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EDITORIAL
ADDRESS

Presenting Chemzone,

Chemistry E-magazine

2025

t is a great privilege and pleasure to
release the next issue of our annual
magazine 'Chemzone'. Just as a rainbow
is an embodiment of hopes, pleasure
and  aspirations  represented  as

VIBGYOR across the horizon in a

manner soothing to eyes and mind, the annual
magazine too intends to capture and represent
diverse facts of the Radha Sairam Chemical
Society. The  magazine espouses the
department's spirit which is built up within the
department  through
thoughts  and

momentous moments of the department and is

collective  actions,

aspirations. It  captures
a compilation of immense effort and creativity
put forward by both teachers and students.
Chemzone represents the ardour, honesty,
deference and respect we have for chemistry.
To put it briefly, the magazine presents an
abstract collection of scientific interpretive
by both

methodologies including articles

teachers and students,

blogs, students perspective on different topics,
critical coverage of scientific research and
memorable notes by alumini, recent
advancements and news in the field of
chemistry and some fun filled facts, memes
and crossword. The enthusiastic write ups and
achievements by the students are indubitably
sufficient to hold the interest and admiration
of readers. We are confident that the positive
mindset, hardwork, persistent efforts and
creative ideas of the students and the
Teachers will surely captivate readers and take
them to the enchanting realm of chemistry
with unalloyed joy and pleasure. This platform
gives our team the opportunity to express
profound gratitude to the principal, convenor
and faculty members of the department who
were always there as our guiding light and
source of inspiration .Thanks to the students
for contributing to the magazine by whichever
way they could. Thank you for encouraging the

editorial board with valuable suggestions.

Warm Regards,
Editoral Board
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From The Principal's Sanctum

Prof. Haritma Chopra

Greetings from Maitreyi College,
Dear Readers,

It gives me immense pleasure to present the third edition of CHEMZONE, the Chemistry e-
magazine of Maitreyi College for the year 2025. This edition is a testament to the unwavering
commitment of our students and faculty to scientific inquiry, innovation, and sustainability.
The theme of this volume, Recent Developments in Catalysis for Renewable Energy and a
Sustainable Future, resonates deeply with the global call for greener and cleaner
technologies. Our students have enthusiastically explored the crucial role of catalysis in
transforming the energy landscape, showcasing how chemistry can drive solutionsto some
of the most pressing challenges of our times. At Maitreyi, we believe in nurturing not only
academic excellence but also the curiosity and creativity that fuel scientific breakthroughs.
Through initiatives like CHEMZONE, we provide our students a platform to express their
ideas, collaborate on emerging scientific issues, and sharpen their critical thinking and
communication skills.

I extend my heartfelt congratulations to the student editorial team and the faculty members
for their collective efforts in bringing out this insightful edition. May this e-magazine
continue to inspire young minds to innovate for a sustainable and inclusive future.

Best Regards,

Prof. Haritma Chopra
Principal

Maitreyi College
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Vice-Principal's Message

Prof. Pinkey B Gandhi

Dear Readers,

It gives me great pleasure to share my observations in the third edition of CHEMZONE, the
chemistry e-magazine of Maitreyi College for the year 2025. This edition explores the theme
'‘Recent Developments in Catalysis for Renewable Energy and Sustainable Future' for greener and
more sustainable technologies.

The global energy plight and environmental challenges have made it obligatory to shift
towards cleaner, greener and more sustainable processes from the existing conventional
processes. Catalysis plays a significant role in developing efficient and eco - friendly energy
solutions.

Having Organic Chemistry specialisation, my core research interest has always been use of
different types of catalysts for synthetic processes . Recently during a study for the synthesis
of nanoparticles, 1 explored the use of Enzymes present in plant extracts and microbes as bio-
catalysts. These bio catalysts offer exceptional selectivity and function under mild
environment friendly conditions. For example hydrogenase enzymes are being explored for
their ability to produce hydrogen gas as a clean fuel with high efficiency. Similarly enzymes
derived from fungai are being used as catalysts for green oxidation reactions as well as
applications in biofuel Cells.

Through genetic engineering scientists have designed tailor made microbes that can convert
biomass into useful fuels and chemicals, hence reducing dependency on fossil resources. The
above mentioned studies highlight that how natural solutions can lead the way towards a
sustainable future.

Dear students, as future scientists you may explore these innovative and impactful areas of
research and contribute towards a sustainable future. Wishing the Department continued
success and many more such insightful editions of CHEMZONE in the years ahead.

Best Regards
Prof.Pinkey Bajaj Gandhi
Vice-Principal

Maitreyi College

=
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Convenors Message

Dr. Ritu Gaba

Science knows no country, because knowledge belongs to humanity, and is the torch which
illuminates the world.”
— Louis Pasteur

Dear Readers,

It is with immense pride and joy that I present the latest edition of CHEMZONE, the e-magazine of the
Department of Chemistry, Maitreyi College. As the Teacher-in-Charge, I have had the privilege of
witnessing the vibrant synergy of ideas and creativity that has shaped this edition.

This year's theme, “Recent Developments in Catalysis for Renewable Energy and a Sustainable Future,”
could not be more timely. As the world grapples with the dual crises of energy scarcity and
environmental degradation, catalysis emerges as a powerful tool—offering cleaner, greener, and more
efficient alternatives for energy conversion and storage. Through this theme, our students have
explored how innovative catalytic processes can pave the way toward a sustainable future. Their
contributions reflect not only scientific understanding but also a deep sense of responsibility towards
the planet.

This magazine is a tribute to the curiosity, critical thinking, and collaborative spirit that define

our department. Each article reflects a unique perspective, adding to the richness of this collective
endeavor.

I extend my heartfelt thanks to our Principal Prof. Haritma Chopra and Vice Principal, Prof. Pinkey Bajaj
Gandhi for their constant encouragement and for providing us the platform to showcase this e-
magazine. Their support has been instrumental in nurturing a culture of academic excellence and
creative expression.

My deepest gratitude also goes to the student editorial team, the faculty members, and all the
contributors who made this edition possible. May Chemzone continue to share meaningful dialogue
among us all.

Dr. Ritu Gaba
Teacher-in-Charge
Department of Chemistry
Maitreyi College
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CRAFTING MOLECULES, CREATING MINDS:

THE CHEMISTRY DEPARTMENT

Established in 1967, the Department of Chemistry at Maitreyi College
has evolved into a vibrant center of academic excellence, driven by a
commitment to nurturing comprehensive knowledge seekers who not
only excel in the field of chemistry but also grow into responsible

citizens contributing meaningfully to nation-building.

With a focus on fostering both intellectual and ethical growth, the
dcpartrnent offers a dynamic and inclusive learning environment
supported by a highly qualified and diligent facu]ty. Our teaching
methodologies are rooted in conceptual clarity and experiential
learning, aiming to strengthen the fundamentals of chemistry

throu an engaging undergraduate curriculum.

The department currently offers B.Sc. (Hons) Chemistry, and actively
contributes to interdisciplinary programs such as B.Sc. (Prog)
Physical Sciences and B.Sc. (Prog) Life Sciences. Additionally, we
support the academic needs of students from other departments
including Physics, Botany, Zoology, and Mathematics, reflecting our

collaborative academic culture.

Our infrastructure includes four spacious and Wcll—cquippcd
laboratories for demonstrations, experimentation, and research-
oriented project work, along with an instrumentation laboratory
housing sophisticated instruments to facilitate undergraduate
research. The department also boasts a dedicated library with over
500 books, smart classrooms, and access to computers and laptops for

both staff and scudents.

Behind the seamless functioning of our practical sessions is a team of
13 skilled 1ab0rat0ry staff members, who play a pivotal role in

managing our laboratories efiiciently.

Through a fine blend of rigorous academics, hands-on training, and
research exposure, the department provides a firm base to inculcate
scientific temperament, critical thinking, and entrepreneuria] skills
among students. We strive to empower our students to face the
challenges of the competitive world with confidence, curiosity, and

integrity.
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Prof. Pinkey B Gandhi Dr. Sandhya Gupta Dr. Padma Saxena

Professor Associate Professor Associate Professor
Organic Chemistry Inorganic Chemistry Physical Chemistry
Prof. Manju Mehta Dr. Gita B Narula Prof. Ramesh Kumari

Professor Associate Professor Professor
Organic Chemistry Inorganic Chemistry Physical Chemistry

Behind every successful experiment and inspired
student stands a dedicated mentor. Our esteemed
faculty members bring a wealth of knowledge,

research experience, and passion for teaching.

Their guidance not only shapes academic journeys

but also sparks curiosity and innovation in the

ever-evolving world of chemical sciences.

Dr. Rajni Johar Dr. Pratibha Chaudhary Dr. Hema Bhandari
Associate Professor Associate Professor Associate Professor
Inorganic Chemistry Organic Chemistry Organic Chemistry
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Dr. Ritu Gaba Dr. Lata Vodwal Dr. Ankita Chaudhary
Associate Professor Associate Professor Associate Professor
Physical Chemistry Organic Chemistry Organic Chemistry

C
O
C

Mr. Kamal Sharma Dr. Gazala Ruhi Dr. Navneet Kishore
Assistant Professor Assistant Professor Assistant Professor
Organic Chemistry Physical Chemistry Organic Chemistry

C
O
C

Dr. Durgesh Kumar Dr. Preeti Yadav Dr. Nishu
Assistant Professor Assistant Professor Assistant Professor
Applied Chemistry Inorganic Chemistry Organic Chemistry

Mr. Roop Singh Meena
Assistant Professor
Inorganic Chemistry
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The Non-Teaching Stait

The non-teaching staft of the Chemistry Department at Maitreyi
College, DU, play a vital role in ensuring smooth operations. From
managing inventories to maintaining and assisting with equipment, their
dedication supports both students and faculty, contributing significantly
to the department’s efficiency, safety and professional environment.

Mr. Satish Kumar, Mr. Aman Mudga], Mr. Hansraj Saklani, Mr. Vinod
Kumar Rai, Mr. Harish Chandra, Mr. Mohanlal, Mr. Madan Kishor, Mr.
Ravindra Singh (Store Incharge), Mr. Raju Shah, Mr. Lalit Kumar,
Mr. Devraj Singh, Mr. Omprakash Roul and Mr. Tribhuwan Singh

CHEMZONE 2025




CHEM COUNCIL 2025

Our Beloved Team
President Vice President
[shita Bhadana Tanu Sarkar
General Secretary Treasurer Joint Secretary
Kamalshi Sehgal Prachi Bidhuri Bharti Mahajan
Volunteer Creative Social Media
Head Head Head
Tanuu Monika Deepti

Stuti Sharma Kalpana Yadav Pragya
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ORIENTATION

2024

The Orientation Day for new students of the
Chemistry Department was held on August 29, 2024.
The session was aimed to introduce students to the
faculty members and provide them with essential
informadon about the df:pamnent, Coﬂege and
academic guidelines. The session began with Dr. Ritu
Gaba, TIC (Teacher-in-Charge) of the department,
warmly welcoming the students. She introduced herself
and other faculty members of the department, giving
students an opportunity to get familiar with the teachers
theywill be learning from.

Following the muooduction, Mr. Kamal Sharma
delivered an insightful presentation about the college
and the department. He spoke about the rich tfzachmg
experience of the staff; their qualificadion and the
departments commitment to providing a supportive
academic environment. Mr. Kamal also gave a thorough
explanation of the internship opportunities available to
students, the process of applying for internship and how
these intemships play a crucial role in practical learning
and career development.

Dr. Preeti Yadav addressed the students regarding lab safety protocols. She
emphasized the importance of following safety guidelines when working in
the lab and exaplained the various in place t ensure a safe leaming
environment. She also advised to always seelk guidance from lab supervisors
when in doubt. The orientation ended with the brief Q&A session where
students had the opportunity to ask questions and dlarify any doubrs they
had. Overall, the day helped the students get an understanding of their
academic journey and what to expect during their time in the department.

CHEMZONE 2025
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Special Lecture on
”Foundation For
Success”

On September 10, 2024, our college had the honor of
hosting Mrs.  Monica Dhawan, a  seasoned
professional with over 20 years of experience in
leadership roles. The event, titled "Foundation for
Success," was an enlightening session that covered key
principles for achieving success in both personal and
professional life.

Key takeaways-

Self~Awareness

Goal setting

Resilience & Adaprability
Effective Communication
Network & Mentorship
Continuous Learning

Time Management & Productivity

Teacher’s Day’ 24

The Department of Chemistry  celebrated
Teacher's Day on September 5, 2024, at the
college level. The event was organized by
students to express gratitude towards cheir
teachers.

The room was beautifully decorated, and the
celebration began with a welcoming gesture and
introductory speeches by students Shristi and
Bharti. A Hindi poetry recital added a heartfelt
touch to the event. The program included a
cake-cutting ceremony, refreshments, and fun
games such as Bingo, Dumb Charades, and
Riddle solving.

The celebration successtully honored  the
teachers and strengthened the bond between
students and faculty.

CHEMZONE 2025
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Lecture on “Exploring the
Fundamentals of Protein

Folding”

The Radha Sairam Chemical Society hosted an
enlightening lecture on “The Basics of Protein
Folding: In-Cell Insights” on February 19, 2025.
Delivered by protein science expert Prof. Parmit
K. Chowdhury, the session delved into the
question: Can we predict the structure of a protein
from its amino acid sequence? The event opened
with a warm welcome by hosts Kashish and
Taniya, followed by Saraswati Vandana and lamp
lighting. Prof. Chowdhury’s lecture highlighted the
critical role of protein folding in cellular processes
and its implications in discase. An engaging Q&A
session followed, where students posed thoughtful
queries,  showcasing  their  curiosity  and
understanding. The event concluded with a vote of
thanks by Dr. Ritu Gaba. Participants praised the
session for its clarity, interactivity, and insightful
exploration of protein folding mechanisms.

Career Counselling

Workshop

On March 6, 2025, a workshop at Maitreyi College
guided students on global and Indian career
opportunities. Mr. Jitin Chawla shared insights on
job markets, higher education and profile building.
He emphasized both international options and
India's growing sectors. The session was interactive
and informative, helping students reflect on their
career paths. Students were encouraged to ask
questions and engage in discussions, making the
session 1ively and enriching. Mr. Chawla
highlighted the importance of staying adaptable in
a rapidly changing job market and stressed the
value of networking and continuous learning.
Participants left with a clearer understanding of
how to align their passions with career goals and
the steps needed to achieve them. The workshop
concluded with a Q&A session, where attendees
received personalized advice and encouragement,
leaving them inspired and motivated to pursue
their aspirations with confidence.

SUVNINAS
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CHEMSOPHY"25

Radha Sairam Chemical Society, Department of Chemistry, Maitreyi College organized its Annual

Academic Fest, “CHEMSOPHY 257 on March 28, 2025. The event commenced with an inaugura]
guest lecture by Prof. Rajeev Gupta, Senior Professor at the University of Delhi, as part of the
'Luminaries of Indian Sciences' lecture series. Five different events were organized under the aegis of

the fest:

1.IMPATICA (POWERPOINT PRESENTATION)

Theme for the competition was "Artificial Intelligence in
Science :Tmnsforming the Future." The judges for the event
were Prof. Ramesh Kumari and Dr. Preeti Yadav. It was
conducted in Room no. 62, Maitreyi College. There
were a total of 15 participants and the event showcased
students’ creative and technical presentation skills. The
winners of the event were Vaibhav Kumar Mishra and

Shreya Saha from ARSD college.

2.LAB RELAY

It was a solo participation event where contestants
answered ten Chemistry-related questions within a
strict one-minute time limit per question The judges
for the event were Dr. Padma Saxena, Dr. Durgesh
Rawat, Dr. Nishu Nain and Dr. Raghavi Khattar. There
were a total of 21 participants and the event tested
participants'  knowledge, quick  reasoning, and
adaprtability under time constraints. The winners of the
event were Vaishali (First position from Maitreyi
College) and Aashika Jain (Second position from Gargi
College)

3. CHEM QUIZ

This event was a chemistry quiz conducted in two
phases: a written test followed by a team -based quiz
with multiple rounds ,including a rapid fire segment.
The judges of the event were Dr. Gazala Ruhi, Prof.
Manju Mchta, Dr. Sandhya Gupta, Dr. Pooja Saluja and
Dr. Navneet Kishore. There were a total of 20
participants and the event enhanced students' subject
knowledge, problem—solving and teamwork skills. The
winners of the event were Shweta Yadav and Saloni
Bharati from Maitreyi college.

CHEMZONE 2025
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CHEMSOPHY"25

4. SCRIBBLE SCRABBLE

This was a team-based visual communication game
where one member drew a word or concept and the
other guessed it. The judges of the event were Dr.
Hema Bhandari and Mr. Roop Singh Meena. There
were a total of 30 participants and this event fostered
creativity, team work and quick thinking. The winners
of the event were Manak and Radhika from Gargi
College and Kajal from Maitreyi College.

5. TREASURE HUNT

It was a team-based competition testing participants'
wits and agility through a series of clues and challenges
across the Science Block. The judges of the event were
Mr. Kamal Sharma and Dr. Rajni Johar Chhatwal.
There were a total of 41 participants and it challcngcd
participants to think on their feet and act quickly,
promoting teamwork and problem solving skills. The
winners of the event were a team from Physics

department of Maitreyi Coﬂege.

CHEMZONE 2025
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FARLWELL 2070

On  April 22, 2025, a memorable farewell for the
graduating class was held in NSB Seminar Hall. The
event was filled with creative and engaging activities,
including energetic dance routines, melodious songs,
heartfelt video and Miss farewell contest. The teachers
extended their warm blessings, 1eaving attendees with a
mix of happy and emotional farewells. A shared
sentiment expressed during the event highlighted the
importance of embracing new beginnings and cherishing
the memories made. Students from both first and second
years participated whole heartedly bidding a tearful
goodbye to their seniors and III years also expressed their
mixed emotions. Though parting is always bittersweert,
this farewell signified the start of promising futures and
lasting achievements for the graduates. The event came
to an end by declaration of results for Miss farewell

contest and D] session.

CHEMZONE 2025
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EXPERIENTIAL
LEARNING: VISITS

Visit to

National Physical Laboratory (NPL)

The Foundation Day of NPL is
celebrated as an ‘Open Day’, where
students from all institutes were
welcomed. On October 1,2024, from
Maitreyi College, University of Delhi,
a total of 19 students along with 2
teachers visited the National Physical
Laboratory. NPL is famously known
as the time keeper of India as it
maintains the Indian Standard Time
(IST) along with the other 6 units of

measure.

We had Dr. Anupriya as our guide for
visiting the labs. Under her guidance,
we visited the Liquid Nitrogen and
Helium Plant. At the next laboratory,
we were given insight on the process
of Thin Film Deposition and its
importance in combating air pollution
through a video lecture. Thereafter we
visited the Solar Panels. There we
came to know about the working of
solar panels. He talked about the
viscosity of these fluids and how Non-
Newtonian fluids have vast
applications in space programs and
automobile braking systems.

We received positive feedback from
all  the participants  and  the
beneficiaries. Students showed a keen
interest in participating in Workshops
and internships organized by the
CSIR-NPL.

CHEMZONE 2025
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Chem Career India: National-Level Seminar Opens

New Avenues for Aspiring Chemists

The Royal Society of Chemistry (RSC), in
collaboration with the Department of Chemistry,
School of Natural Sciences, Shiv Nadar University,
organized a National-level seminar titled “Chem
Career India” on 12 September, 2024. The event aimed

to guide students in exploring diverse career

opportunities in the field of chemistry.

The session commenced with a welcome address
emphasizing the need for such initiatives to support
students in making informed career choices. The
seminar featured distinguished speakers and experts

from academia and industry:

Prof. Akhilesh K. Verma (University of Delhi)
delivered the opening lecture on career paths
available to chemistry graduates, including higher
o (e C C
education, academic research, and roles in the

chemical industry.

Prof. Sebastian Chirambatte Peter spoke on
emerging careers in chemical sciences, shedding ]ight
on fields like green chemistry, nanotechnology, and

environmental science.

Dr. Samik Kumar Hait and Dr. Gurmeet Singh
provided insights into industry-related opportunities,
focusing on skills required for roles in
pharmaceuticals, biotechnology, and materials

science.

PM  Hilary White, Head of Membership
Development, RSC UK, highlighted the benefits of
RSC membership, including access to global
networks, research resources, and professional
development tools. An interactive panel discussion
followed, where students posed career-related
questions to the experts, gaining valuable guidance.
The event concluded with an intercollegiate quiz
competition, where students from Maitreyi College

proudly secured 3rd position.

A total of 18 students from Maitreyi College
participated in the event. The feedback was
overwhe]ming]y positive, with students expressing a
clearer understanding of career options and industry

requirements.

This enriching seminar was a milestone for
chemistry students, offering clarity, confidence, and
connections to navigate their future paths in the

chemical sciences.

CHEMZONE 2025
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Visit to Rail Neer Plant, Hapur

A group of 23 enthusiastic students of B.Sc. (Hons) Chemistry,
accompanied by faculty members Dr. Preeti Yadav, Dr. Durgesh
Kumar, and Dr. Navneet Kishore, visited the Rail Neer Plant in
Hapur, Uttar Pradesh on May 8, 20205. The visit was organized
under the guidance of Dr. Ritu Gaba, with an aim to provide
students with industrial exposure to water purification and

packaging processes.

We were warmly welcomed and guided through various sections
of the plant. The visit began with a detailed explanation by Dev
Sir on the multi-stage purification process which included
carbon filtration, ultrafileration, reverse osmosis, and ozone
treatment. Students also witnessed the manufacturing of PET
bottles using high-pressure air molding with advanced Himens

machinery.

Later, experts briefed us on the quality control laboratory, where
chemical parameters like pH, TDS, hardness, chloride, and
microbiological parameters such as yeast, mould, coliform, and

TPC were tested.

The visit concluded with an interactive Q&A session, followed
by a buffet lunch and a warm vote of thanks. The experience was
highly informative and offered valuable practical insight into

industrial chemistry applications.

Students expressed keen interest in similar industrial visits that

connect classroom learning with real-world applications.

CHEMZONE 2025
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Engineered Biomolecular Catalysts: Shaping the Future of

Catalyts
Dr. Ritu Gaba, Department of Chemistry, Maitreyi College

Revolutionizing Green Catalysis with Deep Eutectic Solvents: A
Sustainable Leap Forward

Dr. Ankita Chaudhary, Department of Chemistry, Maitreyi

College

From Sunlight to Sustainability: Understanding Photocatalysis
Dr Rajni Johar Chhatwal, Department of Chemistry, Maitreyi
College

Unravelling the Mystery: Bevond the Genetics
Dr. Nishu Nain, Department of Chemistry, Maitreyi College

A New Paradigm in Wastewater Treatment: The Carbon

Quantum Dot Approach
Dr. Gazala Ruhi, Department of Chemistry, Maitreyi College

The Photocatalyst Revolution: Light Activated Remediation of

Organochlorine Pesticides
Dr. Hema Bhandari, Department of Chemistry, Maitreyi College

Critical Role of FEcofriendly H,0, Catalyst in Wastewater

Ireatment
Dr. Navneet Kishore, Department of Chemistry, Maitreyi College




In the quest to revolutionize sustainable
chemistry and improve industrial processes,
scientists have turned to the very foundation of
life itself: enzymes. Enzymes are naturally
occurring proteins, responsible for accelerating
biochemical reactions in living organisms, have
inspired  the

development of engineered

biomolecular catalysts that combine the

efficiency of biological systems with the
These

engineered catalysts are not just changing how

precision of synthetic chemistry.'
we think about catalysis, they are opening doors
to innovations that could reshape entire
industries, from pharmaceuticals to energy
production. Enzymes accelerate chemical
reactions with remarkable speed and specificity.
The efficiency and specificity of these molecular
machines have inspired scientists to create
artificial systems that mimic or even enhance

their functions.

ENGINEERED
BIOMOLECULAR
CATALYSTS:
SHAPING THE
FUTURE OF

CHEMISTRY

Dr. Ritu Gaba
Department of Chemistry
Maitreyi College

The idea of engineered biomolecular catalysts
arose from the realization that the principles
governing biological catalysis could be applied in
industrial settings. By harnessing and modifying the
molecular structures of enzymes, researchers can
create tailored catalysts that exhibit high activity
and selectivity for specific reactions,” while also
being more sustainable and environmentally
friendly compared to traditional chemical catalysts.
In recent years, the focus has shifted from simply
mimicking enzymes to creating catalysts with
customized properties that meet specific industrial
demands. This engineering of biomolecular catalysts
often involves

sophisticated  techniques In

molecular biology, directed evolution,
immobilisation and computational modeling to
design enzymes that not only catalyze reactions
more efficiently but can also withstand extreme
conditions or be tuned to interact with non-

biological substrates.

Mechanisms of Biomolecular Catalysis

To understand the appeal of engineered
biomolecular catalysts, it is essential to understand
how enzymes function at the molecular level.
Enzymes lower the activation energy of a chemical
reaction, making it easier for the reactants to reach
the transition state and eventually convert into
products. Unlike traditional catalysts, which often
require high temperatures or harsh chemicals,
enzymes typically work under mild conditions, in
aqueous solutions, at physiological temperatures
and neutral pH. This remarkable efficiency is due to
the enzyme's three-dimensional structure, which
provides a specific and complementary binding site
for the substrate. The enzyme’s active site is often a
finely tuned microenvironment where substrates
are precisely oriented, and unfavorable interactions
are minimized. The enzyme catalyzes the
transformation by stabilizing the transition state or

facilitating the breakdown of bonds, typically using

CHEMZONE 2025




a combination of acid-base catalysis, covalent catalysis, and metal ion coordination.

When enzymes are engineered, scientists can tweak their structures to optimize these catalytic
mechanisms. By modifying the active site, changing amino acid residues or by introducing new cofactors
researchers can enhance the enzyme’s ability to catalyze a reaction, broaden its substrate scope, or
improve its stability and resistance to harsh conditions.” Various approaches to enzyme engineering
have been developed® to enhance the functionality, stability, and efficiency of enzymes for industrial,
medical, and research applications these include directed evolution, substrate engineering,

computational design, immobilization, and structure-guided engineering (Figure 1).

One of the most groundbreaking techniques in the development of engineered biomolecular catalysts
is directed evolution. This approach mimics the process of natural selection, subjecting a library of
genetic variants to selective pressure in the laboratory. By introducing mutations in the gene encoding
the enzyme, researchers can create a diverse range of enzyme variants, each with slightly different
properties. These variants are then tested for their catalytic performance, and the best candidates are
selected for further rounds of mutation and screening. Over several generations, the enzyme evolves to
exhibit improved properties, whether its faster reaction rates, broader substrate specificity, or greater
resistance to inhibitors or extreme conditions. Directed evolution has enabled the creation of highly
efficient and robust enzymes for a wide range of industrial applications, from biofuel production to

waste management.

Substrate engineering complements this by modifying the structure of the enzyme’s substrate to
achieve better compatibility and catalytic performance. Computational design plays a critical role by
using bioinformatics tools and molecular modeling to predict beneficial mutations, allowing for rational
and targeted improvements. Immobilization of enzymes on solid supports enhances their stability,
reusability, and ease of separation from reaction mixtures, making processes more cost-effective and
scalable. Lastly, structure-guided engineering utilizes detailed structural information of the enzyme to
inform site-specific modifications, enabling precise enhancements in activity, selectivity, or resistance
to harsh conditions. Together, these methods form a powerful toolkit for tailoring enzymes to meet

specific functional demands in diverse applications.
Notable Examples of Engineered Biomolecular Catalysts*

1. Cytochrome P450 Enzymes in Drug Development and Toxicology

Cytochrome P450 enzymes (CYPs) are a family of enzymes that play a critical role in the metabolism of
drugs and other xenobiotics in the liver. Their ability to oxidize organic compounds has made them
invaluable in the pharmaceutical industry. However, natural P450s often have limited substrate
specificity and poor stability outside their native environment. Researchers have successfully
engineered P450 enzymes to overcome these limitations. For example, by using directed evolution,
scientists have developed versions of these enzymes that can catalyze reactions with new substrates,
improving the efficiency of drug metabolism and enhancing the production of high-value
pharmaceutical intermediates. Additionally, these engineered P450s are now being used in the synthesis
of complex compounds, including those with challenging stereochemistry, that would be difficult or

impossible to create using traditional synthetic methods.
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Figure 1: Enzyme Engincering Approaches
2. Polymerase Enzymes for DNA Synthesis

DNA polymerases are enzymes that play a central role in the replication of genetic material. The
engineering of DNA polymerases has revolutionized biotechnology, especially in the realm of synthetic
biology, where the demand for efficient and precise DNA synthesis is high. By optimizing DNA
polymerases for better accuracy, processivity, and resistance to inhibitors, researchers have developed
enzymes capable of synthesizing long strands of DNA with high fidelity, an essential step in gene
synthesis, cloning, and genome editing. Notably, the development of thermostable polymerases, such as
Taq polymerase, has enabled polymerase a chain reaction
(PCR), a widely used technique that has had a profound impact on fields ranging from medical
diagnostics to environmental monitoring. Today, engineered polymerases are being further optimized to
perform new functions, such as the synthesis of non-natural nucleotides or the incorporation of

unnatural bases into DNA, which could open the door to creating novel genetic systems.

3. Laccase and Peroxidase Enzymes in Green Chemistry

Laccases and peroxidases are enzymes that catalyze the oxidation of a wide range of organic
compounds. These enzymes have found use in green chemistry, particularly in the development of more
environmentally friendly chemical processes. One notable example is the use of engineered laccases to
degrade environmental pollutants, such as dyes and plastics, without the need for harsh chemicals or
extreme conditions. In one of the cases, researchers engineered a laccase enzyme to break down lignin,
a major component of plant biomass that is typically difficult to process. This modification could
potentially improve the efficiency of biomass conversion in biofuels production, making it a cleaner and
more cost-effective alternative to fossil fuels. Similarly, peroxidases have been engineered to catalyze
the polymerization of phenolic compounds in the production of bioplastics, offering an eco-friendly

alternative to petroleum-based plastics.

4. Metalloenzymes for Carbon Dioxide Reduction

One of the most exciting frontiers in engineered biomolecular catalysis is the reduction of carbon
dioxide (COy) into valuable chemicals, a process that could play a critical role in combating climate
change. Nature has evolved metalloenzymes, such as carbon monoxide dehydrogenases and
hydrogenases, that catalyze CO; reduction, but these enzymes are often slow, inefficient, and difficult to

engineer. Researchers are now engineering metalloenzymes’ to improve their catalytic efficiency and
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selectivity for CO, reduction. One innovative approach involves the incorporation of artificial metal
centers into the enzyme’s structure, creating hybrid metalloenzymes with enhanced activity. These
engineered catalysts could eventually be used in processes that convert CO; into fuels, plastics, or other

useful chemicals, potentially transforming the way we deal with greenhouse gases.

5. Artificial Enzyme Catalysts: A Step Beyond Nature

While engineered enzymes are already making a significant impact, researchers are also pushing the
boundaries by creating entirely artificial catalysts that combine the efficiency of enzymes with the
versatility of synthetic chemistry. For example, designer enzymes made from small organic molecules or
synthetic peptides are being developed to mimic enzyme-like activity, offering advantages such as
tunability, stability, and resistance to harsh chemicals. One notable example is the development of
artificial metalloenzymes, where synthetic ligands are incorporated into a protein scaffold to create a
catalyst with the properties of both a biological enzyme and a metal catalyst. These hybrid catalysts are
being designed to perform reactions that are difficult to achieve with either traditional enzymes or
synthetic catalysts alone, opening up new possibilities in industrial chemistry.

The Future of Engineered Biomolecular Catalysts

As research in engineered biomolecular catalysts continues to advance, the potential applications are
vast. In addition to the examples mentioned above, engineered enzymes hold promise for a wide range
of industries, including food processing, environmental remediation, and energy production. The ability
to fine-tune enzyme activity will allow for the development of highly efficient, sustainable, and cost-

effective processes that could replace traditional chemical methods in many industries.

However, challenges remain. Firstly, the scalability of engineered enzyme reactions can sometimes be
a hurdle, particularly when it comes to producing large quantities of a specific enzyme. Additionally,
while engineered enzymes can exhibit remarkable properties, they often need to be optimized for
industrial conditions, which can involve high temperatures, extreme pH levels, or the presence of toxic
chemicals. Researchers are addressing these challenges by exploring new methods of enzyme

stabilization, such as encapsulation or immobilization on solid supports.

Despite these challenges, the future of engineered biomolecular catalysts is undoubtedly bright. With
advances in genetic engineering, computational modeling, and synthetic biology, the next generation of
biomolecular catalysts promises to be even more efficient, adaptable, and versatile. Whether its
reducing carbon emissions, creating sustainable biofuels, or designing new medicines, engineered

enzymes will undoubtedly continue to be a driving force in shaping the future of chemistry.
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REVOLUTIONIZING GREEN CATALYSIS WITH DEEP
EUTECTIC SOLVENTS: A SUSTAINABLE LEAP FORWARD

Dr. Ankita Chaudhary, Department of Chemistry, Maitreyi College

Introduction: Chemistry at a Crossroads

In view of the escalating demand for advanced sustainable technologies, chemistry is undergoing a profound

transformation. A clear paradigm shift is underway—from traditional dependence on hazardous solvents and

expensive metal-based catalysts toward greener, safer, and more environmentally responsible alternatives. One of

the most groundbreaking innovations in green chemistry is the development of Deep Eutectic Solvents (DESs)—a
new class of environmentally friendly liquids
that has rapidly transformed the landscape of
catalysis. These simple yet powerful mixcures
are reshaping how we think about catalysis—
offering a cleaner and more sustainable

approach to chemical processes.”

What Are Deep Eutectic Solvents?
The term “Deep Eutectic Solvent” was coined
by Abott and co-workers in 2003," and are
formed by mixing two or more components,
typically a hydrogen bond donor (HBD) and a
hydrogen bond acceptor (HBA).
Deep Eutectic Solvents are also known as deep
eutectic ionic liquids (DEILs), low transition
temperature mixtures (LTTMs), low melting
mixtures (LMMs), all emphasising their unique
physical properties. The interaction between
HBD and HBA, produces a eutectic mixture
with a melting point significantly lower than
that of the individual constituents. Choline
chloride, urea, glycerol and organic acids are
Table 1: Comparison of Deep Eutectic Solvents (DESs) vs. Ionic Liquids (ILs). AT $ie ‘commonly g EOMPERE
DES, many of which are non-toxic, derived
from renewable resources and biodegradable. Although lonic Liquids (ILs) and Deep Eutectic Solvents (DESs)
share similar physical properties and applications, they are chemically distinct and belong to two separate

classes of substances (Table 1)

What sets DESs apart is not just their green origin, but their remarkable stability, low flammability, and ease of
preparation. Majority of them can be made by simply heating and mixing the components, without the need for
any purification steps. These characteristics make DESs ideal candidates for replacing conventional solvents in

both academia and industrial set up.
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Figure 1: Properties of Deep Eutectic Solvents.
DESs as Catalysts: A Chemical Game—Changer

Beyond their role just as green solvents, DESs are proving to be multifunctional agents that can also serve as
catalysts. Their ionic nature and ability to undergo extensive hydrogen-bonding permit them to stabilize the
reaction intermediates, enhance the solubility of polar compounds as well as act as Bronsted or Lewis acids or
bases, based on their composition. This role of simu]taneous]y as solvent and cata]yst significant]y reduces the
usage of chemicals in a reaction thereby minimizing waste and simplifying process design. Due to burgeoning
environmental consciousness, Deep Eutectic Solvents (DESs) have emerged as viable candidates for sustainable
and eco-friendly alternatives in catalysis owing to their various advantages like easy reproducible preparation,
inexpensive, environmentaily benign nature, wide 1iquid range, excellent thermal Stability, negiigibie vapour
pressure, recyclability, and adjustable properties. One of the most exciting aspects of DESs is their tunability;
by adjusting the HBD and HBA; researchers can design task-specific DESs tailored for specific chemical
transformations, thereby opening the door to a wide array of industrial applications such as biosensor
development, extraction process, electrochemistry, biocatalysis, food analysis, gas capture, pharmaceutical

industry etc./™
Conclusion: A New Era in Catalysis
DESs are ushering in a new era of green catalysis by fusing sustainability, safety, and efficiency. DESs have the

potential to become a fundamental component of sustainable chemistry as research and industry appiications

expand, transforming not just what we synthesize but also the process.

CHEMZONE 2025

27



REFERENCES

1. Chaudhary, A. Odyssey of Deep Eutectic Solvents as Sustainable Media for Multicomponent Reactions: An
Update. Mini Rev. Org. Chem., 2022, 19, 156-189.

2. Liu, P; Hao, [-W.; Mo, L-P.; Zhang, Z-H. Recent advances in the application of deep eutectic solvents as
sustainable media as well as catalysts in organic reactions. RSC Adv., 2015, 5(60), 48675 48704.

3. Longo, L.S., Jr; Craveiro, M.V. Deep eutectic solvents as unconventional media for multicomponent reactions. J.
Braz. Chem. Soc., 2018, 29, 1999-2025.

4. Abbott, AP, Capper, G.; Davies, D.L; Rasheed, R.K.; Tambyrajah, V. Novel solvent properties of choline
chloride/urea mixtures. Chem. Commun. (Camb.), 2003, (1), 70-71.

5. Abbott, A.P.; Barron, ]J.C.; Ryder, K.S.; Wilson, D. Eutectic-based ionic liquids with metal-containing anions
and cations. Chem., 2007, 13(22), 6495-6501.

6. Yeow, A'T.H.; Hayyan, A.; Hayyan, M. Junaidi, M.U.M.; Saleh, J.; Basirun, W.J.; Nor, M.R.M.; Abdulmonem,
W.-Al; Salleh, M.Z.M.; Zuki, F.M.; Hamid, M.D. A comprehensive review on the physicochemical properties of
deep eutectic solvents, Results Chem., 2024, 7, 101378.

7. Smith, E.L.; Abbott, A.P.; Ryder, K.S. Deep Eutectic Solvents (DESs) and Their Applications. Chem. Rev., 2014,
114, 21, 1TT060—11082.

8. Svigelj, R.; Dossi, N.; Grazioli, C.; Toniolo, R. Deep eutectic solvents (DESs) and their application in biosensor
development. Sensors (Basel), 2021, 21(13), 4263.

9. Wu, J; Liang, Qs Yu, X,; Li, Q-F; Ma, L; Qin, X; Chen, G.; Li, B. Deep eutectic solvents for boosting

electrochemical energy storage and conversion: A review and perspective. Adv. Funct. Mater., 2021, 31(22), 2011102.

CHEMZONE 2025

28



Photocatalysis is a process that converts light energy into chemical energy using photocatalysts. Sources
of this energy include sunlight, UV radiation, and visible light. When photons with energy equal to or
greater than the band gap (BG) of the photocatalyst interact with the material, they generate electron
(¢7) and hole (h*) pairs.” The excitation of electrons facilitates their movement from the valence band
(VB) to the conduction band (CB), enabling oxidation and reduction reactions on the photocatalyst’s
surface to degrade contaminants. For effective photocatalysis, these redox reactions must occur
simultaneously. In this process, a catalyst is activated by light to accelerate a chemical reaction without
undergoing permanent changes itself. Exposure to radiation reduces the activation energy required for

the primary reaction, al]owing semiconductor materials to initiate oxidation-reduction processes.

I. Photocatalytic Materials

Photocatalysis, a process where light initiates chemical reactions on a catalyst’s surface, has gained
significant attention due to its applications in environmental remediation, energy conversion, and the
production of value-added compounds. Although photocatalytic activity is observed in various
materials, semiconductor-based photocatalysts have been the most extensively studied. Below are some

key photocatalytic materials and their properties.

FROM SUNLIGHT T0
SUSTAINABILITY: EeaiEss

Depa rement Of Chem iStI’y,

UNDERSTANDING Wi Gollg
PHOTOCATALYSIS

1.1 Titanium Dioxide (TiO,) degrading pollutants in air and water, even at low
Titanium dioxide (TiO,) is one of the most widely concentrations.’

researched photocatalysts due to its stabilicy, ~ Despite considerable progress in  TiO,-based
affordability, and non-toxic nature ? photocatalysis, many fundamental questions remain

Titanium dioxide (TiO,) is widely regarded as the unanswered. With a bandgap of approximately 3.2

"gold standard" among photocatalysts due to its eV, TiO, absorbs UV light, generating electron-

affordability,  non-toxicity and  remarkable hole pairs that drive redox reactions on its surface.’

chemical stabi]ity. [t exists in three Crystalline However, its h1gh bandgap limics ics funcnonahty

. ) e to the UV spectrum, reducing its effectiveness
forms: anatase, rutile, and brookite exhibiting the P ’ &
) ) .. under  visible light. Mechanisms  of  TiO,
highest photocatalytic efficiency. 0 beie incide ch _ .
N\ otocatalysis include charge carrier generation,
Over the past two decades, TiO, based P ] Y _g . & .
. ) —— 7 . separation, transfer, recombination, transportation,
photocatalysis has gained significant attention for . . . . _
o il and bond formation/breaking for developing
applications such as splitting water to generate oo
' advanced  photocatalysts and optimizing
hydrogen (H,) using solar energy and . T
photocatalytic processes.
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1.2 Zinc Oxide (ZnO)

Zinc oxide (ZnO) is another semiconductor material with a relatively large bandgap (~3.37 ¢V), making it efficient
in absorbing uv iight. Similar to TiO,, ZnO produces electron—hole pairs upon iight exposure, triggering
photocatalytic reactions. It is known for its high photocatalytic activity, biocompatibility, and transparency,

making it ideal for applications in wastewater treatment and biomedical engineering.

1.3 Tungsten Trioxide (WO,)

Tungsten trioxide (WO;) is a transition metal oxide photocatalyst with a narrower bandgap (~2.5 ¢V) than TiO,
and ZnO, allowing it to absorb a wider range of light, including visible light. This characteristic enhances its
photocata]ytic ei?iciency. WO, based photocataiysts have been expiored for various uses, including solar energy

conversion, pollutant degradation, and water splitting.

1.4 Bismuth Vanadate (BiVO,)

Bismuth vanadate (BiVO,) is an emerging photocatalyst that efficiently absorbs visible light, with a bandgap of
about 2.4 eV. It offers high photochemicai stabiiity and superior quantum efficiency under visible 1ight
irradiation, making it a promising material for applications such as pollutant degradation, CO, reduction, and

water oxidation.

2. Photocatalytic Processes

Photocatalytic processes involve the use of light to initiate chemical reactions on a photocatalyst’s surface.” When
photons with energy equal to or greater than the bandgap of the photocatalyst are absorbed, electron-hole pairs
are generated, leading to redox reactions with surrounding molecules. These excited charge carriers can drive a
variety of chemical transformations, such as breaking down organic pollutants, producing hydrogen from water,
and converting CO, into valuable compounds.

The key advantages of photocatalytic processes include high efficiency, mild reaction conditions, and
environmental sustainability, making them promising for applications in renewable energy, green chemistry, and
environmental cleanup.® Current research aims to optimize photocaralytic efficiency by developing advanced

materials, refining reaction mechanisms, and expanding their applications across multiple industries.

2.1 Homogeneous Photocatalytic Process

A photocatalytic system is classified as homogeneous when both the catalyst and reactants exist in the same phase,
cither gas or liquid. One widely studied homogeneous photocatalytic reaction involves the Fe**/H,O, system, such
as ozone and photo-Fenton reactions. The efficiency of Fenton-type processes is influenced by several factors,
including pH, UV light intensity, and hydrogen peroxide concentration. A key advantage of these systems is their
ability to utilize sunlight instead of costly UV lamps and electrical energy. However, a major limitation is the
requirement for low pH conditions, as iron tends to precipitate at higher pH levels, necessitating an additional

step for iron removal after treatment.

2.2 Heterogeneous Photocatalytic Process

In heterogeneous photocatalysis, the catalyst and reactants exist in different phases, typically a solid or powdered
cataiyst suspended na 1iquid reaction mixture. A well-known exampie is the TiOZ/UV system, which has gained
significant attention. Heterogeneous photocatalysis is widely used in applications such as water purification,
metal deposition, hydrogen transfer, dehydrogenation, oxidation reactions, and the eclimination of gaseous
pollutants. The majority of heterogencous photocatalysts are composed of semiconductor oxides and transition

metals due to cheir superior cataiytic properties.
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The mechanism of heterogeneous photoeata]ysis involves oxidation and reduction reactions occurring on the
photocatalyst’s surface. The band gap, which represents the energy difference between the conduction band
(the lowest unoccupied electron level) and the valence band (the highest occupied electron level), plays a
crucial role in this process. When photons with energy equal to or greater than the band gap strike the
semiconductor, electrons in the valence band become excited and transition to the conduction band within
femtoseconds. This excitation generates electron charge carriers and holes, where the holes themselves act as
active sites for oxidation. If the electron-hole pairs remain separated by trapping on the semiconductor

[1o]

surface, recombination is minimized, allowing for effective photocatalytic reactions

3. Solar Energy Production and Photocatalysis

The sun functions as a natural nuclear reactor, emitting small energy packets called photons. These photons
carry vast amounts of energy, sufficient to meet most of the world's energy demands. In solar energy
conversion, various photocatalytic materials are used in solar cells to absorb photon energy and generate
electricity.7 Different types of solar cells have been developed to capture sunlight effieiently, including dye—

sensitized, organic, photoelectrochemical, and hybrid solar cells.

Photocatalytic technologies are widely recognized as a promising solution for addressing environmental
challenges and energy shortages. Among these technologies, metal halide perovskites (MHPs) have emerged as
a novel class of photocatalysts. MHPs exhibit broad visible-light absorption, low exciton binding energy, high
photoluminescence quantum yield, rapid carrier transfer, and an adjustable band gap. These properties make

them highly effective for solar energy conversion. However, their limited stability, high recombination rates of

CHEMZONE 2025

31



photogenerated carriers, and insufficient active sites pose significant challenges for practical applications. To
overcome these limitations, researchers have explored various design strategies to enhance the performance

12).

and durability of MHP-based photocatalysts[

4. Wastewater and Drinking Water Treatment via Photocatalysis

Photocatalysis is a relatively new and highly promising technique for treating various contaminants in
wastewater, especially those containing toxic and reactive organic Compounds that conventional treatment
methods struggle to remove. In recent decades, the quality of water sources has deteriorated due to increasing
pollution from emerging organic pollutants and persistent inorganic and organic substances. Conventional
drinking water and wastewater treatment technologies are often ineffective against these contaminants,

prompting researchers to seck alternative, cost-effective, and efficient solutions.

The mechanism of photocatalytic water treatment primarily relies on the generation of electron-hole pairs
when TiO, particles are exposed to UV light (wavelength < 400 nm). This photonic excitation leads to the
formation of electron-hole pairs (e/h*) by exciting electrons from the valence band to the

conduction band, leaving behind positively charged holes. The subsequent oxidative-reductive reactions

occurring on the photocatalyst’s surface drive the degradation of pollutants and disinfection of water.
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UNRAVELLING THE
MYSTERY: BEYOND
THE GENETICS %o i

Maitreyi College

I was in 1rth standard when for the first time I had seen twin sisters who got new admission in my class. T was
wondered to see them; how can one look identical to another just like a carbon copy to each other. Their faces
were round, freckled, and had high cheekbones with the outer edge of the eye tilted s]ight]y downward. However,
the contrasts were also notable. Like a rush of wind in a tunnel, Shikha's activity and mercurial temper rose
quickly and dissipated abruptly. Rajni had a cunning physique, but his mind was more daring. She had greater wit,
a sharper tongue, and more agile mind. Shikha was companionable and sociable. She was boisterous to insults.
Rajni was reserved, calm, and more fragile. [ am pretty sure!! you must be thinking “Why identical twins behave so
distinct even after sharing same set of genes?” Next, have you ever pondered about why certain people’s get
particular disease, while others not? Does it have any significance at what age we are; certainly, as one can prone to
attack by diseases at any times. Don’t you ask to yourself if Our body's cells all share the same genome, then how
does one become a skin cell, muscles cell and another a liver cell, which differs greatly in appearance and function?
“Science is fun. Science is curiosity. We all have natural curiosity. Science is a process of investigating. It is posing

questions and coming up with a method. It is delving in” Sally Ride said.

Although these seem suspicious, the enigma behind them was a hot topic in the discipline of research. Scientists
were astounded until the 1940s, when English embryologist Conrad Waddington came up with the innovative
theory that cells acquired their identities by enabling nature (genes) to be modified by nurture (environmental
cues), just like humans do. According to him, a cell must contain an extra layer of information that hung,
ghostlike, above the genome. The cell's "memory” would be stored in this layer. He termed this phenomenon as
“epigenetics” means “above of genetics”.

Let us first understand what actually ‘genetic’ means. With increased awareness and easily accessible knowledge,
most of us are well familiar with the term DNA, “The blueprint of life’. DNA stores genetic information and genes
are the segment of the DNA. Genetics arose from the identification of genes, the fundamental units responsible
for heredity. The study of genetics helps us to understand how genes and traits are passed across generation. For
example, children look like their parents usually because they have inherited the genes from their parents. Modern
genetics focuses on the chemical substance and the ways in which it affects the chemical reactions that constitute
the living processes within the cell. Gene action depends on interaction with the environment. For example, green
plants have genes that contain the information needed to synthesize the photosynthetic pigment chlorophyll
which gives them their green color. Chlorophy]l 18 synthesized in the presence oflight (photosynthesis) because the
gene for chlorophyll is expressed only when it interacts with light. Otherwise, when a plant is placed in the
complete absence of light, chlorophyll synthesis stops because the gene is no longer expressed." Now, coming to the
‘epigenetics’ part, a consensus definition of ‘epigenetics’ came across as the study of heritable changes in gene
expression without bringing any alteration in the underlying DNA sequence of the organism. Unlike genetics,
epigenetics describes passing on the way the genes are used from generation to generation. A substantial body of
research has emerged over the past few decades that demonstrates how different exogenous factors, including life

CHEMZONE 2025

33



experiences, behaviors, and stresses, can significantly affect longevity and health span. Thereby, plays a crucial
role in deve]opment of diseases inc]uding cardiovascular diseases, cancer, diabetes, and chronic respiratory
syndromes together which is responsible for around 70% of deaths worldwide. No doubt, these adverse effects
can also be inherited in human beings, however, epigenetics is the most potent to control this behavior
without hampering the individual’s DNA sequence.” Actually, epigenetic changes can turn ‘on” and ‘off’ the
gene just like we do with switches and as we know that, when the switch is in the ‘on’ position, it allows the
clectricity flow and if it is ‘off’ then there is no flow of electricity. By turning switch ‘on’ and ‘off’ of the gene,

epigenetic simply control the transcription machinery of DNA.

Hence, we conclude that the epigenetic play a substantial role in transcription of certain genes. Actually, genes
are labelled with small chemical tags like methyL acety] and phosphory] group etc. which act like switches
hanging on wire (i.e. gene). And this chemical tag decides the fate of gene to be expressed or not. For example,
like a methyl group, inhibits the gene expression by turning ‘off’ the gene where the gene is still there, bur it is
silent and consequently, altered the translation machinery.?

Utmost importance has been given to the epigenetics owing to its involvement in various cellular processes.
With the increasing interest in epigenetics, technological progress has taken place, which makes it possible to
do massive epigenetic studies. And come across with the two most popular epigenetic modification which are
common in humans that are DNA methylation and histone modification. The epigenetic modifications involve
a chemical alteration of DNA and associated proteins without altering the underlying sequence. Epigenetic
modifications are responsible for the neurological and neurodevelopment diseases, autoimmune or
inflammatory disease and the maintenance and development of cancer. Chronic psychosocial stress, a hallmark
of modern and fast-paced societies not only affects health but also directly upsets our body physiology,
contributing to negative outcomes. Yet, the impact of these risk factors varies person to person and gaining
insights into how life stories shape the individual health outcomes which can contribute to better—targeted and
personalized interventions. Several literature sources support the fact that epigenetic modification can be
influenced by environmental factors such as diet, stimuli, inflammation, age, smoking ete. which control the
gene expression, influence the various gene functions. As a result, the environmental conditions and inherited

genome are interconnected Wlth each OEi’lCI’.4

My part in this story

In our lab, my work is to determine the effect of epigenetic modification in the gene promoter region. I started
my journey with the investigation of G-rich sequence found in gene promoter region. Using bioinformatics
tools, I was able to deduce the multiple sequence alignment, phylogenetic tree, transcription factor of the gene
and its location. The characterization of the Grich DNA sequence was carried out using various biophysical
and biochemical technique such as native polyacrylamide gel electrophoresis (PAGE), Circular dichroism
(CD), CD melting and UV thermal melting experiments. In our result, we have concluded that the DNA
methylation which introduced at the fifth position of cytosine residue does not make any structural differences
as compared to the non-methylated DNA sequence. However, our study found that the thermal stability of the
methyiated DNA' sequence significantiy reduced. Furthermore, our abiiity to study transcription factor
binding specificity enhanced a new dimension to our understanding of transcriptional regulation. Nonetheless,
further research will be required to understand how abnormalities of the methylation machinery lead to
disease states and what components of this machinery will be appropriate targets for therapeutic intervention.

Once we learned how our epigenome influences us, we sureiy learn how to influence it.
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A NEW PARADIGM IN WASTEWATER TREATMENT: THE CARBON
QUANTUM DOT APPROACH

DR GAZALA RUHI
DEPARTMENT OF CHEMISTRY, MAITREYI COLLEGE

The population growth, the technological advancements, the omnipresence of complex and diverse pollutants
has burdened the conventional waste water treatment approaches and hence emphasized the necessity to
develop advanced remediation technologies. Pollutants like synthetic dyes such as Reactive Blue 222 (RB 222),
Reactive Yellow 145 (RY 145) etc. are of critical concern due to their comp]ex molecular structures, stabi]ity in
aqueous media, and resistance to conventional biological degradation. A sustainable and efficient wastewater
treatment approach would be to harness the photocatalytic properties of the nanostructured semiconducting
materials for the degradation of such pollutants. The carbon Quantum Dots (CQDs) and their novel composites
have recently gained attention as potential alternatives, tailored for Visible—light—driven degradation of azo dyes.I
CQDs have intrigued researchers by placing themselves as a fascinating category of nanomaterials (size smaller
than 1onm), exhibiting exceptional chemical stability, biocompatibility and photocatalytic properties. Their
synthesis route has been broadly classified into the bottom-up approach (microwave assisted, hydrothermal or
solvothermal carbonization of organic precursors like simple fruits and vegetable peels) and the top-down

approach (fragmentation or exfoliation of carbon sources like graphite or carbon nanotubes).

An interesting research work of green synthesis of CQDs and its composites from waste mango peels fruit
subjected to hydrothermal carbonization results into the formation of functionalized tiny carbon particles
having plethora of carboxylic and hydroxyl groups.” The presence of these functional groups imparts colloidal
stability and induces hydrophilicity for favorable binding to metal oxide surfaces for efficient photocatalytic
interactions. The synthesized CQDs were spherical particles of 1-4nm size with thermal robustness up to 800°C.
As a novel approach, cobalt substitute zinc ferrite nanoparticles (CZF) having good photodegradation efficiency

to reactive azo dyes were coated with CQDs to form CZF@CQDs nanocomposites with enhanced properties.

An electrostatic interaction occurs between the cations adsorbed on the CZF surface and the anionic
carboxylate ions from the carbon quantum dots (CQDs). The The CZF@CQDs nanocomposites shows
interesting mechanism of the photodegradation of azo dyes. CZF when coated with the carbon quantum dots
and irradiated with visible light, excitons (e- and H* pairs) are formed over CZF nanodots. During this, transfer
of electrons from the conduction band to CQDs happens leaving holes in the valence band. The parallel up-
conversion causes carbon quantum dots to absorb visible light of longer wavelengths (between 450-700 nm) and
emit shorter wavelengths of light. This stimulates the cobalt substitute zinc ferrite nanoparticles (CZF) to create
clectrons and h+ pairs. The rapid excitation and recombination enhance the photocatalytic activity. The e¢/H’
pairs react with oxidants or reducers to form -O2-, -OH, which cause photodegradation of the azo dye by
breaking the azo bond (-N=N-).

The electrophilic breakage chromophore azo bond (-N=N-) of the dye by the CZF@CQDs photocatalyst causes
fast decolorization of the dye solution. The fast photocatalytic degradation is basically due to the high surface
arca of the composites. This includes the small crystal size as and well populated active sites on the surface of the

catalyst. The generation of huge number of -OH and -Oz2- radicals facilitate easy oxidation or reduction of azo

bonds.
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THE PHOTOCATALYST REVOLUTION: LIGHT
ACTIVATED REMEDIATION OF
ORGANOCHLORINE PESTICIDES

DR. HEMA BHANDARI
DEPARTMENT OF CHEMISTRY, MAITREYI COLLEGE

In an era where clean water is becoming an environmental safety is under threat, scientists are urgently exploring
ways to undo the damage caused by decades of pesticide use. Organochlorine pesticides (OCPs)-a class of chemicals
once widely used to protect crops and control diseases, but now recognized as hazardous pollutants. Despite being
banned in many regions, OCPs like DDT, aldrin, and endosulfan continue to linger in our soil, water, and even
human tissues. Their resilience makes them both dangerous and difficult to remove. However, a bright solution is
emerging quite literally from sunlight.

As we know that OCPs still a problem as these pesticides are known for their chemical stability, low water
solubility, and high fat solubility, allowing them to remain in the environment for decades. These properties also
lead to bioaccumulation in the food chain, affecting fish, birds, and humans alike. People exposed to these
pesticides, whether through contaminated water or food face a host of health issues ranging from hormonal
imbalance and cancer to neurological disorders. However, surprisingly, these chemicals are still used in some parts
of the world due to their low cost and effectiveness, despite international agreements like the Stockholm

Convention that aim to restrict them.

The Need for New Solutions

Traditional water treatment methods such as filcration, oxidation, and biological degradation have failed to
climinate OCPs completely or safely. This is where photocatalysis steps in as a revolutionary technique. Unlike
older methods, photocatalysis uses light-activated materials to break down harmful chemicals into harmless
byproducts. What makes this technique truly exciting is that it can work under visible light, including sunlight,

making it both eco-friendly and cost-effective.

Photocatalysts used in degradation of Organo chlorine pesticides
Photocatalysis involves using special materials such as nanomaterials like titanium dioxide (TiO,) or zinc oxide
(ZnO) that absorb light and generate reactive species. These reactive molecules then attack and dismantle the

chemical bonds in OCPs, transforming them into non-toxic compounds.™

In order to improve efficiency, researchers have developed heterojunction structures and metal-doped
photocatalysts that respond better to visible light and prevent electron-hole recombination, a common problem
that limits degradation efficiency. Scientists have successfully degraded a variety of OCPs using sunlight-driven
photocatalysis: for example, Lindane was broken down by zero-valent iron and nitrogen-doped TiO, with up to
100% eﬁ‘,‘iciency.‘3 DDT, one of the most infamous pesticides, showed over 90% degradation in just a few hours using
nickel-iron nanoparticles. Endosulfan and dicofol were reduced by more than 80% with nanocomposites like
MoS,/ZnS and ZnO under visible light” Methoxychlor, chlordane, heptachlor, and endrin have all shown

measurable degradation using tailored photocatalytic systems and microbial processes.
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Environmental and Global Impact

The presence of OCPs in lakes, rivers, and drinking water across continents from India to Argentina to Australia—
underscores the global scale of pesticide pollution. Bioaccumulation of these toxins has been recorded in marine
animals, food supplies, and even breast milk, sparking alarm among health experts and environmentalists alike.
Countries like China and India top the charts in pesticide consumption, while developed nations like France and

Germany are actively investing in research for remediation technologies.

The Promise and the Challenges
Visible-light photocatalysis is not just a lab-based dream it holds real promise for communities in need of
affordable, sustainable water treatment. However, some challenges remain. High material costs, limited large-scale
deployment, and inconsistent sunlight availability in some regions need to be addressed.
Hence the Future research is focusing on the following points:

* Designing more efficient photocatalysts using eco-friendly methods.

* Exploring low-cost materials for mass production.

* Targeting under-researched pollutants such as chlorophenol and pentachlorophenol.

* Developing hybrid technologies combining photocatalysis with other treatment methods.

Conclusion

The world is in urgent need of solutions that not only treat pollution but do so without harming the planet further.
Photocatalysis offers a light-powered path forward, using the sun’s energy to destroy toxins that once seemed
indestructible. By continuing to invest in this green technology, we can aim for a future where clean water is a

right, not a privilege and where past mistakes are corrected with the brilliance of modern science.
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CRITICAL ROLE OF ECO-FRIENDLY H20:
CATALYST IN WASTEWATER TREATMENT

DR. NAVNEET KISHORE
DEPARTMENT OF CHEMISTRY, MAITREYI COLLEGE

As we all know, the problem of water pollution is very serious. Our entire ecosystem is affected when water gets
po]]uted. Organic waste products p]ay a very signifieant role in contaminating water. Therefore, the breakdown
of these organic pollutants has become very urgent. The elimination of these pollutants will surely enhance the
quality of both water and environment. Many methods have been adopted time to time for the destruction of
these harmful pollutants. The devastation through oxidation has proved to be extremely effective. There are
several oxidation processes reported in the literature with different reagents and reaction condition to oxidise
these pollutants. The ecofriendly chemical entity, hydrogen peroxide (H202) played very extensive role in the
degradation of pollutant. H202 extensively used with Fez+ ions in the generation of free radical species,
popularly known as Fenton reagent. Metal ions activate H20z2 to the free radicals which depends on metal used.
These generated free radicals are also known as reactive oxygen species (ROS). The Fenton reaction is mainly
associated with the generation of extremely high reactive «OH free radical. It has strong eapabi]ity to degrade all

the organic contaminants mentioned in the given Figure.

The use of H20z2 in various oxidation process becomes a part of extended sustainable future cacalysis. The H202
is considered as ecofriendly because it gives water and oxygen on decomposition. Morcover, the generation of in-
situ and ex-situ is possible in various process which are involved in water purification catalysis. The activation of
H202 is carried out cither by the metals or in the presence of sunlight/UV light. There are some reactions
mentioned below which showed the generation and decomposition process of H20z. This property of H202

makes unique among other environmentally sustainable catalysts.
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In conclusion, recently more than 400 research articles have been published which involve the role of hydrogen
peroxide in oxidation process. Hence, H2Oz2 is the centre of attraction in various oxidation process in present of
iron and few other metals. These processes are termed as the advanced oxidative process which deteriorate the
harmful water po]lutant during waste water treatment. These new ﬁnding ]eading towards the insightful
techniques for the water purification. Therefore, we can say that if such research work continues, then soon we

will get rid of polluted water.
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Multiphase Catalyst

TANNU
B.Sc. (Hons) Chemistry, lll Year

In pharmaceutical and high—quality chemical industries, catalytic multiphase reactions have become increasingly
critical due to their significant impact on modern manufacturing processes and the production of high-value
chemicals. Traditional pharmaceutical synthesis focused mainly on efficiency, with limited attention given to
reactor design and environmental sustainability. However, conventional synthetic routes for approved drugs
often generate considerable waste and employ toxic reagents, which pose both safety and environmental risks.’
The increasing demand for more environmentally friendly and safer chemical processes has underscored the
advantages of multiphase catalysis. These systems offer improved efficiency and are better suited to meet the
growing regulatory pressure for sustainable practices. Many pharmaceutical manufacturing routes involve high
molecular weight and thermally unstable intermediates. To make these processes commercially viable, catalysts
with high activity and selectivity, along with simplified product separation, are essential.

Recent trends have introduced novel catalytic structures, including homogeneous and heterogeneous catalysts,
organometallic complexes, supported metal catalysts, and organic catalysts. Advances in tandem synthesis, the
development of new ligands for asymmetric catalysis, and the heterogencous immobilization of homogeneous
catalysts have significantly improved overall catalytic performance and environmental compatibility.’
Multiphase reactions—whether solid-liquid, liquid-liquid, or gas-liquid—are vital in enabling efficient
transformation pathways. Catalysts are central to these systems, especially when dealing with poorly soluble
reactants or products. Among them, heterogencous catalysts incorporating chiral metal complexes are poised to

play a key role in the future of the pharmaceutical industry.

Homogenous catalytic reactions

Homogeneous catalysts are essential in the synthesis of fine chemicals, pharmaceuticals, and materials. However,
their large-scale industrial application is often hindered by challenges in catalyst separation and recycling. To
address these issues, significant progress has been made in the development of multiphase catalysis strategies
over the past decade. These approaches not only resolve separation challenges but can also enhance catalyst
performance while offering environmental benefits.

Key drivers of recent advancements in homogeneous catalysis include:

1.Environmentally Friendly Processes: The potential to develop greener synthetic pathways under milder
conditions with high selectivity and catalytic activity.

2. Versatile Reaction Scope: Homogeneous catalysis enables a wide range of chemical transformations such as
carbonylation, hydroformylation, amination, epoxidation, hydrogenation, C-C coupling reactions, and
oxidation. These catalytic routes often outperform traditional stoichiometric or less selective methods.

3.High Enantioselectivity: The synthesis ofbiologically active molecules with high enantioselectivity through

asymmetric catalysis.
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4. Catalyst-Product Separation: Advances in heterogenization techniques (e.g. encapsulation or conversion into
biphasic systems) that simplify catalyst recovery and reuse.”

Several industrial examples highlight the successful application of homogencous catalytic processes. For
instance, 4-acetoxy-2-methylcrotonaldehyde, an intermediate in the synthesis of vitamin A, is produced by
companies such as Hoffmann-La Roche (Fitton) and BASF using high-pressure (515 MPa) hydroformylation

process.

Heterogeneous Catalytic Reactions

Heterogeneous catalysis is currently an important tool for promoting the sustainable use of resources in the
production of energy, chemicals, and materials, while also contributing to environmental protection and
restoration. The use of heterogeneous cata]ysts in fuel and chemical manufaeturing reduces energy
consumption and minimizes the generation of non-recyclable waste by enhancing the activity and selectivity in
the conversion of both fossil and renewable resources. It also plays a crucial role in the treatment of air and
water pollutants.’

The effectiveness of heterogeneous catalytic structures in treating hazardous water contaminants is well
recognized. The degradation of pollutants using naturally occurring mineral dust in the atmosphere illustrates
the essential role that heterogeneous catalytic processes play in safeguarding the global environment.

A variety of low-volume, high-value specialty products such as pharmaceuticals, are synthesized using three-
phase catalytic reactions to support cleaner and more efficient chemical processes. One notable example of a
four-phase reaction (gas-liquid-liquid-solid) is the hydrogenation of nitrobenzene to p-aminophenol, a key
intermediate in the production of paracetamol, a widely used pharmaceutical analgesic.

Compared to heterogencous catalysis, homogeneous catalysis is often limited by the use of solvents, which
complicates catalyst recovery and increases both cost and environmental risk. This is one of the primary

reasons W]’ly the chemical industry generally favors heterogeneous Catalytic processes.

Reaction Engineering Aspects
Multiphase catalytic reactions in drug manufacturing are typically evaluated based on overall efficiency and
product quality. Therefore, reactions that produce impurities must be carefully managed. When selecting
reactors for these processes, several critical factors must be considered:
1.Product Purity and Selectivity: Maximize reactant conversion and product selectivity while minimizing
byproduct formation to ensure the final product meets desired purity and specification standards.
2.Operational Simplicity: Design for ease of operation to enhance safety and reduce capital and operational
costs.

3. Scalability: Ensure that the process is feasible and adaptable for scale-up to commercial production levels.

Multiphase Reactors in Pharmaceutical Applications

The characteristic types of multiphase reactors used in gas—liquid and gas—liquid—solid reactions have been
clarified in detail by Ramachandran (1983), Plants (1992), and Dudukovi¢ (2002, pp. 123-246). Strategies for
selecting appropriate reactor designs have been further discussed by Krishna and Sie (1994), and Chaudhari and
Plants (2000) that includes (A) A stirred tank reactor with various impellers and gas induction features (Biazzi
design), and (B) A Buss loop recycle reactor (developed by Davy Process Technology; Baier, 2001).

However, dedicated reactor configurations for more complex systems—such as 1iquid—1iquid, gas—liquid—liquid,
and gas-liquid-liquid-solid reactions—are still underdeveloped. These advanced multiphase processes often
require modification of traditional setups to enhance mixing efficiency and mass transfer characteristics for the

selected reaction pathway.
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Most pilot-plant and industrial reactor designs remain proprietary and are considered trade secrets. Nonetheless,
some commerciaﬂy implemented systems in the pharmaceutical industry use mixed reactors and 100p recycle
reactors. For example, the Buss loop reactor is highly effective for hydrogenation reactions due to its superior mass
and heat transfer capabilities (Baier, 2001) and is employed in several large-scale processes, such as the asymmetric
hydrogenation of MEA imine to (S)-N-alkylated aniline (Blaser and Schmidt, 2004). Another reactor design

proposed by Biazzi utilizes multiple agitators with integrated gas induction for enhanced performance.

Engineering Considerations in Multiphase Reactor Design
Multiphase catalytic reactions in fine chemicals and pharmaceutical manufacturing involve complex
interdependencies among reaction chemistry, thermodynamics, transport phenomena, energy integration, liquid-
phase mixing, and operational strategies. These factors are process-specific and must be considered during reactor
selection and design.’
To meet commercial-scale perfbrmance targets, standard reactor types often require customization. Key
engineering objectives include:
1. Achieving High Conversion and Selectivity: Ensuring the desired product purity and specifications by
maximizing reactant conversion and minimizing by-product formation.
2.Operational Simplicity and Safety: Facilitating safe and reliable operation while reducing capital and
operational costs.

3.Scalability: Ensuring smooth and cost-effective scale-up from lab or pilot plant to commercial production.

A detailed examination of reactor engineering and modeling parameters—including hydrodynamics, mass
transfer, and thermal behavior—is essential. These parameters are sca]e—dependent and may vary signiﬁcantly with
system properties, unlike intrinsic reaction kinetics or physical constants.

Although it may not always be feasible to develop fully predictive models for every process, a thorough
engineering analysis can help identify critical factors for optimal reactor design. Additional research is needed to
fully understand essential aspects such as kinetic modeling in biphasic Catalytic systems and the nonlinear
dynamic effects encountered in asymmetric catalysis.

Understanding and scaling up these advanced technologies in the pharmaceutical industry requires familiarity
with modern gas-liquid-liquid reactor configurations, as well as access to accurate mass transfer and

hydrodynamic data.
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COMPUTATIONAL
CATALYSIS

AND SIMULATION

Catalysis piays a crucial role in chemical transformations, accelerating reactions without being consumed. It is

the backbone of industrial chemistry, influencing sectors such as pharmaceuticals, petrochemicals, and
environmental remediacion." Tradicional catalyst design has primarily relied on experimental trial-and-error
methods, which are often time-consuming, expensive, and inefficient. With advancements in computational
chemistry, catalysis has undergone a revolutionary transformation.” Computational catalysis, combined with
simulation techniques, allows chemists to model, predict, and optimize catalytic processes with high accuracy.
Using tools like Density Functional Theory (DFT), Molecular Dynamics (MD ), and Kinetic Monte Carlo (KMC)
simulations, researchers can now understand reaction mechanisms at an atomic level, design novel catalysts, and
improve reaction efficiencies.”

Fundamentals of Computational Catalysis

Computational catalysis is the application of theoretical and computational methods to study catalysts and their
interactions with reactants. The primary goal is to provide molecular-level insights Into reaction pathw;ys,
activation barriers, and catalytic efficiencies. Key are as of computational catalysis include Electronic Structure
Calculations predicting the electronic behavior of catalysts to determine their reactivity, Reaction Mechanism
Modeling identifying transition states and reaction intermediates to understand catalytic cycles. Surface
Chemistry Simulation studying how molecules adsorb, react, and desorb from catalyst surfaces. Kinetics and
Thermodynarnics Analysis determining activation energies, rate constants, and reaction equiiibrium conditions.”

Computational Methods
Several computational techniques are employed in catalysis research:

* Density Functional Theory (DFT)
DFT is the most widely used quantum mechanical method in computational catalysis. It approximates the
electronic structure of molecules and solids, solving the Schrédinger equation numerically.”

* Molecular Dynamics (MD) Simulations
Molecular Dynamics (MD) simulations track the movement of atoms and molecules over time using Newton’s
laws of motion. These simulations help chemists understand how catalysts behave under realistic temperature
and pressure conditions.’

e Kinetic Monte Carlo (KMC) Simulations
KMC is a stochastic method used to model reaction kinetics over long timescales. Instead of tracking individual
atomic movements (as in MD), KMC focuses on probabilistic reaction events occurring on catalyst surfaces.”

ISHITA BHADANA
B.Sc. (Hons) Chemistry

[IIrd Year
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Applications of Computationa] Cata]ysis

Computational catalysis is widely used in various fields, from industrial chemistry to environmental
sustainability and renewable energy. Industrial Catalysis rely heavily on catalysis to improve efficiency
and reduce costs. Computational methods have significantiy enhanced traditional Cataiytic processes,
such as Ammonia Synthesis (Haber-Bosch Process), Petrochemical Refining." Environmental Applications
Catalysts are essential in reducing harmful emissions and improving sustainability. Computational
methods aid in designing catalysts for CO, Capture and Conversion, DeNOx Catalysis.* Renewable
Energy and Green Chemistry are Computational simulations are driving advancements in energy-
cfficient catalysts for green energy applications, Hydrogen Evolution Reaction (HER), Oxygen Reduction
Reaction (ORR), Photocatalysis for Water Splitting.” Enzyme and Biomolecular Catalysis Computational
tools are crucial in enzyme engineering and drug design. By simulating enzyme-catalyzed reactions,
scientists can, Design synthetic enzymes for industrial biocatalysis, Optimize enzyme substrate specificity
and efficiency, Develop enzyme inhibitors for pharmaceutical applications.”

Recent Advancements in Computational Catalysis

The field of computational catalysis is rapidly evolving, driven by advancements in artificial intelligence
(Al), quantum computing, and high-performance computing (HPC).

1. Machine Learning and Al in Catalysis: Al and machine learning (ML) are transforming computational
catalysis by Predicting catalyst properties based on large datasets, Automating the discovery of new
catalytic materials, Optimizing reaction conditions with minimal computation time.”

2. Multi-scale modeling combines Quantum Mechanics (QM): For electronic-level interactions,
Molecular Mechanics (MM): For large-scale molecular behavior. This approach provides accurate
predictions of catalyst behavior under real-world conditions.”

3. High—Throughput Catalyst Screening: Automated computationai screening techniques allow scientists
to evaluate thousands of potential catalysts in a short time. This method accelerates the discovery of high-
petformance Catalysts for industrial and environmental appiications[5

Chai]enges and Future Prospects

Despite its success, computational catalysis faces several challenges Computational Cost: Simulating
complex catalytic systems requires high-performance computing (HPC) resources Accuracy Limitations
approximate methods (e.g., DFT) may not fully capture strongly correlated systems, Experimental
Validation computational predictions must be tested through real-world experiments, Quantum
Computing for Catalysis quantum computers may solve chemical equations more accurately than classical
computers.’

Computational cataiysis and simulation have revolutionized the way scientists design and understand
catalytic processes. By combining quantum mechanics, molecular simulations, and Al-driven models,
researchers can predict reaction mechanisms, improve cataiyst efficiency, and accelerate innovation in
chemistry as computational power continues to grow, the future of catalysis will be increasingly data-
driven, sustainable, and efficient. These advancements will not only enhance industrial production but
also contribute to a cleaner and greener world.
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GREEN CATALYSIS: HOD OF OUR HOPE
TOWARDS SUSTAINABILITY

Bharti Mahajan
B.Sc. (Hons) Chemistry
| year

Imagine a world where energy is generated without harming the environment; no greenhouse gas
emissions, no damage to ecosystems. Sounds unrealistic? Not anymore!

Thanks to the dedication of scientists and engineers, this vision is becoming a reality. They are
pioneering innovative, cleaner, and greener production methods that support sustainability. At the
heart of this transformation are Green Catalysts, the unsung heroes working behind the scenes to
bring our dream of a sustainable future to life.

Green Catalysis and Its Origin

Green Catalysis is a sub-discipline of Green Chemistry. While many still associate chemistry with
toxic substances and environmental harm, Green Chemistry challenges that perception. It focuses
on designing chemical processes and products that minimize or eliminate the use and generation of
hazardous substances.

A significant part of this green revolution involves replacing conventional, harmful chemicals with
cco-friendly alternatives. One major advancement is the use of enzymes—biological catalysts that
facilitate chemical transformations in a much safer and environmentally friendly manner.'

Enzymatic Action in Harmony with Green Chemistry

Enzymatic or biocatalytic processes are a natural fit within the framework of Green Chemistry.
They offer sustainable alternatives to traditional industrial practices, which often rely on corrosive
and toxic reagents. By using enzymes, industries can replace harmful methods with safer, greener
solutions, contributing to both environmental and economic sustainability.

How Enzymes are Used in Green Catalysis

Enzymes that facilicate the transformation of various organic compounds or catalyze specific
reactions such as decarboxylation are known as biocatalysts. In green catalysis, enzymes are
employed as biocatalysts due to their eco-friendly nature and sustainable feasibility. They play a
vital role in the production of chemicals and fuels derived from renewable resources, of‘fering
advantages such as biodegradability, non-toxicity, and minimal environmental impact. By replacing
traditional, hazardous chemical processes, enzymatic catalysis supports the principles of green
chemistry.

Action of Biocatalysts in Green Production

r.Production of Bioethanol Using Enzymes

The production of bioethanol using enzymes is a prime example of green chemistry in action. This
process operates under mild conditions, such as ambient temperature and pressure, and achieves
high selectivity. In this method, polysaccharides (such as cellulose) are first broken down into
glucose with the help of enzymes. The resulting glucose is then fermented by yeast to produce
bioethanol, a renewable and cleaner alternative to fossil fuels.
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2. Production of Biodiesel

Elements such as silicon, aluminum, iron, calcium, and titanium that are abundant in soil have been
found to act as effective catalysts in biodiesel production. Similar catalytic properties are found in
bentonite, a natural clay rich in montmorillonite. This mineral has a high specific surface area and a net
negative charge, giving it a strong ion-exchange capacity. These features make it a valuable and eco-
fricndly catalyst for biodiesel synthesis, contributing to greener fuel alternatives.?

3. Green Catalysts as a Weapon Against Global Warming

Carbon dioxide (CO,) emissions are one of the most pressing environmental concerns today, contributing
significantly to global warming and climate change. From power generation to industrial manufacturing,
nearly all major activities release carbon emissions. Green catalysts offer a promising solution by enabling
cleaner processes, improving efficiency, and reducing the carbon footprint of chemical transformations.
By replacing harmful reagents and energy-intensive methods, green catalysts help mitigate the impact of
human activities on the planet.

Converting carbon dioxide (CO,) into useful chemicals presents a promising pathway toward
sustainability. However, due to its high chemical stability, CO, is notoriously difficult to convert. In
chemistry, every challengc comes with a potential solution—and in this case, that solution is hydrogcn.
When combined with CO,, hydrogen can be used to produce valuable fuels such as methanol. Methanol is
a crucial chemical feedstock and serves as an alternative fuel for internal combustion engines and fuel
cells. Tts favorable physical properties, including case of storage and transport, make it particularly
suitable for energy applications. This conversion not only provides a practical use for excess CO, but also
supports the development of cleaner energy systems.

Conclusions

Catalysts are key players in the quest for sustainability in catalytic reactions. They help transform
industries by improving efficiency and reducing environmental impact. To advance the field of caralysis,
it is essential to adopt sustainable catalytic processes that minimize energy consumption and reduce the
carbon footprint of reaction products. In real-world applications, green catalysts are powerful tools in
modern chemistry and chemical engineering, aiding in the achievement of sustainability goals. However,
new challenges continue to arise. The development of novel catalysts is often time-consuming and
expensive, making economic scalability difficult. More research and innovation are needed to develop
feasible, cost-effective, and advanced characterization methods to overcome these challenges and improve
the future of green and sustainable catalysis.
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Chemistry is often considered a complex and intricate
science; however, it is closely interconnected with all
aspects of our universe. Just as the unrivaled forces of
nature guide the cosmos, the principles of chemistry
control the production and change of matter. Transition
metal catalysis, the cornerstone of modern chemistry, uses
this deep connection to bring a message of new creation
that has led to a complete change in the world. The latest
breakthroughs in the industry emphasize its increasing
importance and staggering potential.

Transition metals, thanks to their ability to change
oxidation states and create a variety of complexes, have
always been known for their catalytic properties. As
molecular architects, they facilitate chemical reaction,
which otherwise would not occur, or proceed so slowly
that it would be of no practical use. Transition metal
crucial in the field of

catalysis, has become

pharmaceutical synthesis to material development.'

The most pioneering discovery in transition metal catalysis
is the development of cross-coupling reactions. These
reactions constitute the fundamentals of carbon—carbon
and carbon—heteroatom bond formation, including the
Suzuki—Miyaura, Heck, and Negishi couplings.” Among
the most impactful achievements are the newly designed
phosphine and N-heterocyclic carbene (NHC) ligands,
which provide greater catalytic efficiency and selectivity.
Besides, scientists have been casting their rod at metals
such as nickel and iron, and palladium which are

environmentally friendly and cost-effective.

These metals noticeably expand the potential for cross-
coupling reactions beyond their traditional use in
pharmaceuticals, thereby opening up new avenues in the
development of technology and manufacturing materials.

A new idea in the sphere of organic synthesis-the activity
of carbon-hydrogen (C-H) bonds has arisen as a disruptive
concept.” Generally, C-H bonds are regarded as non-
reactive. However, through the catalytic action of
transition metals like rhodium, iridium, and cobalt, C-H
bonds are now being considered viable targets for
functionalization, which is achieved using directing groups
that remotely control metal catalysts—a strategy that has

greatly advanced selectivity.’
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Besides, the use of enantioselective C-H
activation has led to the advent of chiral
molecules, which are so wvital in the
pharmaceutical sector and also in a number of
advanced applications. Besides that, catalysis
of this kind is on the path to consider waste
minimization as it does not need pre-
functionalized starting materials, aligning
itself with green chemistry principles.*
Another important area of innovation is the
coupling of transition metals with photo redox
catalysis. This approach combines light-driven
photocatalysis with metal catalysis to enable
new, efficient chemical transformations.
Scientists have discovered a way to produce
energy-efficient and environmentally friendly
products with the help of advanced
illumination techniques.

For example, the interaction of iridium or
ruthenium complexes, with organic dyes under
mild conditions provides the basis for the
development of new synthetic strategies.
These systems allow precise and detailed
control of the reaction process, allowing us to
explore real-world research models involving
molecules such as drugs and compounds used
in eye care.
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Electrocatalysis, a traditional energy source with a range of renewable energy sources, is also making
impressive progress. Transition metal electrocatalysts are at the forefront of technologies such as water
splitting, carbon dioxide reduction, and fuel cells. Recent developments in bimetallic catalysts and low
atomic number single atom catalyst structures are especially noteworthy. For example, platinum- and
cobalt-based electrocatalysts have shown to be effective in the hydrogen evolution reaction (HER)-
required for green water production. Solar cells can be seen as a stepping stone in the evolution of metal
electrocatalysts, paving the way for the storage and conversion of renewable energy, as well as addressing

issues such as energy security and climate change.’

The inception of computational chemistry and machine learning is fast-tracking a new era in transition
metal catalysis. These tools facilitate the researchers to get more detailed insight into the reactions,
forecast the most suitable catalysts for a given reaction and then expedite the process of discovering the
new catalytic systems. High-throughput screening of catalyst libraries, using artificial intelligence, has
now become a mainstay of modern catalysis research. With the help of machine learning models, trained
on theoretical and experimental data, the prediction of the outcome of reactions is now done with the

minimum of error, thereby reducing the time and cost associated with catalyst development.

Despite these successes, transition metal catalysis continues to face many challenges. The gap between
laboratory and commercial applications is one of the biggest issues that needs to be addressed. Industrial
processes often require strong and durable catalysts that operate under extreme conditions. Scientists are
also looking to replace expensive and rare metals such as palladium, rhodium and iridium with other
earth-abundant metals such as iron, copper and manganese.” This shift is critical to ensuring the long-
term sustainability of catalysis technology.

The need for sustainable catalysis in the context of environmental problems is increasing. In order to
reduce the ecological burden of chemical processes, the use of recyclable and biodegradable materials
derived from precious metals is becoming increasingly prevalent. In addition, the integration of catalysis
and biomass feedstocks offers a way to combine natural resources with waste, a concept proposed in the
circular economy. Natural enzyme catalysis is often compared to the best catalysts with small and high
specific and effective properties. Researchers working on metalloenzymes and biomimetic catalysts aim
to combine the advantages of biological and non-biological materials to leave traces of such chemical
systems, thus paving the way for the emergence of new forms of catalysis.” These hybrid systems can

convert simple molecules such as carbon dioxide and nitrogen into useful chemicals and fuels.

Equally interesting is the concept of dynamic catalysis wherein catalysts re-adjust their structure or
electronic properties according to the reaction environment. Dynamic catalysts can increase the
production rates, improve the selectivity of the desired products, and boosts the overall efficiency, simply
by controlling the reacting condition. Cutting-edge methods in the in-situ characterization of electronic
materials such as X-ray absorption spectroscopy, and electron microscopy are uncovering entirely new
insights into these dynamic systems.

Progress has also been made in transition metal catalysis with new approaches such as additive
manufacturing and microfluidics. Advanced manufacturing techniques such as 3D printing of elements
and the customization of architectural dimensions from photographic data facilitate the catalyst design
process. Another advantage of these systems is that they allow users to control temperature, pressure and
flow rate using microfluidic devices. In this way, the results of catalytic reactions can be observed in real

time and accurately through experiments.
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In conclusion, the application of the transition metal catalysis is the close connected to the scientific
development and practical implementation. Through the manipulation of the specific characteristics
of transition metals, the researchers aim not only to deepen scientific understanding but also to
mitigate some of the most demanding global challenges. The use of transition metal catalysis is not
just a matter of impact but also a far-reaching and profound one. The advancement of this field likely
driven by collaboration of interdisciplinary teams, consisting of chemists, physicists, biologists, and

engineers working towards the common goals and developing chemistry into a new dimension.
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Chemistry is considered a branch of science that affects every aspect of our lives and the world. It is like an
invisible chain that connects all living and non-living beings, thus participating in the entire process of creating
the natural world and the economy. Its existence is based entirely on nature itself, and its inventions have
enormous potential to solve some of the world's most dangerous problems. Among these technologies, green
catalysis technology stands out as the most promising in terms of leading to sustainable and healchy

development and compensating for the damage caused by air pollution.’

Green catalysis is a way to permanently change chemical processes to make them environmentally friendly,
efficient and sustainable. Catalysts are substances that accelerate reactions without consuming themselves and
are indispensable for industrial processes. The only problem with catalytic processes is that they often rely on
toxic chemicals or require a lot of energy to produce, thus producing a lot of waste and pollution. These
shortcomings require a transition to new technologies based on sustainable principles, and green catalysis seems

to be an important tool for chis transition.?

Green catalysis is based on three principles: atom economy, chemical reduction, and energy efficiency. Green
catalysts are designed to reduce waste and environmental impact while maintaining the quality of reaction
products and saving costs. Compared to traditional processes that often produce toxic byproducts, green
catalytic systems tend to produce less waste and reduce environmental impact. As the story goes, some
organisms, such as enzymes, act as biological catalysts. These enzymes have the ability to effectively support
processes such as photosynthesis and nitrogen fixation, allowing researchers to create effective and attractive

models for catalytic systems.
In recent years, due to the development of new materials and the discovery of new environmentally friendly

processes, many green catalysis technologies have emerged and have revolutionized many sectors.

Nanostructured catalysts, metal-organic frameworks (MOFs) and bio-based catalysts are currently among
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the most promising alternatives to traditional systems. These materials provide the highest level of efficiency
and selectivity, meeting the needs of various industrial sectors.” They also help reduce environmental damage,

allowing companies to achieve their production goals while adhering to sustainability principles.’

The sector that benefits the most from green catalysts is the energy sector. For example, biofuel production
using green catalysts offers a green alternative to fossil fuels. Catalysts help reduce carbon emissions and reduce
dependence on non-renewable energy sources by converting biomass into valuable fuels and chemicals. In
addition, water splitting technology using green catalysts paves the way for sustainable hydrogen production.
Often referred to as the “fuel of the future,” hydrogen has the potential to revolutionize the energy sector by

providing clean, efficient, and renewable electricity.’

In the pharmaceutical enterprise, inexperienced catalysis has enabled the sustainable manufacturing of medicine
and 1ive]y pharmaceutical substances (APIs). Asymmetric hydrogenation reactions, facilitated by means of
inexperienced catalysts, have been instrumental in synthesizing complex APIs with high purity and minimal
waste. These improvements not only decorate the performance of drug manufacturing but additionally lessen

the environmental impact of pharmaceutical production.’

Green catalysis is also used in agriculture to expand the use of environmentally friendly fertilizers and
pesticides. These innovations provide higher yields without harming the environment or human health. Green
catalysis is also used in dye synthesis and wastewater treatment, playing an important role in solving pollution
problems in the textile sector. Textile companies can reduce their ecological footprint and contribute to the

globa] cconomy by using grccn catalytic processes.

The significance of inexperienced catalysis extends past character industries to broader worldwide desires. Its
principles align seamlessly with the United Nations Sustainable Development Goals (SDGs), in particular the
ones associated with weather movement, less costly and clean electricity, and accountable intake and
production. By decreasing emissions, maintaining assets, and promoting green technologies, green catalysis plays

a vital position in accomplishing those goals.’

Recent research is demonstrating the power of green catalysis to solve one of the most pressing environmental
prob]ems: the use of carbon dioxide (COZ). Catalysts derived from natural materials such as zeolites and c]ays
have been used to convert CO into valuable chemicals and fuels. In addition to reducing greenhouse gas
emissions, the system enables a circular economy by offering new solutions for the use of carbon dioxide. For
example, using green catalysts, CO can be converted into methanol, a highly valuable product. This process

rcduccs depcndcncc on fOSSil fllClS and hClpS reducc global C‘Al’bOl’l 61’1’1iSSiOl’lS.S

Photocatalysis, every other place of green catalysis, has gained interest for its software in water purification.
Photocatalysts, whilst uncovered to daylight, damage down dangerous pollutants into innocent by using-
merchandise. This sustainable approach addresses the worldwide water crisis with the aid of presenting a value-
powerful and eco-friendly answer for treating contaminated water.” Moreover, improvements in photocatalysis
have opened avenues for sun electricity conversion, similarly emphasizing its potential in sustainable

. 6
1mprovcmcnt.

Aithough green cataiysis l’lO]dS great promisc, it Still faccs many challcngcs that nccd to bc addrcsscd tO ensure

its widespread application. One of its key functions is scalability. The transition from pilot scale to commercial
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projects requires significant funding and technoiogical development. In addicion, the high cost of some green
catalysts, including those containing rare or precious metals, may hinder the commercial use of these

technologies.

Another essential thing is the want for more attention and robust coverage guide. Policymakers, researchers,
and industries need to collaborate to promote the adoption of inexperienced catalysis and make sure that its
benefits are broadly recognized. Educational projects and investment for research and improvement are

essential to overcoming those obstacles and fostering innovation in this subject.

The evolution of green catalysis marks a transformative step towards a sustainable future. By embraeing
environmentally benign tactics and materials, it offers a viable technique to some of the most urgent
environmental troubles of our time. As studies and innovation hold to advance, green catalysis will certainly
play a pivotal position in shaping a greener, more sustainable international. By gaining knowledge of from
nature and leveraging the electricity of technology, humanity can attain a harmonious balance among

commercial progress and environmental preservation.

Green catalysis is not simply a systematic development; it's miles a testament to the capacity of human
ingenuity to create answers that recognize and keep the natural global. Through collaborative efforts and a
commitment to sustainability, green Catalysis can pave the manner for a destiny where monetary boom and

environmental stewardship move hand in hand.
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Introduction

As the climate change has become a major issue since the 1970s and due its consequences the need for
sustainable energy sources have increased. The giobai shift towards sustainable energy solutions became
an advantage for the research in renewable energy technologies.

Eiectrocataiysis is a process that is known for speeding up chemical reaction at an electrode surface and
piays an important role in energy conversion processes such as water Cicctroiysis, hydrogcn and oxygen
reduction, ethanol oxidation and methanol oxidation. It aims to improve the reaction rate which means
the produced electric flow, through the lower activation energy. This article examines the
eiectrocatalysis, role of eiectrocataiysis in renewable energy, also delves into the applications of water
splitting, fuel cells, and carbon dioxide reduction and we will also go through the setbacks and future

ideas of the technology.

Electrocatalysis

Electrocatalysis can be defined as a catalytic method that enhances reactions by regulating charge
transfer at the interface of an electrode and electrolyte. It studies the relationship between the
physiochemical properties of electrode materials and mechanism and rate of the electrode reactions.”
Electrocatalysis is a crucial process in fuel cells and electrolysis devices. In electrocatalysis, bonds are
broken and formed by electron(e) and ion transport at electrode surfaces. The availability of renewable
electricity increases electrochemical device's ability to convert chemical to electrical forms, enabling

electrical energy to be stored in e]ectricity—driven conversions or manufactured as chemical molecules.”

Applications of electrocatalysis

. In water splitting - Water splitting electrolysis is an approach to achieve the efficient hydrogen
production in provision of energy conversion and storage in catalysis or electrocatalysis plays an
important role. The advancement of active, stable and low-cost catalysts or electrocatalysts is a
precondition for obtaining electrocatalytic hydrogen production from water splicting.”* Hydrogen is a
dynamic energy carrier which is used in fuel cells to generate electricity and water as byproduct.

In these two half-reactions are involved which are hydrogen evolution reaction (HER) and the oxygen
evolution reaction (OER)."* Both the reactions require e]ectrocata]ysts to lower the extra Voltage which

is needed to complete the reaction more than the thermodynamic requirements.

i) Hydrogen Evolution Reaction (HER): It is the half reaction of water electrolysis to produce hydrogen
at cathode which involves a two-electron transfer process. Mechanism of HER is highly dependent on

the environmental condition. For the HER reaction in acidic media, there are three possible steps:

H'+e - H,q. 1(a)
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H++e/+Had - Hz, I(b)
»H,q »H, 1(c)

First step - Volmer step it produces adsorbed hydrogen.
Second step - HER can proceeded by Heyrovsky step.
Third step - Tafel step

Both second and third step produce H..

HER reaction in alkaline media chere are two possible steps:

H,O +e¢ » OH + Hu 2(a)
H,O+e¢ +H,y-» OH+H, 2(b)

The first step 2(a) - Volmer step
Second step 2(b) - Heyrovsky step

There are two types of HER electrocatalyst:

A) Noble-metal based electrocatalyst- In this especially Pt-based catalysts are present

to improve the HER perf‘ormance.I For examp]e - Combining Pt with other low-cost transition metal
which can improve the application of Pt.

B) Non-noble based electrocatalyst - Transition metal carbides (TMCs) gained significant interest in
the development of non-noble based metal electrocatalysts. For example- Mo,C and WC generally show
high catalytic activity toward HER.'

ii) Oxygen Evolution Reduction (OER): In this the water is oxidized to produce oxygen gas and it
occurs at anode. It involves a four-electron transfer process which requires an elevated overpotential as
compared to HER. OER is called as the major hindrance in enhancing the overall efficiency of
clectrochemical water splitting.

The four-electron transfer process:

OH+M > M-OH + ¢ 3(a)
M-OH + OH > M-O + H,0 + ¢ 3(b)
M-O + OH » M-OOH + ¢ /2M-0 » 2M+0O, + 2¢” 3(c)
M-OOH+OH - O,+H,O+e+M 3(d)

The most efficient OER catalysts are iridium (Ir) and ruthenium (Ru) but due to their high cost has
promoted the development of non-precious metal catalysts such as nickel-iron (Ni-Fe) layered double

hydroxidcsls].

2. In fuel cells - Fuel cells (FCs) are an impressive option for energy conversion because of their ability
to produce little or no pollution offering high efficiency. Fuel cells are the devices which convert the
chemical energy directly into electrical energy with the help of electrochemical reactions. The most
general type of fuel cell is PEMFC (proton exchange membrane fuel cell), chis fuel cell uses hydrogen as
fuel and oxygen as the oxidant.

(i) Hydrogen Oxidation Reaction (HOR)- The Hydrogen Oxidation Reaction (HOR) is a process that
happens quickly, especially when using platinum-based catalysts. However, platinum is expensive, which
has led scientists to look for cheaper options like palladium (Pd) or platinum alloys. These alternatives
could make the process more cost-effective without sacrificing performance.

(ii) Oxygen Reduction Reaction (ORR) - When it comes to fuel cells, the Oxygen Reduction Reaction
(ORR) is often the slowest step, holding back overall efficiency. Platinum is still the go-to catalyst for
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ORR, but its high cost and tendency to get "poisoned” by impurities have pushed researchers to explore
other materials. One promising alternative is iron—nitrogen—carbon (Fe-N-C) composites, which are
cheaper and more resistant to poisoning.

3. In Carbon Dioxide Reduction - Turning carbon dioxide (CO,) into something useful is a hot topic in
the fight against climate change. The electrochemical reduction of CO,, known as the CO, reduction
reaction (CO.RR), is one way to do this. But to make it work, we need efficient catalysts that can steer
the reaction toward specific products like carbon monoxide (CO), formic acid (HCOOH), methane
(CH,), or ethylene (C,H,)."*

(i) Copper-Based Catalysts: Copper (Cu) is a popular choice for CORR because it can produce
hydrocarbons and alcohols. However, it's not perfect copper catalysts often struggle with selectivity and
stability. To fix this, researchers are experimenting with copper alloys and nanostructured copper
materials, which might offer better performance.’

(ii) Non-Copper Catalysts: Other metals like gold (Au), silver (Ag), and zinc (Zn) are also being studied
for CORR. These catalysts are great at producing specific products, such as CO or formic acid, making
them ideal for certain applications where those chemicals are needed.

Challenges and Future Directions

Even with all the progress in electrocatalysis, there are still some big challenges to tackle. For one,
precious metals like platinum, iridium (Ir), and ruthenium (Ru) are expensive and hard to come by. This
has led scientists to explore cheaper alternatives, such as transition metal oxides, sulfides, and carbon-
based materials.

Another issue is durability. Many catalysts break down over time due to corrosion, poisoning, or
mechanical stress. Developing catalysts that can withstand harsh conditions is crucial for making these
technologies viable in the long run.

Looking ahead, the focus is on creating advanced materials and innovative designs. For example,
nanostructured catalysts have a high surface area and unique properties that can boost performance.
Additionally, tools like computational modeling and machine learning are helping researchers discover
new catalysts faster by predicting how they'll behave.

Conclusion

Electrocatalysis is at the heart of many renewable energy technologies, from water splitting to fuel cells
and CO2z reduction. These catalysts are essential for making energy conversion and storage more
efficient.
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Biocatalysis, the use of natural catalysts such as enzymes to accelerate chemical reactions, has emerged as
a cornerstone of sustainable chemistry. Unlike traditional chemical catalysis, which often requires harsh
conditions and generates toxic byproducts, biocatalysis operates under mild temperatures and pH levels,
aligning with the principles of green chemistry." Enzymes are like the workhorses of biocatalysis, they
offer unparalleled specificity and efficiency, enabling industries to reduce waste and energy consumption.

Let us explore the fundamentals of biocatalysis, advancements in enzyme engineering, applications across
sectors, and future directions in this transformative field.

So first, let us address the most probable question: What are enzymes?

Enzymes are g]obu]ar proteins that Cata]yze biochemical reactions by ]owering activation energy. Their
three-dimensional structures create active sites where substrates bind, facilitating reactions with
precision. For instance, lipases hydrolyze fats, while cellulases break down cellulose.” This specificity
minimizes side reactions, making enzymes ideal for synthesizing complex molecules like pharmaceuticals.
Moreover, enzymes function optimally under physiological conditions, contrasting with industrial
processes that often require extreme heat or corrosive chemicals. While natural enzymes are powerfu],
their industrial application often requires optimization. Enzyme engineering addresses this through two
primary strategies: rational design and directed evolution.

Let us delve deep into the process of‘Enzyme Engineering via the two main strategies involved.

[. Rational Design

Rational design involves modifying enzymes based on structural and mechanistic knowledge. For example,
altering amino acids in the active site can enhance substrate binding or reaction efficiency. A landmark
achievement was the engineering of transaminases to synthesize the diabetes drug sitagliptin, replacing a
metal-catalyzed process with a greener alternative.’

II. Directed Evolution

Directed evolution mimics natural selection in the lab. By introducing random mutations and selecting
improved variants, scientists can evolve enzymes with desired traits. Frances Arnold's Nobel Prize-
winning work demonstrated this by creating enzymes for non-natural reactions, such as carbon-silicon
bond formation.® This approach has yielded proteases that are stable in organic solvents and oxidases with
increased thermostability.

Now that we are well versed with the key points and the basis of this article, a question, probably the
most important one may arise to your minds:

What is the actual need for the use of the above mentioned techniques?

Where do we use them?

Though certainly the use of biocatalysis and enzyme engineering has not reached its full potential, several
sectors have incorporated its use over time.
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Pharmaceuticals

Biocatalysis is revolutionizing drug manufacturing, particularly in synthesizing chiral molecules.
Engineered ketoreductases produce enantiopure alcohols, critical for active pharmaceutical ingredients.
The aforementioned sitaglipt synthesis reduced waste by 56% and improved yield.’

Biofuels

Enzymes like cellulases and hemicellulases convert lignocellulosic biomass into fermentable sugars for
bioethanol production. Companies like Novozymes market engineered enzymes, that withstand
industrial conditions, enhancing biofuel Vi:i}oility.s

Bioremediation

Enzymes detoxify pollutants; for example, laccases degrade synthetic dyes, and peroxidases neutralize
aromatic hydrocarbons. Immobilized enzymes on nanoparticles have been used to clean oil spills,
showcasing their environmental potentiai.%

Now we must mention that, like every other technology and technique introduced to us, this technique
also has its fair share of challenges to mention.

As rightly put by Mateo et al..t

‘Despite progress, challenges persist. Enzymes may denature under non-physiological conditions, limiting industrial
use. Production costs remain high for some engineered enzymes. Solutions include immobilization techniques, which
enhance stability and reusability. For instance, lipases immobilized on magnetic nanoparticles can be easily
recovered.’

Additionally, metagenomics and computational tools are identifying novel enzymes from extremophiles,
expanding the biocatalyst repertoire. But it is safe to say that out of all conventional techniques,
biocatalysis has a bright future. The integration of machine 1earning and computationai biology is poised
to accelerate enzyme discovery and design. Algorithms predict murtation effects, streamlining directed
evolution.” Furthermore, synthetic biology enables the creation of artificial enzymes for non-natural
reactions. As industries prioritize sustainability, biocatalysis will play a pivoral role in circular
cconomies, transforming waste into valuable products.

Biocatalysis and enzyme engineering represent a paradigm shift toward sustainable chemistry. By
harnessing and optimizing nature's catalysts, industries can achieve efficient, eco-friendly processes.
Continued innovation in protein engineering and computational tools promises to unlock new
applications, solidifying biocatalysis as a pillar of green technology.
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Nanomaterials in Catalysis:
Revolutionizing Sustainableé Energy
and Green Chemistry

KAMAKSHI SEHGAL
B.Sc. (Hons) Chemistry, II Year

In our everyday lives, we often overlook the significance
of the smallest things— yet in the world of chemistry,
it's the tiniest particles that hold the most promise.
Nanomaterials, though they have existed for over four
centuries, have only recently taken center stage in
catalysis, with their industrial applications gaining
momentum  since the early 2000s.” These minute
marvels, known as nano catalysts, are transforming
industries thanks to their remarkable properties that
make them far more efficient than their traditional
counterparts. With a high surface area-to-volume ratio,
nanocatalysts offer abundant active sites that enhance
reaction rates, improve efficiency, and reduce energy
consumption— making them highly sought after across
various sectors.”

Nanocatalysts are catalysts made up of nanoparticles or

some other nanostructure, such as a nanofoam.

Carbon, the ultimate matchmaker of the periodic table,
doesn't just bond with everything—it also loves to show
off in the form of Carbon Nanoparticles (CNPs), which
brings its charm to the nanoscale. These nanoparticles
exhibit unique properties due to their nanoscale size
and are increasingly being explored for wvarious
applications in nanotechnology and material science.
CNPs are a novel class of nanomaterials with potential
in nanocatalysis due to their unique optical and

clectrical properties and the ability to functionalize

. ~ . . 8 . . .
thell’ surface \Vlth various groups. Despite being 611511\,7

synthesized in significant quantities, their catalytic
CNPs  have

promise in three main catalytic areas: photocatalysis,

applications are still emerging. shown

acid-base  catalysis, and electrocatal offering
improvements over traditional catal_vtic systems in
terms of efficiency and versatility.

In the petrochemical industry, nanocatalysts play a

pivotal role in processes like hydrogenation,

Nanostructures are engineered structures with features
at the nanoscale — between 1 and 100 nanometres.” The
versatility of these particles makes them ideal for a
wide range of industrial applications across various
sectors.

Metal nanoparticles were among the first nano-
additives used for diesel modification, encompassing
both metal monomers and metal oxides. These
nanoparticles exhibit high energy density, strong
catalytic activity, high ignition probabi]it}n excellent
super-plasticity, and low sintering temperatures, all of
which contribute to enhancing fuel combustion.
Studies have shown that incorporating metal
nanoparticles into diesel fuel reduces the ignition delay
period and accelerates the onset of combustion, leading

to improved engine efficiency and performance.’

dehydrogenation, and hydrocracking, enabling the
efficient production of fuels and chemicals. In the
pharmaceutical industry, they are especially valuable
for synthesizing complex molecules and intermediates.
Their ability to promote selective bond formation and
control chirality is crucial for the development of
innovative drugs and advanced therapeutic compounds,
and being preciseiy engineered in terms of size, shape,
and composition allows them to catalyze exceptional
selectivity. It's almost like they have the perfect formula
for minimizing by—products and waste. With their
precise control, they're ready to react efficiently and
bond seamlessly to facilitate even the most complex,
multi-step processes. Isn't that intriguing? Additionally,
they often lower the activation energy required for
reactions, boosting energy efficiency and reducing
operational costs—who doesn't love budgeting?

Carbon nanoparticles (CNPs) absorb light efficiently
and generate electron-hole pairs, which drive redox
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reactions. Their tunable bandgap and abiiity to functionalize surfaces enhance reaction specificity and
efficiency; due to this, they are used in fuel cells and eiectroiyzers. Despite the significant advancements
in nanotechnology, it is not without its challenges. Nanocatalysis plays a crucial role in the
mineralization of hazardous organic substances at room temperature and has proven to be highiy

effective in detoxifying water systems, proving that even the tiniest particles can make a big splash!

Most nano catalysts offer significant advantages, such as chemical stability, cost-effectiveness, low
toxicity, availability, and excellent photoactive properties at the nanoscale. For example, titanium
dioxide (TiO,) is widely used due to its remarkable photostability. However, many nanocatalysts,
including zinc oxide, metal sulfides, and copper-based materials, suffer from photo corrosion, which
limits their chemical stability. Upon exposure to light, oxidation or reduction processes lead to the
generation of holes or electrons, causing photocatalyst decomposition and reduced efficiency.” This
highlights the urgent need for the development of stable nanocomposites for long-term operation. The
quantum size effect at the nanoscale improves the energy range and reduces particle size, offering
advantages like enhanced efficiency and complete photodegradation of contaminants. One promising
approach to overcoming catalyst regeneration challenges involves magnetic nanocatalysts. These
materials can be easiiy recovered using external magnetic fields, aiiowing for efficient recyciing and
increased effectiveness in water disinfection processes.”” By integrating advancements in nanocomposite
synthesis and magnetic recovery systems, the scope and sustainability of nanocatalysis in environmental
applications can be significantly expanded. With promising developments in nanotechnology, the future
is bright. With the shift towards sustainability and green chcmistry, significant deveiopments and
innovations have taken piacc in the past few decades. Nanocataiysis, bcing affordable and cco—fricndiy, is
becoming a popuiar option in many industries. Greeniy synthesized metal and metal oxide nanoparticies,
inciuding Au, Ag, Pt, ZnO, and Se, are increasingiy used in pharmaceuticai products, cosmetics,
antimicrobial appiications, and medical treatments.” Bio—manipulated nanoparticies are Now being
empioyed in clinical secrings for the diagnosis, treatment, targeted drug de]ivery, and manipuiation of
specific medications, offering signiﬁcant advancements in healthcare appiications. Plant parts like leaves,
stems, flowers, bark, roots, fruits, vegetables, and even shoots are the VIPs in the world of nanoparticle
synthesis. Among them, piant leat extracts take the spotiight, packed with bioactive compounds that are
the secret sauce for creating nanoparticies. This eco—fi”iend]y method taps into nature's power to Whip up

nanoparticies ina super—efficienn sustainable way— it's like Mother Nature's own nanotech factory!

In conclusion, the future of nanocataiysis is indeed promising,. With ongoing research, technologicai
advancements, and eco—friendiy approaches to synthesis, nanomaterials are not just contributing o
industrial applications but are also making a substantial impact on our journey toward a more
sustainable and healthier world. In the quest for a sustainable future, nanomaterials are like the unsung
superheroes—quietly working behind the scenes, fuelling innovations in renewable energy and green
technologies. So, the next time you think of saving the planet, remember that it's not just the solar panels
or wind turbines getring the job done; these tiny powerhouses are on the job every day, one nanoparticie

at a time! Planning to join the green revolution? It's already happening at a nano level!
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CATALYSIS IN

STUTI SHARMA

INDUSTRIAL .
PROCISSES [

The process of using a substance called a catalyst, which can alter the rate of a reaction, is known as
catalysis. Catalysts may increase or decrease the speed of a reaction depending on the requirements of the
products, without actually being consumed in the reaction. The catalyst at first gets attached to the
reactants to form an intermediate compound, which is more effective or more likely to form the desirable
product. Thereafter, the intermediate reacts with another reactant to form the product, and the catalyst
gets detached from the intermediate and can be used in other reactions. This is the whole concept behind
catalysis.
Catalysis has a very important application in industrial processes. Catalysts play a very crucial role in many
industrial processes due to following reasons:

o Catalysts are not consumed in any reaction. So, they can be used multiple times which reduces the cost for

different cartalysts. Hence, products can be made at low costs.
e Catalysts can regulate the speed of a reaction. So, the production formation becomes very efficient.
o Cata]ysts can lower the activation energy required for a reaction to occur, which can help on a very 1arge

scale to reduce the energy needed to initiate the reaction.

A few prominent Industrial Processes based on Catalysis

HABER’S PROCESS
Haber’s Process has a very vital role in industries because it is used to synthesize ammonia using iron as a
Catalyst and Ammonia has a vast number of app]ications in industries that is in Fertilizers, Pharmaceuticals,
Cleaning agents.” Importance of Iron(catalyst) in this process is:

o It increases the speed of reaction. This leads to high yield in short duration of time.

* It reduces the activation energy, resulting in reduced energy consumption.

o It providcs 1argc surface area. Hence, increased cfﬁcicncy.
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OSTWALD PROCESS

Ostwald Process plays a key role in industries as it is used to prepare nitric acid from ammonia’. Nitric
acid has vast applications like fertilizer and explosive production, pharmaceuticals, and also in university
laboratories. The catalyst used in this process is platinum, which enhances the reaction rate, improves the

efficiency of product formation, and reduces energy requirements.

CONTACT PROCESS
Contact Process has an important role in industries, as it is used to produce sulphuric acid in presence of
catalytic amount of vanadium pentaoxide (V,0,)”. Sulphuric acid is an essential chemical in various
industries like Pharmaceuticals, Chemical synthesis, Fertilizer production, Metal processing etc.
The catalyst V,O; has following functions in contact process:

® Enhances reaction rate

* DProvides large surface area

e Reduces energy requirements and improves efficiency.

Apart from these examples, there are many more industrial processes in which catalysis plays a major role,
like polymerization to form widely used polymers like polyethylene, Bakelite, etc., Lead Chamber Process,
X-ray spectroscopy, X-ray diffraction, petroleum refining, etc.’

In conclusion, it can be said that catalysis has become a major part of the modern world, with around 90
percent of all chemical products depending on this process. Catalysts are used in diverse industries —
from chemicals to pharmaceuticals, from food production to energy production.” The future of catalysis
needs more brilliant minds who can make the best possible use of the process to create a healthier and

more sustainable WOrld.
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GREEN HYDROGEN: NEED FOR
CATALYST?
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In a world that is facing a major crisis of climate change, which is predominantly due to the increased amount of
greenhouse gases in the atmosphere, there has been an increased demand for sustainable energy solutions. In
response to this demand, a recent research has developed a zero-carbon hydrogen energy system, also known as
green hydrogen, as a clean and renewable energy source. Green Hydrogen can be one of the key potentials to bring

down the Carbon emission and move towards sustainable goals.

But what is GREEN HYDROGEN?

Green hydrogen refers to hydrogen that is produced by splitting of water (H20) into hydrogen (H2) and oxygen
(O2) by using electricity which is generated from the renewable energy sources such as solar, wind or hydro power.
Unlike grey hydrogen, which is derived from fossil fuels and emits signifieant greenhouse gases, green hydrogen isa
clean energy source which can greatly reduce carbon emissions.” The global Green Hydrogen Standard defines:
"hydrogen produced through the electrolysis of water with 100% or near 100% renewable energy with close to zero

greenhouse gas emissions is known as Green Hydrogen”.

Development of GREEN HYDROGEN

The method for generating green hydrogen is through water eiectroiysis, in which the water molecules (H20) are
broken down into hydrogen (H2) and oxygen (O2) using renewable electricity. This eco-friendly technique provides
a clean and sustainable advance towards hydrogen production, making it a key solution for powering various
industries and supporting clean energy technologies.

However, questions arise from the effectiveness and sustainability of the cataiyst that are appiied in the process.
The main focus in developing green hydrogen is sustainability, therefore it is important to use sustainable catalysts
(also known as green catalysts) to maintain sustainability and increase the effectiveness of the process. But the
catalysts which are presently being used are based on platinum and iridium, and are equipped with disadvantages
such as scarcity, high priced, slow reaction rates, limited produetion and hazardous byproducts which brings down

the emcieney.

GREEN CATALYST: A new face to the synthesis of green hydrogen
To know more why catalysts are crucial in the production process, we have to take a look at the most crucial
reaction in the production process, which is Hydrogen Evolution Reaction [HER]. Hydrogen evolution reaction
(HER) is a chemical reaction which occurs in the electrolysis of water that yields hydrogen (H2).?
The mechanism for the HER reaction is as follows:
In acidic conditions,
2H+ +2¢” > H,

In neutral or alkaline conditions,

4H.,0 + 4¢” > 2H, + 4.OH
Each of these reactions are seen in the production procedure at the cathode electrolyzer where hydrogen evolution
occurs. In acidic conditions, it is referred to as proton exchange membrane electrolysis or PEM, while in alkaline
conditions it is referred to simpiy as alkaline eiectrolysis.
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Need for Green Catalyst?

The need for green catalysts in the manufacturing of Green hydrogen is due to many factors, some of these are:

1. Green hydrogen production is typicaiiy run by various renewable energy sources like solar, wind, or
hydroelectric power. Using a green catalyst ensures the entire production process is sustainable and
environmentally friendly.

2. Traditional catalysts used for hydrogen production typically rely on precious metals such as platinum, which

contribute significantiy to carbon emissions because of cheir energy-intensive extraction and processing methods.

In contrast, green catalysts are developed with sustainability in mind, aiming to lower environmental impact and
reduce the carbon footprint associated with hydrogen production.

3. Green catalysts are designed to improve the efficiency of the electrolysis process, reducing the amount of
energy required to produce hydrogen.

4. Green catalysts can be more cost-effective than traditional catalysts, as they often use abundant and
inexpensive materials. This reduces the overall cost of hydrogen production, making it more competitive with
fossil fuels.

By using green catalysts, green hydrogen production can become a more sustainable, efficient, and cost-effective

process, driving the transition to a low-carbon economy.

Catalysts for HER

The HER method uses renewable energy to power the reaction. It needs a large, efficient energy input without a
cataiyst. A Cataiyst is a chemical chat speeds up reactions. It does this by 1owering the energy needed to start the
reaction, but the catalyst is not used up in the reaction. In alkaline electrolyzers, Ni and Fe based catalysts are
used at the anode. The alkalinity of the electrolyte in these processes enables the use of less expensive catalysts. In
PEM electrolyzers, the standard catalyst for HER is platinum supported on carbon or Pt/C. A catalyst's quality is
judged by its over-direction. This is the reaction between hydrogen sticking to the metal surface and increased

power density. Stronger hydrogen adsorption and higher power density show a better catalyst.

Scientists at Centre for Nano and Soft Materials Science (CeNS), Bangalore and Pune's National Chemistry
Institute (CSIR-NCL) have successfully developed a proficient catalyst for hydrogen evolution reactions (HER).
This innovative catalyst is an alloy of cobalt, manganese and tin, referred to as the Co-Mn Sn alloy. Compared to
individual metals or binaries (Co-Mn, Mn-Sn , or Co-Sn) alloys, this new alloy demonstrates significantly
enhanced efficiency and stability. The interaction of manganese and tin within the alloy plays a complementary
role in improving their performance. This study was recently highlighted in the Elsevier International Journal of
Hydrogen Energy. This advancement in the production of Co-Mn-Sn catalyst is assisted by the SERB (Science

and Engineering Research Board) and the Department of Science and Technology in India.’

The catalyst of Co-Mn-Sn alloy has gained attention as an effective and eco-friendly option for green hydrogen
production. Studies have shown that this ternary alloy exhibits enhanced activity for HER in alkaline mediums.
The Co-Mn-Sn aﬂoy's high electrochemical and structural stabi]ity make it an attractive option for
electrocatalysts in the hydrogen economy. Moreover, its high surface area and good thermal stability enable it to
interact efficiently with reactants and maintain its performance over time. In comparison to other catalysts, the
Co-Mn-Sn alloy has been found to outperform binary alloys (Co-Mn and Co-Sn) and single metal catalysts (Co,
Mn, and Sn) regarding HER acrtivity. Overall, the Co-Mn-Sn aiioy cataiyst has shown great potentiai in green

hydrogen production, offering improved efficiency, stability, and performance.’
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CONCLUSION

Green hydrogen production is a crucial step towards a sustainable energy future, and the development of
efficient and sustainable catalysts is essential for this process. Traditional catalysts used in hydrogen production
have several drawbacks, which includes high cost, scarcity, and environmental concerns. The Co-Mn-Sn alloy
catalyst has shown substantial capability as a sustainable solution for green hydrogen production, demonstrating
improved efficiency and stability. This ternary alloy exhibits enhanced activity for hydrogen evolution reaction
(HER) in alkaline mediums, making it an atctractive option for electrocatalysts in the hydrogen economy. The
development of Co-Mn-Sn alloy catalysts is a significant step towards sustainable and eco-friendly production of

hydrogen, which is vital for supporting green energy technologies and a wide range of industrial appiications.
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The Promise of Metal Organic
Frameworks in Carbon Capture and
Transformation

A recent report from the World Meteorological Organization triggered alarm bells on the escalating
climate crisis. Greenhouse gas levels have reached an all-time high, and 2023 set yet another record for a
surge in greenhouse gas emissions.’ Despite ongoing efforts to limit industrial emissions and decarbonize
oil exploration, further research is essential to address this issue effectively. Current carbon capture
strategies primarily focus on carbon sequestration, where emitted CO, is injected underground to prevent
its release into the atmosphere. While effective, this approach presents challenges, including high energy
consumption, the risk of leaks, and significant associated costs.

The carbon capture and sequestration (CCS) market was valued at $3.28 billion in 2022 and is projected to
grow at an annual rate of 6.2% from 2023 to 2030.” This growth presents a strong incentive for innovation
in carbon capture technologies. Carbon capture and transformation (CCT) can be a promising alternative,
which not only prevents CO, emissions but also converts them into valuable industrial products such as
ethanol, urea, and mechanol.

Among emerging carbon capture technologies, metal-organic frameworks (MOFs) are atcracting
51gn1f1cant attention. These highly porous, thermally stable materials offer high adaptability in structure,
pore size, and shape, making them ideal candidates for CO, capture and catalytic conversion. Unhkc
traditional adsorbents and cataiysts7 MOFs boast high energy efi‘iciency, lower costs, and superior
corrosion resistance.’

One of the primary chaiienges in CO, conversion is its chemical inertness and thermodynamic stabiiity.
The strong C=0 bonds in CO, require significant energy to break. MOFs casily overcome these challenges
due to their high porosity, adaptabie organic iinkers7 and structural diversity aiiowing for efficient CO,
transformation under moderate conditions. To further enhance CO, conversion, MOFs can be modified
with homogenous catalysts, quantum dots, and metal nanoparticles to create MOF composites. These
composites improve seiectivity, stabiiity, and cataiytic efficiency.

For exampie aluminum-based MOFs have shown great potentiai in natural gas puriiication due to their
high adsorption capacity and selectivity. Additionally, MOFs play a crucial role in CO, hydrogenation, an
essential process for converting CO, into useful chemicals. Traditional Cu/ZnO-based catalysts used in
CO, hydrogenation suffer from poor stability and harmful byproduct formation, such as carbon monoxide
(CO). In contrast, MOFs provide numerous coordination sites, and the Ablilty to thermally decompose
into well- distiibuted metal or metal oxide nanoparticles resulting in enhanced catalytic performance.*

Photocatalysis is another promising avenue for CO, transformation, and MOFs offer significant
advantages over traditional photocatalysts. Conventional metal oxide photocatalysts often have broad
energy band gaps, leading to shorter carrier lifespans due to rapid recombination. MOFs, however, possess
narrower band gaps, which help to mitigate this issue and improve efficiency. Recent research has
demonstrated that certain MOFs, such as carbon nitride-based quantum dot-modified zirconium MOFs,
can efficiently reduce CO, into methanol under visible light. These MOFs exhibit enhanced
nanocomposite electro-conductance, functioning as co-catalysts that extend the lifespan  of
photogenerated charge carriers. This improved eclectron-hole separation enhances catalytic activity,
increasing methanol selectivity and formation rates.

Additionally, cadmium and nickel based MOFs have been shown to facilitate the photocatalytic

conversion of CO2 to CO in a gas—soiid phase system under suniight, demonstrating their potentiai for
large-scale applications.
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Despite their promise in COz2 capture and transformation, many studies have only focused on lab-scale
experiments, and the industrial application of these catalysts has yet to be tested. Morcover, long-term
studies must be conducted to test thermal scabilicy and recyclability. By addressing existing challenges
and optimizing their performance, MOFs could be pivotal in reducing greenhouse gas emissions while
generating valuable industrial products and bringing us one step closer to a sustainable, net-zero
carbon future.
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"CONVERSION OF CARBON DIOXIDE |
INTO VALUABLE PRODUCTS

Dr. Samanta Yadav, DST Woman Scientist
Department of Chemistry, Indian Institute of Technology,

Jodhpur

The alarming growth of carbon dioxide (CO,) in the atmosphere has appeared as one of the major concerns
with respect to climate change.”” The prime factors for increased CO, emissions are the power, petroleum, and
construction sectors.” Fast industrialization and urbanization have also contributed to CO, emissions raising
hostile environmental disasters such as climate change and global warming.' Literacure suggests that the world’s
key energy source consists coal (27%), petroleum (34%), and natural gas (24%), making 85% of the energy sources
to be fossil fuels.”* Rapid and continuous consumption of fossil fuels is not sustainable as they are limited in
supply and require millions of years to replenish. Moreover, the consumption of fossil fuels raises serious
environmental and health concerns. Therefore, the current situation signals the need for urgent solutions to
reduce the CO, emission by changing our dependence on fossil fuels for energy production and converting the
produced CO, into environment—friendly and beneficial chemicals by employing planned storage and
utilization technologies.” Therefore, to mitigate the carbon emissions, the demand for sustainable and clean

cnergy fOI’ bOtl’l production and storage ofenergy carriers has become more sign.

The search for strategic technology for the homogeneous hydrogenation of CO, to valuable products has been
extensively studied due to the increasing demand of CO, utilization in several applications such as leacher

processing, silage additives and animal feed preservation (Figure 1). The production and storage of clean,

Figure 1. Graphical representation of conversion of carbon dioxide into useful products using transition metal complexes as homogenous

cata]ysts.
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economical, and sustainable energy has demanded the development of efficient catalysts to achieve this
goal.”> Catalysis is crucial in various fields of the energy sector such as energy production reactions, safe and
long-term energy storage and high efficacy of energy use.® Homogeneous catalysis plays significant role as it
helps the processes to occur under relatively mild conditions, low catalyst loading, high activity and
selectivity and high atom economy.’ It also allows an understanding the molecular reaction mechanisms at
the molecular level, providing notable prospects to improve the catalytic processes.” For last two decades,
transition complexes of metals such as Co, Ni and Ru have developed as a highly promising and fascinating
class of catalysts with enhanced sustainability for plentiful organic transformations. They have been utilized
in energy production through hydrogen generation, dehydrogenative synthesis of high-value chemicals and
carbon dioxide capture. Remarkably, all these features are vital keeping in mind the sustainable nature of

catalytic processes, as directed by the green chemistry guidelines.

As the catalytic properties are essentially controlled with the help of primary coordination environment
surrounding a metal ion; hence importance of both a chelating ligand and its coordination mode are of
utmost significance.” In this context, donor atoms, denricity, chelation and coordination mode features
associated with a multidentate ligand in a metal complex are significant parameters. Therefore, emphasis has
been placed on the design and the selection of a chelating multidentate ligand and its proposed coordination
mode with a metal ion. Out of many multidentate ligands, amide-based ligands have been proven to be
extremely successful both in the coordination and the organometallic Chemistryf) An amide group is a
dominant functional group in assorted metalloproteins and metalloenzymes where it creates the primary
1igati0n environment around a metal ion. Both neutral and anionic (deprotonated) forms of an amide group
behave as the outstanding ligating entity for complexation with assorted metal ions to form a large number
of metal complexes. Amide-based ligands have attracted noteworthy interest in scheming different metal
complexes with various oxidation states due to their strong 0-donor and n-donor properties. Such fascinating
features of amide-based ligands create noteworthy possibilities for the stabilization of multiple oxidation
states of a metal ion which is a critical factor in catalysis. Therefore, our resecarch focuses to develop
transition metal complexes and their application in carrying out the catalytic conversions of sustainable

cnergy.
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A PATHWAY TO SUSTAINABLE ENERGY:
PHOTOCATALYSIS AND SOLAR ENERGY
UTILIZATION

Introduction:

Given the increasing energy requirement and concern for the environment, there is an imperative
need for renewable and sustainable energy sources. Of the many green energy solutions available,
photocatalysis has been a promising technological development in efficiently harnessing solar energy.
The method replicates natural photosynthesis to facilitate chemical reactions through light energy,
providing avenues for hydrogen generation, carbon dioxide reduction, water treatment, and self-
cleaning surfaces.

This arcicle discusses recent developments in photocatalysis for solar energy use, highlighting new
photocatalysts, mechanisms, and applications that will help create a cleaner and greener future.

Fundamentals of Photocata]ysis:

Photocatalysis relies on photo-induced charge separation in a semiconductor material. When a
semiconductor is illuminated with light of suitable energy (equal to or higher than its bandgap
energy), electrons (e”) are promoted from the valence band (VB) to the conduction band (CB),
forming an electron-hole pair (e7/h*)." These charge carriers are involved in oxidation and reduction
reactions, resulting in the degradation of pollutants, hydrogen production, or CO, reduction.

Difficulties in Traditional Photocatalysts:

The older photocatalysts, e.g., titanium dioxide (TiO,) and zinc oxide (ZnO) are afflicted by major
shortcomings:

a. Large bandgap (~3.2 ¢V for TiO,, ~3.3 eV for ZnO) - absorbs light only in UV region (5% of sun's
radiation).

b. Rapid charge carrier recombination - lowers photocatalytic performance.

c. Limited activity in visible light, necessitating adaprtations.

To overcome such obstacles, scientists have resecarched novel materials, doping techniques,
heterojunctions, and nanostructures to increase photocatalytic activity.”

Recent Advances in Photocatalyst Materials:

1. Visible-Light-Responsive Photocatalysts-

As sunlight is largely composed of visible light (~43%), developing visible light-absorbing
photocqtalyqts is essential. Graphitic carbon nitride (g—C3N4) has emerged as a promising Visible—light
photocatalyst.

[t is a metal-free, stable, and eco-friendly photocatalyst with Bandgap -2.7 ¢V for visible light
absorption

Uma Rani
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Applications include water splitting, pollutant decomposition, and CO, reduction.
Drawbacks: Low surface area and rapid charge recombination.

Recent advances:

v N, S P doping to facilitate charge separation.

/ Combinations with TiO,, MoS, for increaseed efficiency.

2. Nanostructured Photocatalysts:

Nanotechnology has tremendously enhanced photocatalytic activity by increasing surface area and
charge separation. Recent research has centered on nanostructured TiO,, ZnO, and perovskite
materials, showing better light absorption and reaction rates.

Nanostructured photocatalysts with at least one dimension in the nanometer range (1-100 nm) possess
enhanced properties like a higher surface area, better light absorption, improved separation of charge
carriers, and adjustable electronic properties. These advantageous properties render nanostructured
photocatalysts highly efficient to use in solar energy conversion, water splitting, pollutant degradation,
and CO, reduction.

Doping and Surface Modifications

Elemental doping (such as nitrogen, sulfur, and transition metals) has been used to modulate band gaps
and improve light absorption in visible ranges.* Surface plasmonic modifications using noble metals
such as gold (Au) and silver (Ag) enhance enhanced charge carrier separation, enhancing photocatalytic
performance.

3. Heterojunction Photocatalysts
Heterojunctions, which are created by combining two or more semiconductors, enhance charge transfer
efficiency and increase light absorption ability. Some examples are TiO,/g-C;N, and BiVO,/ZnO

heterojunctions, which have shown improved photocatalytic activity.

5. Metal-Organic Frameworks (MOFs) and Carbon-Based Catalysts

MOFs and carbon materials (e.g., graphene oxide, carbon dots) have been of interest due to their
tunable structures and excellent electron transport capabilities. These materials possess high surface
arcas and effective charge separation, which makes them promising candidates for next-generation
photocatalysis.

Applications of Photocatalysis in Solar Energy Utilization:

1. Hydrogen Production through Water Splitting

Photocatalytic solar-powered water splitting is a clean route for hydrogen production. Co-catalysts and
reaction conditions have recently been optimized to improve the efficiency of hydrogen evolution.

2. Photocatalytic CO, Reduction

The photoreduction of CO, to useful fuels (e.g., methane, methanol) is a green method to combat
carbon emissions. New catalysts such as Cu-doped TiO, and ZnO/CdS composites have demonstrated
high efficiency in CO, photoreduction.

3. Environmental Remediation

Photocatalysis is of great importance in wastewater treatment and air cleaning. Recent progress has
involved the creation of visible-light-driven photocatalysts for organic pollutant degradation and the
removal of toxic gases.

Photocatalysis entails the utilization of semiconductor catalysts to promote chemical reactions under
light irradiation. Regular photocatalysts such as titanium dioxide (TiO,), zinc oxide (ZnO), and
graphitic carbon nitride (g-C;N,) absorb light energy and produce electron-hole pairs, resulting in the
creation of reactive oxygen species (ROS) such as hydroxyl radicals («OH) and superoxide radicals
(O,7). These radicals decompose polymer chains, pollutant, and dyes into smaller molecules such as
carbon dioxide (CO,), water (H,0), and organic acids.’

The general reaction of photo-degradation can be represented as:

pollutant + hv - Intermediate Products » CO, + H,O + Biodegradable Compounds

4. Photocatalysis for Solar Desalination and Water Purification
Photocatalysts can harness solar energy to treat water by breaking down organic pollutants,
inactivating bacteria, and desalinating seawater.
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Recent Developments:

V/ Nanostructured catalysts for ultrafast pollutant removal.

\/ Self—cleaning and anti-bacterial coatings for water purification systems.
v Hybrid systems that mix photocatalysis with membrane technology.

Challenges and Future Perspectives

Photocatalysis has tremendous promise for solar energy conversion, water treatment, and green chemistry
but has a number of technical and commercial hurdles that must be overcome. Enhancing photocatalyst
efficiency, stability, and scalability will be important for its universal adoption.

Future research must concentrate on:

/ Creating low-cost and Earth-abundant photocatalysts.

v Increasing quantum efficiency using nanotechnology and AL

\/ Combining photocatalysis with other renewable energy systems.

As material science, nanotechnology, and computational modeling continue to evolve, photocartalysis can
play a central role in realizing a sustainable and carbon-neutral future for energy.

Conclusion

Photocatalysis presents a sustainable and efficient approach to solar energy utilization. Continuous
innovations in photocatalyst materials and reaction engineering are paving the way for practical
applications in hydrogen production, CO, reduction, and environmental remediation. Addressing current
challenges will be crucial in realizing the full potential of photocatalysis for a greener future.
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SINGLE ATOM CATALYSTS: REFORMING
THE PROSPECTIVE OF CATALYSIS

Catalysis is the pillar of contemporary chemical industries, driving transformations in energy
generation, conservation of environment and the synthesis of industrial chemicals. Conventional
catalysts, generally composed of metal nanoparticles, have intrinsic pitfalls, one of them being poor
atom utilization. These limitations have given rise to the development of single-atom catalysts (SACs),
in which sing]e metal atoms are dispersed on a supporting material to possess supreme cata]ytic

ef‘ficiency and peculiar electronic properties.

SACs have transformed many catalytic reactions, such as hydrogen production, CO, reduction, fine
chemical synthesis ete. With their unprecedented efficiency, preciseness and selectivity, answers to the
challenges which the world is dealing with today like clean conversion of energy, carbon neutrality has
been addressed. The exceptional activity of SACs is a result of their vigorous interactions with the
supporting material like metal oxides, carbon etc as well as their well-defined atomic dispersion. SACs
utilize isolated metal atoms as active sites, with each atom contributing to catalytic activity, which is in

contrast to traditional catalysts, which rely on clusters of metal acoms to catalyse reactions.

The electronic structure of SACs is also preponderantly accountable for their catalytic features. Due to
the exposed single metal atoms, they possesses distinct charge distributions and coordination
framework, which accelerate the process of reactant adsorption and help minimize the activation
energy barriers. The support material also affects these characteristics through a change in electronic
density of the active site, adjusting its reactivity and selectivity. For instance, platinum SACs in fuel
cells exhibit unique charge states over bulk platinum and result in better oxygen reduction reaction

(ORR) kinetics and improved durability.

The mechanism of action of SACs varies from reaction to reaction. In

clectrocatalysis, SACs enable necessary energy conversion reactions
like carbon dioxide reduction reaction (CO2RR) by facilitating
optimal charge transfer at the interface. In heterogeneous catalysis and
photocatalysis, SACs mediate selective hydrogenation and oxidation
through either bond formation or bond breaking, and improves light
absorption with separation of charges respectively. This makes them

highly effectual for solar energy-based catalysis.

APPLICATIONS: SACs span over a wide array of applications. Some

of the core applications are listed below:
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1. Energy Conversion and Storage:

SACs are used in clean energy technologies, especially fuel cells and hydrogen generation. Effective catalysts for
the oxygen reduction reaction are required by fuel cells to boost efficacy of energy conversion. Conventional
platinum-based catalysts, while efficient, are costly and prone to degradation. On the other hand, platinum
SACs on carbon supports are known to display exceptional oxygen reduction reaction activity, boosted stability,

and reduced usage ofplatinum, rnaking them a promising option for future fuel cells.'

Hydrogen evolution reaction (HER) and splitting of water for production of clean hydrogen are amongst the
most ground-breaking application of SACs. Nickel and cobalc SACs exhibit high catalytic behavior and serve as
low-cost alternatives in comparison to traditional catalysts.” The development of hydrogen-based energy systems
which are essential for a future free of carbon, is facilitated by employing SACs. Additionally, SACs are used in
electrochemical CO, reduction, wherein CO, is reduced to fuels like syngas etc. Chemicals and fuels made up
through CO, reduction is crucial to achieve the objective of carbon neutrality. CO, reduction catalysts used
conventionally generally have low selectivity and energy prodigality, but copper and iron SACs supported on
nitrogen-doped carbon, illustrated excellency in selective synthesis of target products’ Ammonia synthesis,
which is crucial for both storing hydrogen and manufacturing fertilizers, can be achieved using SACs.
Molybdenum-based single acom catalysts, have showcased catalytic reduction of nitrogen, reducing the need of

energy by high amount.!

2. Environmental Remediation:

SACs have showcased successful results in environmental catalysis, especially in air and water cleaning.
Catalytic transformers in the automotive industry , utilizes SACs to decompose poisonous gases like nitrogen
oxides and volatile organic compounds. For example, ceria-supported platinum SACs have demonstrated better
CO oxidation activity, thereby decreasing pollution emissions leading to cleaner air” SACs are also used in
wastewater treatment. Iron-nitrogen-carbon (Fe-N-C) SACs have been found to be extremely effectual in

degrading hazardous chemical making them very beneficial for water purification.(’

SACs also have promising effects on piastic waste degradation. Plastics are uncooperative towards
decomposition, but some ruthenium-based SACs have exhibited proficiency in hydrogenolysis of polyethylene
offering a possible path for sustainable plastic upcycling by catalysing the selective conversion of plastic into
useful hydrocarbons.” Given that plastic management is a major issue, SACs" ability to facilitate effective

recycling procedures may have significant environmental effects.

3. Chemical Industry:

Selective oxidation, fine chemical synthesis and hydrogenation has also been benefitcted by SACs. These
Cataiysts with their definite atomic active sites, enable precise management of reaction pathways with great
veracity, increasing yieid and decreasing waste. For exarnple, paiiadium SACs have been used to boost ethyiene
yield by selective hydrogenation, minimizing the production of undesirable by-products.” These innovations
reduce the utilization of hazardous substances and enhance the efficiency of chemical production, emphasizing

the role of SACs in sustainable production operations.
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Biomass conversion is another potential use of SACs which entails transformation of renewable biomass sources
into valuable biofuels and chemicals. Cobalt-based SACs have also shown outstanding catalytic activity in

decomposition of lignin-based compounds to biofuels.

SACs face many challenges for large-scale commercialization. One of the major issues being stability, as catalyst
can get deactivated when single metal atoms migrate and cluster under rigorous conditions. Additionally,
scalability is also a concern, as attaining invariable atomic dispersion during large-scale SAC production is a
complicated task. Another challenge is cost, specifically for noble metal SACs such as platinum and palladium,
which are in need of optimization.

Single-atom catalysts represent an innovative development in catalysis, providing superlative efficiency, accuracy
and environmental safe. Even though challenges persist, ongoing research and technological advancements are
bui]ding up the gap to empower the practica] relevance of SACs. To conclude, SACs are set to lead the way in

catalysis, as the globe moves toward clean energy and sustainable industrial practices.
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lonic Liquids (ILs) as an Emerging Research Interest in

Catalysis

Cataiysts are used in many reactions to facilitate
the reaction rates and get the required products in
less reaction times. Many feasible reactions that
were earlier not witnessed due to slow reaction
rates are now realized due to catalysts being
available for the same. A cata]yst involves itself
with the chemical components in the process and
does not alter the products in the course of the
As the

concerned abourt the sustainability of the reaction

. st .
reactrion. 21 century 1s a iOt more

conditions than the synthesized material ic is
important that some light is shed upon sustainable
like (ILs).

Although their potential in accelerating reaction

emerging catalysts ionic  liquids
dynamics in a variety of reactions has been much
studied, research is still going on in this subject to
improvise their activity or selectivity as desired in
the process. ILs are not a new concept and date
back to the early 1900s. Although, the discovery of
the first ionic liquid is disputed, many scientists
still agree that Paul Walden was the firsc to
discover ILs in 1914. He studied the physical
properties of ethyl ammonium nitrate [(EtNH3)
(NOg): m.p:13-14 degree celsius and considered it
as a "molten salt”." Since the subject of ILs was not
developed at that time, his work didn't gain much
recognition. As research on this topic grew, many
ILs were prepared and their appiications were
explored. Tonic liquids (ILs), as the name suggests
are low melting salts which do not exist as solids
but as liquids. A more general definition states
that any salt which has a melting point less than
100 degree celsius is considered as an ionic liquid
and those with melting point less than room
temperature are known as room temperature ionic
liquids or RTILs. In an ionic liquid, the cation is
usuaiiy buiky with organic roots like quaternary

and

heteroaromatics like 1,3 -dikylimidazolium, N-

phosphonium also

ammonium,

alkylpyridinium and N,N-dialkylpyridinium while,

ALEENA SHAKREEN
M.Sc. CHEMISTRY, I YEAR
DEPARTMENT OF CHEMISTRY,
UNIVERSITY OF DELHI

the anion is typically a poly tetrafluoroborate, triflate
ete.”” The structural differences between the counter
ions result in ineffective packing of crystal structure
and charge delocalization in the respective ions reduces
the ionic attraction between the ion pair. These two
factors are responsible for imparting low melting

points to ILs.”

The properties of an ILs depends upon
the cation and anion involved as constituents; hence are
highly tunecable and find wide applications in chemical
industries. Just varying the cation and anion can give a

new IL with novel properties.

The applications of ILs in Cataiysis are Widely
accepted, as these ILs can be altered according to the
desired effects. Electrochemistry and biocatalysis are
some of the areas where ILs are gaining popu]arity as
Cataiysts. For exarnple pyridinium and imidazolium
ions when used as cations alongside
tetrachloroaluminate, yield ILs that can be used as
electrolytes in batteries and also for metal surface
clectroplating. While considering the potential of ILs
in cataiysis, it is important to note the mechanism of
operation of these IL based catalytic systems. Two

major concepts are considered under the former
discussion: Liquid—Liquid biphasic Cataiysis, IL thin
film catalysis. In catalytic action of ionic liquids,
complex interactions like hydrogen bonding, Van der

\X/aals le'ld OfCOLlI'SEI COUiOl’nbiC fOI'Cf?S are invoived.
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ILs in Liquid-Liquid Biphasic Catalysis and it's Applications

In this category, cither the IL itself acts as the catalyst, or it behaves as a solvent for dissolved catalytic (NPs) or
transition metal cataiysts. Chloroaluminate ILs, that are acidic in nature serve as cataiysts for acid Catalyzed reactions
like Friedel-Crafts alkylation, Friedel-Crafts Acylation , carbonylation reactions, cracking, oligomerization and
alkylation reactions. Since the acid is provided by IL, the reactions involved are sustainable as compared to non-IL
based traditional transformations. When transition metal catalysts are dissolved in ILs, they are used in
hydrogenation, oxidation, hydro-formylation, dimerisation, telomerization and oligomerization reactions along with
Pd-catalyzed coupling reactions. Catalytic NPs infused in ILs can be used to catalyze hydrogenation of alkenes,
arenes and ketones. In all these reactions discussed for biphasic catalysis, the IL is easily recovered after the product
formation. Additionally, the transition metal based catalysts can also be recovered under this technique. A drawback
encountered in this category of catalysis is that bulk amounts of ILs are required and since ILs are way expensive that

typicai Organic SOiVCl’l'ES7 the process becomes iess economicai.

IL Thin Film Catalysis and it's Applications

This type of catalysis is more efficient than the biphasic one as the amount of IL load is significantly reduced. The
ionic liquid is spread as thin film over either a porous support-SILP catalysis (Supported lonic liquid Phase
Catalysis) or a solid catalyst to alter its catalytic activity-SCILL catalysis (Solid Coated Tonic Liquid Layer).

SILP catalysis has proven useful in hydrogenation, enantioselective hydrogenation, alkene metathesis, carbonylation
of methanol and hydroamination. Another exampie includes the use of acidic chloroaluminate based IL immobilised
on porous support to carry out alkylation of aromatic systems. IL-[C,Cllm][CsH,,SO,| impregnated on Ni/SiO2
catalyst (SCILL catalysis) has proven efficient in catalysing the transformation of cyclooctadiene to cyclooctane and
cyclooctene. Additionally, regioselective hydrogenation of citral has been carried out using ILs based on anions like

[N(CN).]-, [TEN]-, and [PF]- embedded upon Pd/SiOz to give selective formation of citronellal.

Conclusion

Depending upon the different combinations of cation and anion, a million simple ILs can be made, and for binary
ILs the estimate goes upto billion and for ternary systems a trillion different possible Ionic liquids can be prepared
casily. Until today, only a few hundred ILs are commercialized, and their applications are still being uncovered .
With so many more possible ILs out there unexplored, one can think of the various ways in which these ILs can be
further exploited. Hence, the amount of attraction this area ofcataiysis is gaining can't be questioned.

The very famous BASIL process is generating alkoxyphenylphosphines, includes ILs in the process. Breaking
azeotropic mixtures, cellulose dissolution, lithium-ion batteries, ionikylation by PetroChina are some of the very
famous processes where ILs have been used for a very long time. Other applications include biodiesel synthesis and
water remediation. Despite the wide variety of applications these ILs possess, their use is still not made common in
the laboratories for they are much more expensive than the usual solvents used. However, these ILs can be considered
as a one time investment as their recoverability and resuability is assured. More work can be done to make these

green solvents more economical so that their use can be expanded.
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P0o0OJA NEHRA, SENIOR RESEARCH FELLOW GUIDE: DR. C P VINOD

INSTITUTE : CSIR-NATIONAL CHEMICAL LABORATORY , PUNE

The need for sustainable technologies has never been greater as the globe struggles with the twin issues of climate
change and the depletion of fossil fuel resources. CO, hydrogenation to value-added chemicals is one of the many
approaches that have been investigated, and it appears to be a promising one. With this technology, a significant
greenhouse gas, CO,, is transformed into useful chemicals, reducing its impact on the environment and fostering a
circular carbon economy. The science, development, and sustainability implications of CO, hydrogenation for the
synthesis of chemicals like hydrocarbons, methanol, and formic acid are explored in this article.

More than 70% of greenhouse gas emissions are carbon dioxide (CO,), which is the main cause of global warming.
With yearly emissions exceeding 36 billion tons worldwide, transportation, power generation, and industrial
processes are the main sources of CO, emissions. Although cutting emissions at their source is important, carbon
capture and utilization (CCU) provides an alternative strategy by turning CO, into useful products. One of the most
promising CCU techniques is hydrogenation, which is the chemical reaction of CO, with hydrogen (H,). In addition
to lowering the atmospheric concentration of CO,, the process uses renewable energy to electrolyze water and
produce H,, establishing a sustainable chemical synthesis pathway. Depending on the catalyst and reaction
conditions, CO, hydrogenation is the process of reacting CO, with hydrogen to produce a variety of products.
Among the main

products are:

Formic Acid

Formic acid (FA), which is hydrogenated by COz, is a useful commodity chemical. With 4.4 wt% hydrogen, it is a less
harmful, non-flammable liquid that is also thought to be a promising material for storing hydrogen because, even at
room temperature, the chemically stored Hz in formic acid can be released under controlled conditions with the help
of the right catalysts. Furthermore, the first and essential step in reducing COz2 to other chemicals like methanol and

hydrocarbons is the hydrogenation of CO2 to FA.

Methanol

Methanol is an alternate building block for producing chemicals and even gasoline in light of the depletion of non-
renewable energy sources. According to Olah et al's discussion of the "methanol economy” concept, methanol may
become essential shortly, and CO2 hydrogenation is one of the most promising and regenerative methods of
producing methanol. Methanol is currently among the top five commodity chemicals shipped annually worldwide. It
is a major raw macterial for the chemical industry. It is being utilized more and more in the methanol to olefins
(MTO) process, which is an intermediate for the synthesis of several different chemicals, such as acetic acid,
formaldehyde, and methyl tert-butyl ether. The majority of these substances are the fundamental components of
numerous everyday commodities, such as paints, po]ymers, adhesives, resins, and antifreezes. Methanol has also been

shown to be a great fuel blend for internal combustion engines and can be used directly in fuel cells.
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Hydrocarbons
The Fischer—Tropsch synthesis pathway can transform CO, into longchain hydrocarbons and synthetic fuels.
Although energy-intensive, these reactions are essential for creating sustainable fuels because thcy require high

tcmperatures and pressurcs.

Other Products

Using the reverse water-gas shift reaction, CO, hydrogenation can also produce chemicals of industrial
significance, such as urea, carbon monoxide, and dimethyl ether (DME).

Regardless its potential, CO, hydrogenation has a number of issues that need to be resolved in order to realize
its full potential. Traditionally, the chemical inertia of CO2 gas has posed significant barriers to its industrial
use. Because of its exceptional chemical stability, the CO2 molecule is therefore regarded as being incredibly
inert. To activate the CO2 molecule, additional energy is required to overcome its thermodynamically low level.
A promising strategy for the future is a chemical reaction that creates high—energy intermediates that could
then transport the CO2 gas to the target substrates.

However, because CO2 is inert, the process of CO2 reduction is not spontaneous. In this instance, CO2 must be
activated by cbemically functional sites on catalytic surfaces, and catalysts have significance in this process. The
conversion of CO2 can be accelerated by certain metals and/or metal oxides. The presence of surface Oz
vacancies and surface defect sites on metal-oxide-based catalysts significantly speeds up CO2 conversions.
Unoccupied oxygen spaces can be the focus of electrons transferred to the neutral CO2 molecule, acting as
habitats for CO2 adsorption. Another factor to consider during CO2 hydrogenation is hydrogen production
via water electrolysis, which is a critical step in the process but is extremely energyintensive. This reliance on
energyintensive processes reduces economic Viability, particularly in areas where renewable energy is scarce or
costly. Scaling up renewable energy capacity is critical for making the process sustainable and cost-effective.
Dcvcloping advanced catalysts is crucial for improving CQO,

hydrogenation efficiency and selectivity. To achieve the desired product while minimizing byproducts, a
catalyst must activate the stable CO, molecule. Recent improvements in catalyst design include use of
Bimetallic catalysts: Combining two metals, produces synergistic effects.

Non-noble metal catalysts: To cut costs, researchers are looking into catalysts based on common metals such as
Ni, Fe, and Cu. While these catalysts are less active than noble metals, they can be modified with supports to

improve performance.

Support materials: Carbon, silica, and LDHs are examples ofsupports with a large surface area, which promote
catalyst dispersion. They also change the electronic environment of active sites, which affects reaction
pathways.

Single—atom catalysts: New research focuses on single—atom catalysts, in which metal atoms are dispersed on
SUpPpOTEs. These catalysts have bigb atom efficiency and unique electronic properties. So, the bydrogenation of
CO, to value-added chemicals has profound implications for sustainability using catalyst design and
advancements. In this way, recognizing CO, as a resource rather than an issue represents a shift in our approach
to sustainability. CO, hydrogenation paves the way for a circular economy that transforms waste into wealth
and promotes innovation. This transformative approach has the potential to become a cornerstone in
combating climate change while also promoting economic growth, demonstrating that sustainability and

development can coexist.
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STUDENT'S CORNER




BAICH OF 202

THE TIME HAS COME TO SAY GOODBYE,
WITH MISTY EYES AND HEAVY SIGH.
THOUGH PARTING WAYS MAY BRING US PAIN,
THE BONDS WE'VE BUILT WILL STILL REMAIN.
NEW PATHS AWAIT, FRESH SKIES AHEAD,
WITH MEMORIES IN HEARTS WE’VE FED.
FAREWELL, NOT END — JUST A NEW START,
FOREVER CLOSE, THOUGH MILES APART.
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CHEMZONE 2025 STUDENT'S CORNER

FUNFACTS

The smell of rain is caused by a chemical
called geosminx*, produced by
bacteria in soil

The world's most expensive spice,
Saffron, is actually
a chemical compound called crocin

You are made of stardust : almost
all elements on Earth,
including those in our bodies,
were created inside stars.

Butterflies taste with their feet: they have tiny
sensors on their feet that help them detect sweet or
bitter substances.
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[]urShinin% dtars

This section is dedicated to appreciating the remarkable individual and collective achievements of the
Chemistlg Department. It celebrates the hard work, innovation, and commitment of hoth students
and T acultoﬂ, recngnizin% their Uutstandirg contributions in academics, research, and extracurriculars
that have bmught pride and distinction to the department.

— Poster presentation on Preparation of Natural Eco-f riendlcq and Sustainable
/ P@ pugherhal soaps for treatment of Skin /\ller&g in National Conference
on Ashwagandha: A Health Promoter - From Fields to Pharmac(g in Gargi cnlleg)e,
Universi‘gg of elhi on October 18, 2024 and secured First position.

Received a cash prize of 7000 and rewarded as Best Innovator Cnllec%e at Skills,

Enterpreneurship Expu 2094 é—@\

Tug of war in JMC Annual NCC fest - Agni asta, Junoon 26
/@—S Position - Runner up
Date - 24 March, 2026

(uiz Cumpetitiun at Shiv Nadar Universitclj on 1?2 September, 2024 and secured & @\
third position
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Uur Shinin(% dtars

[ndividual Achievements

Name : Kamakshi Sehgal

Course : BSc. (Hons) Chemistry - Il year
Cumpetitiun : Wei(ghtlifting( nder k%), Jelhi
University Inter- Ul]eg)e

Prize - Gold medal

Name - Chhaya Pande
Course - B.Sg (Hons) hemistr(g - | year
Event - Fabric Paintin% and Handcraft

Competitiun
Prize - Consolation Certificate

Name - Mansi Rawat

Course - B.Sc. (Hons) Chemistlg - Jear

Event-An online quiz on
W “Environmental Awareness (uiz”

Position - First

late - 26 fehrualg, 2026

Name - Divya Raj

Course - BSc. (Hons) Chemistrfg -1l (ﬁear o
Event-Paper Presentation , Kalindi College, University of lelhi
Position - Third 8 J 6\
late - 26 Fehruar(g, 2026

IIT JAM Rank Holders
Name - Saloni Bharti Name - Prachi Sin(%h
Exam - IIT JAM Exam - IIT JAM
Rank - 380 Rank - 1016
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THE (UN)FRIENDLY NATURE OF DENIM

Thinking of buying new pair jeans , baggy or flared, wide
leg or skinny? Ever wondered how your favorite pair of
jeans are made. How it's dyed to achieve the perfect finish
and texture. The environmental cost of producing denim
is often overlooked. From the cultivation of cotron to
dyeing, finishing, and disposal, every stage of denim

production carries significant ecological consequences.

The appealing blue colour your denim gets is from Indigo
dye. Despite being a relatively low vat dye, indigo is used
because of the worn out look it gives to denim. The
process involved in dyeing is resource intensive and
polluting. As indigo is water insoluble it is treated with
reducing agents and alkalis . This transformation requires
vast amounts of sodium hydrogensulfite and caustic soda.
Not all the dye used in the process binds to the fabric. A
major portion remains  unfixed and is washed away,
entering nearby water systems. These dyes contribute to
water turbidity and are often toxic, carcinogenic, or
mutagenic. This disrupts aquatic lives and poses health
hazards to humans and wildlife. Textile dyeing is the
sccond largest contributor in polluting ~ water
globa”y.Before the fabric is dyed it undergoes desizing
which involves removing adhesives substances applied
during weaving. Enzyme based desizing is done which is
softer on the fabric but harsh to the environment, and

further adds to wastewater containing chemicals.

In addition to chemical toxins, the wastewater from denim
production is characterized by high levels of pH,
biological oxygen demand (BOD), chemical oxygen
demand (COD), total dissolved solids (TDS), and other
pollutants  such as chlorides, sulfates, phenols, and
suspended solids. These contaminants not only degrade
water quality but also pose long-term threats to
agriculture and drinking water sources. Denim production
uses enormous amounts of water. It is estimated that
producing just one ki]ogram of denim fabric results in the
release of 40 to 65 liters of wastewater. This becomes
especially concerning when considering the scale of global

denim production.

To give jeans the perfect faded look, it is bleached and
washed. Acids and chemicals are used to lighten the colour
. These chemicals are again thoroughly washed off before
the jeans is ready to wear ,this further adds to the amount
of water used and wastewater generated. The denim
lifecycle, from cotton farming to consumer use and
disposal, releases a signif‘icant amount of carbon dioxide.
On average, a single pair of jeans is responsible for about
33.4 kg of CO, emissions. Denim production is also highly

energy-intensive.

Processes like spinning, weaving, dyeing, and Finishing
all require 1arge amounts ofelectricity, much of which is
generated from fossil fuels. This results in substantial
greenhouse gas emissions and contributes to air
pollution.To give jeans the perfect faded look, it is
bleached and washed. Acids and chemicals are used to
These

thoroughly Washed OFF before the jeans is 1‘€£ldy to wear

lighten the colour chemicals are again
,this further adds to the amount of water used and
wastewater generated. The denim lifecycle, from cotton
farming to consumer use and disposal, releases a
significant amount of carbon dioxide. On average, a
single pair of jeans is responsible for about 33.4 kg of
CO, emissions. Denim production is also highly energy-
intensive. Processes like spinning, weaving, dyeing, and
finishing all require large amounts of electricity, much
of which is generated from fossil fuels. This results in
substantial greenhouse gas emissions and contributes to

air pollution.

Denim may look simple on the outside, but its journey
from raw material to finished product is riddled with
environmental challenges.
As consumers what can we do :
¢ Buy less, but better :pick high-quality denim that
lasts longer and is made from sustainable materials.
e Go for ethical brands: Look for certifications such
as GOTS, OEKO-TEX, or Fair Trade, which
denote better environmental and labor practices.
e Wash sparingly using cold water .
e Dont throw away old jeans—donate, repair, or

recycle them.

Tanya Kumari

B.Sc. (Hons) Chemistry

IT Year
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Mahima Yadav
B.Sc. (Hons) Chemistry
Il year
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