

Selection of the sample 

The user population in this study consists of students and teachers. A sample consisting of fifteen (15) Ayurvedic 
Medical College Libraries in Western Maharashtra and 40 (forty) members of each college has been selected from user 
population of 40 X15 = 600 members. The sample group consists of 1st year B.A.M.S., 2ND B.A.M.S., 3RD B.A.M.S., 
Internee students and Teachers.  

Collection of Data 

Questionnaire method was mainly adopted for the primary data collection. Interview method was used among the 
scholars on a selected basic to corroborate the findings. 

An improved questionnaire has been prepared keeping in view the study in mind. The 40 X 15 = 600 questionnaire 
was distributed amongst the Ayurvedic Medical College Library users. While collecting the questionnaires and at the time 
of their visit to the library the concerned users were interviewed. 

Additional information was collected by talking to the users and members of the staff. Certain records of the library 
were consulted and annual reports of the Ayurvedic Medical College libraries in western Maharashtra were also studied.  

Analysis of data 

The data has been noted from duly filled up questionnaire the analysis of the data indicates the following trends in the 
proposed user study. About 50 X 15 = 750 questionnaire was distributed. Out of which 600 questionnaires were received 
back. The frequency is 80%, whereas the response was very good. 
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Table No. 1. 

The table shows the data of users used facility and services available in Health Science Libraries in western Maharashtra, 
special reference to Ayurvedic College Libraries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Bar graph shows in Health Science Library users used facility and services.  

 

 

CONCLUSIONS, 

 The study reveals that the many of the users are not able to use the library effectively because they do not know 
what exactly to be expecting from the library. They feel frustrated in their use of the library due to certain shortcomings in 
the library services rendered. Therefore it is necessary that the users must be communicated to the librarian from time to 
time their interests and their library needs. It must be noted without fail that the well-equipped catalogues both dictionary 
and classified of the library certainly help to the users to search their reading materials by them in a very short time.  
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Users Used This Facility and Services  

Total Users 600 per cent

Sr. No.  Services  Total Users 
600 

per cent  

1 Reference services 472 79 
2 Inter loan services 328 55 
3 Newspaper clipping 370 62 
4 Bibliographic services 412 69 
5 Book-bank 430 72 
6 Night reading room facility 325 54 
7 Abstracting and Indexing 310 52 
8 Reprographic/Xerox 395 66 
9 Translation services 130 22 
10 Internet and Fax ser. 230 38 
11 E-mail & Scanning ser. 190 32 
12 Digital Library 90 15 
13 New arrival display on screen 165 28 
14 CAS & SDI services 170 28 
15 Open access  130 22 
16 Campus Wi-Fi 120 20 
17 Meddlers 50 8 
18 E-book and e-journals 60 10 
19 Consortia 70 12 
20 User orientation program 310 52 
21 Drinking water facility 430 72 
22 Toilet facility 450 75 
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 The present study shows that the readers are satisfied to some extent for general information needs. But not fully 
satisfied for nascent information appearing through Reprographic services ( Xerox ) and     non – print materials as well as 
computerized services like Network, Online, E-mail, E-journals, Down load facilities, MEDLINE, and MEDICUS which 
are not available in the library. This collection should be developed in future to improve with the latest developments in 
information media and information technologies. The computerized library services may be also introduced by installing a 
computer system in the library.  

The question may arise that whether the library is in a position to face challenges presented by the changing 
conditions and the expectations of the users from the Ayurvedic Medical College libraries. In spite of some of these 
shortcomings it is observed in the present study that the library is working efficiently and effectively in order to satisfy the 
user’s needs.    
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“�वतं�ता सं�ाम और �हदं� क�वता” 

डॉ. सहदेव वषा�राणी �नव�ृतीराव 

�ी �वजय�सहं यादव महा�व�यालय, पेठवडगाव, ता. हातकणंगले, िज. को�हापुर 

varsha.sahadev@gmail.com 
 

गोषवारा 

 भारत के �वतं�ता सं�ाम म� �ह�द� क�वता का बेहद मह�वपूण� �थान रहा है| �ह�द� क�वता 

ने देश क� आम जनता को �वतं�ता सं�ाम का �ह�सा बनने हेतु �े�रत �कया| भारत�द ुह�र�चं�, 

महावीर �साद ��ववेद�, मै�थल�शरण गु�त, �ीधर पाठक, माखनलाल चतुव�द�, बालकृ�ण शमा� 

नवीन, सुभ�ाकुमार� चौहान आ�द क�वय�ने अपनी तलवार �पी कलम चलाकर देश के लोग� के मन 

म� रा��पेम क� भावना जागतृ क�| यह परंपरा भारत�द ुह�र�च�� से शु� होकर आगे �ह�द� क�वता 

म� �भावी �प से �वा�हत हुई �दखाई देती है| इन क�वय� ने �वतं�ता आ�दोलन को अपनी क�वता 

का �वषय बनाया| साथ ह� रा���यता क� भावना को बढाकर युगीन सम�याओं के ��त लोग� को 

सजग �कया| �वतं�ता का मूल अथ� भयमु�त होना ह� हो सकता है| जब तक मन भय मु�त न हो 

�वतं�ता से सा�ा�कार हो नह� सकता| �वतं�ता का दायरा बहुत बड़ा, �यापक और �व�वध आयामी 

है �य��क समाजरचना के स�पूण� आदश� इसम� वैयि�तक �वतं�ता के �प म� समा�हत होते है| इस 

बात को �वीकारते हुए �ह�द� क�वय�ने �ह�द� क�वता का �वषय �वतं�ता को बनाया है| 

  �वतं�ता आंदोलन भारतीय इ�तहास का वह युग है जो पीड़ा, कड़वाहट, आ�मस�मान, 

शौय�, गौरव तथा सबसे अ�धक शह�द� के लहू क� स�मधा है| �वतं�ता के इस महाय� म� समाज 

के ��येक वग� ने अपने-अपने तर�के से ब�लदान �दए| इस �वतं�ता के युग म� �हदं� क�वय� ने भी 

अपना मौ�लक योगदान �दया है| अं�ेज� को भगाने म� इन सा�ह�यकार� ने अपनी भू�मका बखबूी 

�नभाई है| �ां�तका�रय� से लेकर देश के आम लोग� तक के अंदर लेखक�, क�वय� ने अपने श�द� 

से जोश भरा| इन �हदं� क�वय� ने अपनी क�वता से लोग� म� देश �ेम क� ऐसी भावना जगाई क� 

लोग घर� से बाहर �नकल आए और �ां�तकार� आंदोलन का �ह�सा बने| भारत म� �वाधीनता का 

आंदोलन का इ�तहास उतना ह� पुराना है िजतना क� हमार� परतं�ता का इ�तहास| यह देश 1000 

वष� से भी अ�धक समय तक गुलाम रहा परंतु इसका सां�कृ�तक �व�प बना रहा| भारत क� 

रा���यता का आधार राजनी�तक एकता ना होकर सां�कृ�तक एकता रह� है|  
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  भारत�द ुह�र�चं� ने िजस आध�ुनक युग का �ारंभ �कया उसक� जड़� �वाधीनता आंदोलन म� 

ह� थी| भारत�द ुऔर भारत�द ुमंडल के सा�ह�यकार� ने युवा चेतना को ग�य और प�य दोन� म� 

अ�भ�यि�त द�| इसके साथ ह� इन रचनाकार� ने �वतं�ता आंदोलन क� �शंसा करते हुए भारत के 

�व�ण�म अतीत म� लोग� क� आ�था जगाने का �यास �कया| वह�ं दसूर� ओर उ�ह�ने अं�ेज� क� 

शोषणकार� नी�तय� का खलुकर �वरोध �कया| भारत�द ुह�र�चं� ने �वतं�ता आंदोलन म� मह�वपूण� 

भू�मका �नभाई| अं�ेज� �वारा भारतीय जनता पर जु�म का �वरोध �कया| उ�ह� इस बात का मलाल 

था �क, अं�ेज यहां से सार� संपि�त लूट कर �वदेश ले जा रहे थ;े इस लूटपाट और भारत क� 

बदहाल� पर उ�ह�ने काफ� �लखा ‘अंधेर नगर� चौपट राजा’ नामक का�य के मा�यम से त�काल�न 

राजाओं क� �नरंकुशता अ�भ�य�त कर द� और उनक� मूख�ता का सट�क वण�न �कया है| अपने युग 

क� व�तुि�थ�त को समझते हुए, रा���य जागरण क� आव�यकता महसूस करते हुए सा�ह�य को 

आम जनता के साथ उ�ह�ने कुशलतापूव�क जोड़ा| अपनी भावनाओं कोभारत ददु�शा’ नाटक म� �य�त 

करते हुए उ�ह�ने �लखा- 

“भीतर त�व न झूठ� तेजी| 

�य� स�ख स�जन न�ह ंअंगरेजी|”१ 

  ��ववेद� युग के सा�ह�यकार� ने भी �वतं�ता स�ंाम म� मह�वपूण� भू�मका �नभाई| महावीर 

�साद ��ववेद�, मै�थल�शरण गु�त, �ीधर पाठक, माखनलाल चतुव�द� आ�द ने भी भारतीय 

�वाधीनता हेतु अपनी तलवार �पी कलम को और धारदार �कया| इन क�वय� ने आम जनता म� 

रा���ेम क� भावना जगाने तथा उ�ह� �वाधीनता आंदोलन का �ह�सा बनने हेतु �े�रत �कया| 

मै�थल�शरण गु�त रा��क�व कहलाए| माखनलाल चतुव�द� ने भी ‘पु�प क� अ�भलाषा’ क�वता 

�लखकर सै�नक� के ��त सामा�य लोग� के मन म� स�मान का भाव जागतृ �कया| सुभ�ा कुमार� 

चौहान ने ‘झांसी क� रानी’ क�वता के मा�यम से �वाधीनता आंदोलन को तेज करने म� अ��वतीय 

भू�मका अदा क�| मै�थल�शरण गु�त ने भारतवा�सय� को �व�ण�म अतीत क� याद �दलाते हुए 

वत�मान और भ�व�य को सुधारन ेक� बात क�| यथा- 

“हम �या थे? �या है? और ह�गे? 

अभी आओ �वचारे �मलकर यह सम�याएं| 

रा��क�व मै�थल�शरण गु�तने ‘भारत भारती’ म� �लखा- 

“िजसको न �नज गौरव तथा �नज देश का अ�भमान है 

वह नर नह�ं नर पशु नीरा है और मतृक समान है|”२ 
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  मै�थल�शरण गु�त के अलावा सुभ�ा कुमार� चौहान क� ‘झांसी क� रानी’ क�वता ने अं�ेज� 

को लाल करने का काम �कया| सुभ�ा कुमार� चौहान क� ‘झांसी क� रानी’ क�वता को कौन भलू 

सकता है? िजसने अ�ंेजो क� जड़� �हला कर रख द�| वीर सै�नक� म� देश �ेम क� भावना तथा जोश 

भरने वाल� यह क�वता आज भी �ासं�गक है- 

“�सहंासन �हल उठे, राजवंश� ने भकुृट� तानी थी, 

बूढ़े भारत म� भी आई �फर से नई जवानी थी, 

गुमी हुई आज़ाद� क� क�मत सबने पहचानी थी, 

दरू �फरंगी को करने क� सबने मन म� ठानी थी, 

चमक उठ� सन स�तावन म� वह तलवार पुरानी थी, 

बुंदेले हरबोल� के मंुह हमने सुनी कहानी थी, 

खबू लड़ी मदा�नी वह तो झांसी वाल� रानी थी|”३ 

  इसी �कार जयशंकर �साद ने ‘अ�ण यह मधमुय देश हमारा’ सु�म�ानंदन पंत ने ‘�यो�त 

भू�म जय भारत देश’, इकबाल ने ‘सारे जहां से अ�छा �हदं�ुता हमारा’, तो बालकृ�ण शमा� नवीन ने 

‘�व�लव गान’ �लखा| इन सबके अलावा बं�कम चं� चटज� का देश �ेम से ओत�ोत गीत वंदे 

मातरम ने लोग� क� रग� म� उबाल ला �दया| अब �कसी क�मत पर देश के लोग� को पराधीनता 

�वीकार नह�ं है|  

‘वंदे मातरम सुजलाम, सुफलाम, मलयज शीतलाम, 

स�य �यामला मातरम वंदे मातरम... 

 देश �ेम क� भावना जगाने के �लए जय शंकर �साद ने ‘अ�ण यह मधमुय देश हमारा’, 

सु�म�ानंदन पंत ने ‘�यो�त भू�म जय भारत देश’, �नराला ने ‘भारती जय �वजय करे �वग� �श�य 

कमल रे’, कामता �साद गु�त ने ‘�ाण �या है देश के �लए’, इकबाल ने सारे ‘जहां से अ�छा 

�हदं�ुता हमारा’, तो बालकृ�ण शमा� नवीन ने �व�लव गान म� �लखा है- 

‘क�व कुछ ऐसी तान सुनाओ, िजससे उथल-पुथल मच जाए 

एक �हलोर इधर से आए एक ह� लोग उधर को जाए|’ 

 यह कहकर रणबांकुरे म� नई चेतना का संचार �कया| इसी �ंखला म� �शवमंगल �सहं सुमन, 

रामनरेश ��पाठ�, रामधार� �सहं �दनकर, राधाचरण गो�वामी, ब��नारायण चौधर� �ेमघन, राधा 

कृ�ण दास, �ीधर पाठक, माधव �साद शु�ल, नाथरूाम शमा� शंकर, गया �साद शु�ल �नेह�, 

माखनलाल चतुव�द�, �सयारामशरण गु�त, अ�ेय जैसे अग�णत क�वय� के साथ ह� बं�कम च�ं 
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चटज� का देश �ेम से ओत�ोत वंदे मातरम गीत| देशभि�त से ओत�ोत एक अ�य रचना है 

िजसके ज�रए माखनलाल चतुव�द� ने आजाद� क� ब�लवेद� पर शह�द हुए वीर सपूत� के ��त अगाध 

��ा �दखाई है| और ब�लदान� को सव�प�र बताया है| एक फूल के मा�यम से उ�ह�ने अपनी बात� 

को िजस उ�कटता के साथ कहा है वह बेहद सराहनीय है|  

“चाह नह�ं म� सुरबाला के 

गहन� म� गूंथा जाऊं| 

चाह नह�ं �ेमी माला म� 

�बधं �यार� को ललचाऊ| 

चाह नह�ं स�ाट� के शव, 

पर, हे ह�र डाला जाऊं| 

चाह नह�ं, देव� के �सर पर, 

चढंू भा�य पर इठलाऊ| 

मुझे तोड़ लेना वनमाल� 

उस पथ पर देना तुम फ� क 

मातभृू�म पर शीश चढ़ाने 

िजस पथ जाव� वीर अनेक|”४ 

  इसी तरह जंगे आजाद� म� अपनी रचनाओं के मा�यम से �वशेष भू�मका �नभाने वाले 

सा�ह�यकार� क� एक लंबी फेह�र�त है| जैसे- राधा कृ�ण दास, ब��नारायण चौधर�, �ताप नारायण 

�म�, पं�डत अं�बकाद�त �यास, बाबू राम �कशन वमा�, ठाकुर जगमोहन �सहं, रामनरेश ��पाठ�, 

सुभ�ा कुमार� चौहान, बालकृ�ण शमा� नवीन जैसे रचनाकार� ने रा���यता एवं देश �ेम क� ऐसी 

गंगा बहाई िजसके ती� वेग स े जहां �वदेशी हु�मरान� क� नीव �हलने लगी वह� नौजवान� के 

अंत�थ म� अपनी प�व� मातभृू�म के �यार का ज�बा गहराता चला गया| एक और बं�कम चं� 

चटज� ने आनंद मठ म� वंदे मातरम जैसी कालजई रचनाओं का सजृन �कया तो क�ववर जयशंकर 

�साद क� ‘उठ� �हमा�� तुंग �ृंग स े�बु� शु� भारती, �वयं�भा सम उ�जवला �वतं�ता पुकारती’ 

जैसी क�वता ने लोग� के मन म� रा���ेम क� अखं�डत धारा �वा�हत क�| इन क�वय� ने अपनी 

क�वताओं म� रा���यता के �वारा भारतीय लोकताि��क ढांचे और पर�परा को कायम करने का 

�य�न �कया| साथ ह� देश के लोग� म� �ेम और एकता को बढ़ावा �दया है| 
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रा���य �श�ा नी�त और �हदं� भाषा 

डॉ. सहदेव वषा�राणी �नव�ृतीराव 

�ी �वजय�सहं यादव महा�व�यालय, पेठवडगाव, ता. हातकणंगले, िज. को�हापुर 

varsha.sahadev@gmail.com 

 
 

 �श�ा नी�त पर जब भी चचा� होगी तब भाषा पर अव�य �वचार होगा। भारत के संदभ� म� लगभग 3 दशक� के 

लंबे इंतजार के बाद भारतीय भाषाओं को �ाथ�मकता देने के �लए नई �श�ा नी�त लागू हुई है। नई �श�ा नी�त म� 

�ह�द� के साथ-साथ भारतीय भाषाओं का मह�व बढ़ाने का उदे�य रहा है। इसम� �ाथ�मक �श�ा म� मातभृाषा क� 

अ�नवाय�ता को अपनाकर भारत भर म� �नज भाषा म� �श�ा के मह�व को ��तपा�दत �कया है इससे भ�व�य म� �हदं� 

युग क� �थापना ज�र होगी। इस �श�ा नी�त क� सबसे बड़ी �वशेषता यह है �क इसम� भारतीय भाषाओं के बार� म� 

सम�ता से �वचार �कया गया है। 

  राजभाषा �हदं� के �वषय म� हम जानते है �क, 14 �सतंबर 1949 को सं�वधा�नक �तर पर �हदं� को राजभाषा 

और �ल�प देवनागर� को मा�यता �ा�त हुई थी| धारा 343 म� कहा गया था �क, ‘संघ क� राजभाषा �हदं� और �ल�प 

देवनागर� होगी और अंको का �प अंतरा����य �प होगा। शासक�य �योजन� के �लए अं�ेजी भाषा का �योग 15 वष� 

तक �कया जाएगा।’ इसके बाद 1965 तक �हदं� को राजभाषा के �प म� �था�पत कराने के आ�वासन को पुनः 

अ�नि�चत समय तक बढ़ा �दया गया। कहां गया �क, 26 जनवर� 1965 के बाद भी �हदं� के अ�त�र�त अं�ेजी भाषा 

संघ के राजक�य �योजन� के �लए �योग म� लाई जाती रहेगी | यह अव�था सं�वधान लागू होने से लेकर आज तक 

चल� आ रह� है। 
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1990 uarjP;k dforsojhy tkxfrdhdj.kkpk ifj.kke 

MkWW- fefyan dkacGs 

xqycxkZ fo”ofo|ky;] dycqjfx] dukZVd 

Corresponding author- MkWW- fefyan dkacGs 

Email- dr.milindkamble358@gmail.com 
DOI-10.5281/zenodo.7943921 

    

1990 uarj Hkkjrh; vFkZO;oLFkslg thoukP;k loZp {ks=kr vewykxz  cny vuqHko.;kl feGw ykxys- ,d lkpsc) vkf.k 

ikjaikfjd thoukyk eqDr vkdk”k feGkys- ,dkf/kdkj”kkgh laiq’Vkr vkyh vkf.k mnkjhdj.k fdaok tkxfrdhdj.kkP;k izokgkr 

vkiyk ns”k ,d uos ladze.k vuqHkow ykxyk- eqDr vFkZO;oLFksus ;sFkhy loZ xf.krp cnywu Vkdys- *vki.k vkf.k vkiys * gk 

fopkj ekxs iMyk vkf.k *gs fo”oph ek>ks ?kja * ;k U;k;kus laiw.kZ tx ,dk Nrk[kkyh vkY;kpk vuqHko vkiY;kyk ;sÅ 

ykxyk- Hkkjrh; vFkZO;oLFksoj tlk ifj.kke tkxfrdhdj.kkpk >kyk rlpk ifj.kke ;sFkhy dyk] lkfgR; vkf.k laLd`rhoj 

ns[khy >kyk- vkiY;k lkpsc) lkfgR;kph ekaM.kh ekxs iMyh vkf.k eqDr vFkZO;oLFks lkj[ksp eqDrNankr eqDr fo’k; 

dkO;krwu ekaMY;k tkÅ ykxys- fofo/k oxkZrwu] tkfrtekrhrwu fyfgrk >kysyk ys[kdoxZ iq<s ;sÅ ykxyk- ukxj] egkuxj] 

xzkeh.k] nfyr v”kk loZp oxkZrwu vkysys yksd uO;k orZekukyk izfrfdz;k nsÅ ykxys- ;ke/;s Hkk’ksph ns[khy rksMeksM gksÅ 

ykxyh- vusd uohu “kCn vkiY;k Hkk’ksr #< gksÅ ykxysr- tkxfrdhdj.kkpk izokg ,o<k rhoz gksrk dh vkiY;k 

ikjaikfjdrsyk R;kus tcj /kDdk fnyk- vkiY;k doh&ys[kdk auh gs loZ cny fVi.;kl vkiY;k lkfgR;krwu izkjaHk dsyk- 

fo”ks’kr% ejkBh dforsus gs cny yodjfViys- *ts u ns[ks jfo rs ns[ks doh* ;k mDrhuqlkj vkeP;k ejkBh dohauh vkiY;k 

dforsr cny fLodkjyk- tkxfrdhdj.kkpk ifj.kke ;k dohaP;k izfrHksoj >kyk- dkO;kps fo’k; cnyw ykxys- 

tkxfrdhdj.kkP;k jsV;kr gjoysyk] HkkSfrd xjtkaP;k vkgkjh xsysyk] ikoykikoykoj ladVkyk rksaM ns.kkjk lkekU; ek.kwl] 

uO;kus mn;kyk vkysyh ekWyl aLd`rh gs dohaP;k dkO;ys[kukps fo’k; gksÅ ykxys- uodoh fofo/kkaxh vk”k;lw=kapk os/k ?ksow 

ykxys- ;kizek.ksp osxosxG;k izdkjs vfHkO;Dr gksÅ ykxys- 

        

      1960 rs 1990 i;Zar dkO; ys[ku dj.kkÚ;k dohauh 

R;kaP;k dforsyk ,d Lora= vksG[k fnyh- v#.k dksyVdj] 

fnyhi fp=s] uk-/kks- egkuksj] xzsl] olar vkckth Mgkds] 

foykl lkjax] Hkkypanz usekMs] panzdkar ikVhy] lrh”k 

dkGlsdj] xq#ukFk /kqjh] olar xqtZj vknh dohaP;k 

dforsrwu dkO;y;h aph fofo/krk vuqHkokyk feGkyh- vusd 

y;hapk iz;kstd vkf.k vFkZiw.kZ okij ;k dohauh dsyk- vksoh] 

vHkax] iksokMs] yko.;k ek=koR̀rs &v{kjo`Rrs] fofo/k 

fBdk.kph o xVkaph yksdxhrs] osxosxG;k Hkwizns’kkrhy 

Hkk’khd mPpkj.;kph “kSyh] osxosoxG;k cksyh ;k lokZae/kwu 

izR;;kyk ;s.kkÚ;k Hkkf’kd y;hapk vkfo’dkj ;k dohauh 

dsyk- lkBksRrjh dforsyk Hkk’khd y;hackcr laiUu okjlk 

ykHkyk- 1990 uarj tkxfrdhdj.kkus ,dw.kp ekuoh 

vk;q’;kP;k vusd vaxkauk Li”kZ dsyk- ;k dkGkr 

dkO;ys[ku dj.kkÚ;k dohauk uOonksRrjh doh gs ukekfHk/kku 

fnysys vkgs- ;k dkGkr T;kauh vkiY;k dohrsrwu dkO;kP;k 

izkarkr Blk meVfoyk R;ke/;s Jh/kj frGos] eaxs”k dkGs] 

lyhy ok?k] furhu dqGd.kh] eU;k tks”kh] gseaV fnoVs] 

latho [kkaMsdj] otsZ”k lksGsadh] izoh.k ckansdj] vt; 

dkaMj] vfuy dkacGh] ohj/koy ijc vknh dohapk mYys[k 

djkok ykxsy- R;krhy vusd dohauh Lor%p vkiyh Hkkf’kd 

okV “kks/kr dkO;krwu fofo/k y;haP;k “kD;rk vktekoY;k- 

doh furhu dqGd.khZ ;kaph dfork ;k y;hps mRre 

mnkgj.k vkgs- 

**okj frFk lqê;k] o’kZ jtk izokl tUe 

Okkpyks okpyks okpyks okpyks okpyks** 

¼lxGa dla vxnh lSQsuk,½ 

jkstpa tx.ka gs ,d ladV vkgs vkf.k ;krwu doh *okpyks] 

okpyks---* Eg.krks vkgs- *okpyks* ;k “kCnk aP;k iqu#Drhrwu 

th y; lk/kyh vkgs- rh ;k ej.kkP;k ladVkyk vf/kd 

xMn djrs vkgs- uOoksnRrjh dkGkr dkO;ys[ku dj.kkÚ;k 

doh auh Lor%ph v”kh y; dforsrwu tksiklysyh fnlrs- ;k  

 

dohaP;k dfork ;k eqDr”kSyhpk okij djrkuk fnlrkr- rj 

dkgh dohaP;k dfork ;k x|y;hpk vkJ; ?ksrkr- 
 

**dks.k fyfgrks; dfork 

Hkksda iMysyh 

“kCn dksacwu dksac wugh 

Tkh cqtr ukgh;sr** 

¼Hkksda&esanwrY;k “kkarrsykgh iMysyh½ 
 

**Vh-Ogh- pkyw vkgs 

Vh-Ogh- leksj ukprks; eqyxk 

myVklqyVk 

cnyrks; pWuYl 

eh fpMrks; R;kP;koj 

eh R;kyk ekjkoa dh ek# u;s \ 

“kkarrsyk Hkksd 

Ukkgh ekjya rjh** 

¼pkSfr”khi; ZarP;k dfork½ 

gseaV fnoVs ;kaph gh dfork gs cksy.ksp vkgs- Lor%P;k 

tx.;kpk vuqHko fygwu dforsrwu eksdGa gks.;kph dohph 

bPNk “kCnc) dsyh vkgs- ;k dohrsph ekaM.kh dks.kR;kgh 

;ed] vuqizkl] vyadkjkpk okij u djrk dsyh vkgs- 

iMysyh] ukgh;sr] iMra; ;k fdz;kinkaps mi;kstuk] NksVh] 

NksVh okD;jpuk ;karwu dforsr ,d y; lk/kyh vkgs- 

uOonksRrjh vusd dohaP;k dforsr v”kk x|y;h vk<Grkr- 

**”ksoVh vxnh toGP;k O;Drhpk e`R;wgh vki.k 

Lkgtrsus ftjorks 

ifgY;k ifgY;kank rj rlchjhoj usekau p<orks 

RkkT;k Qqykapk gkj 

uarj uarj Qzseojph /kwG iqlj.;klgh ;sr tkrks 

euLoh daVkGk 
 

fiz;] vlk ,d fnol vkt ukgh dh rq>h 
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emoY gma :

Xþ{Z¶m ‘| g~go H$R>rU MrO ‘Zwî¶ Ho$ {X‘mJ H$mo g‘PZm
h¡& AmO EH$ Eogr ES>dm§g ‘erZ Am MwH$s h¡, Omo B§gmZ Ho$
{X‘mJ H$mo g‘P gHo$, {ZU©¶ bo gHo$, AnZr ^mdZmE§ gmPm
H$a gHo$& AWm©V B§gmZr {X‘mJ-{ddoH$ h‘ ‘erZ ‘| S>mb aho
h¡& Bgo hr H¥${Ì‘ ~w{Õ‘Îmm ¶m Am{Q©>’$s{e¶b B§Q>obrO|g H$hm
OmVm h¡& Bgr H¥${Ì‘ ~w{Õ H$m AW© h¡- ~ZmdQ>r VarHo$ go
{dH${gV H$s JB© ~m¡{ÕH$ j‘Vm, {OgHo$ VhV amo~moQ²g {H$gr
^r hmbV ‘| ‘Zwî¶ H$s Vah gmoM gHo$ Am¡a CgHo$ ‘wVm{~H$
{ZU©¶ bo gHo$&

~rOeãX : H¥${Ì‘ ~w{Õ, àmXm¡{JH$s, ^mfm {ejU ‘| H¥${Ì‘
~w{Õ

‘yb AmboI :

H¥${Ì‘ ~w{Õ‘Îmm H$s ewéAmV 1950 Ho$ XeH$ ‘| hr hmo
JB© Wr, bo{H$Z Bgo 1970 Ho$ XeH$ ‘| ‘hÎd àmá hmoZo bJm&
Xþ{Z¶m ‘| g~go nhbo OnmZ Bg Xoe Zo BgH$s nhb H$s& {’$a
Yrao-Yrao {~«Q>oZ, A‘[aH$m Ed§ ¶yamo{n¶Z Xoem| Zo ^r BgH$s
Amoa Ü¶mZ {X¶m Am¡a ZB©-ZB© VH$ZrHo$ BOmX hmoZo bJr&
H¥${Ì‘ ~w{Õ AmO ‘Zwî¶ H$mo ghm¶Vm H$aZo dmbm Ho$db EH$
CnH$aU Zht, ~pëH$ Bg‘| IwX H$s aMZmË‘H$Vm H$m JwU ^r
AmE BgHo$ à¶mg Omar h¡ Am¡a Bg‘| H$m’$s hX VH$ h‘
g’$b ^r hþE h¡&

ghr ‘| Xþ{Z¶m ~hþV VoOr go ~Xb ahr h¡& Bg ~Xbmd H$m
g~go à‘wI H$maU {S>{OQ>b H«$m§{V h¡& AmZo dmbo dfm] ‘| h‘
EH$ ZE {dœ H$m gm‘Zm H$a gH$Vo h¢ {Og‘| H¥${Ì‘ ~w{Õ‘Îmm
EH$ ‘hËdnyU© ^y{‘H$m {Z^mEJr& ¶h EH$ VoOr go {dH${gV
joÌ h¡, Am¡a ¶h g§̂ mdZm h¡ {H$ H¥${Ì‘ ~w{Õ H$m Cn¶moJ ^mfm
Ho$ joÌ ‘| Am¡a A{YH$ VarH$m| go {H$¶m OmEJm& H¥${Ì‘ ~w{Õ
(EAmB©) Ho$ gmW {hÝXr H$m ̂ {dî¶ C‚db h¡ Am¡a ¶h XoIZm
{XbMñn hmoJm {H$ AmZo dmbo dfm] ‘| Bg‘| Š¶m ZE {dH$mg
hmoVo h¢& H¥${Ì‘ ~w{Õ {hÝXr H$mo AnZr godmAm| H$mo ~ohVa

{hÝXr ^mfm ‘| H¥${Ì‘ ~w{Õ H$m à¶moJ

àmo. (S>m°.) ghXod dfm©amUr {Zd¥Îmramd
{hÝXr {d^mJ, lr {dO¶qgh ¶mXd ‘hm{dÚmb¶,

noR>dS>Jmd, Vm. hmVH$U§Jbo {O. H$moëhmnwa-416112 (‘hmamï>́),
Xÿa^mf-8806919900, B‘ob- varsha.sahadev@gmail.com

~ZmZo Am¡a Cn¶moJH$Vm©Am| H$mo A{YH$ gj‘ ~ZmZo ‘| ‘XX
H$a gH$Vr h¡& àñVwV emoYAmboI ‘|, h‘ CÞV VH$ZrH$s
{dH$mgm| H$s {Xem ‘| EH$ ZµOa S>mb|Jo Omo H¥${Ì‘ ~w{Õ‘Îmm ‘|
hmo ahr h¢& gmW hr {dH$mg Am¡a àJ{V H$m EH$ AdbmoH$Z
àñVwV H$a|Jo&

H¥${Ì‘ ~w{Õ Ho$ à^md go qhXr g{hV AÝ¶ ^maVr¶
^mfmE± ^r Xÿa Zht ah gH$Vr& g‘¶mZwgma ~Xbmd Ho$ gmW
Vmb‘ob {~R>mZm ha ^mfm Ho$ {bE Oéar ^r h¡, Zht Vmo h‘
OmZVo h¡ {H$, Eogr {H$VZr ^mfmE± g‘¶ Ho$ gmW bwá hmoVr
JB© h¡& H¥${Ì‘ ~w{Õ H$m Cn¶moJ {Oå‘oXmar Ho$ gmW {H$¶m
OmE Vmo {Z{üV én go ^mfmAmo± Ho$ {dH$mg Ho$ ZE amñVo
Iwb|Jo&

H¥${Ì‘ ~w{Õ (EAmB©) H§$ß¶yQ>a {dkmZ H$s EH$ emIm h¡;
Omo ‘erZm| H$mo ~w{Õ‘mZ ~ZmZo Ho$ {bE {S>µOmBZ H$aVr h¡&
H¥${Ì‘ ~w{Õ gm°âQ>do¶a Am¡a hmS>©do¶a H$m Cn¶moJ H$aHo$ ‘erZm|
H$mo g‘ñ¶m-g‘mYmZ, grIZo, Am¡a {ZU©¶ boZo O¡go H$m¶m] H$mo
H$aZo Ho$ {bE gj‘ ~ZmVr h¡& H¥${Ì‘ ~w{Õ gm‘mÝ¶ àm¡Úmo{JH$s
go AbJ h¡& gm‘mÝ¶ àm¡Úmo{JH$s nhbo go {ZYm©[aV H$m‘
H$aVr h¡, bo{H$Z H¥${Ì‘ ~w{Õ g‘¶mZwgma {H$gr ^r ñW{V ‘|
‘Zwî¶ H$s Vah {ZU©¶ bo gH$Vr h¡&

 AmO h‘ H¥${Ì‘ ~w{Õ na AmYm[aV CnH$aUm| H$s Xþ{Z¶m
‘| àdoe H$a aho h¡& O¡go-O¡go Xþ{Z¶m VoOr go EH$-Xÿgao go
Ow‹S>Vr Om ahr h¡, H$B© ^mfmAm| ‘| Hw$ebVm Z Ho$db ’$m¶Xo‘§X
h¡ ~pëH$ EH$ Amdí¶H$Vm ^r h¡& Am¡a àm¡Úmo{JH$s A~ Ho$db
EH$ CnH$aU Zht h¡, ~pëH$ grIZo H$s à{H«$¶m H$m EH$
A{^Þ A§J h¡& ^mfm grIZo Ho$ nma§n[aH$ VarHo$ {dH${gV hmo
aho h¢, Omo H¥${Ì‘ ~w{Õ H$s e{º$ H$m Cn¶moJ H$aZo dmbo ZdrZ
Ñ{ï>H$moUm| Ho$ {bE amñVm ~Zm aho h¢& ^mfm grIZo Ho$ {bE
H¥${Ì‘ ~w{Õ  H$m ^{dî¶ amo‘m§MH$ h¡& àm¡Úmo{J{H$¶m§ nhbo go
H$ht A{YH$ VoOr go {dH${gV hmo ahr h¢, BgHo$ {bE h‘|
V¡¶ma ahZm hmoJm&

mailto:varsha.sahadev@gmail.com
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H¥${Ì‘ ~w{Õ Ho$ gm‘mÝ¶ Cn¶moJr joÌ :

H¥${Ì‘ ~w{Õ H$m Cn¶moJ H$B© AbJ-AbJ joÌm| ‘| {H$¶m
OmVm h¡, {Og‘| em{‘b h¢-

1. ñdmñÏ¶- H¥${Ì‘ ~w{Õ H$m Cn¶moJ S>m°ŠQ>am| H$mo {ZXmZ
H$aZo, XdmAm| H$s {g’$m[ae H$aZo, Am¡a amo{J¶m| H$s
XoI^mb H$aZo ‘| ‘XX H$aZo Ho$ {bE {H$¶m OmVm h¡&
gQ>rH$ Xdm ‘| H¥${Ì‘ ~w{Õ H$m AZwà¶moJ ’$m¶Xo‘§X hmo
gH$Vm h¡ & ¶h ^{dî¶dmUr H$aZm {H$ {d{^Þ amoJr
{deofVmAm| Am¡a CnMma g§X^© Ho$ AmYma na amoJr na
H$m¡Z go CnMma g’$b hmoZo H$s g§̂ mdZm h¡&

2. {dÎm- H¥${Ì‘ ~w{Õ H$m Cn¶moJ {Zdoe {ZU©¶ boZo,
OmopI‘ H$mo H$‘ H$aZo, Am¡a YmoImY‹S>r H$m nVm bJmZo
‘| ‘XX H$aZo Ho$ {bE {H$¶m OmVm h¡&

3. gm°âQ>do¶a- H¥${Ì‘ ~w{Õ H$m Cn¶moJ Q>́m§gboeZ, Am¡a
Am°Q>mo‘o{Q>H$ amBqQ>J O¡go H$m¶m] H$mo ñdMm{bV H$aZo Ho$
{bE {H$¶m OmVm h¡&

4. {ejm- H¥${Ì‘ ~w{Õ H$m Cn¶moJ N>mÌm| H$mo ì¶{º$JV
ê$n go grIZo ‘| ‘XX H$aZo, H$jm H$mo A{YH$ g{H«$¶
~ZmZo, Am¡a N>mÌm| Ho$ {bE A{YH$ bMrbonZ àXmZ
H$aZo Ho$ {bE {H$¶m OmVm h¡& BboŠQ>́m°{ZŠg Am¡a gyMZm
àm¡Úmo{JH$s ‘§Ìmb¶ Zo Bg gmb Aà¡b ‘|  ¶wdmAm| Ho$
{b¶o {Oå‘oXma AI H$m¶©H«$‘ bm°ÝM {H$¶m Wm&, {Og‘|
gaH$mar ñHy$bm| Ho$ 11,000 go A{YH$ N>mÌm| Zo H¥${Ì‘
~w{Õ ‘| ~w{Z¶mXr nmR>çH«$‘ nyam {H$¶m& H|$Ðr¶ ‘mÜ¶{‘H$
{ejm ~moS>© Zo ñHy$br nmR>çH«$‘ ‘| AI H$mo EH$sH¥$V
{H$¶m h¡ Vm{H$ ¶h gw{Z{üV {H$¶m Om gHo$ {H$ nmg
hmoZo dmbo N>mÌm| H$mo S>oQ>m gmB§g, ‘erZ b{ZªJ Am¡a
Am{Q©>{’${e¶b B§Q>o{bO|g H$m ~w{Z¶mXr kmZ Am¡a H$m¡eb
hmo&

5. nw{bg ì¶dñWm ‘|- H¥${Ì‘ ~w{Õ H$s ‘XX go H|$Ðr¶
S>oQ>m~og Ho$ gmW Mohao H$s nhMmZ Ho$ {‘bmZ, AnamY
Ho$ n¡Q>Z© Ho$ AZw‘mZ Am¡a grgrQ>rdr ’w$Q>oO Ho$ {dûcofU
Ûmam g§{X½Ym| H$s nhMmZ H$s Om gH$Vr h¡& gaH$ma
g^r [aH$m°S>© ({deof ê$n go AnamY [aH$m°S>©) H$m
{S>{OQ>brH$aU H$a ahr h¡; dh Bgo CCTNS Zm‘H$
EH$ hr ñWmZ na EH$Ì H$a ahr h¡ Ohm± {H$gr AnamYr
¶m g§{X½Y H$s Vñdram|, ~m¶mo‘r{Q>́Šg ¶m Amnam{YH$
B{Vhmg g{hV g^r S>oQ>m CnbãY h¢&

6. H¥${f- H¥${Ì‘ ~w{Õ H¥${f S>oQ>m H$m {dûcofU H$aZo ‘|
‘XX H$aVr h¡& {H$gmZ AnZo {ZU©¶m| H$mo ~ohVa T>§J go

gy{MV H$aZo Ho$ {b¶o AnZo IoV go EH${ÌV ‘m¡g‘ H$s
pñW{V, Vmn‘mZ, nmZr Ho$ Cn¶moJ ¶m {‘Å>r H$s pñW{V
O¡go H$maH$m| H$m {dûcofU H$a gH$Vo h¢&

7. H¥${f ‘| n[aewÕVm- gQ>rH$ H¥${f nm¡Ym|, H$sQ>m| Am¡a
IoVm| ‘| Iam~ nm¡Ym| Ho$ nmofU ‘| ~r‘m[a¶m| H$m nVm
bJmZo ‘| ghm¶Vm Ho$ {b¶o H¥${Ì‘ ~w{Õ VH$ZrH$ H$m
Cn¶moJ H$aVr h¡&

8. Ob à~§YZ, ’$gb ~r‘m Am¡a H$sQ> {Z¶§ÌU-
B§Q>aZoeZb H«$m°ßg [agM© B§ñQ>rQ>çyQ> ’$m°a go‘r-E[aS>
Q>́m°{nŠg AmB©grAmaAmB©EgEQ>r Zo EH$ AI-nmda ~wdmB©
Eon {dH${gV {H$¶m h¡, Omo ñWmZr¶ ’$gb CnO Am¡a
dfm© na ‘m¡g‘ ‘m°S>b Am¡a S>oQ>m H$m Cn¶moJ H$aVm h¡
Vm{H$ ñWmZr¶ {H$gmZm| H$mo AnZo ~rO ~moZo Ho$ ~mao ‘|
A{YH$ gQ>rH$ ^{dî¶dmUr Am¡a gbmh Xr Om gHo$&

9. ‘hm‘mar go {ZnQ>Zo Ho$ {bE- H$mo{dS> -19 à{V{H«$¶m
Ho$ {bE, g§Mma gw{Z{üV H$aZo Ho$ {b¶o MyGov Ûmam AI-

gj‘ M¡Q>~m°Q> H$m Cn¶moJ {H$¶m J¶m Wm& B§{S>¶Z
H$mC§{gb Am°’$ ‘o{S>H$b [agM© (ICMR) Zo H$mo{dS>
-19 na Xoe ^a ‘| {d{^Þ narjU Am¡a Z¡Xm{ZH$
gw{dYmAm| go ’«§$Q>bmBZ ñQ>m’$ Am¡a S>oQ>m E§Q>́r Am°naoQ>am|
Ho$ {d{eï> àým| H$m CÎma XoZo Ho$ {b¶o AnZo nmoQ>©b na
dmQ>gZ ghm¶H$ H$mo V¡ZmV {H$¶m h¡&

H¥${Ì‘ ~w{Õ EH$ VoOr go {dH${gV joÌ h¡, Am¡a BgH$m
Cn¶moJ h‘mao OrdZ Ho$ H$B© joÌm| ‘| hmoZo H$s g§̂ mdZm h¡& ‘mZd
~w{Õ H$s Vah H¥${Ì‘ ~w{Õ ̂ r ‘mZd g‘yh go ~mV H$aZm MmhVr
h¡& dh AmnHo$ Hw$N> eãXm| H$mo g‘PZm MmhVr h¡, ~mobZm
MmhVr h¡& dh AmnH$s ~mobMmb H$s ^mfm H$m {dûcofU H$aHo$
AmË‘gmV H$aVr h¡& Bg{bE AmO Ho$ Bg AmYw{ZH$ Xm¡a ‘|
‘erZ Ho$ gmW ~mVMrV H$m Xm¡a ewê$ hmoZm Mm{hE&

H¥${Ì‘ ~w{Õ EH$ Eogr VH$ZrH$ h¡ {Og‘| H§$ß¶yQ>a ¶m AÝ¶
BboŠQ>́m°{ZH$ CnH$aU H$m Cn¶moJ ~m¡{ÕH$ H$m¶m] Ho$ {bE {H$¶m
OmVm h¡& qhXr ‘| H¥${Ì‘ ~w{Õ H$s nhþ±M ~‹T>Vr Om ahr h¡ Am¡a
AmOH$b {d{^Þ joÌm| ‘| BgH$m Cn¶moJ {H$¶m Om ahm h¡&
AmYw{ZH$ ¶wJ ‘| gmoeb ‘r{S>¶m, {dnUZ, ‘Zmoa§OZ, {ejm,
n¶©Q>Z Am{X g^r joÌm| ‘| H¥${Ì‘ ~w{Õ H$s Amdí¶H$Vm
‘hgyg H$s Om ahr h¡& H¥${Ì‘ ~w{Õ na AmYm[aV ZB© VH$ZrH$
H$mo ñdrH¥${V {‘b ahr h¡&

H¥${Ì‘ ~w{Õ (Artificial intelligence) Ho$ A§VJ©V ‘erZm|
‘| ‘mZd O¡gr ~m¡{ÕH$ j‘Vm {dH${gV H$aZo H$m à¶mg {H$¶m
OmVm h¡ Vm{H$ ‘erZ| n[apñW{V¶m| Ho$ AZwê$n {ZU©¶ bo gH|$
VWm {~Zm ‘mZdr¶ AmXoe Ho$ H$m¶© H$a gH|$&
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H¥${Ì‘ ~w{Õ Ho$ ^mfm {ejU ‘| Cn¶moJ :

VH$ZrH$ Ho$ joÌ ‘| ^mfm H$m àdoe AË¶§V ‘hÎdnyU© h¡&
VH$ZrH$s {dH$mg Ho$ gmW ^mfm H$m {dH$mg gå^d h¡&
Bg{bE AmO H¥${Ì‘ ~w{Õ AmYm[aV VH$ZrH$ Ho$ gmW h‘|
gX¡d hanb ~mVMrV H$aZr Mm{hE V^r H¥${Ì‘ ~w{Õ g§dmX
Am¡a {bIZo ‘| gj‘ Am¡a VËna ~ZoJr&

qhXr Ho$ {bE H¥${Ì‘ ~w{Õ H$s pñW{V A^r ^r {dH$mg H$s
AdñWm ‘| h¡& AZwdmX, ^mfm g§emoYZ, ^mfm qgWo{gg Am¡a
^mfm {dûcofU O¡go joÌm| ‘| H¥${Ì‘ ~w{Õ H$m Cn¶moJ hmoVm h¡&
qhXr Ho$ {bE AZwdmX H$m joÌ {deof ê$n go ‘hÎdnyU© h¡,
Š¶m|{H$ {d{^Þ ^mfmAm| Ho$ ~rM AZwdmX Ho$ {bE Cƒ
JwUdÎmm H$m CËnmXZ H$aZm ‘wpíH$b hmo gH$Vm h¡&

BgHo$ Abmdm, {d{^Þ ^mfm g§emoYZ CnH$aU, O¡go {H$
eãXH$moe, {ddaUH$mar ^mfm àmoJ«m‘ Am¡a dmŠ¶ nwZJ©R>Z
CnH$aU ^r qhXr Ho$ {bE CnbãY h¢& hmbm±{H$, BZ CnH$aUm|
H$s JwUdÎmm Am¡a Cn¶mo{JVm H$mo ~‹T>mZo Ho$ {bE {deof H$m¶©H«$‘
H$s Amdí¶H$Vm h¡&  H¥${Ì‘ ~w{Õ ^mfm {ejU joÌ ‘| H$B©
VarµH$m| go Cn¶moJr hmo gH$Vr h¡& Hw$N> A{YH$ ‘hÎdnyU©
Cn¶moJ {ZåZ{bpIV h¢:

1. ì¶{º$JV {ejU: H¥${Ì‘ ~w{Õ Cn¶moJH$Vm© Ho$ AZwHy$b
{ejU nmR>çH«$‘ ~ZmZo ‘| gj‘ hmoVr h¡& ¶h N>mÌm|
H$s Ad{Y, J{V, Am¡a CZH$s CÔoí¶m| Ho$ AmYma na
{ejU H$s ì¶dñWm H$aVr h¡&

2. ^mfm AZwdmX: H¥${Ì‘ ~w{Õ ^mfm AZwdmX ‘| Cn¶moJr
hmoVr h¡, {Oggo AbJ-AbJ ^mfmAm| Ho$ ~rM
g§Mma H$aZm gå^d hmoVm h¡& Bggo {dXoer ̂ mfmAm| H$mo
grIZo Am¡a g‘PZo ‘| ^r ghm¶Vm {‘bVr h¡&

3. eãXmdbr {dñVma: H¥${Ì‘ ~w{Õ eãXmdbr H$m {dñVma
H$aZo ‘| ^r gj‘ hmoVr h¡& Bggo N>mÌm| H$mo {d{^Þ
eãXm|, CZHo$ AWm] Am¡a Cn¶moJ Ho$ g§X^© ‘| {dñV¥V
kmZ àmá hmoVm h¡&

4. ñnï>Vm Ho$ gmW ~mobZm Am¡a gwZZm: H¥${Ì‘ ~w{Õ
{ejU Ho$ Xm¡amZ N>mÌm| H$mo ñnï>Vm Ho$ gmW ~mobZo Am¡a
gwZZo H$m Aä¶mg H$m bm^ {‘bVm h¡&

H¥${Ì‘ ~w{Õ na AmYm[aV Hw$N> Eon :

1. ^mfm g§J‘- EH$ ^maV loð> ^maV Ho$ VhV ^maV
gaH$ma Ho$ {ejm ‘§Ìmb¶, Multibhashi Ûmam
‘wµâV ‘| ^maVr¶ ^mfmE± grIZo hoVw “^mfm g§J‘’
‘mo~mBb Eon {dH${gV {H$¶m h¡& Bg‘| H¥${Ì‘ ~w{Õ Ho$

AmYma na AZwdmX, CƒmaU, eãXH$moe Am{X OmZH$mar
{‘boJr& ^maV Ho$ bmoJm| H$mo Eon Ho$ ‘mÜ¶‘ go {d{^Þ
^mfmAm| ‘| amoµO‘am© H$s ~mVMrV Ho$ ~w{Z¶mXr dmŠ¶
grIZo H$m Adga àmá hmoJm& Amn AnZo Xoe H$s
{demb Am¡a g‘¥Õ g§ñH¥${V Ho$ Ûma {H$gr ^r ^mfm Ho$
Ûmam Imob gH$Vo h¢& ^mfm g§J‘ Ûmam {d{^Þ amÁ¶m|
Am¡a H|$Ð em{gV àXoem| Ho$ bmoJ Amngr ~mVMrV
Am¡a gånH©$ Ho$ ‘mÜ¶‘ go ^maV H$s g‘¥Õ gm§ñH¥${VH$
{d{dYVm H$mo g‘P gH$Vo h¢& amï>́r¶ ñVa na gm§ñH¥${VH$
gå~ÝY gwÑ‹T> hmo Om¶|Jo&

2. amO^mfm brbm- ^maV gaH$ma Ho$ amO^mfm {d^mJ
Am¡a gr-S>¡H$ Ûmam {dH${gV brbm amO^mfm Eon go
A~ ^maVr¶ ^mfmAm| H$m Cn¶moJ ghO hþAm h¡&
brbm-amO^mfm H¥${Ì‘ ~w{Õ Ho$ ‘mÜ¶‘ go ^maVr¶
^mfmAm| H$mo grIZo H$s Eon h¡& qhXr grIZo Ho$ {bE
EH$ ~hþ-‘r{S>¶m AmYm[aV ~w{Õ‘mZ ñd-{ejU Eon
h¡& brbm (Learn Indian languages through

Artificial Intelligence) H$m Cn¶moJ H$aHo$, AnZo
‘mo~mBb na qhXr ̂ mfm grIZm dmñVd ‘| AmZ§XXm¶H$
Am¡a AmgmZ h¡&

3. ‘mBH«$mogm°µâQ>- AJa AmnH$s ^mfm na nH$‹S> h¡ Am¡a
Amn Ymamàdmh ~mobVo h¢ Vmo Amn qdS>moµO 10 ‘|
{S>ŠQ>oQ> µ’$sMa g{H«$¶ H$aHo$ H§$ß¶yQ>a na VoµO J{V go
{bI gH$Vo h¢& qhXr ‘| {S>ŠQ>oQ> H$aZo Ho$ {bE, Amn
‘mBH«$mogm°µâQ> J¡aoO ñQ>moa go CnbãY Am°{µ’$g 365 Ho$
{bE {S>ŠQ>oQ> ßbJBZ B§ñQ>mb H$a gH$Vo h¢, Omo
‘mBH«$mogm°µâQ> dS>©, nm°danm°B§Q> Am¡a AmCQ>bwH$ ‘| H$m‘
H$aVm h¡& AnZr ̂ mfm ‘| gj‘ hmoZm BgHo$ gmW gmW
AnZr ̂ mfm H$mo Xÿgam| VH$ nhþ±MmZm ̂ r AË¶§V ‘hÎdnyU©
h¡& Amn ‘mBH«$mogm°µâQ> H¥${Ì‘ ~w{Õ (Microsoft AI)

go g§Mm{bV AZwdmX gw{dYm Ho$ gmW qhXr g{hV 60
go A{YH$ ^mfmAm| ‘| CZH$m AZwdmX H$a gH$Vo h¢&

4. M¡Q> OrnrQ>r (Chat gpt)- M¡Q>-OrnrQ>r ‘| M¡Q> H$m
AW© h¡ ~mVMrV Am¡a OrnrQ>r H$m AW© h¡-OoZaoqQ>J
àr-Q>́oqZJ& OrnrQ>r M¡Q> ~m°Q> Ho$ H$maU {hÝXr ^r A~
ZB© VH$ZrH$ H$s {Xem ‘| AJ«ga hmo ahr h¡& M¡Q>-
OrnrQ>r A^r ñHy$br ~ƒm h¡ bo{H$Z AmZodmbo {XZm|
‘| ^maVr¶ ^mfmAm| ‘| Xj hmoH$a ¶y{Zd{g©Q>r [agM©
ñH$m°ba ~ZoJm&

Am¡a ^r ~hþV go Eon h¡, Omo h‘mar gw{dYm Ho$ {bE H$m‘
H$a aho h¡& {Oggo h‘mam g‘¶ Am¡a ‘ohZV H$m’$s ‘mÌm ‘| ~M
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aho h¡& Bg àH$ma, h‘Zo H¥${Ì‘ ~w{Õ‘Îmm àm¡Úmo{JH$s go
g§~§{YV {d{^Þ nhbwAm| H$mo g‘PZo H$m à¶mg {H$¶m Am¡a
{deof ê$n go Bg àm¡Úmo{JH$s Ho$ joÌ ‘| ^maV ‘| {H$E JE
AZwà¶moJm| na Ü¶mZ H|${ÐV {H$¶m& h‘Zo Bg AmboI H$mo
{bIVo g‘¶ h‘Zo ^maV ‘| H¥${Ì‘ ~w{Õ‘Îmm àm¡Úmo{JH$s go
g§~§{YV {d{^Þ nhbwAm| H$mo em{‘b H$aZo H$m à¶mg {H$¶m
h¡&

{ZîH$f© :

D$na {H$E JE {dûcofU Ho$ AmYma na ¶h H$hm Om
gH$Vm h¡ {H$ H¥${Ì‘ ~w{Õ‘Îmm àm¡Úmo{JH$s ‘| {N>nr hþB© g§̂ mdZmE±
CZHo$ Ûmam CËnÞ H$s OmZo dmbr MwZm¡{V¶m| H$s VwbZm ‘| H$ht
A{YH$ gH$mamË‘H$ h¢& Bgr{bE {dœ Ho$ g‘ñV g‘wXm¶m| H$mo
H¥${Ì‘ ~w{Õ‘Îmm àm¡Úmo{JH$s H$mo Am¡a A{YH$ ~‹T>mdm XoZo Ho$
{bE EH$OwQ> hmoH$a AmJo ~‹T>Zm Mm{hE VWm Bg àm¡Úmo{JH$s
Ho$ ‘mÜ¶‘ go d¡{œH$ ^bmB© Am¡a ‘mZdr¶ ^bmB© H$s Va’$
AJ«ga hmoZm Mm{hE& BgHo$ Hw$N> ZH$mamË‘H$ nj ^r h¡, O¡go,
nma§n[aH$ amoOJma IË‘ hmo OmE§Jo& g§gX ‘| [anmoQ>©a Am¡a VËjU
AZwdmX Ho$ H$m‘ H$aZo dmbo bmoJm| H$s {Z¶w{º$ amoH$s JB© h¡&
bo{H$Z {Og Vah H§$ß¶yQ>a Ho$ AmZo Ho$ ~mX ZE Vah Ho$ H$m‘
gm‘Zo AmE, H¥${Ì‘ ~w{Õ ^r d¡go hr amoOJma Ho$ ZE Adga

n¡Xm H$aoJr& Amngr g§nH©$ Ho$ MbVo ^mfmE§ H$ht Á¶mXm
ghO, H$ht Á¶mXm g‘¥Õ hm|Jr Am¡a BgH$m ’$m¶Xm CZHo$ gmW
hr {hÝXr H$mo ^r {‘boJm&

{deof ê$n go ^maV Ho$ Ñ{ï>H$moU go XoI| Vmo ^maV Zo A^r
VH$ Bg {Xem ‘| H$m’$s gamhZr¶ H$m¶© {H$¶m h¡ Am¡a dh
{Za§Va H$a ^r ahm h¡& ^maV H$mo Bg joÌ ‘| AZwg§YmZ Am¡a
{dH$mg na AnZo IM© H$mo ~‹T>mZm Mm{hE& V^r Bg àm¡Úmo{JH$s
Ho$ dmñV{dH$ bm^ hm{gb {H$E Om gH|$Jo& Bg àm¡Úmo{JH$s Ho$
A{YH$ go A{YH$ BñVo‘mb Ho$ ‘mÜ¶‘ go ^maV AnZo gVV
{dH$mg bú¶m| H$mo àmá H$a gHo$Jm VWm AnZo Xoe Ho$ g‘J«
{dH$mg ‘| ‘hËdnyU© ^y{‘H$m {Z^m gHo$Jm& H¥${Ì‘ ~w{Õ H$m
{Z‘m©U h‘mar gä¶Vm Ho$ B{Vhmg H$s g~go ~‹S>r KQ>Zm h¡,
bo{H$Z ¶h ̂ r Ü¶mZ aIZm hmoJmHo$, Bg‘| OmoIr‘ ^r h¡& ~hþV
go bm^m| Ho$ ~mdOyX BgHo$ AnZo IVao ^r h¡&

g§X^© :

 JyJb ãbm°J
 JyJb AmB© B©. https://ai.google/
 qhXr {d{H$nr{S>¶m
 M¡Q> OrnrQ>r https://chat.openai.com/
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Environmental exposure and nanotoxicity of
titanium dioxide nanoparticles in irrigation water
with the flavonoid luteolin

Epicurioua A. Frazier,a Rajendra P. Patil, b Chandrakant B. Mane,c Daryoush Sanaei,d

Fahad Asiri, e Seong S. Seoa and Hamidreza Sharifan *a

Different concentrations of titanium oxide nanoparticles (TiO2NPs) have been frequently reported in treated

wastewater used for the irrigation of crops. Luteolin is a susceptive anticancer flavonoid in many crops and

rare medicinal plants that can be affected by exposure to TiO2NPs. This study investigates the potential

transformation of pure luteolin in exposure to TiO2NP-containing water. In an in vitro system, three

replicates of 5 mg L−1 of pure luteolin were exposed to TiO2NPs (0, 25, 50, 100 ppm). After 48 h

exposure, the samples were extensively analyzed by Raman spectroscopy, ultraviolet-visible (UV-vis)

spectroscopy, and dynamic light scattering (DLS). A positive correlation was found between TiO2NPs

concentrations and the structural alteration of luteolin content, where over 20% of luteolin structure was

allegedly altered in the presence of 100 ppm TiO2NPs. The increase of NPs diameter (∼70 nm) and

dominant peaks in Raman spectra revealed that luteolin was adsorbed onto the TiO2NPs surface.

Further, the second-order derivative analysis confirmed the transformation of luteolin upon exposure to

TiO2NPs. This study provides fundamental insight into agricultural safety measures when exposed to air

or water-borne TiO2NPs.

Introduction

Irrigation of treated wastewater has become an increasingly
popular solution for water scarcity and wastewater management
worldwide.1,2 Treated wastewater is a valuable source of nutri-
ents and water for agriculture, landscaping, and non-potable
uses. However, using treated wastewater for plants and crop
irrigation raises concerns about potential contamination with
nanoparticles (NPs).3,4 NPs enter the wastewater treatment
system through industrial discharges and agricultural activi-
ties.5 The presence of NPs in treated water pose risks to human
health and the ecosystem. For example, the total dissociated Ti
ions, the core ion of TiO2NPs, was reported in the range of 3200–
43000 mg m−3 in treated wastewater.1,6,7 The built-up concen-
tration of NPs and dissociated ions and bioaccumulation is of
high concern.

According to the World Health Organization (WHO) report,
about 80% of primary health care in many developing countries
relies on medicinal plants.8 These plants contain secondary
metabolites, known as Plant-Derived Medicinal Compounds
(PDMC), which provide irreplaceable pharmacological proper-
ties for treating various diseases, including cancer. PDMC
contains essential pharmacological properties with sustainable
and low-cost biomass sources to be used as medicaments.
Sustainable PDMC production is crucial for those who rely on
nature-based products as well as the vegan population.
However, environmental pollutants such as NPs affect plant
growth, development, crop yield, and the metabolism of
primary and secondary metabolites. The rapid development of
nanotechnology has led to the high contamination of NPs,
jeopardizing the production of high-quality and rare PDMC.
Studies have shown that the PDMC contain reactive molecular
groups (i.e., OH) and surface charges that may trigger their
potential reaction with NPs.9,10 Previous studies have also
demonstrated that exposure to metal oxide NPs induces the
release of antioxidant enzymes and changes the cellular
macromolecule compositions in medicinal plants.11,12 It has
been suggested that reactive oxygen species (ROS) which
induces by metallic oxide NPs, also affect the transcription of
secondary metabolites, leading to the alteration of PDMC.13 For
example, TiO2 NPs upregulated anthocyanin and other avo-
noid transcription in A. thaliana, Oryza sativa L and N.
tabacum,14–16 and Ag NPs inhibited Ribulose-1,5-bisphosphate
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carboxylase/oxygenase (Rubisco) activity in Spirodela
polyrhiza L.17 Despite the nanotoxicity effects, some studies have
reported a positive response in the production of PDMC. For
example, Fazel et al. 2016 reported that Ag–Au-NPs mixed with
naphthalene acetic acid induced maximum level of medicinal
avonoid (6.71 mg g−1-DW) in Prunella vulgaris L.18 The effects
of NPs onmedicinal avonoids in the literature is limited to soil
and hydroponic studies.19,20 However, the airborne NPs
contamination of medicinal plants and exposure to cellular
PDMC is highly neglected.

Luteolin (5,7,3′,4′-tetrahydroxyavone) is an anticancer
PDMC in sensitive medicinal plants.21,22 Luteolin has been
prescribed for a wide range of diseases due to its various
medicinal properties.23 Its anticancer effects stem from its
ability to inhibit tumor growth, induce apoptosis or pro-
grammed cell death in cancer cells, and modulate various
signaling pathways commonly altered in cancer cells. Luteolin
also exhibits anti-inammatory and antioxidant activities,
which may contribute to its anticancer effects by reducing
oxidative stress and inammation, two factors that can promote
cancer development.

However, luteolin's aromatic structure and hydroxyl groups
make it more sensitive to heavy metal and metal oxide NPs
contamination. Studies have shown that luteolin acts as a metal
chelator, which affects the bioavailability, original properties,
and potential toxicity of various metals through the bioavail-
ability of organic metal species.24 For example, divalent lead
(Pb2+), which causes neurological and bone disorders, forms
a chelate with luteolin.21,25 Furthermore, chelating of luteolin
with divalent and trivalent cationic metals such as Ca2+, Zn2+,
Mg2+, Fe3+, and Cu2+ have been frequently reported.26,27 Luteolin
is highly susceptible to deformation due to poor hydrophobicity
and bioavailability.28 However, the reaction of luteolin with
intact NPs has not been investigated.

TiO2NPs in the atmosphere can agglomerate on plant
surfaces and penetrate leaves through cuticle-free areas such as
trichomes and/or stomata bases.29 However, their diffusion will
be altered by the NPs' size, surface charge, concentration, and
coating materials. Also, their interaction with secondary
metabolites will vary depending on the active moiety of the
reactive molecular groups. Despite many studies on the inter-
action of NPs with plants, understanding the dynamics of
PDMC in response to NPs is still in its infancy. Recent investi-
gations have shown the hormetic effects of TiO2NPs at
a concentration range of 0–2500 mg L−1 on the growth,
biochemical and physiological behaviors of the medicinal plant
Nigella arvensis.30 For example, inhibitory effects were found at
$1000 mg L−1 TiO2NPs, where chlorophyll and carotenoid
synthesis were reduced.30 At 1000 mg L−1, TiO2NPs signicantly
promoted cellular H2O2 generation and increased antioxidant
enzyme activities, including superoxide dismutase, ascorbate
peroxidase, and catalase.30 Additionally, they enhanced total
antioxidant content, total iridoid content, and 2,2-diphenyl-1-
picrylhydrazyl scavenging activity. Therefore, the potential
transformation of luteolin's structure and degradation due to
direct exposure or indirectly through enzymatic and macro-
molecular alteration in response to TiO2NPs is highly expected.

TiO2NPs were found in both dissociated ion and intact NPs
forms in cellular pH.31 However, their reciprocal effects on
luteolin have not been investigated. This study investigated the
potential interaction between luteolin and TiO2NPs-containing
water in an in vitro system using extensive spectroscopy anal-
ysis. The specic objectives of this study were (i) to elucidate the
effects of TiO2NPs on the transformation of luteolin under in
vitro conditions and (ii) to provide evidence of the potentially
destructive effects of TiO2NPs on luteolin. This investigation
will provide a basis for further research on potential nano-
toxicity levels of TiO2NPs on rare PDMC.

Materials and methods
Reagents

Negatively charged titanium oxide nanopowder (TiO2NPs) with
the composition of anatase and 99% purity (20 nm) was
purchased from US Research Nanomaterials, Inc. (Houston,
TX). All reagents and solvents were provided at analytical grade
quality. High-purity luteolin ($98% (TLC), powder) was ob-
tained from Sigma Aldrich (Milwaukee, WI). In each dispersion
batch, deionized water (Millipore Milli-Q system, USA) was
applied. All the laboratory glassware material was washed with
soap and rinsed with 10% (v/v) HNO3 (Merck, Germany) before
use.

TiO2NPs Characterization

The TiO2NPs was extensively characterized before the exposure
experiment by eld emission-transmission electron micro-
scope, FE-TEM (Hitachi 7700, Hitachi Ltd, Tokyo, Japan) and
scanning electron microscope (JEOL JSM 6360). Briey,
a droplet of dispersed TiO2NPs in an aqueous phase was placed
onto a carbon-coated copper grid, the grids were air-dried for
1 h until a thin layer of TiO2NPs was formed. The prepared
sample was analyzed by TEM and SEM. The NPs size of all the
samples was calculated by the controls method. The TiO2NPs
structure was conrmed by X-ray diffraction using Philips PW-
1710 X-ray diffractometer with CuKa radiation (l = 1.54178
Å). The FT-IR spectra were recorded in the range of 400 to
1000 cm−1 on the instrument PerkinElmer, IR spectrophotom-
eter (model E-2829) in KBr pellets.

In vitro experiments

In vitro experiments in triplicate were used to study the TiO2NPs
effects on the transformation of luteolin. TiO2NPs concentra-
tions (0, 25, 50, and 100 mg L−1) were selected based on re-
ported environmentally relevant TiO2NPs concentrations.1 The
NPs dispersions of each in vitro bioreactor was prepared in
50 mL propylene centrifuge tubes. All the tubes, including the
negative controls, were subjected to sonication at 25 °C with
150 W for 10 min to ensure full NPs dispersion. The pH of each
solution was measured right aer dispersion before the expo-
sure process. The nal concentration of 5 mg L−1 of luteolin was
added to each tube. To evaluate the potential alteration of
luteolin in short-term exposure, all the treatments were shaken
at 100 strokes per min at a controlled temperature for 48 h at
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25 °C (New Brunswick Scientic, Edison, NJ). Aer the luteolin–
TiO2 NPs interaction process, the pH of the solution was
measured. In parallel, three concentrations of TiO2NPs without
luteolin (n = 3) and a series of pure luteolin without NPs were
also prepared. Both intact NPs and luteolin were also subjected
to the same sonication process. To lter the potential coagu-
lates of luteolin with NPs and intact NPs from the luteolin
species, 5 mL of the solution was centrifuged (8000×g) for
90min using Amicon Ultra-15 centrifugal lter (NMWL= 3 kDa,
Merck Millipore). The concentrations of luteolin in the ltrate
were considered unreacted, or the byproduct was subtracted
from the control containing only luteolin.

Raman spectroscopy analysis

Raman spectroscopy was used to conrm the interaction of
luteolin with the TiO2NPs and detect possible molecular alter-
ation using a ProRaman-L (Enwave Optronics) with an excita-
tion laser of lexc = 532 nm. The acquisition period was 10 s, and
15 average accumulations.

Ultraviolet-visible (UV-vis) spectroscopy

The luteolin concentration in each treatment of the in vitro
experiments was quantied using two methods of full scan
method (200–700 nm) and the second-order derivative method
of UV-vis spectroscopy 360. A sample of deionized water was
scanned to subtract the baseline dri and noise before the
sample was read. This experiment was processed under the
condition of room temperature. The measurements were
recorded at 2.5 nm absorbance mode for the sampling interval
under fast scan speed (adjusting slit width to 5.0 nm). Eqn (1)
shows the relationship for calculating the adsorbed luteolin
onto TiO2NPs surface:

qe ¼ ðC0 � CeÞV
W

(1)

where C0 and Ce are the initial and nal concentrations (mg L−1)
of the luteolin, respectively, present in the equilibrium to
analyze potential interaction. The adsorption capacity (qe)
indicates the amount of luteolin (mg) adsorbed per unit of mass
(g) of TiO2NPs, where W and V denote the mass of TiO2NPs and
the volume of the batch solution (L), respectively.

Nanoparticle size monitoring

To investigate the potential adsorption of luteolin on the
surface of TiO2NPs, a solution containing only 25 ppm
dispersed TiO2NPs and a solution containing a mixture of
25 ppm TiO2NPs and 5 mg L−1 luteolin aer 48 hours (pH: 8)
exposure were used. A volume of 2.5 mL from each solution was
transferred to a 4.5 mL plastic cuvette with 10 mm optical path
length (Fisher Scientic, USA) to measure the change of
hydrodynamic size of TiO2NPs, using dynamic light scattering
(DLS, N5 Submicron ParticleSize Analyzer, Beckman Coulter).
Deionized water was used as the diluent with a scattering angle
of 90°. The hydrodynamic particle size distribution for each
sample was quantied through two 5 min sequences, and the

reported values were the average of ve continuous measure-
ments. The surface charge was −39.2 ± 2.4.

Structural analysis of luteolin–TiO2 NPs interaction

The molecular structural analysis for the TiO2 NPs was
computed using Multiwfn soware,32 which can describe the
crystal structure of synthesized NPs. The interactions between
the luteolin and TiO2 NPs were projected with VMD 1.9.4 visu-
alization soware.33

Statistical analysis

Statistical analysis of luteolin concentrations aer ltration was
performed using Minitab 21.1 (Minitab Inc., State College, PA,
USA). All datasets were acquired on a mean basis for triplicates
in each treatment. The mean values of each experimental set
were compared using a one-way analysis of variance (ANOVA)
followed by Tukey's test. The signicance level was 5% (p <
0.05).

Results and discussion
Characterization of TiO2 NPs

The representative FE-SEM and TEM images of the (101) facet of
the TiO2 NPs sample are exhibited in Fig. 1A and B, indicating
the octahedral morphologies. As shown in Fig. 1C, TiO2NPs
have anatase properties with a well-crystallized structure, in
good agreement with the JCPDS data le NO. 21-1272.34,35 The
polymorph of anatase TiO2NPs has a dominant (101) facet
(>98% of total area) owing to its high thermodynamic stability.
In contrast, the other orientations were at minimal. According
to the higher catalytic reactivity of other orientations than that
of (101) surface, we found that TiO2NPs with dominant (101)
facet could exhibit higher interaction with luteolin molecules
due to semi-occupied surface area, reaching more exposure,
resulting in high adsorption capacity. Fig. 1D shows the typical
FT-IR spectra of TiO2NPs in the spectral region 400–1600 cm−1.
The absorption bands observed within this range are an indi-
cation of the formation of single-phase metal oxides.

Effects of TiO2NPs on the luteolin transformation using UV
spectrum analysis

Typical UV-vis spectra of pure luteolin and its content in expo-
sure to three levels of TiO2NPs are shown in Fig. 2A. Luteolin
dominated the light absorption between 350–450 nm, with
maximum absorption recorded around 350 nm, which was used
to process the lost luteolin content (Fig. 2B). At three signicant
changes, exposure to TiO2NPs indicated a signicant loss or
transformation of the luteolin content. Exposure to 100 ppm
TiO2NPs resulted in a maximum loss of 20%, and by reducing
the TiO2NPs to half, the lost content decreased only by 18%,
suggesting the threshold level of cellular damage may be less
than 50 ppm TiO2NPs. Two primary mechanisms may explain
luteolin's behavior in exposure to TiO2NP. The rst pathway
may be driven by the surface adsorption of luteolin onto TiO2-
NPs, as previous studies have shown the high potential of
TiO2NPs on drug delivery and adsorption.36 However, the
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second mechanism suggests that luteolin may partially trans-
form due to the destructive behavior of induced reactive oxygen
species (ROS) in exposure to TiO2NPs. Therefore, further
experimental analysis was carried out to elucidate the behavior
of the luteolin in response to the toxicity of TiO2NPs.

The intact and treated luteolin (second-order derivative)
average spectra of UV-vis are presented in Fig. 3. The initial
spectra (Fig. 2A) showed that the absorbance was mainly

distributed in the 350–450 nm wavelength range. In contrast,
the average spectra of the second-order derivative revealed that
signicant differences in absorbance occur at 618, 627, 632,
669, 673, and 697 nm, which can be assigned to the diversity of
transformed molecules or byproducts according to their
different structures. Results of the second-order derivative of
UV-vis spectra preliminarily conrm the transformation of
luteolin upon exposure to TiO2NPs. The bathochromic shis

Fig. 1 Charecterization information of the TiO2 nanoparticles (A) show a representative FE-SEM photograph, (B) TEM image, showing the
homogenous size of dispersed NPs (C) XRD patterns of anatase phase and (D) FT-IR Spectra.

Fig. 2 (A) UV-vis spectra of luteolin systems after 48 h exposure to three levels of TiO2NPs (25, 50 and 100 ppm) at pH 8 (A) and at pH 7.4 (B).
Luteolin lost content % derived from the detected concentration of luteolin at 350 nm. Error bars signify standard deviation (n = 3). Different
letters on top of each column indicate significant differences between luteolin lost in each treatment.
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that occurred at 618 and 669 nm may indicate the formation of
a complex between luteolin and dissociated Ti4+ ions. Further-
more, signicant bathochromic shis have been observed in
ligand-to-metal charge transitions when luteolin was exposed to
free lead ions.21 According to the luteolin molecular structure,
chelate formation with free metal ions could occur through two
hydroxyl sites, 3′,4′-OH and 5,7-OH systems. However, the
probability of chelating with free ions of the TiO2NPs is less due
to the alkaline pH (>8) that prevents the dissociation of the NPs.

The adsorption studies of organic materials onto the surface
of TiO2NPs directly affect their hydrodynamic size. Fig. 4 illus-
trates the structural change in the diameter of TiO2NPs aer
exposure to 5 mg L−1 luteolin. The results show that at pH 8.1±
0.02, the hydrodynamic size of TiO2NPs signicantly increased
from a mean size of 290 nm to a larger size of 380 nm. This
observation provides strong evidence of surface adsorption of
luteolin aer 48 h exposure to TiO2NPs. Previous studies have
shown a similar approach to elucidate the response of plant's
biomolecules in exposure to metallic oxide nanoparticles (i.e.,
CeO2).37

Effects of pH on the luteolin–TiO2 NPs interaction

Fig. 5 displays the pH change of luteolin and three levels of
TiO2NPs before and aer exposure. The pure luteolin solution
was slightly alkaline, with an average pH of 8.33. However, even
aer 30 minutes of exposure to three dispersed TiO2NPs levels,
the luteolin solution's pH was still dominant, indicating that
adsorption did not occur or only partially occurred. Aer 48

hours of interaction, the pH was signicantly closer to the pH
value that previously observed for intact TiO2NPs. However, no
signicant change was observed between different treatments,
but the mean pH values slightly decreased with increasing
concentrations of TiO2NPs. The reduction of pH may be
explained by oxidative decarbonylation by reactive oxygen
species (ROS), which promote the reduction of free H+ ions in
the solution.38 A similar trend has been observed in the decar-
boxylation of mercaptobenzoic acid exposed to Ag NPs as a pH-
dependent, where the shi of dissociated (R–COO–) to undis-
sociated (R–COOH) took place until the equilibrium state.39

Fig. 3 The second-order derivative UV-vis spectra of free luteolin and potential transformed molecular species or chelated luteolin–titanium(IV)
after exposure to either 25 or 50 ppm TiO2NPs.

Fig. 4 Alteration of the hydrodynamic sizes of TiO2NPs before and
after 48 hours of exposure to 5 mg L−1 luteolin in DI water at pH 8. The
plot represents the average of five scans.
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Further, Eshghi et al. 2023 suggested at lower pH values, the
protonation of O–H groups of luteolin leading to higher
molecular interactions,40 cause a repulsive electrostatic force
between the luteolin molecules and attraction towards negative
surface charge TiO2 NPs. This behaviour of luteolin was in
a good agreement with pH studies of luteolin by Jurasekova
et al. 2014.41 One common chemical modication of luteolin
that can occur in alkaline solutions is called the “oxidative
cleavage”,41 which typically results in the opening of the C-ring
and the formation of two smaller fragments. This reaction is
oen catalyzed by metal ions, which can generate ROS that
attack the avonoid molecule.

Structural analysis of luteolin–TiO2 NPs interaction

According to the prepared anatase TiO2 NPs with the facet of
(101) models (Fig. 6), the TiO2NPs surface atom (5 coordinated
(Ti5co)) are coordinated to two O2co atoms and two O3c atoms of
the top layer. In the (001) facet of TiO2 NPs, each Ti5co atom in
the surface and top layer is coordinated to one O2co and three
O3co atoms, respectively. The Ti6co sites are accessible and
considered as main active sites only in the top layer of the (101)
facet, whereas these sites exist in the underneath layer and bulk
region. Due to the low coordination numbers of Ti5co and O2co

sites in (101) than Ti6co and O3co sites in (001), the anatase
TiO2NPs with (101) facet have more active and consequently
more effective toward capturing luteolin.

On another side, by forming two OH groups surrounding the
Ti4+ surface site in (101) facets formed through Ti–O–Ti bridges
by water molecules, an H-bonding networks forms above every
row of Ti4+ sites with luteolin on the surface-based recon-
structed. These H-bond networks bridged between TiO2NPs and
luteolin molecules are expected to effectively capture luteolin,

consistent with the lower coordination numbers on the (101)
facets. To explore the reactive sites further, Bader charge was
carried out on the surface of TiO2. The estimated charges of the
Ti5co and O2co active sites on the (101) and (001) surfaces are
+1.58 and −0.88 e and +1.69 and −0.84 e, respectively. Notice
the positive and negative values exhibit decreases and increases
in valence electron numbers compared to neutral atoms,
respectively.

Overall, the Ti5co and O2co sites on the anatase (101) facets of
TiO2NPs can serve as Lewis acid and Brønsted base sites,
respectively. As a result, the lone pair electrons of the O atoms in
luteolin can interact with the Lewis acidic Ti5co reactive sites,
enhancing the luteolin capture capacity by TiO2NPs, as indi-
cated by Raman spectra. Additionally, the O2co sites can act as
Brønsted bases and form hydroxyl groups by proton dissocia-
tion of the luteolin molecules, thereby promoting luteolin
adsorption on the TiO2NPs surfaces. It is suggested that aer
luteolin adsorption, its OH groups bind to a Ti5co site, and the
hydrogen atom can then react with an adjacent O2co atom to
create a new hydroxyl group.42,43

Raman spectral analysis of the luteolin–TiO2 NPs interaction

To achieve a better understanding of the interaction between
luteolin and TiO2NPs, we investigated both free luteolin and the
mixed treatments with TiO2NPs by Raman spectroscopy. Raman
studies that of the luteolin is oen conducted in combination
with metallic ions in organic solvents such as methanol,44 while
we used the water as a natural aqueous phase. The pure luteolin
Raman spectra in Fig. 7 showed four distinctive peaks at 725,
1133, 1300, and 1618 cm−1, which are prominent characteristic
peaks. However, none of these peaks were detected when
luteolin was exposed to TiO2NPs within 48 hours. In a study on

Fig. 5 The trend of pH change at pure luteolin dispersion or its mixture with different concentrations TiO2NPs after and before adsorption. The
letters above each data set represent statistical significance (p < 0.05). Error bars designate the standard deviation of each experiment (n = 3).
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the interaction of luteolin with Al(III) ions, Rygula et al. 2013
suggested that Al ions were bonded from three connecting
carbons to OH and a single carbon that double bonded to
oxygen.44 However, we have not observed a potential dissociated
Ti ions reaction with the luteolin. One possible interpretation is
that the luteolin adsorbed onto the TiO2NPs' surface and
settled, making it undetectable by Raman spectroscopy. Coag-
ulation and formation of larger particles, previously conrmed
by DLS analysis, also contributed to this effect. The associated
spectra to either level of NPs were not signicantly different,
and they were shown at different intensities for better presen-
tation. The Raman spectral analysis was consistent with the

observation of a pH change, indicating the strong adsorption
affinity of luteolin onto the TiO2NPs surface.

Mechanisms to capture luteolin by TiO2 NPs

The effective capture of luteolin by TiO2NPs (101) can be
attributed to the presence of both Brønsted and Lewis acidity. In
Brønsted acidic sites, TiO2NPs (101) is capable of transferring
a proton to the adsorbed luteolin molecule. This acidity is
formed due to the tetrahedral coordination of Ti4+ or Ti5+ with
oxygen.45,46 The nature of the adsorbed luteolin base could be
one of the reasons for the effective capture of the Brønsted
acidic center of TiO2 NPs (101). In the Lewis type of acidity, the

Fig. 6 Three dimensional structure of bulk and surface anatase TiO2NPs (101) with different surface planes in both top and side views of
structures.

Fig. 7 Raman spectra of pure luteolin in DI water and mixture of luteolin with dispersed 25, 50 and 100 ppm TiO2NPs after 48 hours. Four
distinctive peaks at 725, 1133, 1300, and 1618 cm−1 are the prominent characteristic of pure luteolin in DI water.
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TiO2NPs (101) plane surface accepts an electron pair from the
adsorbed luteolin molecule, generating a coordinate bond. The
octahedral Ti+4 and Ti+5 located on the edges of the (101) surface
planes are the main Lewis centers that coordinate with luteo-
lin.47 Also, synergistic interactions between the Lewis and
Brønsted centers with luteolin molecules may occur.48 The
schematic capture mechanisms of luteolin by TiO2NPs (101)
surface planes are illustrated in Fig. 8.

Conclusion

This study elucidated the potential transformation of luteolin
anticancer avonoids occurring at the interface of treated
wastewater and anatase-TiO2NPs (101) with extensive spectro-
metric measurements. The possibility of breaking the luteolin
to other molecules seems to be less based on the Raman spectra
analysis and second-order derivative UV-vis spectra. However,
the adsorption onto the anatase TiO2NPs (101) surface was
conrmed with the DLS analysis. These results enhance the
fundamental understanding of the transformation of Plant-
Derived Medicinal Compounds in response to nanoparticle
contamination. The results revealed the magnitude of impact is
directly proportional to the level of nanoparticle contamination.
Flavonoids can undergo chemical modications in exposure to
metallic oxide nanoparticles, but the specic type of modica-
tion that occurs may depend on various factors such as the pH,
temperature, and the presence of other chemical species.
However, it is worth noting that not all avonoids are suscep-
tible to this type of modication, and some may undergo other
types of chemical reactions instead. Additionally, the specic
conditions required for the reaction to occur may vary
depending on the particular avonoid and the intended appli-
cation. Further studies are needed to investigate the impacts of
crystal orientation on the molecular interaction of luteolin and
other PDMC and challenging theirpersistency.
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