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Greetings and a warm welcome to the CSIR-National Chemical Laboratory
(CSIR-NCL), Pune. I am pleased to present the Annual Report for the year
2024-25, showcasing the laboratory's achievements in advancing scientific
knowledge and translating it into impactful technologies.

During the financial year, the laboratory made significant strides in fundamental
sciences, publishing 431 research papers with an average impact factor of 5.6 in
esteemed national and international peer-reviewed journals, including high-impact
ones like Materials Science & Engineering R-Reports, Advanced Materials,
Molecular Plant, Journal of Travel Medicine, CHEM, Advanced Functional
Materials, Matter, etc. To safeguard this intellectual output, 62 Indian patents and 57
foreign patents were filed. Additionally, 15 Indian and 28 foreign patents were
granted to CSIR-NCL during the year, reflecting work from previous years.
Moreover, 68 research students successfully completed their doctoral theses under
the mentorship of CSIR-NCL scientists.

The laboratory also successfully licensed several know-how, namely the Fuel Cell
Test Station for Testing of low-temperature PEM and high-temperature PEM Fuel
Cell Stacks, Vortex Diode and Surface Coated Cavitation Reactors for Water and
Wastewater Treatment, Solvent free Continuous Processes for the Production of
Paracetamol using Acetic Anhydride and Production of Metformin Hydrochloride,
and an Electrolyser Multi-cell/Short Stacks Testing Platform. CSIR-NCL is well-
known for its close collaboration with chemical and allied industries. During the
financial year 2024-25, the laboratory continued this tradition and successfully
completed several industry-sponsored research and consulting projects.

The laboratory earned a handsome External Cash Flow (ECF) income of Rs 44.78
Cr, reaping the benefits of alignment with a well-planned roadmap. The ECF
included earnings from industrial sponsored and consultancy research projects,
prestigious global and national philanthropic foundations, competitively bid
research projects from various government funding agencies, know-how licensing
fees/ premia and royalty income.

CSIR-NCL also upheld its legacy of scientific excellence through a series of events,
thematic programs, and distinguished lectures that celebrated the culture of research,
innovation, entrepreneurship, and interdisciplinary collaboration.

The year featured a thought-provoking lecture by Mr. Subramani Ramachandrappa,
Founder and Managing Director of Fermbox Bio Pvt. Ltd., Bengaluru on the
occasion of the National Technology Day. The One Week One Theme Program

NCL licensed 7 unique
knowhows to industry
in the areas of
hydrogen technologies,
API manufacturing,
zeolites and
wastewater treatment.
The laboratory earned
a handsome External
Cash Flow (ECF)
income of Rs 44.78 Cr,

reaping the benefits of

alignment with a well-

planned roadmap.




provided a vibrant platform for scientific exchange, while the Prof. J. W. McBain Memorial Lecture by Prof. Biman
Bagchi, Indian National Chair Professor (DST-SERB), enriched the academic discourse at the institute.

CSIR-NCL also organized a Patent Certificate Course for Entrepreneurs, Scientists, and Engineers, empowering
participants with valuable insights into intellectual property management. The L.K. Doraiswamy Memorial Lecture,
delivered by Dr. Prasanna V. Joshi, Vice President of Low Carbon Solutions Technology at ExxonMobil Technology
and Engineering Company, inspired many with his insights on sustainable technological advancements.

Several eminent scientists and experts delivered key lectures during the year. The Dr. B. D. Kulkarni Endowment
Lecture by Prof. Mark R. Prausnitz and the Professor K. Venkataraman Memorial Lecture by Dr. Mukund K. Gurjar,
Chief Scientific Officer, Emcure Pharmaceuticals Ltd., highlighted the institute's ongoing engagement with global
research leaders. The 83rd CSIR Foundation Day was celebrated with a lecture by Dr. Hemant Darbari, Mission
Director, National Supercomputing Mission, C-DAC, Pune. CSIR-NCL also hosted the Curtain Raiser Event of the
10th IISF 2024, featuring Dr. Santanu Chaudhuri, Chief Technology Officer, Thermax Ltd., alongside the 6th NCL-
RF Annual Student Conference, which showcased the vibrant research culture nurtured within the institute.

The Chemical Reaction Engineering Symposium and a lecture by Dr. William (Bill) Tumas on “The Renewable
Energy—Chemistry Nexus” reflected the institute's commitment to advancing sustainable technologies.

Marking its Platinum Jubilee year, CSIR-NCL celebrated the 75th Foundation Day with an inspiring address by Dr.
Kiran Mazumdar-Shaw, Padma Bhushan awardee and Chairperson of the Biocon Group, who shared valuable insights
on research leadership and innovation. The Prof. B. D. Tilak Memorial Science Day Lecture by Prof. Sanat Kumar,
Bykhovsky Professor of Chemical Engineering, Columbia University, and the Dr. L.K. Doraiswamy Memorial
Lecture by Prof. Man Mohan Sharma, Padma Vibhushan and former Director, ICT Mumbai, added further distinction
to the year's academic proceedings.

During the year, CSIR-NCL continued to expand its network of strategic partnerships through the signing of
Memoranda of Understanding (MoUs) with leading academic institutions, research organizations, industries, and
government bodies. These collaborations aim to foster joint research, technology development, and capacity building
across diverse scientific domains. MoUs were signed with Chellaram Diabetes Institute, Vellore Institute of
Technology, VS Lignite Power Pvt. Ltd. & Atrium Innovations Pvt. Ltd., CSIR-CECRI & Periba Hycoco LLP, BAIF
Development Research Foundation, Buzzworthy Ventures Private Limited, BKL Walawalkar Rural Medical College,
Punyashlok Ahilyadevi Holkar Solapur University (PAHSUS), National Council of Science Museums, Centre for
Development of Advanced Computing (C-DAC), Indian Institute of Technology—Banaras Hindu University (IIT-
BHU), Ministry of Electronics & Information Technology (MeitY), 11 Base Repair Depot (11 BRD), Biocon
Biologics Limited, ICMR—National Institute of Virology, Department of Biotechnology, CSIR-Institute of Microbial
Technology, Maharishi Markandeshwar (Deemed to be University), Mullana, ITER-India, Institute for Plasma
Research, Pune Knowledge Cluster Foundation (PKCF), Asian Paints Limited, Azeocryst Organics Private Limited,
and NTPC (National Thermal Power Corporation).

During the year, CSIR-NCL conducted 14 Skill Development Programs, training 182 individuals and skilling many
summer interns. Additionally, the Science Outreach Resource Center organized 13 Jigyasa programs and facilitated
visits by more than 1,100 students from various schools and colleges, thereby enhancing community interaction and
outreach efforts.

I sincerely thank all the scientists, staff, and students of CSIR-NCL for their dedication and hard work, which have
been central to the laboratory's success. I also thank the Research Council, Management Council, DG-CSIR, and the
staffat CSIR Headquarters, New Delhi, for their continued cooperation and support.

(Ashish Lele)
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To be a globally recognized and
respected R&D organization in the
area of chemical sciences and
engineering.

To become an organization that will
contribute significantly towards
assisting the Indian chemical and
related industries in transforming
themselves into globally
competitive organizations.

To become an organization that will
generate opportunities for wealth
creation for the nation and, thereby,
enhance the quality of life for its
people.

Vision

Mission

Guiding principles & Values

To carry out R&D in chemical and
related sciences with a view to
eventually deliver a product,
process, intellectual property, tacit
knowledge or service that can create
wealth and provide other benefits to
NCL's stakeholders.

To build and maintain a balance
portfolio of scientific activities as
well as R&D programs to enable
NCL to fulfill the demands of its
stakeholders, present and future.

To create and sustain specialized
Knowledge Competencies and
Resource Centers within NCL
which can provide support to all
stakeholders of NCL.

To contribute to the creation of high
quality Human resources with
competencies in the area of
chemical, material, biological and
engineering sciences.

CSIR-NCL Annual Report 2024-25

To be deeply committed to the
success of our stakeholders.

To create and sustain a self - driven
and self - managed learning
organization with a high degree of
internal and external transparency.

To encourage a culture of collective
and principle-centred leadership.

To value the dignity of the
individual and deal with people with
a sense of fairness and without bias,
prejudice or favour.

To nurture the highest standards of
integrity and ethical conduct.
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Prime Minister of India

& President, CSIR

General, CSIR
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4 Clean Energy
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4 Circular Economy

Catalysis and Inorganic Chemistry

Catalyst Design and Scale-up

Petroleum and Petrochemicals

Environmental Catalysis and Renewable Energy
Biomass to Fuels and Chemicals

CO, Capture and Utilization
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C1 Chemistry

Chemical Engineering and
Process Development

Continuous Flow Manufacturing
Biochemical and Biological Engineering
Modelling and Simulations

Process Intensification and Scale-up
BEP and Lab Demo/ Pilots

Fine and Specialty Chemicals
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Organic Chemistry

Chiral Synthesis

New Synthetic Methodologies

Drugs and Pharma, Natural Products
Chemical Biology

Bio-Organic and Bio-mimetic Chemistry
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Molecular Diversity based Chemical Genetics

Research Themes and Areas

- » \4

4 Sustainable Chemical Industry
4 Biosimilars

4+ Biomass

4 Agritech

AP A

Physical and Materials Chemistry

Advanced Materials

Nanostructures and Nanomaterials
Spectroscopy and Time Resolved Techniques
Theory and and Simulation

X-ray Crystallography
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Energy and Storage Materials

Polymer Science and Engineering

Controlled Polymerization Techniques
Polymerization Catalysis

Natural Polymers/ Biopolymers
Encapsulation/ Electrospinning
Polymer and Materials Modeling
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Complex Fluids and Polymer Engineering

Biochemical Sciences

Agricultural Biotechnology, Crop & Nutrition
Diagnostics and Therapeutics

Industrial Microbiology and Biocatalysts
Bio-Nanotechnology

Enzyme Engineering
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Plant Tissue Culture
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On 3 January 1950, as India stood at the threshold of a
new future, a landmark institution dedicated to
chemical sciences was formally declared open in Pune
by Pandit Jawaharlal Nehru, India's first Prime Minister.
CSIR-National Chemical Laboratory (CSIR-NCL) was
born with a singular national purpose—to harness

science forindustrial progress and societal well-being.

The inauguration itself was historic. Nobel Laureates
and eminent scientists from across the world gathered
in Pune's Pashan, affirming global faith in India's
scientific aspirations. Sir Shanti Swarup Bhatnagar, the
visionary behind CSIR, articulated a bold mandate for
NCL: to bridge fundamental research with industrial
application and ensure that scientific knowledge

translated into human welfare.

The laboratory's first Director, Prof. J.W. McBain (FRS)
from Stanford University, set the tone for excellence.
In an often-quoted anecdote from the early years, it is
recalled that what was once open land transformed
within just three years into a fully functional research
ecosystem—complete with laboratories, equipment,

housing, and civicamenities.
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His words, enshrined at the laboratory entrance,

remain timeless:

“The purpose of this laboratory is to advance knowledge
and to apply chemical science for the good of the

people.”

During its formative decade, CSIR-NCL focused on
industrially relevant research, developing organic
intermediates, synthetic dyes, drug intermediates,
essential oils, coatings, adhesives, and emulsions-
scientific outputs closely aligned with the needs of a

newlyindependent nation.
The laboratory's stature grew further positioning it as

a global force in chemical engineering, organic
chemistry, polymer science and engineering, materials
science, catalysis and biochemical sciences. Across
decades, NCL evolved into a trusted national asset-
contributing to industrial innovation, public health,
national security, intellectual property creation, and

global scientific collaboration.

Echoing the spirit of its early mentors, Sir C.V. Raman,
atthetime of NCL'sinception, had remarked:

“Good laboratories alone are not sufficient to produce
scientific work; it is the ability of the individuals who
workinthelaboratories that counts.”

Seventy-five years later, this belief remains the defining
principle of CSIR-NCL as the lab strives to attract and
nurture talent.

The Platinum Jubilee celebrations culminated in a
landmark event held on * February *** at CSIR-NCL,
bringing together scientists, academicians, industry
leaders, alumni, and well-wishers to commemorate 7
years of pioneering science and innovation.

The celebrations began with the unveiling of
“Interfaces”, an immersive 3D-printed wall sculpture
that translates the language of science, engineering,
and art into a compelling visual narrative- symbolising
the multidisciplinary research ethos of CSIR-NCL.
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In his address, Dr. Ashish Lele, Director, CSIR-NCL,
presented the laboratory's achievements and outlined
the Science, Innovation, and Technology Roadmap
(2021-2030). He highlighted key thematic research
areas, emerging opportunities, and strategic
interventions required to address future scientific and
societal challenges.

ﬂ
A
<<
\'
4\3




754 U1 fAaw @1 AU UgH Muur Sf. fwor
AFER—T, RUE, qRBE Ja gRT f&ar
T8I 1989 H URATSIR—UAATS BI JU el
IET P FeqEad IS [HA1 AR FAD! qAER B
dTHdIfold FEHT B WHR 6T | I=/IA 9 919 W)
SR fear f5 ¥Rd va U A gul Aig R wWeT ¥ 7Et a8
d=ia] FaraR H g7 BT =g B FHhal © | P
giGHdT IR F@icH HRCT B IRITTBRI DT TR
YT STeld §Y, S8l d=l~hl I IRl Hrenfifear
3R SRS FEANT BT AT BT M o
3R I I BT TR T, S fa= iR fafdea
o ves vt g1 & wu H afofq fan |

ugH foqmer & |G Sf RgART ARIEER, S
WTEISIR & Jd AeIQed 29 HUHRMEIR—
TS & Q96 JRTEH 0R YHreT Sref, R uia
Hifetd dSM® THATIRI I B {IUTS I3 ARTST AR
HERTSE KT $hhx BIFIaRd oIl Sifed 3ienfiied ddel
& Jdg # 39! Ve e € | SR R & difgs
HUST ADBR AT H TN S Iged 3R AR
TR TR ARRYET B B &HdT B AT B §Y
I foh URIAABRI T dle & MHR | o, dfed
et @ 21t | S~ BT 2 |

The 75th Foundation Day Oration was delivered by
Padma Bhushan Dr. Kiran Mazumdar-Shaw,
Chairperson, Biocon Group, who fondly recalled her
first visit to CSIR-NCL in 1989 and acknowledged its
long-standing culture of innovation. She emphasized
that India stands at a critical juncture where it can lead
the world in new medicines, advanced healthcare
solutions, and deep-tech innovation. Highlighting the
transformative role of Artificial Intelligence and
Quantum Computing, she urged scientists to embrace
emerging technologies and cross-disciplinary
collaboration, describing the current decade as a
goldeneraforhealthcare, biology,and medicine.

Padma Vibhushan Dr. Raghunath Mashelkar, Former
Director General, CSIR, reflected on CSIR-NCL's far-
reaching contributions- from five fundamental
scientific breakthroughs to its role in managing
complex industrial crises such as the Bhopal Gas
Tragedy and the Maharashtra Gas Cracker Complex
incident. He lauded the laboratory's leadership in
India's intellectual property rights movement and its
ability to compete globally, reiterating that
transformative impact stems not from budgetary size
butfromthe power of ideas.
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A defining moment of the celebration was the release
of Platinum Jubilee special publications, including the
CSIR-NCL @ 75 Stories coffee table book, the third
edition of Flora and Fauna on CSIR-NCL Campus, and the
Platinum Jubilee Special Issue of Allotropes. Continuing
a cherished tradition, the NCL Research Foundation
Awards were presented to individuals and teams for
outstanding contributions in research, innovation, and
institutional development.
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The celebrations concluded with the inauguration of
the CSIR-NCL Archives and Science Museum, a
thoughtfully curated space capturing the laboratory's
legacy through physical and digital narratives—from
the early origins of chemistry in India and the birth of
CSIR-NCL alongside Independence, to its present
research focus and future aspirations.
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CSIR-NATIONAL CHEMICAL LABORATORY

75 FOUNDATION DAY SPEECH

HiqHeTSsmR-Teigd, fges

CSIR-NCL, Director

S1.312N" A
Dr. Ashish Lele

Namaskaar and a very good afternoon to each and
every one you. Esteemed Chief Guest for today's
function Dr Kiran Mazumdar-Shaw, our most
respected guru, mentor, guide and philosopher DrR A
Mashelkar, a galaxy of distinguished luminaries who
are with us today both, in-person and on-line, my dear
colleagues and students.

It is with immense pride and great joy that | stand
before you today to celebrate the 7*th Foundation Day
of the CSIR-National Chemical Laboratory. This
Platinum Jubilee milestone marks not just the passage
of time but also an extraordinary journey of innovation,
discovery, and excellence that we have undertaken
together.

Seventy-five years ago, born at the dawn of a new
India, CSIR-NCL was dedicated to the nation on the *rd
of January 1950. It was established with abold vision-to
push the boundaries of knowledge, foster scientific
excellence, and contribute meaningfully to the
advancement of society. Over the decades, we have
not only upheld this vision but have also expanded our
reach, embracing new frontiers in science and
technology.

CSIR-NCL's research and development efforts have
played a crucial role in putting India on the global
chemical industry map, increasing self-reliance,
instigating newer capabilities and upskilling the Indian

Chemical sector.
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NCL has always been at the forefront of path-breaking
research in fundamental sciences, and has time and
again seamlessly translated it into meaningful
technology. The impact of our work extends beyond
academic achievements-it has transformed lives,
shaped industries, and addressed critical societal and
strategic challenges.

We have made an earnest attempt to capture this
glorious journey into both physical and digital formats
in the “Archives & Science Museum” that will be
inaugurated later today. | urge all of you to visit the
gallery and enjoy the nostalgia.

| am proud to say that today's CSIR-NCL team is
building on the rich legacy of the laboratory. We are
cognizant of the major challenges that the world is
facing, including climate change, assuring affordable
and accessible healthcare, and ensuring sustainable,
inclusive and equitable growth.

In view of this, we have defined a thematic roadmap
based on our strengths. We are relentlessly pursuing
R&D programs in clean energy, C1 chemistry, process
intensification, biomanufacturing, circular economy
and agri-tech domains with sharp focus and inter-
disciplinary approach.

| am happy to say that our sustained work in these
areas have resulted in some exciting scientific
breakthroughs, as well as development of first-to-the-
world technologies. | would like to mention a few
interesting examples of our success stories that have
emergedinthe calendaryear2024.

This year, we published over 400 scientific papers,
more than 10% of which are in prestigious journals such
as Nature Communications, PNAS, Angewandte
Chemie and more.

We filed 48 patents in India, 36 PCT and 45 foreign
applications. In the Clean Energy theme, our efforts
contributed to the development of India's first
hydrogen fuel-cell powered catamaran, which was
launched by the Hon'ble Prime Minister last year. We
also successfully completed the demonstration and
due diligence of our IP protected methanol to DME
technology.

Under the Healthcare theme, | am very proud to
announce therecentinauguration of a first-to-the-
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world 2500 TPA continuous manufacturing plant for
paracetamol based on NCL's innovative technology.
We also initiated a mega project funded by the Gates
Foundation on genomic sequencing & development of
diagnostic techniques for prevalent diseases in the
Indianlivestock.

Under the theme of Sustainable Chemical Industry,
two commercial scale plants - one for continuous
nitration of polyaromatics and the other for
continuous manufacturing of azelaic acid, both based
on NCL's novel technology were inaugurated by our
industry partners. | am delighted to announce that
today morning we inaugurated a “Living Lab”, which is
part of a unique collaborative program between NCL
and the Centre for Process Innovation, UK set up to
assist decarbonisation of Indian Pharma and Fine
Chemicals industry. | am delighted that our industry
partners, and our colleagues from CPI and the British
High Commission are also present here with us today.

There are many more exciting stories emerging from
our efforts, which | believe will create meaningful
impact on sustainability, economy, healthcare and
securityinthe daysto come.

Inthe current FY, NCL's External Cash Flow has already
reached nearly 40 Cr, a record of sorts in the recent
past. | am happy to announce that today morning, on
the occasion of the Platinum Jubilee celebrations we
signed four business deals amounting to more than

INR2Cr.

CSIR-NCL's work was recognized in various forums.
Several of my colleagues received accolades from
scientific academies. NCL won two prestigious IP
awards and the IESA “Technology Innovation of the
Year Award”. Our technologies have also been
commended by defence forces & DRDO.

CSIR-NCL's Venture Center continues to be one of
India's finest inventive enterprises incubators
nurturing deep tech start-ups. It has nurtured more
than 175 resident incubates and 750+ start-up teams in
program, of which 27% are founded by women. In 2024,
NCL organised a large number of industry meets,
bilateral programs, conferences and several named
lectures as part of the Platinum Jubilee celebrations,
attracting industry and academic partners for
collaborations, and citizens at large to witness our
innovations. We also conducted several skill
development programs, Jigyasaa programs and IPR
awareness programs.
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None of these accomplishments would have been
possible without the hard work and unwavering
commitment of NCL's scientists, students, support
staff and contract personnel. | extend my heartfelt
gratitude to each one of you for your invaluable
contributions.

As we stand at the threshold of a new beginning, with
our sights firmly fixed on CSIR-NCL@100, | wonder
what would our future look like? With the world
changing at an unprecedented pace and the evolving
global dynamics posing new challenges, the need to
“Innovate-for-India” to catalyse “Make-in-India” will
befelt greaterthan everbefore.

What must NCL do in order to help build a strong
Bharat@100 so that we may secure a rightful place in
the comity of nations?

First, we must continue to push the boundaries of
scientific exploration, for no game changing
technology can ever originate without strong
foundational science. Thishasbeen NCL's legacy.

Second, we should harness the technological
revolutions in digital and biotech spaces to enhance
the speed, scale and scope of our Research,
Development, Demonstration & Deployment efforts.
And third, we should exploit new emerging
opportunities in India to chaperone our technologies
across the many valleys of death through new business
models, new entities and start-ups.

Experiments such as the Living Lab, and the Pune
Hydrogen Valley are our first steps in this direction. In
the near future, we also hope to build a zero-emission
high performance compute infrastructure, augment
our bio-manufacturing facility and actively recruit
young talent.

I would like to end my address by expressing deep
appreciation to CSIR headquarters, industry partners,
academic collaborators and funding agencies. Your
support has been instrumental in enabling our
research endeavours and ensuring that our work
remainsimpactful andrelevant.

Let this 75th Foundation Day serve as a moment of
celebration, reflection, and renewed commitment to
excellence. Together, let us forge ahead with the same
passion and determination that have defined CSIR-NCL
for the past 75 years. | have no doubt that NCL will
reach even greater heightsintheyearsto come.
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HIUHTE R -AgIgua & 449
CSIR-DG's Message

S1. U1, dbetAcdl

Dr. N. Kalaiselvi

Today, as we commemorate the 75th Foundation Day
of CSIR-National Chemical Laboratory, we celebrate a
remarkable journey that began on the rd of January
1950. Over the decades, CSIR-NCL has made indelible
contributions to science, technology, and industry,
reflecting the laboratory's unwavering commitment to
innovation. CSIR-NCL's pioneering achievements
range from the development and commercialization of
early industrial processes for the manufacturing of
basic chemicals meant for domestic markets, to
catering to today's demanding needs for globally
bench-marked, innovative and sustainable
technologies for global markets, thereby
strengthening India's self-reliance and its Viksit Bharat
ambition.

| particularly congratulate CSIR-NCL for its recent
achievementsinclude the commercialization of a novel
continuous paracetamol manufacturing technology,
thelaunch of India's first fuel cell catamaran developed
in collaboration with CSIR-CECRI and KPIT, and
enabling the Indian Air Force and the Indian Navy to re-
deploy the MiG-29 fighter jets by providing them
zeolites for on-board oxygen purification. These

significant technological contributions further solidify
CSIR-NCL's role as one of the leaders in Indian science,
technology andinnovation ecosystem.

CSIR-NCL Annual Report 2024-25
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This platinum jubilee is a testament to the laboratory's
continued dedication to excellence, relevance, and
socio-economic impact. | commend the creation of a
unique 'Archives and Museum' that captures CSIR-
NCL's legacy and envisions an ambitious future for the
laboratory. My warmest congratulations and best
wishes to CSIR-NCL for its continuing quest for
scientific advancement and its role in driving inclusive
development forour nation.
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Dr. Kiran Mazumdar Shaw

| remember my first visit to NCL was in 1989 when Dr.
Mashelkar was at the helm. | was a young Biotech
entrepreneur who was building India's first Biotech
Company on an IP led business model. Dr. Mashelkar,
was passionate about inculcating patent literacy within
academia. He invited me to give an impromptu talk at
NCL to talk about fermentation science and the
importance of leadership through proprietary
technologies. Years later, | was pleased to hearabout a
number of licensing deals announced by NCL to
overseas companies. However, India is not a country
thatis revered for its proprietary innovation but rather
known for its ability to reengineer molecules and
products at low cost. The time has come to innovate
new molecules and next gen technologies. The
advantage we have is to innovate at low cost and be
globally competitive. Chinahas shownthe way....

DeepSeek took the tech world by storm. DeepSeek's
app not only matched ChatGPT in capability, but it was
also built at a fraction of the cost and limited
computing power.

The reaction was instantaneous and seismic. U.S. tech
stocks plummeted, wiping out $* trillionin market value
in a single trading session. Nvidia, the undisputed
leader in Al chips, was blindsided—losing a staggering

$600 billion in hours. The shock rippled through Wall
Street.

CSIR-NCL Annual Report 2024-25
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Just days earlier, Sam Altman, the CEO of ChatGPT-
maker OpenAl, had stood beside Trump to announce a
$500 billion investment fund-the largest Al
infrastructure project in history-meant to cement
America's dominance in Al. Trump had boldly declared
the future of technology belongedtothe U.S.

Well, not anymore. A brash, fast-moving upstart from
China had just rewritten the script. DeepSeek had
cracked the code to do more with far less—and, in a
move that sent shockwaves through Silicon Valley,
they made it open-source and free for all. Influential
Silicon Valley entrepreneur and VC investor Marc
Andreessen dubbed DeepSeek'slaunchas'Al's Sputnik
moment.'

India had done the same in space technology -
Mangalyaan, our mission to Mars was successfully
achieved on 24th September 2014 at a cost of just $7
million less than the making of the Hollywood Film
Gravity! This was indeed our DeepSeek moment. But
we did not cause any seismic shocks asit did not disrupt
businesses! Elon Musk's Starlink however, is causing
major disruption in satellite telecommunications as it
provides global mobile broadband. India can and must
use its own low cost satellite technologies to compete
anddisrupt.

Chinais doing the sameinnovel drug development.

Arecent article in The Economist, titled “It's not just Al
China's medicines are surprising the world, too,”
highlights how speed, agility, and strategic investment
are enabling Chinese pharma companies to
outmanoeuvre Big Pharmain the West.

The Economist article says, and | quote: “With more
brains and money, Chinese firms moved beyond
copying Western drugs. Instead of waiting for patents
to expire and making identical generics, they adopteda
'fastfollower' strategy-taking known drugs and
modifying them to improve safety, efficacy, or
delivery.... Since fast followers are not starting from
scratch, they can run trials at a fraction of the cost and
speed.”

Here's theinteresting thing-India can do this too.

If we align regulations with the pace of drug
development, encourage risk-taking, and create an
ecosystem that rewards innovation, India can not only
catch up with China-we can overtake them.
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We have world-class scientists, a thriving
pharmaceutical industry, and institutions like NCL,
Pune that have long been at the forefront of scientific
research.

We can create a globally competitive pipeline of first-in-
class, high-value Novel Chemical Entities (NCEs) that
don't just make us the 'pharmacy of the world' but

positionus as a powerhouse of innovation.
The opportunity is right in front of us. The question is:

Arewereadytoseizeit?
How did China Do It?

China recognized biotechnology as a strategic priority
nearly two decades ago, but real momentum began in
2015 when the national drug regulator implemented
sweeping reforms. It expanded its workforce and
cleared a massive backlog of 20,000 drug applications
within two years. Regulations for clinical trials were
overhauled, aligning them with global standards.

The approval time for initial human trials dropped from
501 days to just 87 days after the reforms. As aresult of
China's accelerated clinical trials, the number of
Chinese drugs in development doubled to ~4,400
between 2021 and 2024. Of these, nearly 42% were
classified as either fast-followers or entirely original
innovations.

Besides regulatory changes, China took a range of
other steps such as increasing funding of biomedical
research and venture capital (VC), expanding medical
tourism, and expediting listings on the Hong Kong
exchange.

When U.S. drug makers Merck and Bristol-Myers
Squibb launched their blockbuster PD-' inhibitors in
China in 2018, they expected to dominate the market.
Instead, they faced fierce competition from local
biotech firms, which had developed their own
patented pd-1 therapies at a fraction of U.S. prices,
sometimes a third of the cost.

Recently, China has made notable progress in
antibody-drug conjugates (ADCs)-a type of cancer
treatment that links an antibody to a chemotherapy
payload via a chemical linker. Since ADCs rely on
optimizing existing components rather than
developing new ones from scratch, Chinese firms have
excelledinfine-tuning their effectiveness.

CSIR-NCL Annual Report 2024-25
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China is today challenging the United States in one of
the most high-value-added, innovation-intensive
industries in the world-the kind of industry for which
the United States has held a competitive advantage for
decades.

Indiais Poised for Leadership!

India has the potential to build the Eli Lilly or Genentech
of the pharmaceutical world, but achieving this vision
demands unwavering focus on innovative R&D and a
strong commitment toinvestment.

We stand at the cusp of a golden age in medicine,
biology, and biochemistry, with unprecedented
advancement shaping the future of healthcare across
multiple therapeuticareas.

India possesses the talent, ambition, and building
blocks to seize this opportunity. However, to translate
potential into reality, we must ensure sustained
investments, a clear regulatory framework, a robust
innovation ecosystem, and strong collaboration
among all stakeholders.

India's potential as a cost-effective innovator and
manufacturer of advanced therapeutics, particularly in
cell and gene therapies, positions us as a hub for
biopharmainnovation.

Our large, diverse population and Al-driven digital
technologies enable us to develop population-scale
biomarkers, genomics, and microbiomes, driving
breakthroughsin precision and personalized medicine.

NCLatthe Forefront of Next-Gen Drug Discovery

For 75 years, NCL Pune has been a pillar of cutting-edge
research, pushing the boundaries in chemical sciences
and engineering. It has the potential to be at the
forefront of next-generation drug discovery by
leveraging its strong foundation in contract research,
consultancy, and technical services.

NCL can drive breakthroughs in the discovery of Novel
Chemical Entities (NCEs). This will not only lead to the
development of novel drug formulations but also
result in the generation of intellectual property,
strengthening India's position in the global biotech
landscape.

With its expertise in business-driven R&D, NCL can
accelerate drug discovery through Al-driven
computational biology, predictive modeling, and
quantum computing.
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By offering professional advisory services based on its
extensive knowledge base, NCL can guide
pharmaceutical companies in process optimization,
new drug development, and translational research.
With its specialized facilities for testing and analysis,
NCL is well-positioned to support R&D projects that
caterto global market needs. Furthermore, its ability to
evolve strategic technology roadmaps can help shape
India's biotech ecosystem, ensuring that research
infrastructure keeps pace with 21™-century scientific
advancements.

By forging partnerships with hospitals, research
institutions, and biotech startups, NCL can drive India's
leadership journey in next-gen biopharmaceutical
innovation.

Conclusion

India's journey is not just about technological
dominance; it's about harnessing innovation to build a
self-reliant nation and a more equitable and
sustainable future.

This approach aligns with what Dr. R.A. Mashelkar calls
Gandhian engineering, embracing resource
constraints in the quest to do more with less for more
people. The world is in a DeepSeek moment—where
countries like India and China can rewrite the rules of
innovation. If we focus our resources, we can do more
withmuchlessand overtake global competition.

The timetoactis now.

CSIR-NCL Annual Report 2024-25
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Our most beloved chief guest and a very dear friend,
Kiran Mazumdar Shaw, Dr. Ashish Lele, Dr. S Sivaram,
Dr. Saurav Pal- all the makers of NCL, well-wishers,
members of the NCL family, ladies and gentlemen.

First and foremost Kiran, yours is one of the most
inspiring speeches I've heard. There are lots of young
people here to whom | would like to describe your
journey. Today when we talk of movements like start-
up India, this young girl started the start-up India
movement long, long ago. | still remember, when she
came to NCL for the first time, the glint in her eye, the
passion in her belly, and the dream she had - this was
several decades ago!

Kiran is an exemplar in many ways: she started her
business in a garage with a seed capital of Rs. 10,000.
She faced all challenges: being young, the gender
challenge, modern Biotechnology was a new word and
an unproven business model. Her first employee was a
retired garage mechanic. Overcoming these
challenges, she built Biocon. The 3 words that describe
her are - Purpose, Perseverance, and Passion. | have
witnessed many of her struggles and the way she has
fought with grit and passion. Having a purpose is very
important. | remember in one of her interviews, she
said, “l am not interested in earning billions but | want
to bring a smile to the faces of billions”. She is creating

affordable excellence through the Biocon Foundation




3BT PR XET B | SAMT I8 T ATl & 3R T& PRI &
fh 89 S TR HIUHRNSIIR—TANIVA & 75 IoT
fea™t & forg e 1Sy a97+1 1 3MIE PR B U |

319 91 U HETH ARATH BT 75 ATl &l T b | 7 S,
3T Tlel BT TAHIYE Bl &1 37 T8 SR e~ &
forg 9eng <=1 @TEaT € | 919 98 fUwel A1 & e ©
WA H TS & | GA @A | GO IR T S A
I U § S-S’ 3R T S HY I Hr9or
G | g4fee g1 agd g2 € b vIiigel S+ g |
IeH MR @ 2| WY I e oiR HuEery < S
TGS B 3refid A AT Bl <2l & | 39 Sy H 95
qTgeh 1 AT | I8 8ol U AUB -8l & dicd AT arel
Tut & foTg geh 2mead IRvMm 2 |

TG TANTTST H UH ARG e Bl ¥ 3R
TS @ 7T 1 QAT B 2 | H ST 50 99 Ugel 1976
H 39 yARTeNen # wnfier gan o, gafey # 5 fewfor
WY 3T €T fEATHT ATET:

Ugell 91d I8 ® fh ded & vy qg arar 2 @ik
AU BHET WaH & AR daaldT X8 8 3R 999 9
3T RET & | 1970 31X 80 & GH H AT TfARATIT B
mavgdhar ot iR THAIUA F < BT HH AN arell
TATY, DHISATTd M SUSTT HRIU | 1990 & TG H
JedIdHRUT & IMMTHA & 1T 8H Sleg ol o4 & fafas
g9 7Y | ST b ey 9 Seerg T &, 31T &F 8Rd
STefaryg uiRacH, ReRar 3R sRa xaga fasm oi
T ARl & R H ANE § %8 2| ST
BISSIoH S8 TA—3MRTRT DR & dl=d Bl Sooikg
T & | 718 daias qrasl T 9 QIRT 8— I8 fhmrry
3R JedT 2| B9 9N B SN &1 AhIs &I 91d
PR 8, A THIPD TRA B STAANT DI ET—HRT B &l
21 B R R 21 99 AT 9 J9d g8, S8
fRTaRTH 3R § ST 40 I B oF 3R THA ST AT BT
Th-Td! FTERIAT o+ BT Fof form | I8 8w & 500
WX Ul @ ST arfRe SR 20 °d  fRense
JTSARITSE dTex T ST aTey: 89 39 IRIId
fargeryor, AfSfeT iR RgeR & amR R Ruc &
A | ORI | gAfery ded €1 favy a1 @xar ®, I%
gl g 2 |

@ 9 IE © [P TN uce, ufedsr iR AR
SR STt BT AT Y87 8 | TRigel o HITegarr
& HATETH ¥ HIRA 3 SMSUISTR 3MQIeT BT wiged [T |

TR 91 I8 & {6 waivd = uef¥id fdar g f& aore

PI dThd el dfod [daR BT dThd AT T € |

by helping people: doing well by doing good. Hence
sheisarole modeland thatis why we were insisting her
to be our chief guest for the 75" Foundation Day of
CSIR-NCL.

Now, talking about the 75-year journey of a great
institution. | would like to congratulate Dr. Ashish Lele
for the tremendous leadership he is providing to NCL.
While he was giving the account of last year, | was
listening very carefully. There are a few words that | am
very fond of like-'First' and 'Mega' which | heard in his
speech. So I am very happy that NCL is flying under his
leadership. | saw the archives and museum that depicts
NCL's journey through the past. | felt very emotional
looking at it. It is not a mere archive but a timeless
inspirationforyearsto come.

Every laboratory has a genetic make-up and so is with
NCL. | joined this laboratory in 1976-almost 50 years
ago, hencelwouldlike to point out 5 observations:

The first one is that the context decides the content
and NCL has always changed according to the context
and has been ahead of time. Import substitution was
required in the 1970s and 80s and NCL provided low-
cost drugs, pesticides, etc to the country. In the 1990s
with the advent of globalization, we soon became
exporters of knowledge. Today as Ashish mentioned,
we are contributing to combat major challenges like
green climate change, sustainability, and green
chemistry. You mention the launch of the hydrogen
fuel cell-based catamaran. This technology is ahead of
therest of the world-itis affordable excellence. We talk
about cleaning the waterways of India, this technology
is greening the waterways of India. The nation depends
on us. When the Bhopal gas tragedy took place, Dr.
Sivaram and | were in our early 40s and we decided to
be of technical assistance to the inquiry commission.
The mystery that why 500 liters of water should go and
20+ tons of Methyl Isocyanate came out: we found it
through the report based on chemical analysis,
modelling, and simulation. So context decides the
contentis the first observation

The second is, that NCL has been a creator of
movements like Patent, Publish, and Prosper. NCL led
the IPRmovement in India through CSIR.

The thirdis that NCL has demonstrated thatitis not the
power of budget but the power of idea that matters.

CSIR-NCL Annual Report 2024-25
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My mind goes back to 1 July 1989. | took over as the
director at 9 am and spoke here at 11 am. There were
1100 people in the auditorium and you know what we
dreamt of together? My problem was with the Indian
industry, anytime we did something that was ahead of
therest of the world, they would ask-but has Europe or
America done it? | asked myself, what am | selling?
Knowledge what is my market? The whole world. So |
said NCL will now become an Inter-National Chemical
Laboratory. We licensed technologies to the global
market. This was in 1989- 2 years before globalization.
It is the power of ideas that matters: thanks to the
genius of Dr. Sivaram and others that we created
technologies for which General Electric was leading
and we licensed our technologies to them! This was
transformational. Soon Indiabecame a global resource
development hub with 1500 companies coming. So
NCL was the demonstrator of the power ofideas.

The fourth one is about balancing excellence and
relevance. | have not seen a more powerful statement
than the one engraved in NCL's foyer. It says: The
purpose of this laboratory is to advance knowledge
and to apply chemical science for the good of the
people. This is where we have created new frontiers -
be it catalysis, organic chemistry, and so on. But at the
same time, we have remained relevant through the 4
“goods” every laboratory can do: public, private social,
and strategic. Public goods for example is the number
of PhDs that are produced, the number of knowledge
creators that are produced. Private goods are achieved
through industries. Previously there was contract
research with the industries now we are talking of
deep-tech start-ups. Social goods are enormous in
terms of low-cost technologies. Finally, strategic goods
for Defense, for example production of critical and
chemicals. And | feel very happy that NCL has
contributed towards all these goods.

And the last point that | want to specially mention is
that NCL has always been ahead of its time. We have
been first in many things. | would like to talk about
China as know speechis complete unless we talk about
China and artificial intelligence. Kiran spoke about how
China has gone ahead, but | will tell you what China
was. Dr. Rajkumar Hirwani s sitting in the audience and
he brought an opportunity to me. | had this reputation
of being a 'why not' director. You bring in any idea, |
won't say why, I'll say why not? This was a World Bank
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consultancy contract for reforming two chemical
institutions: one in Nanjing and the otherin Liu Joe. We
had never done that. Foreign exchange was a huge
challenge, we had to beg and borrow. And | am very
proud to tell that we beat American companies - Arthur
D. Little, and ChemSystems, and won that consultancy
contract. This was the first time China was getting
consultancy from India. But there is something else
about China. | remember the mayoress of Nanjing held
a dinner for us. She told me, thank you for coming, |
want my laboratory to be as good as the National
Chemical Laboratory! So we have been a pioneer. We
spoke about start-ups and Kiran has been an early
pioneer. The government launched the start-up India
movement on 16" July 2016, but Dr. Sivaram and Dr.
Premnath had the wisdom to start the Venture Center.
There have been several incubators, thanks to the
leadership that Premnath has provided. These are high-
science deep-technology based start-ups. When the
president of India announced awards for the best start-
up incubator, the first one went to our Venture Center.
So these are the five agendas. These are the
fundamentals and will remain constant and have made
NCL special, soneverlose them.

I would like to finish by quoting Sir Robert Robinson (3
January 1950) “This enterprise is an expression of the
vitality of India and it will be one of the factors that will
lead to an acceleration of the pace of scientific and
industrial development in this half-continent of such
immeasurable potentialities”. Mark the word
immeasurable. The potential is static we have to
convert it into kinetic energy and create momentum.
That is very important. NCL has that potential. For
example, Dr. Amol Kulkarni's continuous flow reactors
have the power to transform chemical industries in
terms of sustainability, circular economic goals and so
on.

[ just want to end by saying when Science magazine did
a survey on what was the most powerful technology
developed in the 20" century, it was neither the
internal combustion engine nor the internet, and it was
the Haber Bosch process that created ammonia. | want
NCL in this century to create something that will be a
game changerin the new context. As | said, | joined NCL
50 years ago. | have seen its golden and diamond
jubilee. Thank you Ashish for making me a part of the
platinumjubilee.

CSIR-NCL Annual Report 2024-25
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Now comes NCL at 100! | won't be there. | just
celebrated my 82™ birthday on the 1 of January. So |
will say something unscientific and then end my
lecture:1am 82 and | do not know how many years am
left with, but I wish and pray to God that you can take
away the rest of my years, but please allow me one day
to celebrate CSIRat 100, NCLat 100. Thank you!

an—aan —an el
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@RRI: URIBINCH 3RIgia / Expenditure: Laboratory reserve

Contingencies Total=2225.09
123(6%) App. & Equip.+Computer
Pay & Allowances (6% ¢ 58.6 (3%)
0,
2s2slCe) v Staff Qtr Construction
<«
2 T 0.38 (0%)
-(i‘ Furniture
- 16.34(1%) Library books
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m/ 0
iGd Works & Services
E 161.92 (7 %)
s Maintenance (lab + staff qtr)

Chemicals & Consumables ﬁ 499.80 (22%)
1340.47 (60%)

RRI: OISR 3112 sicad ulRAsel® / Expenditure: CSIR and Network Projects
Total=22961.08

Works & Serv.
Chemicals 119.74 (1%)
857.40(4%)
Library
0 L CSIR+HQRF Funded Proj.
@ ¢ 2520.82(11 %)
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—=' 1870.00(8 %) Pension
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. Contingency
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[
Pay & Allow.
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ST 7Y AT GREBRT Dbl
I B A= | |
RE 3R T AR TpTaf iR 12 12 12
;ﬁ@a’aﬁ fagr wRermelt @ Aewdr
RIS Wigpa faqel ycel ol d=r’ 37 35 >8
(dhoieX )
YT WM, SegUasii— 8 8 8
gIfe S 31T
af¥g® At | dRTe—sfaris HweAT |
# ufaffa | et emaiia eraterat
@ A 99) (faazor auf @
e # fear mar ®)
1 &8 = 10 fAfera=

MoaamgarR. ot aiffe ufedes 2024-25 . -

2024- 25




EENERECED

Category of Benefits

Benefit

Performance Indicators

Indicators

202223

Ieare SR aRomH
OUTPUTS AND OUTCOMES

2023-24

2024- 25

Public and social goods

Number of papers published 407 365 431
Generation of (Calendar year)
and Number of invention disclosure 89 78 28
dissemination of (Calendar year)
generic Number of patents filed in India 61 50 62
knowledge (Calendar year)
No of foreign patents filed ** 55 69 57
(Calendar year)
Number of PCT applications filed 2 39 40
(Calendar year)
No of US applications filed 17 15 32
Number of PhD students as on 31 417 364 400
Highly trained March, 2023
man-power Number of PhDs produced 63 74 68
(Calendar year)
Number of NET/GATE qualified 77 58 244
students joined (including DBT
JRF)
Number of DST-Inspire students 35 38 45
Number of popular S&T articles _ _ _
Science published (in all languages)
awareness, Number of national and regional 7 4 3
popularization workshops, seminars organized
etc.
Number of international awards _ _ _
Pride and won
standing among | Memberships of major 12 12 12
nations; National | international academies and
image learned societies
Number of foreign patents 37 35 28
granted** (Calendar year)
Official(s) in global/ trans-national 8 8 8

Representation
in global affairs

organizations like the UN, WHO
etc- IUPAC

(Cumulative years of office held)
(Data given in no. of years)

1 Crore = 10 Million
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o &1 Hof Ik

Performance Indicators

dbdd

ECEIRBENEREE AN
SCIENCE PERFORMANCE INDICATORS

2022-23 2023-24 2024-25

I, WA, | R Ud [l gadrEsEn @ fou @ T8 16.15 14.93 | 14.81
sl 9wy fRreror 3R IRASTARIT | Fot 3T (FRIS 2. H) @Enfs
[EEGENIRED YW, TR HEIA B BISHT)
REIY
Aaa e |ad R/ e SRisA 9 @l g (PRIS NA NA NA
. )
AR T HIRAT TIEDT Td Heul I e, dTh-db! 1.69 0.62 1.20
BRI SFBRI Yob AT & w9 § FA 3T (FRIS 3. )
IR #)
3 gara Ude Haell ofFed ¥ Gl 3T (PRIS B.H)
%ﬁq e 99 AEHRAT/ AR / Ry ez #
BT : .
e @) e
fgdia AT/ eaTsHe / fddey Amat &l
=T
Wpd ARG Ucel dI F=AT 65 43 15
(Befer ad)
Wigpd faaeh ucel @l s’ 7 5 >8
(efer av) > >
Hrenfrer el | TrTHenEdIvaens aRASHRIT 3R 3y JHrT
% WU H Jeud | vFIfae ARl I Ui ofdalE (@RS 2.
AR A #)
RITSTHTRIT WenfiraT fee iR SHengy uRaTsRIT | 11.73 16.93 29.97
I Jufr sfdale vd Hwgen fAfdr 9-9
(TAUHINSEITAINS B 3reATaT) IRAISTHY (HRIS
5. #H)
difgsd duepr | uiad], girST | Wipd ARG USel Bl el 65 43 15
3R ufarssr IR st (drefex TH)
sHefh @ — .
Wa faeeh vdet &1 der” 37 35
Rerfd (FoieR av) 28
TAHRNE §RT AR by Y AL NA NA NA
TEHHI—aHETT ufSpel & duedy drst ®
SR AR BT G
T8 YAl & e~ FIHE Arfeeid o, 63 74 68
g8l ua™ & TS NugS & e
LR AHSAAT & A HHATRAT DY FAT 33 33 33
GERD)
YSANR REPR ASdmil & Je=l 18 18 18
(&)
UgH QREGR Ao ol G&ar (o) 6 6 6
SET & AT SERT & AT IRAITAIRN BT Bl oI (bad 16.15 14.93 14.81
TANTTAT @ JEIT: ARAR &R fa<el q40) (@rger™ Asrar ’
Rerfey BI Breax) € aRIs H)

k

k3l @ st 7 IN & WO & aifaRad o w &t fag g |
1 BRIg = 10 faferm
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EENERECED

Performance Indicators

ECEIRBENEREE AN
SCIENCE PERFORMANCE INDICATORS

Category of Benefits Benefit Indicators 2022-23 2023-24 2024- 25 ’
Research, Total earnings from projects done for
Private goods consqlting, In@ian & Foreign bu§inesses/ indust.ry 16.15 14.93 14.81
teaching and (R in Crore) (Industrial ECF, excluding
analytical Grant-in-Aid)
services
Continuing Total earnings from continuing NA NA NA
education education/ training programs (X in
Crore)
Licensing and Total earnings in the form of royalty, 1.69 0.62 1.20
technology knowhow fees etc from Indian clients ’ ’ :
transfer & contexts (X in Crore)
Other tactical Total earnings from patent related - - -
and strategic transaction (X in crore)
developments
No. of patents in new - - -
Licensing /assignment/ option
arrangements
No. of unique B B B
Licensing /assignment/ option cases
No. of Indian patents granted (Calendar 65 43 15
year)
No of foreign patents granted** 37 35 28
(Calendar year)
Contributions to | Money inflow from NMITLI projects - )
projects and other similar strategic projects (I
involving in Crore)
valuable e Money inflow from Technology
opportunities in Mission & GIA projects & includin
the form of X Proj & 11.73 16.93 29.97
CSR funding (other than NMITLI)
technology . .
. projects (X in Crore)
options
Intellectual assets and Quality, No. of Indian patents granted (Calendar 65 43 15
reputation reputation and year)
standing of - o 37 35
scientific man- No. of foreign patents granted 28
(Calendar year)
power
Number of scientists who are members NA NA NA
of editorial boards of international
peer-reviewed journals, covered by SCI
Number of PhDs granted where lab 63 74 68
scientists were research guides
Number of staff who are members of 33 33 33
National academies (Cumulative)
Number of Bhatnagar awardees 18 18 18
(Cumulative)
Number of Padma awardees 6 6 6
(Cumulative)
Lab’s standing Total worth of projects with industry 16.15 14.93 14.81

with industry

(only industry: both Indian & foreign)
(excluding Grant-in-Aid) (X in Crore)

* - Individuals who are members of more than one academy have been counted only once

** - Foreign means all filings other than IN & WO

1 Crore = 10 Million

CSIR-NCL Annual Report 2024-25
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9899l TR BIED BE9Io d8d (VLOHC) &7 faar

URAST 1 G FRAT | Project Highlight

Development of Versatile Liquid Organic Hydrogen Carriers (VLOHCQC)

ol WSRUI & HIA IR (BHRIA FHREN DI
JMITTHAT & Teld 93q TAIHIUNT Hofl T Bl TR
IR B | BT B H BISSIo Hreiid 7 Th RUrd Sy
o1 2 Rrad @'t T ' f 2050 d@ defdss sifaw ot
ART & 22% RFAT BRSO A [ 63T 51 F&ar €, S
gfoay 660 fAfer™ e (MT) gESIoH & SdRH &
TRIER B | 39 e H HeRuT 3R yRae+ et Fwamaif
@ BROT B BISIOT HeROT Aol &1 727 ¥ | gafery
LOHCs SUgh BTsgIold HSRUT YUTell  ¥A1(ad 8% & |

39 RIS &1 S22 Sod  BISgIol- a8+ &THdl dTel
SUYHRT LOHC 3f9] I Ugad $HRAT AR 91 ifrarss
R 3R v SARDT BT fABT HRAT AT | 37 eI
& foy faamiferd o] &1 S=a BIgSIo a8+ &rvar dTal
Y] B U § YEHE AT 8 SR AN | qE R gan
5 H2 &7 J@eiuor 691 wt% 2| faa=iferd oy &
EISSIoY 3R SIelgsiomeH & fharfafyy foa 1 #
fegrs € ®| fdAifom & gsgiomeE 8RR
SHIETSSITIAANT Y] B SIS & ol Falw™H
afafsrar Refd o &1 Sl & fdaAifos o] &
BIZSIOEE &l gfafsharg  siferderd Rudex Fva &1
ST R & ol & oiar ot 2 & fewmr T
AR SHEESIAAATT & SIEZSIOHeE & TN
IRIHE e gRRI # 3ifaet a1 &1 SUIRT v fhy
ST ® | 39 SRyl H O SOR® ¥y, ufafdhar
IR R FROR Sared & foy ufsear faers wnfie
21

HRIBMEIIR. TRAvS a1f¥fep ufedes 2024-25

The world continues to shift towards renewable
energy sources with the need for efficient cost-
effective energy storage solutions. Recently, the
Hydrogen Council released a report asserting that
hydrogen has the potential to account for 22% of the
global final energy demand by 2050, equivalent to
annual production of 660 million tonnes (MT) of
hydrogen. In this context, hydrogen storage has
become challenging due to safe handling of storage
and transportation issues. Therefore, LOHCs are
provento besuitable hydrogenstorage systems.

The objective of the project focused on identifying
suitable LOHC molecule that has high hydrogen
carrying capacity and development of heterogeneous
catalysts based on metal oxides. For this study,
quinoline molecule is identified as the high hydrogen
carrying capacity and the experiments proved that H2
uptake is 6.91 wt.%. The mechanism of hydrogenation
and dehydrogenation for quinoline molecule is shown
in Figure 1. The optimal reaction conditions are
obtained for hydrogenation of quinoline and
dehydrogenation of decahydroquinoline molecule.
The reactions for hydrogenation of quinoline molecule
are performed using autoclave reactor set-up as shown
in Figure 2 and dehydrogenation of decahydro
quinoline experiments are carried out under
atmospheric conditions using oil bath. The studies
include catalyst synthesis, reaction optimization and
process development for continuous production.

A 1. R IS TSSO aBD
(LOHC) & U ¥ faaifer ik
SHIETSSIGaTled @ BIggISTIIH

@ forg ufafosar

RE|

Fig. 1: Reaction mechanism for the
Hydrogenation and
dehydrogenation of quinoline and
decahydroquinoline as liquid
organic hydrogen carrier (LOHC)
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URAST 1 G FRAT | Project Highlight

LOHC 3rvpsiit & grsgioes & forg urifires |
BT ATEE =

Schematic of the experimental set up for
hydrogenation of LOHC molecules

gIgeroeH Ufdfshar a3 # fdamifers 9 SeregsIfdaaiferd (DHQ) 99 A& I8 Ufd (py—THQ :V) A |

The hydrogenation reaction mechanism involves the following pathway (py-THQ route) from quinoline to

decahydroquinoline (DHQ) formation.

umolmc (Q)

1,2,3.4 lurahydroqumolmt,
(py-THQ)

Decahyqumnn]me

(DHQ)

S UPR SIETgSIoTTed Hifhar a3 DHQ W fa@ I a9+ & 7Y bz-THQ AR T S8RV R |

Similarly, the dehydrogenation reaction mechanism follows bz-THQ route for quinoline formation from DHQ in

reversible manner.

(Ij -3H2

Decahydroquinoline (DHQ)

39 uRATSHT @1 Yxg faerarsii # Ni/SiOz, Pd/ALOs,
3R Ru—3MemRd SSR®I 91 fIuH SIRBT BT HZeAvo]
aftaferd © | Fdtes ufafhar aRRefaat o1 feaRor e
B o1y fFafor & BeSIoMeA 3R ShIegsIdadiier
B SETgSIoeA & forg 9 YN fby v | Ueb Riret

5,6,7,8-tetrahydroquinoline (bz-THQ)

O

Quinoline (Q)

The highlights of the project include the synthesis of
heterogeneous catalysts such as Ni/SiO,, Pd/Al,0;, and
Ru-based catalysts. Batch experiments were carried
out for the hydrogenation of quinoline and the

dehydrogenation of decahydroquinoline to determine

CSIR-NCL Annual Report 2024-25
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Orsferel & foru fhae—de Ruder & ITaR UdTg TRt
fu v Ruged wgaflesd gt & siftq Sarg
oo &Y IR o S+ dret gfafshar |mTt o1 <enfud fhar
AT [BISS WISde g7 ddb of ST dTel RUae urerd
P & SIRY gaT ST 137 | 39 AfaRad U e ufd
a1 @1 wfshar Rygerer & oY gemr 3R Sl Aga
T B TS, T 99.9% SETESSIfdaHlferd (DHQ)
IHTE 9T B3 |

fFaeifer 3R SHhESsIfda-Ile & TN S5 AR
fiRie Sewifsye, BMRgehd SeIHIfSUT, BRI
sfafdex, BIeH BfAdmd, BT R ToldR ST 3R &R
s’@%ﬁ Ry < H Bl g ga-afﬁﬂeﬁ b b
SITIRINT &, TIfh §70 BIgSIo HSRYT & o1y T IuIRT
e S waar & R®ife gae! gfaadt aebfa & R

ST S BTeSToTd @ 6.91 Wt-%0 STa2YoT &HT & |

MoaamgarR. ot aiffe ufedes 2024-25

URAST 1 G FRISAT | Project Highlight

optimal reaction conditions. Continuous flow
experiments were conducted in a fixed-bed reactor for
a single cycle. Reaction pathways leading to final
product formation were established through reaction
kinetic studies. Additionally, mass and energy balance
calculations were performed for one tonne per day
process simulations, achieving 99.9%
decahydroquinoline (DHQ) production.

Quinolines and decahydroquinoline find applications in
dyes & pigment intermediates, pharmaceutical
intermediate, corrosion inhibitors, fine chemicals,
fragrance & flavor industry and rubber industry, etc.
Although these molecules have wide applications,
these can be adopted for H storage as it has higher H2
uptake of 6.91wt.% due toitsreversible nature.

A &. f1 / Anil K. Kinage

ak.kinage.ncl@csir.res.in
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Haivl dsiu PbS d@icH Sic 9k SIRIERI &1 Fefharaid gaR
Synergistic Improvement of Narrow Bandgap PbS Quantum Dot Solar Cells

fRIR—gPIS (NIR) ¥ # ol deiU &I eSAfaferc
faftre ©U A PlasSd o€ AhSS (PbS) daicH SfcH
Qds) @I <SH SMfhcaer ¥ HAlg@l WISDHse AR
RIfeTp AR BIRGRIT & UeeH & 9 & oy Udh
g Al & WU H I 2| qdifed daf dei
(NBG) PbS QDs /341 (111) 3R v/ %41 (100) efH=e
UEqsll dI Wi & €, o forffs gonfaRky &
AT |yl A @ AfspEar srafde gerdget 8
ST 8 | eRe forife gofaf # adam aweramit &
J1a9]e NBG PbS QDs Hifere fiheri # S rifya wu &
TR B O 2, Ry St areraser ok ¢u # 9fg g2
2| AMAR WR SWINT fhy WM aTel ITO Soidgrs &l
AT NIR TRERIAT iR aefyis w9 Sudel IR
REjele’l 9 Judla NIR fafdRor AR iRl
TSN U0 RSN & R Teei § FHST
2| I8 89 STpefie Pl golss 3R BEfD
AT AV[AT UR IMTRT U BISlshs it UM BT
SUIRT R &, T Aag W Alg Pb WA &T Cd
2oIUeH! gRT TiRe wRReH B § | UE T s
U Hifers fhed! # araiftsd QD WIS bl BIh] HH
Pl B, FoRTT B ioTdhe 3R Seragii~a ol § o

BIATE |

The tunability of the energy bandgap in the near-
infrared (NIR) range uniquely positions colloidal lead
sulfide (PbS) quantum dots (QDs) as a versatile
material to enhance the performance of existing
perovskite and silicon solar cells in tandem
architectures. The desired narrow bandgap (NBG) PbS
QDs exhibit polar (111) and nonpolar (100) terminal
facets, making effective surface passivation through
ligand engineering highly challenging. Despite recent
breakthroughs in surface ligand engineering, NBG PbS
QDs suffer from uncontrolled agglomeration in solid
films, leading to increased energy disorder and trap
formation. The limited NIR transparency of commonly
usedITO electrodes and inadequate NIR radiation from
commercially available solar simulators further
compromise the true performance of NBG PbS QDs in
solar cells. Here, we employ a hybrid ligand strategy
based on inorganic cadmium halide and organic thiol
molecules, leading to the partial substitution of surface
Pb atoms with Cd heteroatoms. This hybrid ligand
strategy substantially reduces undesired QD fusion in
solid films, improving photophysical and electronic
properties.

o 1: fafa=1 veerer Rerfoat 3 QD
g YR, Saivid a8, NIR
UGN o quiF 3iR Cd-H-
forfhg PbS QD wieR Wl weei
= Pb-H cuke Cd-H ferifs
ferefsharam ot T |

Fig. 1: Impact of Pb-H vs Cd-H
ligand passivation on QD
surface chemistry, excitonic
behavior, NIR optical
characterization, and Cd-
H-passivated PbS QD solar
cell performance under
varied illumination

conditions.

CSIR-NCL Annual Report 2024-25
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ITO TRd &Y HICTS BT FHRAING b 3R ZnO TRd P
PIST & ARTH A I 8N4 T R o 89
NIR URERIT BT 80% I 31¥d T IR Fadl & | 89 T
NIR Y& A $I Aok Rgelex & el Aaras
AM® AM1-5G SIARM & A1 TS ATIdH NSl & folg
T AMsfSTS Wage ARAT W aRd & QDs &
|as FfSpaar § YuR, soiggls &I NIR URERr
GUR 3R Ud WG R0 THIT T AqRqT HI 7Gq
T B AM 1-5G, WRihTse fheex 3R Riferdi= fheex
THTIT B AN HHIT: 12.4%, 4.48%, IR 1.37% D Al
I fISTell wUIaRvT G&TdT (PCE) W<l &)+ H ¥9eTH ¢ |
AM 1-5G U § 0.54€ &I RIS MuT—wAfbhe alec o]
(Voc) 3R 38.5 mA/cm?2 &1 Te—afdhe B SRIET (Jsc)
gre fbam 71T 2 | 89 BIeidifecd et § g Uf Bl
ST QDs & J8aR AAg MIShadr I S &9 drel Sdd
ol wed iR gexHifere USRI A o dr S 2|
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URAST 1 G FRAT | Project Highlight

By modulating the thickness of the ITO layer and
managing refraction loss through a ZnO layer coating,
we improve NIR transparency to above 80%. We
combine a NIR light source with a solar simulator to
achieve near-ideal spectral matching for a broader
range with standard AM1.5G illumination.
Enhancements in surface passivation of QDs,
improvementsin NIR transparency of electrodes, and a
spectral matched light source setup help us achieve
solar cell power conversion efficiencies (PCE) of 12.4%,
4.48%, and 1.37% under AM 1.5G, perovskite filter, and
silicon filter illuminations, respectively. A record open-
circuit voltage (Voc) of 0.54V and short-circuit current
density (Jsc) of 38.5 mA/cm2 are achieved under AM
1.5G illumination. We attribute these advancements in
photovoltaic parameters to the reduction in Urbach
tail states and intermediate trap density, originating
from superior surface passivation of Qds.

™Y AR T /Arup Kumar Rath
ak.rath.ncl@csir.res.in




AN o Lo (o
UIIITR] <hlgd hHshH
Technology Focused Programs

URAST 1 G FRAT | Project Highlight

I I[N H BISSIoH HeRY ; Al Wiel & forv "R af+iT gt (<R =/t
Solid-State Hydrogen Storage: ML-Guided Pathways to Materials Discovery

EISSIoTT Bl YD wY W Udh T8 & oll a8 HIHT ST
g Sl Telldel dIHT Bl gel DR 3R U Rl Soll
HehHOT BT FHLT BRl H AeH & (R AT 5ab 3
STINT # Ud 91 a7 2: 98 © gRiera ofR fhwrch
HERYT B | SUA SiepIui H 3 U1 B8 SIes & ArdH
A SN 3fARAT H BIgSIoA WSRU 0 e AAfgd
g iR 3fAfRd Grem & SR Tdh Jeaie FHRIA
ST PR © | offhe AR I 357 &1 &1 ugar e
# 8 o arasiRe aRReA # gresioi o Temad! wY
H eI &R Iad R Wahd 2, S s
AR Sfeerdr @ waer ¥ |

39 &3 H @rol Bl A <7 & forg gw e wei @i (ML)
Aied &1 U e faafid 6 € i o1 sississd &
HedqUl AT 7R HSROT I[ON T A ST
g RTad sEsod SR &Fdl (H2wt%), BSsss
fmTor @1 Tl (AH), e USR S9@ (P) 3R T&Td
SEREA—ATIH (PCT) JATSAIH A © | 37 Alsall
BT IUINT PR &A1 6.4 MlorIT ggocd M argal @l
ST BT 3R VA TARTT BT ARTGe fdar Ry & 6.2
H2wt% @1 afdecdt emar arel Mg—ameniRa f—ecs
81 T BT The HLATOT B3N, S ATISING HSRT
FEEIT B {9 § U Wi s A ¢ |

Hydrogen is widely regarded as a clean energy carrier
capable of addressing global warming and supporting
a sustainable energy transition. Yet, its industrial
deployment faces a major roadblock: safe and
economical storage. Among available approaches,
solid-state hydrogen storage via metal hydrides offers
a compelling solution due toits high volumetric density
and inherent safety. The challenge, however, lies in
identifying alloys that can reversibly absorb and
release hydrogen under practical conditions, a
problem ofimmense chemical complexity.

To accelerate discovery in this space, we have
developed a suite of machine learning (ML) models
that predict critical thermodynamic and storage
properties of metal hydrides, including hydrogen
storage capacity (H2wt%), enthalpy of hydride
formation (AH), equilibrium plateau pressure (P), and
Pressure-Composition-Temperature (PCT) isotherms.
Using these models, we screened 6.4 million multi-
component alloys and guided experiments that led to
the successful synthesis of a Mg-based ternary alloy
with a reversible capacity of ~6.2 Hawt%, an

encouraging step toward practical storage solutions.
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AR AEHT WIS ¥eIT BT AT a7 § ML @1 20
gerfefl € | Aecaqul ou U & & g9 99 "mal @ W0
fareeryor wed € wet died v 8 o 2, e g
ITH AT B TEA B R I R uRepd aRe
@1 gt e & | afsa Rieror ugfdl & weam 4§
BAR AiSd 34 YRATRIe SRIMATe] & 1T VeI (g ST
R €, R ardfde a9g H g fRnefor o aRefor
AT E9g 81 5 8, o Al & @it @ |
Aol SATRET & |

S WY T g (g Fa T[urac dTel STIa™ Bl (FHioT
2, ST fdll + Ser—Harferd gfedIoT & MemRReT 2 |
A QI Y G faefad by 8, MH-PCT, ST 138
TS H 14,000 W 3O gl & T FH ¥ =T
T U 98T STRIC © 31X HyStore, &7 U faRaTRa 3R
RRCS RO 7, O 31@ ~500 3 wfafteadl & @
JEIR IR AT & | 39 3TATdl 894 IS+ AT |
STRIC TR BT Walferd R & oIy 98 9197 Aiee
(LLMs) &7 SYarT  fhar 8, g o odiell axar
(LLM-RAG) ¥ & R 31 S/ & foly am=iiga
fopar ST Abar 2 |

T § WTHANEIR B B (A9 B fad gHRT
HT Ve Ferad ML ITaifires SReT IRqd Rl & il =
D IS FgRIAl DI FHSH H WER—IG B, dfed
I & AL & ofQ ATIeIH ST FRAAT BT (FH107
Wl IRAT & | 9iSgad Afedl I TR | SIShR &9
BT AT Tl BISSIoTT WSRO AT &I @RT T
BT qHT YR B R 8, I erssio—qanfera 9fasy
P IRBSIAT ATHR 87 B HeId BT © |
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URAST 1 G FRAT | Project Highlight

Our framework demonstrates the power of ML in
narrowing the search space. Importantly, we also
analyze cases where models fail, allowing us to identify
limitations and refine them further. Through active
learning approaches, our models are now being
integrated with experimental workflows, enabling
real-time retraining and experiment design, thereby
accelerating the materials discovery cycle.

Central to this progress is the creation of high-quality
databases, a cornerstone for any data-driven
approach. We have developed two new resources, MH-
PCT, a large dataset built from scratch with >14,000
points across 138 compositions and HyStore, an
expanded and curated version of HYDpark, now
enhanced with ~500 new entries. Additionally, we have
leveraged large language models (LLMs) to automate
dataset curation from scientific literature, creating a
flexible framework (LLM-RAG) that can be generalized
to otherdomains.

In summary, our work under CSIR's Hydrogen Mission
presents a robust ML-experiment framework that not
only decodes chemical trends but also builds the much-
needed data infrastructure for future research. By
bridging predictive models with experiments, we are
paving the way for the accelerated discovery of solid-
state hydrogen storage materials, bringing the vision

ofahydrogen-powered future closer toreality.
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Bfdar el / Kavita Joshi

k.joshi.ncl@csir.res.in
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A FAICHN/AT W@TE 9 dTel Yuic & WU H% HiY AURME I U

Cyclopentanone/ nol as flavouring agents: Derived from agricultural waste

AEFANCTHIM (CPO) & A= 3ieRTe JITIANT 8 o
Plearerdl H  RTEdT 99R Jed 2023 H USD 150
fAfes 89 &1 g © SR 9T IgATa CAGR
6.3% © | aaA ¥ I IgIE! I AGIIS w5 o
UfSUe TRis SdTe & HIed 3 Siared qame= 3y
BT 8 | CPO & STEH &1 aa 3ielfire ggfa &1
TG HHl fH ST quEE R USfie gRrs @l
IPIHROT IMAT 8 | Bla- SISATRIgS 3R U & w9
# vf$fe wRie &1 Aeaqet 969 & | 98 ugh Jrufde
Tde & forg o g Uar Sl & &R g9a ufaRo
R iR v B G 8, dT J& BRU I
ATTHT 3IR SUART fhY S dTel B IORDI 1 FelReb
TG 2 |

IRIART | g9 arel CPO/CPL a1 HFT Y=Y &1 &1 u7 <&
2, Rraer yavr g8 € 6 s9ar aftifas 9 )
IcaTeH el 8 VET & | 39 e H aciHe ey # 4wty |
AP DI Ioa 989 T ANST B AT 30 50 4
P & o SIS SO Sd1d BT STANT AT ST 8, ST
qeH WishdT et Rl & T8d URHT] Serdl deT]
qrell Gl @ SrufeId JMazadhdl &l ST § |
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Cyclopentanone (CPO) has various industrial
applications, such as in electronics, flavours,
fragrances, pesticides, and insecticides, with a market
value projected at USD150 million in 2023 and has a
predicted CAGR of 6.3%. Currently, this versatile
chemical is commercially derived from fossil resources
via adipicacid production. The primary drawback of the
current industrial method for producing CPO, which
involves cyclizing adipic acid at elevated temperatures,
is the significant loss of adipic acid as carbon dioxide
and water. This process also creates challenges for
waste management and can have adverse
environmental effects, largely due to the high
temperatures and the corrosive nature of some
catalysts used.

There exists an unmet demand for CPO/CPL derived
from biomass, evidenced by the absence of
commercial-scale production. The current research in
this direction utilizes high precious metal loadings
exceeding 4 wt% coupled with high hydrogen
pressures exceeding 30 bar, indicating an imperative
need for methods that enhance atom efficiency under

milder operational conditions.
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ATAANEINR—TIGed § GRWRA bl CPO/CPL #
gRafdd &< =g fy U o # wWeeh wu 9 et
fgaTq SOR® & SYANT fdar w, i Ay # aftfa
ggadl @ el H 150—200 °C & &HH 99 3iR
15—20 9R & PHH BSIoA &1d W 60—70% CPO &I
TG BT & | 396 iR Wfie Sdre & wy #
CPO/CPL urd &=l & forg wfafrar Refosi @
THARAINTT BRAT WY H9a © | Sifddar ufafharg 9=
gfshar # &1 Sl €, gTetifes 359 gfafehar &7 dad w0
B D I OTRY © | $9 BRI BT GA TRL ST 3
g, Rrri  aeaiie wu #§ Sude Y BRRRA &
IO Fed BRI HT TANT HeAgC & w0 H fHar T

=
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The work carried out at CSIR-NCL on furfural
conversion to CPO/CPL used an indigenously
developed bimetallic catalyst, which yields 60-70% of
CPO at lower temperatures of 150- 200 °C and lower
hydrogen pressures of 15-20 bar as compared to the
literature. Moreover, it is also possible to tune the
reaction conditions to yield either CPO or CPL as a
primary product. Mostly reactions are performed in a
batch process; however, efforts are ongoing to
translate this reaction on a continuous mode. The
current TRL of the work is around 3, with the substrate
used being crude furfural instead of purified furfural,
whichis commercially available.

IR U U /Paresh L. Dhepe

pl.dhepe.ncl@csir.res.in
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Tl UGl & die HF0T G

fCPhr® ifUeIe™ dle Jegd & foy uRwepd 3R gge gt

Next-Generation Insect Control Formulations: Refined and Fortified Botanicals for Sustainable

Lepidopteran Pest Management

famraul ey &k wierew wmfimst o9
AITISICRI BIc dfRads wTe YRET & oy He@yol TR
g, T 3™, gTell 8iR aFTari %el] &l USarR |
AR JHAT 81 &1 © | URURD PHI3H BIcARID H Hic
gferr, qafarei fawrpar ik ame wfoder SRi
WY € | 59 Ay # aeafa fasm 3 Sa—sraEe
TG 3R TIRRIIS TgdqHeldl & BRI T SRS
fawen @1 ufaffea wxar 2 | gTenife s &9 Rerar,
N FRTIC 3R SR T9TIHRTRAT = &5 & 596 START

BT AT PR feare |

AR RIS A Sra-wieo- iR gftemron ik
PATR BV BT YA HRD gt s B
R Y ¥ IR 3R Gge ddHR g ARl Pl
R o | diei | T Ak gaTelt iR S GABROT &
TRANTRITET 3R YETSH URIE § T TSI Bl
% fovg @@l T &R gfg — kg pwEl #
HedQUl FUR S@T AT, i & IS fePpraud iR
Rerar +ff S ff | we@yr! 91d I8 2 f gge fy 1y
A 7 favaRa srafde Tfafeh wefia o, e
e} IT TATROT GRET W BT AHSICT Y AT IguinT
B ITIRT BH & TS |

fasi =1 wecyul fioaraifsTee dedl # swery faba,
Ry Pt & Shifaq @ & G9a-T w9 8 T8 iR
R & AIRH ¥ fAerH AT | I§ TATIT PprRarsdl
THIghd DI JGe & 3 TThl & W0 H I &HdT DI
G B © | $HD AT, ATHAd &l A I8
S 83T © b O §7& GEHoia—aMeITRa Sig— [+
Toiel 3R RNA B8 e YvHIfcril @ e e
SITaT & o Aefhareae sia:fhard erdl € R Ras
Tl WY & OIg BICHTID! & forg AT Yot € |

39 BRI BT He8d dle AT & U Th Iholdd
A1 TaTd B 31X ChTe Hae e & uRged &l
TAT 3MHR <1 H & | IR iR Ygg a_af IRIRS
Tl R TR SURT 3R MY e S & 7e &
AR DI HH BRI =, Forad fHa™ BT T qITaRor &
3@, G-y 3R SUHITdT ¥IHTd AT

eI 2 | SHST IPRINT I Wl Bl I oIy o
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Lepidopteran pests such as Helicoverpa armigera and
Spodoptera frugiperda are significant threats to global
food security, causing massive yield losses across
cereals, legumes, and horticultural crops. Conventional
synthetic insecticides have limitations such as pest
resistance, environmental toxicity, and regulatory
restrictions. In this context, botanicals represent a
promising alternative due to their biodegradable
nature and ecological compatibility. However, poor
stability, rapid degradation, and inconsistent efficacy
have constrained their field adoption.

Our project addressed these limitations by
systematically refining and fortifying botanicals using
bioassay-guided approaches and effective
formulation. Laboratory and greenhouse trials of
plant-derived actives and their formulations
demonstrated significantly improved larvicidal and
growth-inhibitory effects against key Lepidopteran
pests with enhanced persistence and stability.
Importantly, fortified formulations exhibited extended
residual activity, lowering the frequency of application
without compromising plant or environmental safety.

Mechanistic assays revealed that refined botanicals
interfered with critical physiological targets thereby
reducing pest survivorship and delaying resistance
onset. These multi-pronged actions underline their
potential as robust Integrated Pest Management
components. Moreover, compatibility tests showed
synergistic interactions when combined with microbial
biocontrol agents and RNA interference-based
strategies, opening avenues for stacked, next-
generation biopesticides.

This work's significance lies in delivering a scalable
technology for pest control and reshaping the
landscape of sustainable crop protection. Refined and
fortified botanicals bridge the gap between traditional
plant-based remedies and modern precision
agriculture, offering farmers an eco-safe, regulatory-
compliant, and consumer-acceptable solution.

Applications spanfrom staple food crops to high-value
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I dTel Hell IR Afearal d& fawaiid g, S s
PleAerd & Hefiec B &1 o1 & dRas I @
AITHU ¢ | ol AR T8 RIS Wic AcHIaEgey
BT I fhoe  TGRIM dlel 3o SaAdRoT H uRafdd
PR B Y U UIguersT S ©, Sl B Icaraahdn
3R gITIROM TR Pl R&TT B dTell oTilell, gafaRor
@ T ST dIe Fde vt &) Hig v ® |

Ao ol w® wifdwge dicad B
(@cda™) & TART ¥ Al & geE W SeelkdHa HHI
s | SUAIRA oral & fawrd # we o, 97y <) A
JSIANT 3R HeTdiford IR | qmeT <] TS, ST
AT 2 | §a AATey 98 whd 9g—aferd
RIS Shac & ArRgd | AfiRIe: Bt Bl
g # dfcIa™d &) THTaHTRAT Bl ST G & |
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fruits and vegetables, aligning with global mandates to
reduce chemical pesticide footprints. Overall, the
project establishes a pipeline for translating plant
metabolites into fortified bioformulations with
enhanced field performance, laying the foundation for
resilient, eco-conscious pest management strategies
that safeguard agricultural productivity and
environmental health.

ot 1: Sferpraul sMRT & faeg dicdad
whjere A Ay

Fig. 1: Mode of action of Botvex formulation
against Helicoverpa armigera

The fortified botanical formulation (Botvex)
application on infested leaves significantly impaired
larval performance. Treated larvae exhibited
pronounced developmental delays, elevated mortality
rates, and disrupted metabolic homeostasis, as
evidenced by metabolite levels and altered growth
parameters. Collectively, these effects highlight the
efficacy of Botvex in suppressing Lepidopteran pests
through multi-target physiological disruption.

THer Srefl, aree XY / Rakesh Joshi, Ashok Giri

rs.joshi.ncl@csir.res.in, ap.giri.ncl@csir.res.in

CSIR-NCL Annual Report 2024-25



NN N LT o (o
UIIITR] <hlgd hHshH
Technology Focused Programs

URAST 1 G FRAT | Project Highlight

o o NN N o C
Uiefiaietfth 3R S+ d eclvldcs SRAICT T XD b U]

Chemical recycling of polyolefins and their halogenated derivatives

IR¥a® TR R UfIay o T 450 fAferast e wiiRed &1
IATEA BT © Gl @& AT UdRI |
HDPE-S=d ©9@ UlcilgdTseld, LDPE- 4 o9
UTelISTSeild, PP—UicliiuTSelld, PS—UfeiRerssd iR
PVC—UTeNfaATsd deiRIgs A § | $9 ) PE a4
AP AT H UG WRed ® MR 39 WIRed B
3ifer e & forg Heeayget ATl @) awIdndr § | PE
o1 fage ua Hfed &1 g 3R 39 fory srcafde Rer
C—C df~s BT AT MATH 2 |

QUM §RT IUART Y 7Y JURME PE ¥ Hegdterd
ITGT BT AT ATHYDH B B ATF—ATT AT T
2| gl g uieisRei & sRiSTH/5Iam—dedrsos
feufelRrsoee ¥ ddi—sf@ear  ara Yoo sRafes
99 & v # IMaN < RB € | [1,2,] 39 faafaa usfa
H =g WU ¥ &I TRO1 A 8, fAf TS giord URHA]
RRITICRYT & ATETH 3 UTelg el &7 SIRTgSro e 3k
HG-1I defeRe &1 STANT IxRd SAHT JTIRN |
wAFTIH SR BT ST BRP Ulelis el &
SIBTS SN & URUTHAIRY 3.38% dh Sdcl divs UTad
gy, o 0% dicieiellthe ARl g Wi g8 | T
I UlelsATS el B HG—I1 SRS Ol BT SYATT
RS YR & A1 pra-—HeIR™ & siaera foar
AT 3B URUTARGSY 58—63% TAIAIHGAT & TS
T B W SISUA (C12) SRAfea &1 Heeyor g1, @
B AN el ddls & 31 SRdfed o1 0
HICIYUT B3TT | UTCTIgeATS el & SIeTggIoe iR SHS
SHEaR™ B e NMR, Sid WRHIUTE HIHCSHITG!
(GPC) 3R BRI T HARME (DSC) F Bl
T | FRIEOT TR §RT C12 IIATHGAT Bl SRT Bl
wefRid fbar a1 € | 39 gl @1 UM B SuHleRT 8
YR UlelSATS A b ST 1T, FoTa UgE IedTa
$ WU H Jegaldia sreu sRafeed # S=a wUidRoT &1
T TSI B |

PVDC 3R PVC Hoen: fafdre iR M wilRes g,
RTHT ol ST RTH H T ~6% AFTEH &
AR A S WiRed § 9 & a1 g oA g«
Bfed  BIaT 21 T&l ab b wifRed & IRRIINM
drenfifdsat &1 ft PVDC/PVC & forg gximret =12 faran
ST T, Rl 399 HC (B8 saaiRe YRTS) et

AR FIT P T PR AT |
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Globally, approximately 450 million tonnes of plastic is
produced every year. The typical types of polyolefins
are HDPE-high density polyethylene, LDPE-low density
polyethylene, PP-polypropylene, PS-polystyrene, and
PVC-polyvinyl chloride. Thus, PE is the most abundantly
sourced plastic and significant efforts are needed
towards the end-of-life management of the plastic. The
deconstruction of PE is an uphill task and requires the
breaking of highly stable C-Cbonds.

Synthesis of value-added products from post-
consumer waste PE is fascinating as well as
challenging. Here we report iridium/ ruthenium-
catalyzed depolymerization of the polyethylene to
long-chain alkene derivatives.[1,2] The developed
methodology mainly involves two steps i.e.,
dehydrogenation of polyethylene through hydrogen
atom transfer and its metathesis using the HG-II
catalyst. The dehydrogenation of polyethylene using
ruthenium catalysis resulted in up to 3.38%, of double
bonds, with 90% of the recovered polyolefin material.
The obtained unsaturated polyethylene was subjected
to cross-metathesis with ethylene using HG-II catalytic
system. This resulted in the synthesis of
predominantly dodecene (C12) derivatives, with 58-63%
selectivity, along with other derivatives of varying
chain lengths. The dehydrogenation of polyethylene
and its deconstruction were confirmed by the NMR,
Gel Permeation Chromatography (GPC) and
Differential Scanning Calorimetry (DSC). The origin of
C12 selectivity has been demonstrated by control
experiments. The scope of the methodology was
extended to post-consumer waste polyethylene,
which disclosed high conversion to value-added
dodecene derivatives as the major product.

PVDC and PVC are specialty and commodity plastics,
respectively, with a contribution of about ~6% to the
total plastic produced, and are some of the most
difficult plastics to deconstruct. Even plastic pyrolysis
technologies cannot be deployed for PVDC/PVC as it
liberates HCl (hydrochloric acid) and corrodes the

plant.
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ey PVDC/PVC &7 faRge &veT iaid getiger &
3R IRTP TR TR STBT BIs AR ST 8] 8 |

HITHIMSIR—TTATA § PVDC/PVC BT TR Frd
% w4 H SN IRd Th G oA Db
FerRe fafey fefig @ 8, S e srfawrirag der &
BT Bl § AR HE ISEVN W AFL B ¥ | [3,4]9%
fafer sufdte PVDC-PVC WMl feelRex  fiiew,
PVDC-PO AR 8 UHAT 3R Ixan PVDC (e
WIASOR & ) P BRI Aless A o
HHISE Tl R UR A Q&I & 1T BTH HRal o |
39 3ffaRad I8 Ay PVDC &1 98% Td Siaae=e+
Al e BRI 2, RO S qe SiFaNiics Al ured
BN R | S9® reTal I8 fafdy daar 991 ufthamil d& &
AT 81 8, 9fod U soideIvall Ufshar &1 W ueeg
fbar S g1 & | Hewyol ard ¥g © fb dienfie
ATSHRIT T IR IR fhr U e |
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Therefore, the deconstruction of PVDC/PVC is highly
challenging, and there is hardly any solution available
globally.

CSIR-NCL has developed an efficient electrochemical
chlorination using PVDC/PVC as a chlorine source that
works in an undivided cell and applies to a good
number of examples. [3,4] The method works on
commodity polymers such as waste PYDC-PVC pharma
blister film, PVDC-PO multilayer food packaging, and
compression molded sheets of Ixan PVDC (with heat
stabilizer) with similar efficiency. Furthermore, this
method also provides the dechlorination of PVDCup to
98%, leading to unsaturated dechlorinated material.
Additionally, this method is not only restricted to batch
processes, but an electroflow process has also been
demonstrated. Importantly, a technology licensing
agreement hasbeensigned.

c/C
@ N ‘\C)ICKIC)Ié:I. electrolyte
PVDC

Cl
— @ + dPVDC
Electrolysis

Value added products

undivided cell ¢ no redox mediator ¢ 98% dechlorination ¢ batch and electroflow

frF 1: ol uieliuforet™ & ddi—sf@elt arel Uead (SWR) 3R PVDC/PVC &1 Soidg abidd Sihegar () |
Fig. 1: Waste polyethylene to long-chain alkenes (top) and electrochemical deconstruction of PYDC/PVC (bottom).

Samir H. Chikkali, Nagaraju Barsu, Ramesh Samanta
s.chikkali.ncl@csir.res.in; n.barsu.ncl@csir.res.in;

rc.samanta.ncl@csir.res.in

CSIR-NCL Annual Report 2024-25




LN T aY (o
UIIITR] <hlgd hHshH
Technology Focused Programs

URAST 1 G FRAT | Project Highlight

p- ARSI (PNCB) | p- 3HIw-rel (PAP) 99 &1 I=1d  Hfshal

Improved process for manufacturing p-Aminophenol (PAP) from p-Nitrochlorobenzene (PNCB)

PAP IRTRICHIA & IUTGT & ol R Y[B3MTaT AT
(KSM) & | PAP @1 gfram R # AT 157,000 TPA (2023)
ot 3fR 2024 ¥ Af¥a®H PAP dNTR BT MBR BT $620.6
fafera o @ik oM & f& 9% 6.1% CAGR ¥ dgax
2034 d& $1.05 fferas & QI 9RA PAP
21000—25000 TPA T 3T BT & 3R BT 70—80%
<9 3 BIAT © | AIojaT PNCB Hfsham 9 &g wAdl 8, oI
o BT SATRT ARG URIE Gel &1 ITed, BH
W, 3 6“|¢|Imdl ST hdl, Glg‘j\c&l ScdH 33D
BT IUANT, PAP UM &l FHATG ST |

AoaegeR—u=iwd 4 WRiReme (TR =)
e & v e Agcayul Aemact — IRT—amiiHIh T
@) & AT & forw Ut arTd g 8l feadTss
SORE Afhar fAeHRaa & § | IR IdAe H T
25,000 TPA PAP &7 3T &l &, ¥ & 70—80% A1
| U BT § | TR 999 & forg weft ad-iat &1
JOAMT dgd SN © 1 BANI fdefid ufshar Hisgar
PNCB A &I & d8R fddhed U™ &=l 8, Sl
TfshaT I FaTST AT T FHET Hal 2 |

HENfial d Ue gAdeeRe and, IR-Ipe g
TORS DI G & IR 39 Uy 991 0.5 fHarm qiodt &
U911 R IR fhaT T 2 | I8 85—90% @I SUST & ArT
PNCB &1 PAP % QU %0 & gRRafcia &= # Werd a7 2
3R 95-97% @1 AT H PAP YEdT U<l &xal 2 | I8
afshar Sifde—faam@e—gm © IR aaae H TSR
3R e & forg Suerer 2 |

9 dH11P BT e IR §AD! d80R 3R ARTd JTaT
ggfa # FAfkd 2, S U 91 IR-IPpe U1 SRS &
JUANT 3R PNCB I PAP H QT SUICRUT §IRT e
TAT B | IE BIED Aieded B uRIfY & BRI T
BRA ufshar &1 afaffee w=ar g iR uRuRe At &
T H Iod IATGDhdT TG BT & | 30D AR I8
QS UBATAT & AUET RN IeuTed Bl HH
R TTel BT BT B! HH IR ST © |

OH

NH2
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PAP is the key starting material (KSM) for the
production of paracetamol. Worldwide demand for
PAP was 157,000 TPA (2023) and global PAP market size
$620.6 M in 2024 & it is expected to grow at 6.1% CAGR
to $1.05 billion by 2034. India imports of PAP 21000-
25000 TPA & 70- 80% is from China. Existing PNCB
process is associated with several drawbacks viz.
generation of considerable alkaline effluent
wastewater, less throughput, high utility requirement,
use of expensive noble catalyst, PAP quality issues, etc.

CSIR-NCL has developed a cost-effective and
sustainable catalytic process for the manufacturing of
Para-Aminophenol (PAP) - a critical intermediate for
Paracetamol (Acetaminophen) production. India
currently imports approximately 25,000 TPA of PAP,
with 70-80% sourced from China. To become self-
reliant there is a strong need to adopt indigenous
technologies. Our developed process offers an
improved alternative to the existing PNCB route,
addressing several process-related challenges.

The technology features a recyclable, non-noble metal
catalystand has been demonstrated atascale of 0.5 kg
PAP perbatch. It enables complete conversion of PNCB
to PAP with ayield of 85-90% and achieves PAP purityin
the range of 95-97%. The process is organic-solvent-
free and is currently available for licensing and co-
development.

The value proposition of this technology lies in its
improved and cost-effective nature, enabled by the use
of an inexpensive non-noble metal catalyst and
complete conversion of PNCB to PAP. It represents a
green process due to the absence of organic solvents
and offers higher productivity compared to
conventional routes. Additionally, it significantly
reduces the water footprint by lowering effluent
generationrelative to commercial processes.

ST didel / Sanjay Kamble
sp.kamble.ncl@csir.res.in




Curiosity Driven Research

I ERUl

Mahesh Dharne

qul, HERTSE, 9Rd ¥ AR Fa—3maRa siiAifie R &1 STIT $3a KP-2 SARS-CoV-2 dRYeT &1
2fre 9ar ST (Ger 31T £ AfSRTTY 2024, taae097)

T MY HHT AT & T &F R & YR &7 Ial d o Ahd 8, 8T b b Al 7 a7 faws & uga 81?
HTANEINR—TRIGSA, O & AP AR D AeHH! U1 Bl & oy omui¥ne Sa—amenRa #emny fagm ar
Sgdig (BE) M U& &1 fafd &7 SUART ax 32 € | 94 ¥ER & Wil 3R ofdt & Rt 711 enfidt &, drfes
SARS-CoV—2 S dRIRY &1 SURATT BT YdT TR ST b, ST BIfdS—19 BT BRI g7 & | T8 31eud= SARS-CoV—2
@ KP-2 IRYT BT 38 UaT oM IR Hfgd o AKP-2, IN.1 IRUS &7 Uh U439 8, 3 73 2024 H AT fhar 7ar o |
gAH U SURIAT I ST 5 AHaq: JAfed HehTHd I1d o AT TIRET JOTell | 99 H d8aR I | I8 Y AR Y
YHRI & 1T YRS AT WoTTell & w0 # I St R & H8cd IR P19l STofdl §, SO Ugl & =T
TRIET0T & HAEH A ST @Yd © 3 IdT o T g |

T8 BRI RIS SHSIHRI TaHE HiSHhd bietal (BIMC) 3R TRIA SRS Bikuced (Ior), goT Afelsl devex (PKC),
Fofgs RIfcad Argde fofAcs (4o1) & Aeddisi & AedRT I fBa1 17 3R $8H AIHagIR—UTHIvd &I Hedqu
AR 2 |

Early detection of KP.2 SARS-CoV-2 variant using wastewater-based genomic surveillance in Pune, Maharashtra, India
(Journal of Travel Medicine, 2024, taae097)

Have you ever wondered how we can detect the spread of a virus early on, even before people start showing
symptoms? Scientists in CSIR-NCL Pune, and their co-workers have been using a clever method called wastewater-
based epidemiology, or WBE, to do just that. This involves monitoring the city's sewage wastewater to track the
presence of viruses like SARS-CoV-2, the virus that causes COVID-19. This study focused on the early detection of the
KP.2 variant of SARS-CoV-2. The KP.2 is a sub-lineage of the JN.1 variant and was designated in May 2024. It had
mutations that potentially make it more transmissible and better at evading the immune system. This research
highlights the importance of wastewater surveillance as an early warning system for emerging variants, even before
they are widely detected through clinical testing.

"This work was done in collaboration with researchers from Byramjee Jeejeebhoy Government Medical College
(BJMC) and Sassoon General Hospitals (Pune), Pune Knowledge Cluster (PKC), Fluid Robotics Private Limited (Pune)
and has significant contributions from CSIR-NCL”

7g faawr Saral AI Q9 & #reqw @ &9 fFar a1 &1/ This content has been prepared using the Saral Al App.
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H2 <fiF Refoal @ agd e Rad dfex 4 Rive (RWGS) wuraver & faem # ARa—Rraifrn gwelq v
Cu-Co BT ATeid B SWNR BT (b ffida goffrafT ser 508 (2025) 160705)

P STSIATAATGS BISRISTHIBROT H Udh WRg gAr! fARre aifesd Scarai & Icared o forg ufdfshar o FRifya axar 2 |
IaTERYT & foTy dieT MR SaR® Radd diex 14 RBre (RGWS) ufdfshar @1 gerar <9 & folv ST oI 8, i1 rd=
AFRITRATSS S~ BT &, STdfdh Plalec ARG EIgSIBIET S~ A 8 | I8 M (RWGS) wfafosar &1 gerar #
QIR A & g Ry wu 3 971 kRl # Sief ersgior A 8, ARI—RaeIRr uarel R amemRa, diar ik
PIETeE QM1 BT SUINT BRI 8T b AYTh GICDIV Bl Sf1d HRAT & | ATR[ ol SRS 1 BIggIoT—ed gRRefal d
P BT SIZIATTATZS HUIARY], BT AFRITRISS STaA & U I FITHEHAT AR Seerd-d Rerar nelRia
3l | Fr=py qard € 6 a8 T4 SoR® fSog e Sssifadss &l Jedad Sdmel H gRakid &=+ & forg ua

SATRATSTTD SEPIOT BT AP B, ST STeTd1y UREci & 2HT H ANTETT < Fehell & |

Unravelling the Cu-Co nanoparticle synergy over Ceria-Zirconia support toward efficient reverse water gas shift
(RWGS) conversion under H2 lean conditions (Chemical Engineering Journal 508 (2025)160705)

Akey challenge in carbon dioxide hydrogenation is controlling the reaction to produce specific desired products. For
instance, copper-based catalysts are known to favor the reverse water gas shift (RGWS) reaction, which produces
carbon monoxide, while cobalt catalysts tend to generate hydrocarbons. This research investigates a combined
approach using both copper and cobalt, supported on a ceria-zirconia material, to improve the efficiency of the RWGS
reaction, especially under conditions where hydrogen is limited. The optimized catalyst exhibited excellent carbon
dioxide conversion, high selectivity towards carbon monoxide production, and remarkable stability, even under
hydrogen-lean conditions. The findings suggest that this novel catalyst design could be a promising approach for
converting carbon dioxide into valuable products, contributing to the mitigation of climate change.

7g faawr Saral AI Q9 & #reqw @ &9 fFar a1 &1/ This content has been prepared using the Saral Al App.
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Hfdar SRl 3. Ul faFIg IR STHAR §oiIe

Kavita Joshi, C P Vinod, and Sreekumar Kurungot

[alaN

TgHIEE, ASgIo—gald—ere REfTs UThIA Aadss dlalecc—TabRlelcs UMhfcd Hed AHicgd & rl
SIS Selag I AR TN & folT ATaRIIST Selagideleie & ol Th Yfaefddl Alseics galdagidbefone & WU
H e—arRaca # 8 (W 2024, 20, 2400012)

gT—aryg deRa, ey U A RNie—arg 42t (ZABs), foifPrm—aad SeRAl & F9Ifad fdeer & w9 H &I dhid
PR N B | I AR JT, TATaRYT JTael & O §14 Sod HGIad Sl bvcd & | BTelids, U TgRd Al qerel JvRor
&TAT UT R & | I8 2 Rt fie—arg deRal & forg vas mensiies, arTd oidl gelag Idefore IRd &vdl &
| Al,Co N-rGCNT UgTef 5 ORR 3R OER &I & folt fg—dhraicid SORE & w4 H Aeaqul &Hd1 UeRkid &1 8 | $9@T
e 9ge WIfCTH—3MeTRT SOR®I & TR &, 91 39 U fhHradl fdmed a1d1 2 | 39 33 & yRvm qard 8
o W= H Sea—vae, fChrs IR MMiie wu F @aer] Holl HSReT Rl & [d6r™ H Al Co N-rGCNT T TS
HeH B AT § | I8 yaref fAfi= Iyt & fofg RZABs &7 @Y ©U A YT BT ART F&TH Hel § |

Aluminium, Nitrogen-Dual-Doped Reduced Graphene Oxide Co-Existing with Cobalt-Encapsulated Graphitic Carbon
Nanotube as an Activity Modulated Electrocatalyst for Oxygen Electrocatalyst for Oxygen Electrochemistry
Applications (Small 2024, 20,2400012)

Metal-air batteries, particularly zinc-air batteries (ZABs), are gaining attention as potential alternatives to lithium-ion
batteries. They are cost-effective, environmentally friendly, and possess a high theoretical energy density. However,
a key challenge lies in achieving efficient rechargeability. This research presents a promising, cost-effective
electrocatalyst for rechargeable zinc-air batteries. The Al, Co N-rGCNT material has shown significant potential as a
bifunctional catalyst for both ORR and OER. Its performance is comparable to expensive platinum-based catalysts,
making it an affordable alternative. The results of this study suggest that Al, Co N-rGCNT could be a key componentin
the development of high-performance, sustainable, and economically viable energy storage solutions for the future.
This material offers a pathway towards broader adoption of RZABs for various applications.
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M T. HeAbhull

Amol A. Kulkarni

RIGER SFIARIR & ATSShIda—AEIT UT |9l & g UrIiiires He—ard 3fik ufshar Ryl & srjarer™ & gargATid
Aisd (Bt SoNaRT Svel 498 (2024) 155483)

3 Y 7T HIghIdd—IBIId U Fdd U1 UfhaT BT SUANT PRSP NIedk & SHIdRRI & AIAY & fov Th FdT
3R BTt fafdy 1 Awerargde uee fhar | Rudex fSoms, Sifew fafey ofik ufferar Rerferl &1 aeigde srgaferd
PR, TMIDHAT 40 H 60 FHMICY AT 31X 15 AZHIHIC TP B Fd18 dTel Ioa IOTadT dTel AR BT SATa B 3
[eTH U | I UfHAT AT 3R ARTa—94Td! & iR ST STHIG ScaTe aTa dfal I Rieer A+1arRR 10 sFRat
SieR A M B & | 59 BRI BT RedR TFARR & ATEAIIS U & oy weayel [fgart € | el faf 5=
AR B I UHH IR SIS Bl 9e 991 8, T 378 goldeii=as, a1 iR Sia—ferfeear afed fafa= e
H STINT & forg 31fires oot I1AT S Fehell & | T8 2 Ryear A=rareR fafor oo wfiren sik franfafd & fava 7 sgqea
SIFGRI A1 J&TH HRAT &, TSI START HLeAToT HishaT BT 3R 31 dhel I+ AR 7 MH¥S "HHcRId & folg
Y YA BT faemfad et 7 fhar o Aanar 2|

Model predicted optimization of experimental set-up and process conditions for microwave-assisted synthesis of
silver nanowires (Chemical Engineering Journal 498 (2024)155483)

This study successfully demonstrated a novel and efficient method for synthesizing silver nanowires using a
microwave-assisted continuous flow process. By carefully optimizing the reactor design, heating method, and
reaction conditions, the researchers were able to produce high-quality nanowires with a diameter of 40 to 60
nanometers and lengths up to 15 micrometers. The process is scalable and cost-effective, with an estimated
production cost of less than 10 USD per gram of silver nanowires. This work has significant implications for the
commercial application of silver nanowires. The developed method enables the large-scale production of these
materials, making them more accessible for use in various industries, including electronics, optics, and biomedicine.
Theresearchalso provides valuable insights into the kinetics and mechanisms of silver nanowire formation, which can
be usedto further optimize the synthesis process and develop new applications for these fascinating nanomaterials.
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Chetan Gadgil

LA [AfeRTT ATt W 3TAeell 1R [SHIRTC! & Whledd HaTerd W b (TR HRGFH 15, 9980 (2024))

T MU I AT & foh AR It gfafdrareti i Sfed Womferdt &3 S 81 Al 87 I 2N 3T a7 &l udl
SR & UG Wl SURIT &1 —HfSd PR 3R Tereliel FaeR TR B-- &l IR €11 $iad AT © | TP
e T8 TS B b STUeAThd ARl Sifdd fshamall 3 Sfeerdr fhd R SWR ! 7, RTaw Sila & ST 31k +1d
Terff & fABRT R TRl U AahdT & | I8 JAL0IT WS & ATy @, sl This 3R SISURSS & STANT &R
AT iR faeresT @bl o1 7T SR aTell T ToTTel! U xRl © | A 9sh Sifcd Sifdd SSIR®] &I SaeadhdT & foT,
T WY 3 gfed 81 8 | SR PIihldl & INEhAisl o Udh TATIf~h JoTTell 978 Sl 379+ AxeT § J1dferd
ARacd= BT gl ® | TRAT & SMerdbdfal 1 R Hisf T @Y, RRIdT SuAnT a7 wwem & forw fhar w6
WIS ¥ 3 Qe 3 [ FHR AN B © | I8 AT U Aishg areif &I &g o & foy va aRfies fdg
YT Rl B I T 3R AT & ATeT 37 I[N Bl ol Gl @, foradt ¢ ferefiet uarelf & forg gR gerd € |

"8 [ISER — HIAHIAT & METahdiai @ are fera iR S9& e 3 faar a1 g AedrTeid: 1 2 |

Feedback driven autonomous cycles of assembly and disassembly from minimal building blocks (Nature
Communications 15,9980 (2024))

Have you ever wondered how complex systems can arise from simple chemical reactions? This research explores just
that, focusing on the ability of simple molecules to self-organize and exhibit dynamic behaviours. The goal is to
understand how complexity can emerge from relatively simple organic processes, potentially shedding light on the
origins of life and the development of advanced materials. This study presents a system using amino acids and
dipeptides, the building blocks of proteins, to create cycles of assembly and disassembly. These cycles happen
autonomously, without the need for complex biological catalysts. The lISER-K researchers created a chemical system
showing periodic changes in its structure. The NCL researchers carried out the mathematical modeling that was used
to understand how the feedback loops contributed to these oscillations. This research offers a starting point for
designing active materials that can change their properties over time and space, opening doors for new dynamic
materials.

"Thisis a collaborative work with, and led by, researchers from [ISER-Kolkata”

7g faawr Saral AI Q9 & #reqw @ &9 fFar a1 &1/ This content has been prepared using the Saral Al App.

CSIR-NCL Annual Report 2024-25



Curiosity Driven Research

IBARA AT d7q

Sukumaran Santhosh Babu

AfafRe fawa fefadt grr [7]- 2fed= A9wR &1 sERificedd faarvr (Angewandte  Chemie
International Edition, 2025, 64, €202420767)

TR, ST UTHE W GO GeH HREH §, ol | Heeqol Bl Off RET 8 | d=1Ne 31 BIgRdd A% B
T R VT & | fRferdt | et fopeht a10] & 99 T 9 ©, ST S <9 Ufifde wR sraRifid w2 fhar 5 |,
31 MY qTY 3iR ITT BT I AR | I8 0T A<D ThTeiRI 31 Selagii~ie agRl &1 T+ § AHdl 2 | I8 oY 2ferdis
W Bfad 8, S A SMHR & M) B € | AIdhd! I BIeRIftede O &I 9 & T I 38 2, ol a8 FeiRa
&R € fb 9 gdipd TPrer & W b SHATHAT BRI € | T8 HFTT Teb Y YbR b BfoRIA BT URerd <l €, St
7—eferf™ WREeT &1 fIaR &RAT B | 9@ S Ig <@ of fh =i sfaRe Aie a1 2ferda farferdl, sa@
FISRITEdel 0N DI 9¢T DT © | TSI =1 U fh 2ferdi= # v fAfre i a8, arg-meli—1,4 SISl
R | I8+ #8cdqUl GoR U< 6T | I8 gig 71 slofddl TARMSE H iftedd ARl o g1idd B & oy
2feThat fARfTS! BT 2fie R & A R Y19l STerdl & | 3 fpy Fd19 Brexel AmeRad & forg ik foafor &1
e # v dew &1 it wra 2 |

g &1 [ISER, forufd @ witgradial & FeanT 9 faar 137 3R 38H HITHREIR—UHIUe &7 Agcayul IRTeM ¢ |

Chiroptical Amplification of [7]-Helicene Nanographene by Additional Helical Chirality (Angew. Chem. Int. Ed. 2025,
64,€202420767)

Nanographenes, tiny structures related to graphene, are becoming increasingly important. Scientists are now
exploring chiral nanographenes. Chirality refers to a molecules property of being non-superimposable on its mirror
image, much like your left and right hands. This property canlead to interesting optical and electronic behaviours. This
researchfocuses on helicenes, which are molecules shaped like spirals. Researchers have been trying to enhance their
chiroptical properties, which determine how they interact with polarized light. This study introduces a new type of
helicene, expanding upona7-helicene structure. The goal was to see if adding an extra twist, or helical chirality, could
boost its chiroptical properties. The researchers found that by adding a specific chemical unit, the binaphtho- 1,4
diazocine, to the helicene, they achieved significant improvements. This enhancement highlights the importance of
introducing helical chirality to influence the optical characteristics of these helical nanographenes. The findings
representastep towards designing and building novel chiral nanomaterials.

"This work was done in collaboration with researchers from the lIISER, Tirupati and has significant contributions from
CSIR-NCL”
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Sailaja Krishnamurty and Benudhar Punji

gIsfas R (PNN)Ni(ll) diveld SART Ia-Td® C-H bl E ATh IrsRsi 3MYfacdes edpisd
FARISSH © SUAIT gRT (ACS DTd. 2025, 15, 2987—2999)

AT 379 BT AT & b IS garsil # uTg S dTel Sifed Uil Bl o & Rd &7 Y HecdqUl ddb-ild bl
Ufcheler™ BT Il &, T BICT Bled STy, [ Ufodhd Aqg Pel Sl &, d 37931 ¥ SiTs &l SRl © | $9 fhdl
IS AT H o fdd SiTeT ST Hs] | TRURS TehelldroT fAfer iR Sraifod enfead ufdre S &ral 8 3R
9 fory Qa—HeNfed IRRYeH AR 6 SaeedT 81kl & | §eb 71 8R4 giteaIvr faftne sda—srgsror (C—H) gt
R Gfedmere ufshar o1 e IR o @ forg fMdhet Sy Hehwor emgeil &1 STANT oraT B | I8 1fdd H3rdl 7, offdhe
A, AT ¥ U] UedhTgal (QfeeT e BT SUANT HRAT Hio 8l Favdl 2, fadiy wu | 37 59 Far u=ar]
B & | I8 e urSRE A1ad Tah fafie JeR & 1] § Tedhlsd T Siier & fofg U =18 3R I=1d fafdy s s
2, Sl 38 Sifded wu & Afha Al 7 91 SI1ar & | 39T Foll U ORI Fdhd SRS © S 3T | Iuerel Yedhisd
FARTS S BT AP FRAT TRID A SUIRT R B AFAT T & |

Hybrid Pincer (PNN)Ni(Il) Complex Catalyzed Selective C—H Alkylation of Pyridones Using Unactivated Alkyl Chlorides
(ACS Catal.2025,15,2987-2999)

Have you ever wondered how scientists build complex molecules, like those found in medicines? One important
techniqueis called alkylation, where small carbon chains, known as alkyl groups, are added to larger molecules. Think
of it like adding Lego bricks to a bigger structure. Traditional alkylation methods often produce unwanted metallic
waste and require pre-modified starting materials. A newer, greener approach uses transition metals, like nickel, to
guide the alkylation process directly at specific carbon-hydrogen (C-H) bonds. This is more efficient, but it can be
difficult to use simple, readily available alkyl building blocks, especially those containing chlorine atoms. This research
introduces a new and improved method for adding alkyl groups to a specific type of molecule called pyridones, which
are found in many biologically active compounds. The key is a special nickel catalyst that allows the use of readily
available alkyl chloridesin a highly controlled manner.
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WIIell Uel. 91, JAdTS

Bhagavatula L. V. Prasad

PtPdCoNiMn S=a—y= 14l fizarg & fSoisa & fay Sdvor 9@/ S+id 8k giggioq faerd
ufafsar & foe te ReR saagiaefore (Wid 2025, 21, 2408317)

BIESIO Udh ¥IT8 SHoll AId & Sl T HIE Il BT IedTed ol &, foresy g gRa wiasy & forg uar Agcaypf
HATITE 99 ST 2 | BT gioid Scared &1 gad At qaiaRer & el T8l & | el [Igd uae U AT
faaed 7 | BTelifes, 39 9fshar &1 ArTa—uMTdl 999 & fog e SR a1, SRS WIS T a1 AN & | 2erdsd
TORE & UaeH 3R SHa-idld ®I 9g1d Y AaeIS Wi B ATAT Bl HH &1 & ARl &) @t 9= @ 2
Sea—ugidl fstEargd (HEAS) U S91fad |HE & w0 H SR I8 § | 59 318904 A glggioi [dard ufafsar & forg
U [Igd SOR® & U H wifcTi—Uafead—aaTee—Maha—HTel STa—U a1 fs1erg o Ahadydd faamid fhar
2| AR gelagiase, Hi A e IR aRdfdd Fqgl ofa § HEAS &1 praeiiel ueeiH ok sHat &F wifeam
AT 39 BTSSIoT ScTe & 77 1o SAR®! & U IMMeSd f[ddhed & w9 | AT Rl 8 |

"8 B A1 0d g aref A= og (1), AT STa Rier srwred (ATe) & wrddisl @& weanT i fhar a2
3R 3AH HTHIAEAR—TAATA BT Agaqof AT 2 |

Synthesis Framework for Designing PtPdCoNiMn High-Entropy Alloy: A Stable Electrocatalyst for Enhanced Alkaline
Hydrogen Evolution Reaction (Small 2025, 21,2408317)

Hydrogen is a clean energy source that produces zero carbon emissions, making it a critical solution for a greener
future. Current methods of hydrogen production are not environmentally friendly. A promising alternative is water
electrolysis. However, a major challenge is finding efficient and durable catalysts to make this process cost-effective.
Researchers are looking for ways to reduce the amount of platinum required while boosting the catalyst performance
and lifespan. High-entropy alloys (HEASs) are emerging as a potential solution. This study successfully developed a
platinum-palladium-cobalt-nickel-manganese high-entropy alloy as an electrocatalyst for the hydrogen evolution
reaction. The HEA's impressive performance in alkaline electrolyte, simulated seawater, and actual seawater,
combined with its reduced platinum content, positions it as a promising alternative to commercial catalysts for
hydrogen production.

"This work was done in collaboration with researchers from the Centre for Nano and Soft Matter Sciences
(Bengaluru), Manipal Academy of Higher Education (Manipal) and has significant contributions from CSIR-NCL”
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Varun Natu

AIfSTH—a 98t TS & foTy Til- xWx 3 faa@ MAX aRUI iR &Jcq= STHEH &1 HNT (Adv- Funct. Mater.
2024, 34, 2406499)

FIT I B MAX RN 3R MXenes & aR H GAT 57 A AU M1 T B8R M &1 81 Fdhd ©, olfhd 314 Pbs e
@ ITYANI, WD SHoll HERYT, & folg fAvaa N &\l & | MAX R0 TRATYRI & WRAaR Hefdd &l a8 81 ¢,
ST o1 &1 Ueh faRIy HAIST 81T & | §78  Holgd IR SMMBR a1 H ATA Q41 1 AT ST FehlT © | SN 3R MXenes,
MAX TRUI ¥ eI B & | I [I—3MATT uaref 8, ifd—udiell el &1 ke, fove MAX =Re1 6T 9 gf+ial w0 4 Udh
URT B CTHR IR I © | I8 AT de9) & &2 Bl 980k a9 & oIy 7Y JHR & MAX =ROT 3R MXenes T TR
Bfad & | MAX TGl 3R MXenes & dR H I19 910 I8 © (b J RIS w4 I fba- fafde 81 9ad © | 599
el o1 faftre w1l & forg S91a 10T &l uRepd &3 # Aeraar e 2 | I8 37ead+ $9 a1d &1 udl oiTTdl & & $7
AEART § R O] Se Bl Sied 9 ST [Agd—RIfe JagR fhd UdHR J8aR 8 9adT &, faRY w0 |
AIfSTH—3ma SRl § ST & forg |

I8 BRI Il dId fIeafdenery (soRTsd) 3R d9—TRIT JHaRICT 31T & Ta (SORISd) & eNEdhdisl & FeanT o
foram a7 SR 3 ATHSMSIR—T=RATYS BT Ageayol AFTEH 2 |

Synthesis of Ti1-xWx Solid Solution MAX Phases and Derived MXenes for Sodium-lon Battery Anodes (Adv. Funct.
Mater.2024,34,2406499)

Have you ever heard of MAX phases and MXenes? These materials might not be household names yet, but they hold
incredible potential for a wide range of applications, especially in energy storage. MAX phases are like layered
sandwiches of atoms, with a special combination of properties. Think of them as being both strong and easy to shape.
MXenes, on the other hand, are derived from MAX phases. They are two-dimensional materials, like super-thin sheets,
made by selectively removing one of the layers from the MAX phase structure. This research focuses on creating new
types of MAX phases and MXenes toimprove battery performance. The exciting thing about MAX phases and MXenes
is how chemically diverse they can be. This allows scientists to fine-tune their properties for specific tasks. This study
explores how adding tungsten, a heavy metal, to these materials can enhance their electrochemical behaviour,
specifically for usein sodium-ion batteries.

"This work was done in collaboration with researchers from Tel Aviv University (Israel) and Ben-Gurion University of
the Negev (Israel) and has significant contributions from CSIR-NCL”
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Kothandam Krishnamoorthy

MOFite: Raroigel ffrma—ama 9ed & fow ue Sea—u+c fRmifhiere ik wWade Jea—sififfie haad grs
(TSTa. BH. $T. TS. 2024, 63, €202409256)

forforam—ama SeRAt ¥aa AlE 8, S AR ®IF, duciy 3R I8l a@ & goifdgd argdl &l ¥ Sl e &_dl & | I
Jefet Mg Siraw @ forg sifard 81 73 & | g1alffes, adam ferferam—amas defRar o1 anft ot Al &1 are &
UE V& & faUY wU 9 9% UAed & forg ug ARl & Hay # S {5 Foned geiagrs | e ferferaH—eime
IRt vArs ARl & WU H YBIge HT SUIRT Bl © | BTeld JBIgT SUYA &, olfhd A (TR AT Bl AUfed
PR DI STATH AW &THAT 81 B, T e BT THT SHofl a-cd WA 81 SI1aT ® | Aerdhdr U A9 gl &1 w@iot
IR T2 B A il forfora Hfed o) wa ok 92 & Hri—frwred o Spe 99 wa | a8 e 93 MOFite 9
Tah 1Y garef @l w@iel dxal & | MOFite 1 folrm—smae deRal & foy Us it et :iR Whetadt vHrs ar il &
w0 ¥ S8 far 11 & | I8 ITg—dhE S BHHaD & Al bl ATIS w4 T TBISE & A1 FAITT Bl 7, e
AT S0 | ST 9 9918 S Fhall © |

"I HTd WellwT fag vd denfirat fazafdenears (3rg o) ik sReeye < afmar 1 fieRae I Afge—ioasnsh
() @ Serahaial & AEdNT H fhaT 17 7 31k S HITHRE3MR—U=IUe &1 A8dqu] ANTe & |

MOFite: A High-Density Lithiophilic and Scalable Metal-Organic Framework Anode for Rechargeable Lithium-lon
Battery (Angew. Chem. Int. Ed. 2024, 63,€202409256)

Lithium-ion batteries are everywhere, powering our phones, laptops, and even electric vehicles. These batteries have
become essential for modern life. However, current lithium-ion batteries still face limitations, particularly with the
materials used for their anodes, which are the negative electrodes. Most lithium-ion batteries use graphite as the
anode material. While graphite is good, it does not have the highest possible capacity for storing lithium ions, which
limits the overall energy density of the battery. Researchers are exploring new materials that can store more lithium
and improve battery performance. This research paper explores a new material called MOFite. MOFite is designed to
be a more efficient and scalable anode material for lithium-ion batteries. It combines the benefits of metal-organic
frameworks with the widely used graphite to potentially create abetter battery.

"This work was done in collaboration with researchers from the Khalifa University of Science and Technology (Abu
Dhabi), and Instituto de Ciencia de Materiales de Madrid-CSIC (Spain) and has significant contributions from CSIR-
NCL”
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Samir H. Chikkali

BT AT 3R HpMeiRed ¥ [fpg C—H df< &1 Ud Fe diFeiad gRT [daria—gm srssiiades™ (ACS
DT, 2024, 14, 7173—7181)

FIT MU BT el © b 89 SURIe ugrl, WHaR Wicd d Joddd Idle a9 Fad &7 "R
AT & Ne I faaR 2, 9% va U ufhar 8, S o wilRed &l 3ifde Suafl avg # 9qe <l & a1 5
ST ol [IfesT @i # dre Il & | IUTEfIeT # U a1 9T WIRed Hl TIHd AR TR &l 3fte I rgdmd
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BB | U8 WY U Y BRA SRCHIV BT Wil BT &: U A2 dAle—ATETRT IoR 3R "o i (|ifead
RHEC) B STANT IR (9471 fodt faemas & wiiRed S7vpeii # =99 v SifaRiioi URATsi &f Sire | I8 fafdy

JUf3e wiRed W T8 HRITHD AT g9 IR S8 eI JATAT I dle &I AN gl o T © |
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AUl ANTEH & |”

Solvent-Free Hydroxylation of Unactivated C-H Bonds in Small Molecules and Macromolecules by a Fe Complex (ACS
Catal. 2024, 14,7173-7181)

Haveyou everthought about how we can make valuable products from waste materials, especially plastics? Thisis the
idea behind "chemical upcycling," a process that transforms waste plastics into something more useful or breaks
them down into their original building blocks. One major hurdle in upcycling is finding ways to modify plastics in a
selective and environmentally friendly way. Traditional methods often involve harsh chemicals and large amounts of
harmful solvents. This research explores a new, greener approach: using a special iron-based catalyst and "oxygen
bleach" (sodium percarbonate) to selectively add oxygen atoms to plastic molecules without any solvents! This
method opens the doorfor creating new, functional materials from waste plastics and also breaking them downmore
easily.

"This work was done in collaboration with researchers from the [ISER-Pune and IISER-Kolkata and has significant
contributions from CSIR-NCL"
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. UHE., SMLASTARAT TR, YR (2011-2013)

Polymer Science and Engineering Division
» Soft Matter Rheology and Electro-rheology

e Structural Analysis using Small Angle X-ray and Neutron Scattering
* Valorization of Lignin Biopolymer
« Assistant Professor, Pandit Deendayal Energy University, Gandhinagar, India (2022-2024)
« Post-Doctoral Research Fellow, University of Copenhagen, Denmark (2021-2022)
¢ Ph.D., lIT Gandhinagar, India (2014-2020)
¢ M.E., IISc Bangalore, India (2011-2013)
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defere urgere wie / Catalyst Pilot Plant

GV o

dard fazeyomeAs gfaer / Central Analytical Facility

3 o dAEH de / Digital Information Resource Center

a1 |@ae b / Knowledge Resource Center

sirenfire gedsital o1 g §s / National Collection of Industrial Microorganisms

grenfirer yege wqs / Technology Management Group

difged Fwar 998 / Intellectual Property Group

fas smseda 9w g / Science Outreach Resource Center
HITHANEAIR—TTHITS IERINTR 3R s Hrered

/CSIR-NCL Archives and Science Museum
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SIRG UG A3
CATALYST PILOT PLANT

TGS fofeilerse &1 SuANT dxe aran 3 CH4 gfgaror
CH, PURIFICATION FROM BIOGAS USING NCL ZEOLITE

IR Sl B TeIHAT DI G B & oY Ihfedd
IR GBI Hoil Al § I b 8 | bl SR |
CHa (55-70%), CO2(30-45%) HaS (0-3%) T 3= 11y
(CO, N2, Hz) 319 #ET # Bl & | IR & S A4
DI g & oy 39 SifaA SUIRT & gl CO2 ST
T rgfedl @1 ger famr e =Ry eR Rdw
SIErRMor (PSA) 3R dagw R SIferRnyor (VSA)
AN SE & forg W e d@He &R
AP TP © | fFageh SIfRTHI B PSA/VSA
TfhAT BT He AT S © sy fSeliarse @ 53
AT IO & RO IRNE I=I9 & ol g grd
AANYS & ©T § STANT fhar SITdr 8 | IR H T
|l IR HIF S1fdad CH4 JEdT & forg smarfad
Rfalicllse BT STANT &R Fdrferd 81 | Blallfe
Sea—oroft & MIH vese & forg Fwrfaq srfdrenys &1
feorea SrfSiuu emdr, wIATHEGAT IR fRiese
garef & IO R R AR 2 | HUEsTEeR—eie
waeefl aTgeRer NaX ffsierse I=ger fasiia faar 2
3R 3@ TR | 3fd dd &1 Ufehar &I fhelim wR ddb
9er © | faaid fSieiiese R Ua fawga 1eme faar
AT ® | Y A1, CH4 3R CO2 & STfEeiTyor |HaTdT &1
RIeT0] URspd BELSORP HP SUGRUT T IUINT e
NCL fSirenrse R 40°C 3R 2 barA T f&ar 1 |

IR T / BELSOPR HP

HRIBMEIIR. TRAvS a1f¥fep ufedes 2024-25

Biogas is one of the alternative and renewable sources
of energy to satisfy the demand of energy. The raw
biogas consists of CH, (55-70%), CO, (30-45%), H,S (o-
3%), and other gases (CO, N,, H,) in traces. To enhance
the calorific value of biogas, the major impurities like
CO, should be removed before its end use. Pressure
swing adsorption (PSA) and Vacuum swing adsorption
(VSA) are the prominent adsorption techniques and
state-of-the-art for biogas upgradation. The porous
adsorbents are considered the heart of the PSA/VSA
process. Porous zeolite is used as an effective
adsorbent for biogas upgradation due to its physical
properties. In India, almost all biogas plants operate
using imported zeolite for maximum CH, purity.
However, the design of a potential adsorbent for high-
grade methane performance depends on adsorption
capacity, selectivity, and the properties of the zeolite
material. CSIR-NCL has developed an indigenous
binderless NaX zeolite granule and scaled up an end-to-
end process to the kg level. A detailed study on
developed zeolite has been performed. The adsorption
isotherms of pure gases, CH, and CO,, were conducted
on NCL zeolite at 40°C and up to 2 barA using a
sophisticated BELSORP HP apparatus.

T[T ATSETIH / Adsorption Isotherms
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NaX ffefiege @1 CHW/CO. TIATHGAT ~8.1 &, ST CH,/CO, selectivity of NaX zeolite is ~8.1, which is
qITRT® Na-X Rfelielise @ aR1eR B | fasRia dRkde comparable with commercial Na-X zeolite. The
B &G S-G9 VSA IHIS BT SUINT R developed sorbent has been evaluated for CH,/CO,
CH4/CO: (60/40%) T AT & forw far wam g | (60/40%) biogas composition using a two-column VSA
< | ufehar IRmiex werfud fHu v | T9Eve NaX :p:ﬁ J unit. VSA process parameters are established. NCL NaX
>96% CH4 ggdT 3 100 T¢ ReNdr yer™ &7 | sample provided >96% CH, purity and 100 h stability.
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TTEHU NaX fSrseTze &7 Jruem /

VSA of NCL NaX zeolite
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9 DU ATy GAET B 4= ST NIl
I faier 3R G Ugd U BRSD SUBRVN D SUANT
BI GlAUSTTH 1 3R IS & | 39 GIoeT I I

ISB/BHARY, TNIHARN AR qTERN ATEDI B SHD!
TH-D] TSI, FelTe, e iR ufreror ye™ &= &
forg ufereg €1

T8 G WagRDIY!, oFe, HIHCTITH], 7T WG,
TR foheealiUT®!, Sodeid ATSHhIGIYl sulfe Afed
fafir=1 fageryonee ol H aTeT UTed! & forg e
qRITSTR, TR BT SR ATHT fAgelyoTc e Jarti
D Yob B JAMER W WHR A & | FNARD
TN (FTHTEAR—TTATS) BT T STears
arcd & HeIH | 9 gawmstt a@ uges & forg e
FATC g B AT 7T AT IR B DI AT ©
| 981 I TARTHAISI DI U FAIC g B B foIg
D% R Y PG BRATS PR & A& ARH/ATS
TS AT BT | d URTAET 31R §2gd [ATeiyvIcid HaTaii
% forg fariy gfaen & g & W Hua N B T 2 |
9 A & AT TEHAIRIl B ST JTHET B
oY AURATEAR—TRITA H A& AP SUBRON
DI IR S@eT H GeS AR Aheldgdd Jdel (e da,
g GARFT HRAT 59 I BT RATIAT BT I ¢ |

HYUH gRT AR BT TS -8 gl
1. fearfie TameR o=

2. % AEl B URIET0T ST qAT FRTer,
BRIRITEATRIT 3Tfe 3 S7a wRfiaRy gifed & |

3. qTER UEAI SR SR & forg @Ra ufafsear M
BT TS far T

I T fIgeryor @ ot w= = 2,067

Il UTEd] A I Fol o = 1,87,56,610/-

MoaamgarR. ot aiffe ufedes 2024-25

C R EES PN EZRSIER)
CENTRAL ANALYTICAL FACILITY

The main objective this Central Analytical Facility is to
facilitate and enhance the equipment's utilization by
providing users with uninterrupted and easy access.
The scientists/staff associated with the facility are
committed to deliver research collaboration, technical
support, advice, education and training to researchers
and external clients for their analytical needs.

The facility accepts industry projects, consulting work,
and general analytical services for external clients in
various analytical techniques, including spectroscopy,
thermal, chromatography, mass spectrometry, X-ray
crystallography, electron microscopy, etc., on a
chargeable basis. The internal users (CSIR-NCL) need to
book their slots or submit their requisitions to access
each facility through an online portal. At the same time,
external users need to obtain the login/password after
doing some paperwork at the center to book their
slots. They can also directly contact the in charge of the
specialized facility for consulting and interested
analytical services. The goal of establishing this facility
is to ensure that the wide array of state-of-the-art
equipment present at CSIR-NCL can be seamlessly and
effectively accessed for cutting-edge research by all
researchers at thisinstitute.

CAF New Initiatives Undertaken:
1. Biannual News Letter

2. Training to the staff members and their
participationsin conferences, workshops, etc.

3. Constituted a quick response team for
external queriesandrequests

Total number of External sample analysed = 2,067

Total Revenue Generated from External Clint = Rs.
1,87,56,610/-
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DB AT G D5 (SIS TIRTLMTAT Bl
AMEAE Al Bl URT B H HAgaqul HfHaT
frar 2 | I gRerers gerar, i, gRem SiiR giaem a1
oM & oY Ush Herel IR fIeqa=-1 ey =T
WT HRAT & | T8 D5 el AR S BT Fded
BT 7, FOTH TR, AfedaR 3R A1 a FHARFE! &f
IS, AT, FaTed iR IERET A 81 I8
SUASTSUY, TOTEaR, THIMSTN 3R §S¢ yeeH oid
SRR BT A1 FHAT UG &Rl &, Sl [aWri &R
Jertee Tiafafert @ forg smavad 2 |

SIBMTSIMRAT 100 3 3ffep TR, TSRS ReH 3R 3ff~ard
RS aravaRl W i, fiod), dErae,
R, 3T T Ul 7T 3R TR deldl RIveH aTel
ITT D&l BT AT HRAT & | ‘Beaoid’ Wad H Rerd ser
D DI 24/7 SUGE GHERET B ST B, S
FrICEE TAfAfdrl & forg sremawas 7 |

TE D% 1000 A 37ferd WY, fiiex 3R Terred SudHxvl &t
UEe BT B, e faad gl USTaRRs &l SUAN
PR IRRE-h cdd 1Y IGAT & 3R T Fe¥e oS
TSl B T gexe WAl BT Y§e Rl & | I8 ¢
LAN UICH & &xdl &, PRI SFRi &7 i il
2 3R sHfed MR TG dold IR IR Teerd
UUllell &1 HaTad xal & | SRR+ faff=
Hecqqul &3l i FARTRITE], T de, 3Ter I8 3R
ERCAl # P ATE-BIE SYBRYT AT SR 1Y & &,
ey fater wefaefad gfea e 2 |

B I AR Bg
DIGITAL INFORMATION RESOURCE

Digital Information Resource Center (DIRC) plays a
pivotal role in meeting the lab's ICT needs by
establishing efficient, reliable infrastructure to
enhance operational efficiency, speed, security, and
convenience. The center manages IT infrastructure,
encompassing planning, installation, operation, and
maintenance of hardware, software, and human
resources. It supports applications like EMIS, PIR, MIS,
and Indent management for daily departmental and
scientificactivities.

DIRC operates data centers with over 100 servers,
storage systems, and essential non-IT infrastructure
like UPS, PAC, VESDA, surveillance, fire detection, and
access control systems. It ensures the 24/7 availability
of the DATA CENTER at the 'Convergence' building for
computational activities.

The center oversees 1,000+ PCs, printers, and
peripherals, maintains a virus-free network using
updated Quick Heal antivirus, and manages Internet
services with redundant leased lines. It has provides
new LAN ports, supports surveillance cameras, and
manages a biometric-based Access Control & Time
Management system with many devices. DIRC has also
installed and maintained several Wi-Fi devices in key
areas, ensuring seamless connectivity across the lab,

conferencerooms, guest house, and hostels.

CSIR-NCL Annual Report 2024-25
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YT (AP : a9 QIS & |UE H 55016 JRID,
3,000 ¥ 3f¥H - iR A= =1 Fwmed wnfid
21 39 99 gad 13 Jfod @, 68 AE—Hde AR 29
SRS ERIE IR

QRebTerd Ha e HOTTell: GRepTerd TTeaferly & yeer
% forg ARl vded ?@ Koha, DSpace 3fR Drupal SI¥1
IMIA—AR AFCIIR BT SYAN Hd Y b ATD
S—IeHhM AN fHar T, fS9H gRidTerd ured, 3
qIce, HUs ReTS iR e e« fe enfie € |

$—HETE : GBI A §-UABRI 3R ST & U
fORT sf@el T Uga IS @ | 2025 # WRA WBR o
& g, T FewIdl (ONOS) Usd I @l 7, s
AT I CSIR-NCL &1 30 HfIfad HaTerai &1 10,000 §
31 ufarall da uga uT BN | JMSUY SenRa ugd
@ AT | iThenticate plagiarism ATFCdIR, Grammarly
AMFedIR, Web of Science Database, Sci&Finder N
Database, Orbit/Questel Patent Database 3iiz Derwent
Innovations Patent Database %1 STTIH T Ugd TS
CIRIEIN

STITHAl q9el: Jdeay 99 axaei & foy
ARSI BT ATR—geIHTerd FoT JAeTG, TS
faazor wa], e W9¢ ueM FRar w, o
HTHNERIMR—TITS GBI §  SUALT/ AR
SfAfd wral F€l €1 99 $ SRM ILL SRRl W
TIRTHARN Bl 1031 STHd o, 68 WRG/ SRS
AMD, 14 9 TdY, 82 S—YKID, 14 RUIE 3R 46 UcT
Y& by Y| IWRRE & [l YRAdbad o fafi=
19T # U<, AMDI AR oikdl & s & forg orgdrs
HaTd W UG Bl | TG 7 AT AR—TAATA
IS FHRTT BT 99 IMETRT A SIFTHDBAT HATg
IR T HaT3T BT FIATHS TAR T T |

NS IR—TTRATA TSI UbeE Scdd bl
431 75 WfAfeAl & A1 ordd fhar a1, Ry @
TR 9452 3 37T BT TS |

MoaamgarR. ot aiffe ufedes 2024-25

S9 G By
KNOWLEDGE RESOURCE CENTER

Collection Development: The existing library's
collection includes 55016 books, more than 3,000 e-
books, and various other resources. This year, it added
13 printbooks, 68 theses and 29 Hindibooks.

Library Management System: A comprehensive e-
platform using open-source software/s like Koha,
DSpace & Drupal for content management was
implemented to manage library activities, including the
library portal, other portals , collection records, and
research databases etc.

E-Resources: The library provided access to a wide
range of e-journals and databases. In 2025, The
Government of India has launched the One Nation One
Subscription (ONOS) initiative, through which CSIR-
NCL gains access to over 10,000 journals from 30
renowned publishers. Access to databases such as
iThenticate plagiarism software, Grammarly Software,
Web of Science Database, Sci-FinderN Database,
Orbit/Questel Patent Database and Derwent
Innovations Patent Database was provided through IP
basedaccess.

User Support: Library provides Inter Library Loan
facilities, Document Delivery services, Reference
services, to users for the documents which are not
available/subscribed in CSIR-NCL library. During the
year 1031 journal articles, 68 Indian/International
standards, 14 theses, 82 e-books, 14 reports and 46
patents provided to users on ILL requests. Apart from
the above Library also provided translation services for
translation of patents, standards and articles from
various languages such as German, Russian, French,
Japanese, and Chinese to English language. Library
provided Web based current awareness services &
Selective dissemination of information services to
scientific community of CSIR-NCL.

CSIR-NCL Publications: The publications database was
updated with 431 new entries, bringing the total to
over9452.
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TSI HRIHH ¢
gEadTad A a8 4 3 SfeaRaa ufdreror / aa-at
A AR yras wifier aral &1 e fear |

fedid 23 HRAY), 2024 BT ifde geforoid
B R e W & fory ufderr a4

AT RTSTeredl qTegsHUg g1RT Napoleon's
Buttons: How 17 Molecules Changed History"
e g R GRad IR GRS FHIET ardr

el 4 STacER, 2024 PI S, MO =TS
ERT ST B bl g "Dorothy Hodgkin
: A Life" By Georgina Ferry" TH®

i TR FHIET T

S9 G By
KNOWLEDGE RESOURCE CENTER

Events Organized:
The library hosted below mentioned training /

technical sessions and book review talks in the year.

Training Session on the Orbit Intelligence
platform for Patent Searching February 23,
2024

Book Review Talk: by Ms. Rajalakshmi
Balasubramanian on Book Titled-""Napoleon's
Buttons: How 17 Molecules Changed History"

Book review session by Dr Rajesh Gonnade on
October 4, 2024, Book Title : "Dorothy
Hodgkin:ALife" By Georgina Ferry"

CSIR-NCL Annual Report 2024-25
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I Sitenfie gersiia 98 (NCIM) U6 IS
Gfaen iR e B, S 9Rd § el SR e S &
fog umifores ok ofenfies wu | #ewgel geroiq
TSRl & oradhrol, |ReTvT iR fIaRer & fory waftia
2| TTSTETH WUE H 9 H ST 5,000 awdy
e €, o daiRan, was, gfdemgecd, dRe
3R Sraret e g | g AfaR Hamwil # siHersiis
IR werersfie faftel grr gewohial @ ugar | &
ATSNH TSSO & ARTH A <IddbIield ARe IMfHe

=

Raifdr arafdr § TARNSISTH = T 11,000 HodR B
3MYfcf @I 3R T 350 ¥ @ UgA @I | T
TRy & AreTm ¥ s9 "yl 9 A&l aTe
I fohar & qer eienfire oiiR 2etfOre &= & 670 IR
BYY BT oG AT foar 8| erow S dmeEi &l
fafaerar 3R TqoraT yeEH @ HROT gAARTETH I,
@ oY U SIORRISEIT WR TR ARGl U7 JMgfefapat |
TIHIRITSUH fava S 63 A8y (Sequbsirdl) &l
TS Hag eI A © |

MoaamgarR. ot aiffe ufedes 2024-25

e gesital o7 IS 998 / NCIM

The National Collection of Industrial Microorganisms
(NCIM)is a national facility and repository dedicated to
the isolation, preservation, and distribution of
authentic and industrially important microbial strains
to industries and academia in India. The NCIM
collection currently comprises nearly 5,000 items,
including bacteria, fungi, actinomycetes, yeasts, and
algae. Its additional services include microbial
identification by genotypic and phenotypic methods,
as well as long-term preservation through lyophi-
lization.

In the reporting period, NCIM supplied nearly 11,000
cultures and identified around 350 strains. Through
these activities, it has generated significant external
cash flow, earning revenue of X670 lakhs from
industrial and academic sectors. The diversity and
quality management of its bioresources make NCIM an
internationally recognized supplier for science,
pharmaceutical laboratories, national reference
centers, and industrial partners. NCIM is also an

affiliate member of the World Federation of Culture
Collections (WFCC).
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UENRra! T6ee ¥ (TMG) HITAER—UIgd 3fR
Y AEERI O SR, -, JReid
Tavacihl, ARG FATA!, IR TRBR] FTSH! 3R =T
% g T 9 & BU H BRI BRAT T | HITHRATIR—
TS oRTTAR U ATRIERI & dare § & e s f2a
TS O | Herd 81 1R ST UT8 i adb e Ugart H Aaq
PR Ib | TMG 39 I=ICIRAT BT Afhd ®©9 A g&e
BT & 3R FHS DI Hod UG B & oY AR &
AT B BRATR |

A [JHT & Y 41T & w0 H TMG TEI-aH ST
Jagfe iR IR & TSl B ARAT AT & 3R
G B A1 fARTSIAT BT Suyh SAenfis ured!
% |HET [IUU RO ST T 3iiR 31 JaR
AT & AEIH W U BRAT © | ST $ eI &
Hed H I8 FiE ARG FHEIT HT ITINT IR D
o wrEeR! & | afis HWey 991Y /adT 7, SER 6l
JAILIHATAT DI FH 3R ATRfoTdd U] FATET
Ue PR B oY IFABT ART PRAT © T fIdaa
R H 37 91 G IS BT |

3TEe TEe § TMG U Tia & folg Sug d=i+a
faRIy=Tar &1 =g+ & H @Ra ufafssan &ik <frg o
o @I JHARET BT 8 | U8 AHA—TARe G
died @ e xRl &, IRAHT ard &R =i
ST T & T2 fafi=t disdll # orgae &1 el
3R 3 TTRRUYT BT BRI FHIETA © | I8 AT8dh B A1
FHSIICT ATl BT Jaeg W1 $HRAT 2, Agadl Bl 3ifH wa
<1 & TAT AT ST1cdl BT guTer GAREd T |

AU Td AP Ude & Gdg H TMG TSR
A & Aegd 9 facslt el g™ fawmifya
IRITSTAR & oIy Haeeiiaar 3R gem Hol W
STl T FHTAT BT 2 | T8 HIVHIMSIIR AT
B MRl iR afiie ek R Srgwe™ v fder
Suaferdt o Rard a1 & R AeasnssmR—yaiiva &
I R # ANTE <A1 | $9 STIRTh T8 HEARRId
AW, IS gEEr & AMGR (RTI) Ul &R
et aRASHRI ¥ Hafda damdier Se &1 W
SR AR |

TAER ¥YEEd @ &3 § TMG Ucel ® qdhid—
TS JedTdh Tl &, arsad I Hrenfifear &
forg |WIfad IIoTRI &1 i BT & TAT ITARD
SN ¥ SHRA dTel TCIE—3TT Bl 9gTaT 3ol 2 |

AN yaee Aqe
TECHNOLOGY MANAGEMENT GROUP

The Technology Management Group (TMG) acts as a
bridge between CSIR-NCL and external stakeholders
such as industries, start-ups, individual innovators,
government ministries, NGOs, and others. CSIR-NCL is
constantly seeking partners whose interests overlap
and who can help quickly reach customers. TMG
actively manages these partnerships and works with
stakeholders to provide value to society.

As part of business development, TMG interprets the
latest industry insights and market trends and projects
the institute's scientific expertise to suitable industrial
clients through marketing strategies such as flyers and
other promotional material. In terms of industry
interactions, the group maintains close engagement
with partners to harness business potential,
undertakes visits to industries to understand their
requirements and offer customized technology
solutions, and facilitates prospective client visits to the
institute to showcase developed technologies.

In contract management, TMG ensures swift
responses and prompt decision-making in selecting the
appropriate scientific expertise for each inquiry. It
identifies case-specific business models, undertakes
project costing and financial estimates, and handles
deal structuring and contract drafting across various
models. It also manages negotiations with clients,
finalizes contracts, and ensures compliance with client
obligations.

With respect to R&D management, TMG processes
documents on sensitivity and security clearance for
projects funded by overseas clients through CSIR
headquarters. It reports R&D achievements quarterly
and annually to CSIR headquarters and contributes to
CSIR-NCL's annual report. Additionally, it responds to
arbitration cases, scientific RTI queries, and audit
enquiriesrelating toindustrial projects.

In the area of innovation management, TMG conducts
techno-commercial assessments of patents, evaluates
markets for potentially licensable technologies, and

promotes start-ups emerging fromin-houseresearch.

CSIR-NCL Annual Report 2024-25
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TMG THSTEIIR—TAAT & JTIeb| & 7T et
B B g UAS qhAIDh Bl TERTS TS iR
SUYTH SENT ASERI Bl TEATT HRl Bl FAR HRal &,
R I INR & B9 A JIR IART IR Farail 3
AhAdYdd URafid fBa1 ST ¥ | 2024—25 & IR
SIUHST =1 200 | 3D YTEHT 3R AEERI & AT BRI
T iR 116 FHSIAI B Aharargdd wrfed faar |
STH AR SR fAdheu Fwsild, URISTd e
FHSI, TRFRT 3IR 1! HaT FHSI, & AT
TSI 3R BIUNS AHINIG RGN e oI
oo HeEEll wWsi, Wr & NDAs , MTAs, 3R
MoUs- S IR—ci—< deell A9sii emid o | 34
W & AR W TMG T HRITERIR—UIge
Aenfifeal & SRew—gmiaxvr ok araariiaer
Hecayof arTe faar 2 |
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U yaee dqg
TECHNOLOGY MANAGEMENT GROUP

Working closely with CSIR-NCL scientists, TMG strives
to understand each technology in depth and identify
suitable industry partners, enabling successful
translation into market-ready products and services.
During 2024-25, TMG engaged with over 290 clients
and partners and successfully executed 116
agreements. These included transactional agreements
such as licensing and option agreements, sponsored
research agreements, consulting and technical
services agreements, grant-in-aid agreements, and
corporate social responsibility engagements, as well as

non-transactional agreements like NDAs, MTAs, and
MoUs. Through these efforts, TMG has significantly
contributed to the de-risking and commercialization of
CSIR-NCL technologies.
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difgd dUsT T (AMSUISl) -1 U IMSeId, &l
At &R Yorifae ufiagaRt & A W OIS
difge Fuar TIRRARST T3 BT Auiqd R H Ao qo!
AT TS © |

Intellectual Property Group I difgs  Huar
SITTwHIT  fHeT9 (NIPAM 2.0), @ Jd7d
TTHITA—3TSUISH 1 Q¥ MRA # 113 ISl SITmdar
BRIGH AheIarydd AT 6T | 39 BRIHAT = T+
VRO A1 | & AIMiferd davst 81T @ 3R
feaR—2 3R feaR—3 ¥’ & AT gy,
3ISAM 3R PR g0 Fig IR AeTgd 91 RIS &
g3 db Ugd IS | SHD Al FAREIT
feafaemerdl & W Bs HHA eRE Py T, R
39 Ugdl @l IRIF UgT 1 fawIR gl | MRS WU |
S WA W 10,000 W 3f¥d ARTRMRT BT or gal,
T 12 JMIMELY, 5 TARMELY, 3 IMIIMSTHIIMR 2R 15
Tl SR T ERATHT & BT 3R Aerddt emHet o |
3SUISH o 30 3T, 2024 DT AYh WU A "Sid Wreiia!
3R 19 ferferear &= 9 JMfApRT & Ude" R U et
AT BT AT B T 3R RITH—I @ Hare 7
AnTe QAT | 98 dridA Ude, feWre &R g waw
e Ee ered (i) iR Sfer ude
Frafed (DKPTO) & H&anT | raiford faam T o |
MeAol TR & g IR JHfSHd uefeT #
g |AITH T1sl, FATTAT 3R IR JTAR| IR T
At Bl G T B |

JMEUISH 7 1 fIHaR, 2024 BT AMLARST T@rsrel H
JrAfa 10d WRA  JfaxiseIy  fasg #wEIdd
(MEIMETATE 2024) b SR A Fere—' B
P q8d "MRA A FHAdT B BT A6 2Nd T BT
JTATST BB TS TR IR YR & TaraR qriRRerfirasy
dF B geRid fhar| s9 9§ gWTEaeiTell WIRd™
AATEARI TR YHTI STl 3R drenfra—danfera saffar
BT gg1aT 1 § difgd FUST & Hecd bl gqrdr TT |
ATHATSIIR—U-RIIUeT BT sy AT 3fR geerq #
U AJd Dl g R gY IS STSUl U Hhiferl &
1T ST Ue fabrd Haq" & WU H 109 HIagATg
ST REPR | G a1 737 | IRV W@y ay
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difgd Fual A8
INTELLECTUAL PROPERTY GROUP

Intellectual Property Group (IPG) has played a
significant role in strengthening the national
intellectual property ecosystem through extensive
outreach, capacity building, and strategic
engagements.

Under the National Intellectual Property Awareness
Mission (NIPAM 2.0), the NCL-IPG successfully
conducted 113 IP awareness programs across India.
These programs achieved comprehensive
geographical coverage, spanning all Indian states and
reaching Tier-2 and Tier-3 cities as well as remote
regions such as Leh-Ladakh, the Andaman & Nicobar
Islands, and Lakshadweep. In addition, several
programs were co-hosted with international
universities, thereby extending the initiative's global
outreach. Collectively, these efforts benefited more
than 10,000 participants, including students and
researchers from premier institutions such as 12 lITs, 5
NITs, 3 1ISERs, and 15 schools.

IPG also contributed to policy and practice-oriented
dialogue by jointly organizing a roundtable discussion
on “Patenting of Inventions from Biotechnology and
Biomedical Fields” on August 30, 2024. The event was
held in collaboration with the Office of the Controller
General of Patents, Designs and Trade Marks
(CGPDTM) and the Danish Patent Office (DKPTO). The
roundtable facilitated in-depth discussions on global
best practices, challenges, and emerging opportunities
inbiotech and biomedical patenting.

IPG further showcased India's innovation ecosystem at
the national level by hosting a session titled “Success
Stories from Bharat” under the 'Mission Start-up'
program during the 1oth India International Science
Festival (1ISF 2024), held at IIT Guwahati on December
1, 2024. The session highlighted impactful Indian
innovations and underscored the importance of
intellectual property in fostering technology-driven
entrepreneurship.

CSIR-NCL was conferred the 10th CII IP Award as the
“R&D Organisation with the Best IP Portfolio,”
reaffirming its leadership in IP creation and
management. Quantitatively, the year recorded 85
invention disclosures, 62 Indian patent filings, 40 PCT
applications, and 32 US filings. Further, 14 Indian
patents and 27 foreign patents were granted during
the period, reflecting NCL's continued commitment to

innovation-led research and robust IP protection.
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fasie aSed™ GARH $e
SCIENCE OUTREACH RESOURCE CENTER

The Science Outreach Resource Centre successfully
organized 13 outreach programs, engaging a diverse
group of school students and teachers from across
educational backgrounds, including Kendriya
Vidyalayas (KVS), Navodaya Vidyalayas (NVS), State
government schools, and private institutions.

These activities collectively reached more than 1100
students and teachers, enhancing science awareness
and fostering curiosity through hands-on learning,
expert talks, and lab visits. Some notable highlights
include:

The One Day Visit by XI-grade students from Cathedral
& John Connon School, Mumbai, on 18 April 2024,
which introduced 27 students and 3 teachers to
cutting-edgeresearchat CSIR-NCL.

ATwo-Day Hands-on Mentoring Workshop (10-11 June
2024), conducted in collaboration with Muktangan
Exploratory Science Centre, trained 26 Science and
Mathematics teachers from grades VIII-X.

The One Week One Theme event on Green Hydrogen
for India's Green Future (24 June 2024), where 203
students and 13 teachers explored sustainable energy
topics.

A One Day Teachers' Training Workshop in
collaboration with KAMP (3 July 2024), attended by 137
educators and administrators.

The Platinum Jubilee Nano Jatha (21 February 2025)
and IISF Curtain Raiser Event — Part | (18 November
2024) drew over 300 enthusiastic students and
educators combined, offering rich exposure to policy-

aligned innovations and nanoscience demonstrations.
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fasie aSed™ GARH $e
SCIENCE OUTREACH RESOURCE CENTER

Special mention goes to the “Find My DNA” Hands-on
Activity (20 December 2024), held in collaboration with
CSIR-IGIB, which offered IX-grade students a rare
opportunity to explore genomics through experiential
learning.

The division also launched an interactive Science
Outreach Website - https://science-outreach.ncl.res.in

- showcasing activities, opportunities, and science
videos for wider public engagement. These videos,
covering CSIR-NCL's novel technologies like DME
production and COVID-waste recycling, are available in
regional languages including Hindi, Marathi,
Malayalam, and Tamil, to reach underserved and non-
English-speaking audiences.

Through this year's concerted outreach efforts, CSIR-
NCL strengthened its commitment to the CSIR Jigyasa
program — connecting science with society. The
center's initiatives continue to inspire young minds,
empower educators, and promote real-world scientific
thinking across India.

OUTREACH PROGRAM
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The Archives and Science Museum
embodies CSIR-NCL's legacy of
excellence and relevance. It highlights
the laboratory's achievements in
chemical and allied sciences and its
impactful contributions to India's
chemical sector by translating research
into innovative, globally competitive,
and sustainable technologies through

strong industry partnerships.
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RISTIH BT URFATHS =R [The introductory mural of the Museum
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This major project, evolved over more than a year, was
inspired by the desire to showcase CSIR-NCL's living
legacy during its platinum jubilee celebration. Curated
to engage scientists, entrepreneurs, students, and the
general public, the archives and science museum aims
to be both inclusive and inspiring. The Nehru Science
Centre of the National Council of Science Museums,
under the Ministry of Culture, collaborated closely with
CSIR-NCL onthisinitiative. The CSIR-NCL Library hosted
and led the project, with additional resources sourced
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ANTANE MR - TAATA AR 3R [st= JAuge

CSIR-NCL ARCHIVES AND SCIENCE MUSEUM

U plettdid Skl /A Timeless Inspiration
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from the Film Archives of India (Pune), National
Archives of India (New Delhi), Deccan College (Pune),
CSIR-Central Glass & Ceramic Research Institute
(Kolkata), CSIR-National Institute for Science
Communication and Policy Research (New Delhi),
various newspaper archives, and oral histories of CSIR-
NCL alumni. The project's missionis to create a central
information resource for future generations by
preserving the lab's heritage and a hub for broadly
disseminating scientific knowledge. The museum was
inaugurated on 20 February 2025 by Dr. Kiran
Mazumdar-Shaw, Executive Chairperson and Founder
of Biocon Ltd. and Biocon Biologics Ltd., as part of the

laboratory's platinumjubilee celebrations.

The Museum opens with a mural depicting five core
research areas at CSIR-NCL: chemistry, catalysis,
chemical engineering, materials science (including
polymers), and biochemical sciences—set against
industrial pilot plants and reactor designs. It features
three galleries: Ancient Indian Chemistry, Our Heritage,
and the CSIR-NCL Roadmap. Ancient Indian Chemistry
serves as an educational space exploring ancient Indian
knowledge systems such as alchemy, perfumery, and
metallurgy, which laid the groundwork for modern
chemistry. Highlights include the Rasashala diorama
inspired by Nagarjuna's chemical lab; models of
traditional distillation setups for perfumes;
archaeological artifacts of iron ore and slag
(Megalithic, circa 1000 BCE, Nagpur); a zinc smelting
furnace model; and original retorts of zinc from Zawar,
Rajasthan. The gallery also displays ancient punch-
marked coins from the Satavahana and Kardamaka
dynasties, demonstrating minting techniques of
different metal alloys. An interactive multimedia kiosk
presenting various yantras with descriptions in three

languagesis alsofeatured.
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TUeTerd & 3iex / Inside the Museum

The second gallery, Our Heritage, traces CSIR-NCL's
evolution from its roots in India's independence
movement through seven decades of growth. It begins
with the Board of Scientific Advice (1902), progressing
through key milestones such as the Indian Industrial
Commission (1916), Industrial Intelligence and
Research Bureau (1935), Board of Scientific and
Industrial Research (1940), Council of Scientific and
Industrial Research (1942), and culminates with the
founding of CSIR-NCLin1950. CSIR-NCL's documentary
films spanning from 1950 to the 2000s are played on a
multimedia screen. This gallery highlights the lab's
multidisciplinary approach to transforming basic
science into strategic innovations, showcasing
materials like zeolites used in the MiG-29 and polymeric
resins for the BrahMos missile. The “Empowering
Industries” section features select examples of
breakthrough technologies developed by the lab that
have fostered industrial growth nationwide. The
“Fostering Innovations” sectionincludes examples of
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innovations such as vitamin production, anti-cancer
and anti-HIV drugs, membranes for Swach water
filters, characterization of Alphonso mango, and
advancesinplanttissue culture. The gallery also honors
CSIR-NCL's contributions during the Bhopal Gas
Disaster, celebrates its distinguished Shanti Swarup
Bhatnagar, Padma and Fellowship of the Royal Society
awardees, and commemorates visits by notable
dignitaries who have witnessed the lab's enduring
legacy.

The third gallery, CSIR-NCL Roadmap, offers an
inspiring overview of the laboratory's futuristic,
technology-driven research, organized into seven
themes. Clean Energy focuses on the production and
storage of green hydrogen, anion exchange
membrane electrolysers, sodium-ion batteries, and
proton exchange membrane fuel cells—paving the
way for a cleaner, energy-secure future. C1 Chemistry
explores the transformation of one-carbon
compounds into valuable chemicals and fuels. Circular
Economy and Sustainable Chemical Industry aim to
reduce waste and enhance resource efficiency.
Biomass research encompasses advancements
converting organic matter into chemicals, materials,
and fuels. Agritech boosts farming technologies; bio-
therapeutics advance drug therapies. The final section
of this gallery highlights the National Collection of
Industrial Microorganisms, lab's key patents, spin-offs,
Venture Center—the country's first and finest deep-
tech business incubator—and future advances in
materials and process development through the
synergy of Al/ML with chemistry and other scientific
disciplines. The main attractions in this gallery include
3D-printed models of India's first hydrogen fuel cell-
powered catamaran and chemical industry plants that
have emerged from NCL's technologies, as well as a
transparent touchscreen incorporated with a PEM fuel
cell and its components.. A touchscreen kiosk
displaying CSIR-NCL's digital archives promotes wider
access and engagement with over 15,000 archival
photographs and documents. Journal article cover
pages, and newspaper articles on CSIR-NCL are also
displayedintheintersections of the galleries.
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The project led by the dedicated efforts of Dr. Sunita
Barve, Mr. Kaushal Kumar, Dr. Sakya Sen, Dr. Varun
Natu, Dr. Tanmoy Patra, Mr. Jithin Jacob K, and Ms.
Kumari Durga under the guidance of Dr. Ashish Lele,
Director, CSIR-NCL. Special acknowledgements are
also made to Dr. Shekhar Mande, Former Secretary
DSIR & Director General CSIR, and Shri Umesh Kumar
Rustagi, Director, NCSM-Nehru Science Centre,
Mumbai & team.

Special acknowledgements are also made to Dr.
Shekhar Mande, Former Secretary DSIR & Director
General CSIR, and Shri Umesh Kumar Rustagi, Director,
NCSM-Nehru Science Centre, Mumbai & team. The
entire CSIR-NCL family, especially the Library, has been
involved and contributed to the project at various
levels.

TRATTRIE & @I Sdell FHRIE & 3fawR TR S, fhRoT AoeR—3! @Rie A fafics ik ariie qridied ffics #1 srier!

et IR HRATYR) FRT AUETAT BT SEHTSH fhaT 7307 |

Inauguration of the Museum by Dr. Kiran Mazumdar-Shaw, Executive Chairperson and Founder of Biocon Ltd. and Biocon Biologics Ltd., as part

of thelaboratory's platinum jubilee celebrations
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ShriUmesh Kumar Rustagi, Director, Nehru Science Centre (middle), explaining to Dr. Kiran Mazumdar-Shaw on the day of inauguration

TGARRINOT WY, TR, U. ATIADR, HUBTAd H 37 dTel Ugel fafdiey,
fafSTex 9o R SRR B gV |

Padmavibhushan Prof. R. A. Mashelkar, first visitor to the Museum
signing thevisitor book

UGATREOT W THUA. T SR S YR A (g9 wErhe,
HTTHSEINTR) 24—03—2025 BT FUETAT BT AIRT B §Y

Padmavibhushan Prof. M M Sharma and former DG CSIR Dr. Shekhar
Mande visiting the museum on 24-03-2025
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S&T SUPPORT SERVICES

éTrﬂﬁ?Tﬁ'lT T4 EWI'QF | Engineering Services Unit
DI fqT HRIHH | Skill Development Program
TYINTRITC YR&T USe [ Lab Safety Management
fad ok oan | Finance & Accounts

HER 3R BT | Stores & Purchase

UhIRE Td GRIE TR / Publication and Science communication
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S&T Support Services
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SJTATDHT FaT sPTS
ENGINEERING SERVICES UNIT

The Engineering Services Unit (ESU) completed various
infrastructure and maintenance projects across
different schemes. Nearly 30 residential quarters were
renovated as part of housing improvements, with
major development and renovation works spanning
the campus.

The unit undertook significant upgrades, including the
refurbishment of the auditorium, main building wing
toilets, the new cafeteria, and the electrical sub-
station. The NCL main building was externally painted,
and infrastructure for a new exhibition room was
created. For the Bhatnagar Tournament, quarters were
allotted to players, all of which were painted
departmentally within a short span of one month.

An online job card system was developed, improving
the efficiency, through which nearly 5,500
maintenance job cards for the laboratory and colony
were attended. In-house repair of several fume hoods
was conducted, and departmental servicing of
approximately 750 to 800 air conditioners installed in
the laboratory, medical center, and guest house was
completed. The unit also auctioned unserviceable
machinery and shifted serviceable units from the glass-
blowing workshop, thereby creating space for a new
assignment of nationalimportance.

Beyond infrastructure and maintenance, ESU
supported institutional activities by assisting in the
organization of Swachchtha Abhiyan, Safety Week,
and conferences. The unit also conducted training
programs on safety and related topics to strengthen

theinstitute's capacity.
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AT Y 7Y |

o T 2024—2025 faxi 99 & foTy ot 182 IRIGARI
& uffere far 2 |

* T A U UTaushd quT Rerd amgy ol & R
TR TR BT 727 of | 339 UTSeIshA H Aerd H6erd
I PR UEIH dPh © UGl dlcl BE HHATRAL Bl
faftre, dea—fesg ufdreror fear T |

o Riafesd aifitfe AR W BIerd faer arisa
@ 9 wfofral & dod AR & "I |
ST H B BT YA AT 8 | DI UrSashd
RT PR B R 918 SHIGARI =1 IE T R for |

BT fIHr HRI%H
SKILL DEVELOPMENT PROGRAM

CSIR-NCL has been conducting the “Integrated Skill
Initiative” programs, offering various skill
development and upskilling courses for
undergraduates, postgraduates, professionals, and
industry staff. The goal is to bridge the gap between
industry and academia by supporting
entrepreneurship and creating a platform for students
and Industry professionals. The focus is on developing
a strong, sustainable, cross-disciplinary training
module to produce a skilled workforce that meets
industrial needs. These courses aim to produce a high-
quality, skilled workforce aligned with current and
future industry demands in the S&T sector through
training in diverse areas under the National Skill
Qualification Framework (NSQF). These training
programs are also linked to employment
opportunities, including small-scale techno
preneurship. This ensures a steady supply of skilled
workers across various technical fields, enhancing
livelihood opportunities both in India and abroad. The
skill initiative at CSIR-NCL aims to enhance research and
development by equipping and training potential
postgraduate and Ph.D. students with specialized
research skills through advanced SDP programs. This is
especially vital for researchers with limited access to
suchlearning resources.

Key Achievements

e Conducted 14 skill development programs from
April2024 to March 2025.

. We have trained a total of 182 candidates for the
2024-2025 financial year.

. One of the courses was designed at the request of
the Ammunition Factory in Pune. In this course,
six employees with designations ranging from
assistant manager to manager received
specialized, custom-designed training.

. Three participants of the skill development
program on 'Synthetic Organic Chemistry' have
been offered a job in the industry through a
campus interview. The candidates joined the
positionimmediately after completing the skilling
course.
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BT fIHr HRI%H
SKILL DEVELOPMENT PROGRAM

Some participants from the skill development
programs conducted at CSIR-NCL have
successfully joined various CSIR labs as Project
Associates. This highlights the effectiveness of
the training initiatives in providing not only
technical skills but also employment
opportunities in research roles within the
organisation. These positions allow participants
to continue their careers in scientific research and
contribute to ongoing projects.

Participants have reported their satisfaction with
the SDP courses they attended through feedback.

Many participants have identified mentorsin their
instructors and continued their social
relationships and benefited. It was a good
opportunity for them to build social network with

fellow participants.
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TARTRITE GReTT vder
LAB SAFETY MANAGEMENT

The Laboratory has strengthened the safety
infrastructure across the campus. As part of this
initiative, forty fire trolleys equipped with various
firefighting tools-such as fireballs, fire blankets, sand
buckets, and different types of fire extinguishers were
strategically placed at key locations. Yellow safety
cabinets were procured and distributed to various
laboratories to ensure the safe storage and handling of
hazardous chemicals.

I SUGRVIT W GRS BRIR ETell [Fire Trolley equipped with various firefighting tools

The current fire hydrant system was evaluated by
external consultants for hydrant pressure, firewater
storage capacity, pumps, and pipelines. Based on their
assessment, recommendations for improving the
present system as well as installing an upgraded fire
hydrant system was received. The safe disposal of
waste hazardous chemicals from the laboratories is
essential to keep the premises hazard-free. In this
regard, an agreement was executed with Maharashtra
Enviro Power Ltd. (MEPL), an MPCB-approved agency,
for the disposal of waste hazardous chemicals at their
facility.
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TARTRITE GReTT vder
LAB SAFETY MANAGEMENT

Following this agreement, one major lot of waste
hazardous chemicals was shifted out of the premises.
The renewal of the consent to operate as an R&D
laboratory, amandatory regulatory requirement under
environmental laws, was successfully completed and is
valid until August 2028.

As observed annually, National Safety Week — 2025
(NSW - 2025) was celebrated from 4th to 10th March
2025 with the aim of raising awareness about
laboratory safety among staff. Various programs such
as drawing, safety meme and slogan competitions, and
demonstrations of PPEs and lab safety equipment
were organized. To uphold the commitment to a safe
and secure laboratory environment, a safety pledge
was administered to all staff. A talk by a safety expert
was conducted, and awards were presented to
laboratories demonstrating the best safety
compliance. Additionally, CPR and first aid training,
along with a fire blanket demonstration, were held to
enhance preparedness for emergency situations.
Unannounced mock drills were also conducted and key

observations andlessonslearned were documented.
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S&T Support Services

e 31 Teiifirent dwede deme FINANCE & ACCOUNTS

Funds Utilization

CSIR Grant
Projects (R in lakh)
Network (including C/F) 1924.328
Non — network 20140.258
NMITLI Projects 0.000
EMR & Scientist Pool 0.000
Laboratory Reserve 2841.572
Externally Funded Projects 3271.276
Misc. Deposits 328.469
Payment on behalf of outside bodies 0.000
Deposits for Sponsored conf. / seminars 5.357
Total 28511.260
Generation of Lab Reserve (% in lakh)
Through earning of interest on investment of surplus funds (other than CSIR) during the 513.608
year
From other heads 1221.727
T otal 1735.335
Investment of surplus funds as on 31.3.2025 (X in lakh) 6500.000
Clearance of OB items
Adj. made during the year
Private 27
TA/LTC 23
Local 29
T otal 79
No. of items
Following types of vouchers were generated
Payment 13140
Receipt 4728
TE 75
Total 17943
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Bl TG
TRt @ P el @ wen | v ¥ ()
1 QU 73 244.88
2 SMETA (o) 453 148.18
3 CSECH | 18 278.91
4 25 g ¥UY 9 3feH 16 2162.39
5 R By Ffafa 737 2493.64
6 10 S JUY A 3D 24 346.52
7 M Fdha / IR HY 2306 831.69
Bl 3627 6506.21
Accomplishments

Sr. No. | Nature of Procurement Igﬁg;?:r TGRS Amount in Rupees (Lakh)
1 AMC 73 244.88
2 GEM 453 148.18
3 Rate Contract 18 278.91
4 Above Rs 25 lakh (T&PC) 16 2162.39
5 Local Purchase Committee 737 2493.64
6 Above Rs 10 lakh (PC) 24 346.52
7 Local Cash / Credit Purchase | 2306 831.69

Total 3627 6506.21
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U1 Ud fasm AR (PSC) SHTS TARTIT iR 39D ARl & He GaR & oIy UH o9 & ©0 § B PRl 8
| 9 SIS J4, fiie, saragife Wifear sk Arere Mifsar Sl gfaensii & SuaT o=l © | 98 SIS a1dd 3R 3rdR®
JgATSCl B IYATA BRAT & | affep RUTE iR SR IR BRAT & | I8 ShIs TANTRMMe & TIIhRNI Bl Bl FaR
Pl & AT U fIsifid SR S STRY SRl & 7 379+ ATRIeRI @ foly ifSa &1 wowag ft Sxcll & | I8 s&18 fafi=
TR H AT oIl & AT HaATGaTI3 & SRIY UR d=ATTh] & AT AR JATATTT DR 2 |

YT R fa= GaR sors A a9 & kA fA=ferRaa et &1 dara fear/anr forar

o &F YARTUI, 9IRd, S (24—25 31, 2024)

o HITHNTER—T-ASA, IO & U g U o (EED) (24—28 S[H, 2024)

o GCPRS & VTS T UR df¥ees Hael=l, a8 (4—7 Selrs, 2024)

® R AR fAAT HEIHT 2024, JATIIMS I I[ATETCI, A (30 TR — 3 faweR, 2024)
o TR, THI—UTfeTR RIS Tagil, 8—11 STaN], 2025

PUBLICATION AND SCIENCE COMMUNICATION UNIT

The Publication and Science Communication (PSC) Unit works as a channel for the communication between the

laboratory and its stakeholders. It uses the facilities like web, print, electronic media and social media. It takes care of
the external and internal websites, prepares annual reports and brochures. The unit communicates the impact
making work from the laboratory, prepares and issues press releases and also coordinates the videos for its
stakeholders. The unit participatesin exhibitions, organizes the interviews with scientists on request of thereporters.

PSC coordinated/ participated in following exhibitions during the year:

Chem Expo, India, Mumbai (April 24-25,2024)

OneWeek One Theme (EED) (June 24-28,2024) at CSIR-NCL, Pune
e GCPRS-Global Exhibition on Recycling, Mumbai (July4-7,2024)

The India International Science Festival 2024, [IT Guwahati, Assam (November 30-December 3,2024)

Plasto, Techno- Polymer International Exhibition, January 8-11,2025
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Brif af

13—05—2025
28—04—2025
22—04—2025
01—04—2025
19—03—2025
19—03—2025
27—03—2025
27—03—2025
26—03—2025
25—03—2025
25—03—2025
21—03—2025
20—03—2025
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Newly joined Asst. Section Officer's and Section Officer's

Name

Mr. Ritesh Bhoyar

Mr. Basant Meena

Mr. Mayur Shahare

Mr. Lokesh Bansod

Ms. Ingale Kalyani Uttamrao
Ms. Ankush

Mr. Sourabh Singh

Mr. Salphale Shubham Arunrao
Mr. Ritesh Kumar

Mr. Telgote Devanand Suresh
Ms. Tanya Agrawal

Mr. Vikas Palsania

Mr. Rupesh Meena

Mr. Dere Ujwal Ranjeet

Present Designation

Section Officer (Finance & Accounts)
Section Officer (Gen)

Section Officer (Stores & Purchase)

Asst. Section Officer (Finance & Accounts)
Asst. Section Officer (Finance & Accounts)
Asst. Section Officer (Stores & Purchase)
Asst. Section Officer (Stores & Purchase)
Asst. Section Officer (Gen)

Asst. Section Officer (Gen)

Asst. Section Officer (Gen)

Asst. Section Officer (Gen)

Asst. Section Officer (Gen)

Asst. Section Officer (Gen)

Asst. Section Officer (Gen)
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Mfase i & forg ve w1d aelife, sifiefts, garidie oiiR NESIGIEN 557348
RIeaR A9[ARR & FRAR Jd18 STe M FeABT 535817
T R AT wTdT 9T REIRAT goiel &1 faar iR va fRrRgell 531994
Fe3Se4 # 1 & A= 4 9g1d &I @iol REE BRI 534890
F—HAS HerddIfhRa 2D—fcd &1 IuANT HRd Tl ofd & SRIEECIERSCRING 560705
YHII—SORE AT BT 3rayor
1N Hal HHhIsS HIHRA BT ST TR AP TAHER Udhol UER 536034
Igfhareiiel TS HafcT WATE]
g dfisfreni= & TR & {7 IoT Uhd Alse SoR® IR U el 554867
Arel A1 IPAINT & forg ssTaie fofde urgdia SR fg—smamd | |ay a1q HARA 548164
FDCA & Uad ged 3R IHT—SoR® ST EERICHICIIN S 544088
991 HE RUdFex BT ITINT PR RIcdk SHaRR BT 98 T+ ) I FHeADH N 539721
AR HgeroT
YSRUT 3R AYSG  Pich & YWl yee o1 fafey arend 0. IR 533617
Rich BISsIgd P 3R IHD IATGI & II—GGS BRI B TdIH S SRIBENI 553231
PIED)
gfisiiellti s Ricafdasiiad A-reics IR TF RrRgel! 550069
AP RIfeItS FeaRerdT gRT Ricd BIssisd BT @R STellhRol RHAAT T WA 543677
i R TeTacIRIele™ &I &F IRdl © | LCIRISIRI 552692
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PATENTS GRANTED: INDIAN

Title Inventor Patent No.
A Novel Cloning, Expression, Refolding And Purification Platform
o . Rahul Bhambure 557348
For Ranibizumab Manufacturing
Continuous Flow Production Of Silver Nanowires Amol Kulkarni 535817
Development Of Novel And Cost Effective Drag Reducin
P & & Samir H Chikkali 531994
Agents
Discovering Room Temperature Multiferroicity In Fe3Se4 Pankaj Poddar 534890
Explored Photo-Catalytic Splitting Of Sea Water Using Self- Santhosh Babu 6070
Assembled Metalloporphyrin 2D-Sheets Sukumaran 500705
Highly Luminescent Multifunctional Down Converting Ink Usin
& 'y . & & Pankaj Poddar 536034
Alkaline Earth Sulphide Phosphors
Homogeneous Single Site Catalyst For The Preparation Of Linear
& & y P Samir H Chikkali 554867
Polyethylene
Imidazole Linked Pyrene Based Two-Dimensional Polymer For Santhosh Babu 816
Proton Conducting Application Sukumaran >4c164
Integrated Micro- And Chemo-Catalytic Production Of FDCA Chandrashekhar V Rode 544088
Large Scale Continuous Synthesis Of Silver Nanowires Using .
Amol Kulkarni 539721
Bubble Column Reactor
Method For Effective Management Of Storage And Sucking ..
Ashok P Giri 533617
Insect-Pests
Novel Process For Self Reinforcement Of Silk Fibroin Coatings .
Anuya Nisal 553231
And Products Thereof
Polyolefin Grafted Silsesquioxane Nanosheets Samir H Chikkali 550069
Sophorolipid Mediated Accelerated Gelation Of Silk Fibroin Asmita A Prabhune 543677
Zinc Supplementation Decreases Galactosylation Mugdha Gadgil 552692
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TAFPRT
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Title

Inventors

Country/ Region
and Grant No.

A Method For The Design And Synthesis Of Artemisinin-
Peptidyl-Vinylaminophosphonates Hybrid Molecules As
New Antimalarial Agents Targeting Falcipain-2 Protease
Inhibitors

Asish K Bhattacharya

EP: 3781573

A Novel Cloning, Expression And Refolding Platform For
Manufacturing Of An Antibody Fragment Used In The
Treatment Of Macular Degeneration

Rahul Bhambure

MX: 421065

A Novel Cloning, Expression, Refolding And Purification
Platform For Ranibizumab Manufacturing

Rahul Bhambure

MX: 412271
KR:10-2774707

Bio-Based Polyurethane Microcapsules And Process For Kadhiravan US: 12233167
The Preparation Thereof Shanmuganathan

Bismuth(lIl)-Catalyzed Cascade Annulation Of Alkynols Kontham Ravindar EP: 3619214
With a-Ketoesters: A Facile Access To I'Spiroketal-

lLactones

Composite Polymer Electrolyte Membrane With Kadhiravan JP: 7514864
Enchanced Thermochemical And Chemical Stability Shanmuganathan US: 12237552

Continuous Flow Separation Of Nanoparticles Using
Continuous Centrifugal Extractor

Amol Arvind Kulkarni

EP:3618938B

Design Of Conical Fixed Bed Reactor Integrated With
Distillation Coupled Conical Polishing Reactor For The
Process Intensification Of Dimethyl Ether Synthesis From
Methanol Dehydration

Thirumalaiswamy Raja

CN: ZL202080048019.7
JP: 7502342

Direct Solar Hydrogen Production From Water +
Methanol And Partial Oxidized Products Of Methanol

Chinnakonda S Gopinath

US: 11958044

Imidazole Linked Pyrene Based Two-Dimensional
Polymer For Proton Conducting Application

S Santhosh Babu

US: 12215197
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qRITE PATENTS GRANTED: FOREIGN

Annexures
Title Inventors Country/ Region
and Grant No.
Novel Marinoquinoline Based Antimalarial Compounds Santosh Baburao Mhaske | US: 12145931

And Process For The Preparation Thereof

Novel Mesoporous Temperature Tunable Co Oxidation Chinnakonda S Gopinath; | DE: 3062927

Catalyst Including Near Ambient Temperatures Edwin Solomon Raja EP: 3062927
Gnanakumar

Novel One Pot Continuous Process For Synthesis D Srinivasa Reddy; Amol EP: 3464243

Quinolines And Its Derivatives Kulkarni

Porous Poly(Benzimidazole) Battery Separators For CV Avadhani DE: 3592799

Lithium lon Batteries EP: 3592799

US: 12191522

Process For The Production Of Nigericin From New Syed G Dastager; Amit CN: ZL 201980081594.4
Streptomyces Source Sahu US: US 12018305 B2
Proton Conducting lonomer Membrane Integrated With | Sreekumar Kurungot US: 12100815

Zn2+ Transport Towards High Performance Aqueous Zn
lon Battery With Long Cycle Life

Single Step Process For 2,5-Di(Formyl)Furan And 5- Chandrashekhar Rode EP:3630739
((Methylthio)Methyl)-2-Furfural Directly From

Carbohydrates

Solvent Assisted Cavitation For Wastewater Treatment V M Bhandari US: 12215197
Synthesis Of Alkyl Carbamates From Alkyl Alcohol And Vivek V Ranade; KR: 10-2723345
Urea In A Tubular Reactor Ashutosh Anant Kelkar;

Vilas Hari Rane; Anil Kisan
Kinage; Dhananjay
Ravindra Mote; Savita
Kiran Shingote; Lalita

Sanjib Roy
Synthesis Of Polyoxalates From Renewable Resource, Samir H Chikkali US: 12060363
And A Process For Preparing Films Thereof
Synthesis Of Sitagliptin Via Rhodium Catalyzed Samir H Chikkali US: 12202833

Asymmetric Hydrogenation And A Process Thereof
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qRfETE PHD THESES
Annexures
Author Title Guide(s)
Ajay Kumar Blood Oxygenation Monitoring for Diabetic Foot Ulceration Rajesh Kanawade

Detection Using Fiber Probe-Based Diffuse Reflectance
Spectroscopy

Ajithkumar V' s Hypersilyl Tetrylenes: A Novel Synthon in Main-Group Chemistry | Sakya S. Sen
Ajmal P Tailoring of Electrocatalysts with Structured Carbon Morpho- Sreekumar

logies and Process-Friendly Electrodes Comprising Modified Kurungot

Triple Phaselnterface for Electrochemical Energy Devices
Arun Arunima Catalytic conversion of biomass and biomass derived polyhydric | M. Banu
Balachandran Kirali alcohols into value added products.
Aryan Anurath Batch and Continuous flow synthesis of Rylenebisimide polymers | Kadhiravan
Wavhal and their application in Energy Storage Shanmuganathan
Basutkar Nitin Synthesis and Self-Assembly Studies of Visible Light-Responsive | Ashootosh V.
Bapurao Amphiphilic Polymer Architectures Ambade

Bharathkumar H J

The Design and Synthesis of Cathode Materials for High-
Performance Li-S Batteries

K. Krishnamoorthy

Bodkhe A Catalyst Design for Preparation of Ultrahigh Molecular Weight | Samir H. Chikkali/ H.
Dnyaneshwar Vitthal | Polyethylene V. Pol

Chaithanya Structural insights into pharmaceutical compounds T.G. Ajithkumar
Hareendran from solid-state NMR techniques

Chandan Dhanraj Development of near-infrared active quantum dot solar cells and | Arup K Rath
Mahajan their potential as bottom sub- cells in Tandem solar cell design

Chandrakant B. Development of a Catalytic Methodology for Diastereoselective | Anil K. Kinage

Nichinde

Synthesis of 3,3'-Spirooxindoles and Regioselective Michael
Addition Reaction to Isatin-derived Michael Acceptors

Chavan Sambhaji
Balkrushna

Development of Cocktail of Lignocellulolytic enzymes and its
application for degradation of lignocellulosic biomass

Mahesh S. Dharne/
Ashvini M. Shete
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Author

Title

Guide(s)

Christy P George

Enhancement of the Biopharmaceutical Properties of APIs
Through the Development of Novel Solid Phases

Rajesh G. Gonnade

Debopriya Roy

Structural rationale for the GTPase specificity of
DOCK Guanine Exchange Factors

Kiran Kulkarni

Dharmendra Singh

Nature-Inspired G-C & G-C-T Nucleobase “eactive
Monomers”’Suitable for Functional Polymers and Protein
Bio- conjugation

G. J. Sanjayan

Dilwale Swati

Development of Advanced Rechargeable Zn-Metal
Batteries Derived from High-Voltage Cathode
Materials and Zinc Hydrogel Polymer Electrolytes

Sreekumar Kurungot

Dinesh Singh Study of bismuth-based two-dimensional semiconducting Pankaj Poddar
materials for diverse applications
Divya Dixit Studies in Water and Wastewater Treatment Vinay M. Bhandari

Doke Abhilasha Atul

Dynamic Dances of TDP-43: Unravelling Molecular
Mechanisms, Solvation Effects, and Precursor Conformation
in Amyloid Aggregation and Phase Separation of Full-length
TDP-43

Santosh Kumar Jha

Gawas Saroj Shivram

Investigation of ABPBI-based hollow fiber membranes for
the removal of organic acids and common bases from
process streams

Ulhas K. Kharul

Ghodake Ravindra
Shamrao

Study of Flowability of Granular Material Coated with
Powder Lubricant

Ashish V. Orpe

Gorakh Ghuge

Design and Synthesis of Poly(HydroxyUrethane)
Hot-Melt Adhesives from CO2 and Bio-Based Monomers

S. Kiran

Inderjeet Chauhan

Energy Conversion through Photo- electrocatalysis and
Electrocatalysis to Value-added Products from Simulated
Seawater and Biomass Components

Chinnakonda S.
Gopinath

Jadhav Avinash
Prakash

Far-Red and Visible Light Active Unsymmetrical
Squaraine Dyes for Dye-Sensitized Solar Cells: Effects of
Modulating the Steric Factors and Photophysical
Properties of the Sensitizers on the Device Performance

J Nithyanandhan

Jagtap Anuradha Vijay

Developing new catalytic material for C1 molecule activation

Vinod C. Prabhakaran
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PHD THESES
Annexures
Author Title Guide(s)

JeyavaniV Synthesis of Oxide-based Nanomaterials: Shatabdi Porel
Catalysis, Electrocatalysis and Adsorption Applications Mukherjee

Kailash Singh Non-precious metal nanocomposites for energy and Kaliaperumal
electrochemical applications Selvaraj

Kamble Ganesh Biobased and Biodegradable Resin Formulations for 3D Printing | Asha S. K.

Kavya |

Structural insights into modified borosilicate glasses from solid-
state NMR spectroscopy

T.G Ajithkumar

Khan Muzammilanwar
Sarfaraz

Understanding dynamics of drop formation away from
equilibrium and design of continuous flow reactors

Amol Kulkarni

Kharabe Geeta Supported Nanostructured Materials and Gel Polymer Sreekumar
Electrolytes for Interface Engineering of Oxygen Kurungot
Electrocatalysts for Energy Storage and Conversion Devices

Kothavade Improving the Processability & Functional Properties of Kadhiravan

Premkumar Anil thermoplastic Polymers for Fused Filament Fabrication Shanmuganathan

Lavanya K Exploring the effect of nitrogen incorporation in modulating the | Paresh L. Dhepe

catalytic properties of chitosan derived carbon supported metal
catalysts for electrochemical HER, OER, ORR and biomass
hydrogenation

Masal Dattatraya
Pandurang

Design and Synthetic Studies to Access Natural Products:
Tylophorines, Kupyaphores and Densely Substituted Furans

D. Srinivasa Reddy

Nawghare Indrajeet

Steric and Electronic Effects in Unsymmetrical Squaraine Dyes
for Dye-Sensitized Solar Cells: Enhancing the Charge Injection,
Dye Regeneration and Decreasing the Charge Recombination
Processes

Jayaraj
Nithyanandhan

Neeraj K Gaur

Machine learning assisted design and synthesis of target
specific miniprotein binders

Kiran Kulkarni

Neha Jaiswal

Synthesis and characterization of chitosan nanoparticles as a
targeted drug delivery system for the treatment of
Hepatocellular carcinoma

Bhushan P.
Chaudhari

Omble Aishwarya Dilip

Structural basis of Weak-similarity Guanine nucleotide
Exchange Factor (WGEF) activation in Wnt-planar cell polarity
pathway

Kiran Kulkarni
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Title

Guide(s)

Pardhe Rachel
Samson

Exploring the microbiome of river ganges and harnessing the
potentials of novel phages under one health

Mahesh Dharne

Pawan Kumar

Sulfonylation Reactions of para-Quinone Methides and Alkene-
Tethered Indoles: Synthesis of Diarylmethyl Sulfones, Chiral
Alkyl/Aryl - Sulfonyl Spirocyclopentyl p-Dienones and
Sulfonylated-2,3 Dihydro 1H Pyrrolo[1,2- a]Jindoles

Utpal Das

Pawan Kumar

Studies on Novel Catalyst Designs for C-H Activation

Vinod C. Prabhakaran

R Vinod Kumar

Strategic Cascade Annulations for the Synthesis of sp3 -Rich
Oxygen-Heterocycles, Isolation and Structural Elucidation of
Bioactive Natural Products

Ravindar Kontham

Rahul Choudhury

Total Synthesis and Stereochemical Revision of
Benzo[glisochromene stereodiad & Design and Synthesis of
Macrocycles Inspired by Migrastatin and Solomonamide

D. Srinivasa Reddy

Rajashri Jundale

Development of a continuous process for rigid, mesoporous,
and metal coated silica

Amol Kulkarni

Rajkumar S. Birajdar

Transition Metal Catalyzed Polymerization of Olefins and
Depolymerization of Polyolefins

Samir H. Chikkali /
Ashootosh V. Ambade

Rajnigandha Designing of smart mesoporous silica nanoparticle as a next- Bhushan P. Chaudhari

Shende generation drug delivery vehicle for treating Colorectal cancer

Rohit Kumar Rhodium and iron catalyzed hydroformylation, isomerizing- Samir Chikkali
hydroformylation and asymmetric hydroformylation of alkenes

Sachin Jadhav Novel Solvent System for Cellulose Dissolution and Kadhiravan
Regeneration Shanmuganathan/

Madan Kumar Singh

Sadhna

Chemodivergent (De)hydrogenative Coupling Reactions of
Azoarenes, Organonitriles and Alcohols Catalyzed by Well-
Defined Nickel Complexes

Benudhar Puniji

Salgaonkar Kranti

Electronically Integrated Light Absorbers for Efficient Artificial

Chinnakonda S.

Nishikant Photosynthesis: Baby Step Towards Carbon Neutral Economy Gopinath
Sawant Amol Strain improvement of Penicillium rubens for biosynthesis of V. Koteswara Rao
Muralidhar penicillin V.and development of biocatalytic process for

Blactam antibiotic production
Shabade Anand 3d Metal-Catalyzed Chemoselective Hydrogenation of Benudhar Puniji
Basavraj Unsaturated Double Bonds and Regioselective C- Arylation of

Indoles
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Shaziya Parveen
Siddiqui

The development of small molecule autophagy inducers in cervical
cancer cells and antiviral modified nucleosides against COVID-19

C.V. Ramana

Shibam Pal Structure Property Correlation of Novel Photocurable Polymers for | AshaS. K.
Light-Based 3D Printing Applications
Shivamurthy B P Development and Investigation of Electrochemical Properties of Nayaka G P

High-Voltage Spinel-based Cathode Materials and Recycling
Methodology for Li-ion Batteries

Sonavane Sameer
Raghunath

Decarboxylative C— and C-eteroatom Bond Forming Reactions: New
Methods and Their Application in Total Synthesis

Santosh B. Mhaske

Sonawane Jayesh
Ramesh

Design and Scale-up of Continuous Flow Reactor for Functional
Materials

Amol A. Kulkarni

Soniya Rani Phosphite Catalyzed Regio- and Stereoselective N to C Rearrang- Pradip Maity
ementof Pyridinium Salt: Synthesis of Chiral N-Heterocycles
Soumya Ranjan Taming XeO3: Insights from Computational Investigations of Sigma | Kumar Vanka

Dash

Hole-Mediated Aerogen Bonding

Suryadev Kumar
Verma

Manganese, nickel and copper-catalyzed C-H bond alkylation and
alkynylation of (Hetero)arenes

Benudhar Punji

Susmita Bhowmik

Bifunctional catalysts for conversion of polyols

M. Banu/ D. Srinivas

Swapnil Halnor

Development of New Methods Around The Nitro/Azidoalkyne
Cycloisomerization and Studies Toward The Total Synthesis of
Austamide

C.V.Ramana

Tanuja Tewari

Iron-Catalyzed Hydroformylation, Hydroalkoxycarbonylation and
Hydrosilylation

Samir H. Chikkali

Tarade Komal

Design of Novel, Heterogeneous Catalysts for Transformation of

Sanjay Kamble/ C.

Pratap Bioderived Platform Molecules to Chemicals and Fuels V. Rode
Thakkar Kavita Tailoring C-O and C-H bond activation on various catalysts Kavita Joshi
Subhash employing periodic density functional theory

Thripuranthaka M

Designing of functional materials for high Sulfur loading and
separator coating in Lithium-Sulfur Batteries

Manjusha V. Shelke

Viksit Kumar Nonplanar Nanographenes: A New Potential Molecular Design for Santhosh Babu
Luminescent and Energy Storage Applications Sukumaran

Zade Vishal Direct Deoxygenation of aHydroxy Ketones and Process D. Srinivasa Reddy

Mallikarjun Development of Benzofuran-6-carboxylic acid, a Key Intermediate

of Ophthalmic Drug Lifitegrast
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TS 12,2024 S o= 91 el Surmd, ol $ed SRR caldrel, Taamifde SaHratol 1S
SO SN §RT U & RIS Wi AR

fadaR 11, 2024 AP AR, GRACH gR S .31 HABUI YSHic IR

AR 19,2024 Sf gH B, ToRk, T IS AGRY, TRIR BHgfched fafics gRT Mo &,
dehexA Wi AR 2024

TGER 4,2024 83d RSN RATIAT feasd BT HHRIE 3R S 39d e feF fFesa—<r
FRG T e, W—SH, IO gRT AR

TIeR 28, 2024 1097 AMIIMSTATE 2024 — T Aff Sf riag Aer), qr= Wrenfia If¥en, ofHiaw

fafes gRT &= YIoR HRIHH W Ta]

TdeN 28-29,2024

6l kj“N"l\lkfoi—diNkj% qifis BT T

fedeR 57,2024 Rt Hfcfhar s dey

AR 6, 2024 <7 faferm (9o T gRT Adiaxeiia Soii—<are fage ddy R e

BRI 20, 2025 AITHIMSIR—YRITA & 750 RATIAT &qH AARIE 3R qRATDIA T DI ede UgH
Uo7 Sf fhROT ASHSR—UGRT ARAT

TRAY! 24,2025 PIGAIT faeafdenad SiFwd Sol-aRT WHER Ul §9d HAR qI@Edl gRT Al 41,
Q). forefep i fagm feaw R @

A 24, 2025 o, weHES S, gqH e, o fdee, i HaE g < v, SRR |

YT 2025
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Date(s)

Event

May 21, 2024

National Technology Day Celebrations —2024 and lecture by Mr. Subramani
Ramachandrappa, Founder and MD, Fermbox Bio Pvt Ltd., Bengaluru

June 24-28, 2024

One Week One Theme Program

June 25,2024

Prof. J. W. McBain Memorial Lecture lecture by Prof. Biman Bagchi, Indian National
Chair Professor (DST-SERB)

July 5-06, 2024

Two day Patent Certificate Course for Entrepreneurs, Scientists and Engineers

July 12, 2024

LK Doraiswamy Memorial Lecture by Dr Prasanna V Joshi, Vice President, Low Carbon
Solutions Technology, ExxonMobil Technology and Engineering Company

September 11, 2024

Dr. B.D. Kulkarni Endowment Lecture by Mark R. Prausnitz,

September 19, 2024

Professor K. Venkataraman Memorial Lecture 2024 by Dr. Mukund K. Gurjar, Chief
Scientific Officer, Emcure Pharmaceuticals Limited

November 4, 2024

Celebration of 83rd CSIR Foundation Day and lecture by Dr. Hemant Darbari Mission
Director-National Supercomputing Mission, C-DAC, Pune

November 28, 2024

10th lISF 2024 - Curtain Raiser Event Talk by Chief Guest Dr. Santanu Chaudhuri, Chief
Technology Officer, Thermax Limited

November 28-29, 2024

6th NCL-RF Annual Student Conference

December 5-7, 2024

Chemical Reaction Engineering Symposium

December 6, 2024

Talk on "The Renewable Energy-Chemistry Nexus" by Dr. William (Bill) Tumas

February 20, 2025

75th CSIR-NCL Foundation Day celebration and lecture by Dr. Kiran Mazumdar-Shaw,
Padma Bhushan, Chairperson of Biocon Group

February 24, 2025

Prof. B.D. Tilak Memorial Science Day lecture by Prof. Sanat Kumar Bykhovsky
Professor of Chemical Engineering, Columbia University

March 24, 2025

Dr. L.K. Doraiswamy Memorial Lecture 2025 by Prof. Man Mohan Sharma Padma
Vibhushan, Ex. Director ICT Mumbai

CSIR-NCL Annual Report 2024-25
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FARI0Td ACAN

HITHSEAR—TAAS, gor

2024 % 4 eSO 2ol & forw [ESA Sa=Tal SHIAe i § SIR 3(ATS |

HITHSEAR—TAAS, gor

"gAACT FelT U WA CaIaioll U8 AR Urarse}’ S0 & 3icd 4
AaASaTE I St qerar Afber ufier & faorar

HITAANTEAR—TARAG A, o

2024 H T BRSIOH TR T ARIER FHAT & SR YT STSgior ghredl
(GH2THON) 3 facfia verr

HITHSEAR—TAAS, gor

gfafted 10d HWamgans iefie Ml IREdR 2024 H JRGR fIordr & wu
AT T

HITAANTEAR—TARIG A, o

IHe RGN HETEId P U yod REPR qur @l uf¥er
"G E—RMTEATS" B fge R

onerehal &1 A QRIBR/ACIAT

Sf 31 AT STl Asfefthe RUCH & AURHIT g & Aa & ®U H Hal & & oIy
SILIER]

S 1. PICTAR I Ty 2023 & fOTY T fI=T STpTeH! (YHEIYTH) & Bl & WY H g 1Y

S A ARIg RS Hgd AeT =T g f¥omss siee fafics (CMPDI) grr smanfrd
et TAIthererd 2024 TR Bepell A faeiar e

T R U9, fergelt HERTS, fa=I THTaH! & Well & W H g+ TY

<7 1. 9. fare TR TR, HSRISH T8 AvCHIAfIc! UieT & AR ars & e
& WY A ST frar Tar
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Annexures

Recognitions for CSIR-NCL

2024 IESA Technology Innovation of the Year Award for the Green Hydrogen category.

Winner of the 8th ClI National Energy Efficiency Circle Competition under the "Innovative

Clean & Green Technology & Solution Provider" category

1st Runner-Up position at the Green Hydrogen Hackathon (GH2THON) during the 2nd
International Conference on Green Hydrogen 2024

10th ClI Industrial IP Awards 2024

First Prize for Excellent Official Language Implementation and Second Prize for Hindi

Magazine "NCL-Alok"

Name of Faculty

Award/ Recognition

Dr.Anu Raghunathan

Invited to serve as an Editorial Board Member of the Journal
Scientific Reports

Dr.V.Koteswara Rao

Elected as a Fellow of the Telangana Academy of Sciences
(FTAS)fortheyear2023

Dr. Satyam Naidu Vasireddy

2nd Runner-Up position at the Hackathon on Coal Gasification
2024, organized by Central Mine Planning & Design Institute
Limited (CMPDI)

Dr. Samir H. Chikkali

ElectedasaFellow of the Maharashtra Academy of Sciences

Dr.C.P.Vinod

Invited to serve as an Editorial Board Member of the journal
Materials Today Sustainability, an Elsevier publication.
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T4 Bl Teaics REd duHl ferfics
anfeca faver fagma v Menfre su= wsae fifics

IS solfded Rierd sfear ugde fafics
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Sun Pharma Advanced Research Company Limited

Aditya Birla Science & Technology Company Private Limited
Schneider Electric Systems India private Limited

Mahadhan AgriTech Limited (Smartchem Technologies Limited)
Rechargion Energy Private Limited

Chellaram Diabetes Institute

Security Printing & Minting Corporation of India Limited (SPMCIL)
Amar Equipments Private Limited

11 Base Repair Depot (11 BRD)

Hikal Limited

Amoli Organics

Vellore Institute of Technology

Tagros Chemicals India Private Limited

Metlok Private Limited

Biocon Biologics Limited

Thermax Limited

ICMR- National Institute of Virology

Centre for Process Innovation Limited

Addgene (ennovation Lifesciences)

VS Lignite Power Pvt. Ltd. & Atrium Innovations Pvt. Ltd.
CellBioasis

Department of Biotechnology

KSB Limited

Gayatri Impex

Manipal Technologies Limited

Addgene (ennovation Lifesciences)

Tata Consulting Engineers Limited

Hikal Limited

TCG Lifesciences Private Limited

Lupin Limited

Toyo Ink India private Limited

CSIR-Institute of Microbial Technology, CSIR-NCL, Maharishi Markandeshwar (Deemed to be University), Mullana
CSIR-CECRI & Periba Hycoco LLP

BAIF Development Research Foundation
ITER-India_lInstitute for Plasama Research
Entrepreneurship Development Centre

Entrepreneurship Development Centre

¥V ¥ ¥ ¥ ¥ V¥ F V¥ 9 ¥ 9% V9 ¥V F VP VPP VP VP P99 9 79 77V VYV V9 OFP Y YGTYCTY

Revocoat India Private Limited
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AT fawE 91 (wTvaT)

AT fawE a1 (wTvaT)

HAied Weferda sfear urgae fafacs
quT Afelsl dorve’ Hresed (fiahuh)
Rem IRRRe=T ugde forfics
frer=Riy o forfics

g Hifdhed HU)

ST, 2 ofaReR farfics

e gonfrafiT urgae fafics

HHH ATshagd gde fofics

33! oA i vergerdr
goraefl dod Urgde fafics

HUS qrATTABR TTHT ARSHSA Pietol
fd— TieleMe geet W18 US carialoll g¥eicde
s ofd wrgde forfics

MR HISSTH

PEHR] GARIT

TR o= urgde fafics
YAV fADBTH ATHI HIS S

quITAld JAfeedrad] sledhr AlMYR fIeafdemnety, AreiqR (PAHSUS)

IRfdT fagar Tl BreseE

RIS caIari folfies

O TS ATShATS S fafics

ST fIsTe HuETery uRug

TSgWR T, U

THEURTT (Aeal o¥e UTaR HiaiRe) NTPC
e tew fafics

IR s Rien ofR g |ver, dretadrn

faN

ufSTifshee JifaaT Ursde forfics

TSR (A9l el UTaR BhIaiRer)

BRI TSt AIgvol Wi gfear uigde fafacs

W O A dg (W—38@), IRA deifirel |@wer—aary &g fawafdere (@nssmgd—dive=y)
IR Setagiad iR ae deifiial darerg (THSenEdian)

REfotar arEas ugde fafics

qATETAT PR SIS

MRS FRIFR Arsded farfice

erel dfteed fafics

SUY BERYfedhed aigde foffics
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Naval Aircraft Yard (Goa)

Naval Aircraft Yard (Goa)

Solvay Specialities India Private Limited

Pune Knowledge Cluster Foundation (PKCF)

Sterilem Biosystems Private Limited

Clearsynth Labs Limited

Hindusthan Chemicals Company

Dr. Reddy's Laboratories Limited

Pilon Engineering Private Limited

Maypharm Lifesciences Private Limited

3D Engineering Automotion LLP

Buzzworthy Ventures Private Limited

BKL Walawalkar Rural Medical College

BRIC- Translational Health Science & Technology Institute
Omshri Labs private Limited

Aarti Foundation

Kashtakari Panchayat

Texol Engineering Private Limited

BAIF Development Research Foundation

Punyashlok Ahilyadevi Holkar Solapur University, Solapur (PAHSUS)
Arvind Vithal Gandhi Foundation

Sterile Technologies Limited

Glenmark Lifesciences Limited

National Council of Science Museum

Goodyear S. A.

NTPC (National Thermal Power Corporation)

Asian Paints Limited

Indian Institute of Science Educationg and Research, Kolkata
Azeocryst Organics Private Limited

NTPC (National Thermal Power Corporation)

Hyclone Lifesciences Solutions India Privated Limited

CSIR-NCL CUSTOMERS

Centre for Development of Advanced Computing (C-DAC), Indian Institute of Technology-Banaras

Hindu University (IIT-BHU) & Ministry of Electronics & Information Technology (Meity)

Synergia Sciences Private Limited
Vasantdata Sugar Institute

Godrej Consumers Products Limited
Tata Chemicals Limited

Genpep Pharmaceuticals Private Limited

CSIR-NCL Annual Report 2024-25
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wARDH fafics
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02h fSFpaY LTIsﬁ_C’ fafies
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AU wrgae fafics

HNTANEIR- TN T ATEh
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wRem Irifner ugde fafics
et gonfrafiT mgde fafics
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The Automotive Research Association of India
Natco Pharma Limited

Garware Technical Fibres Limited

Cosmo Speciality Chemicals Private Limited
Rallis India Limited

Fenorchem Limited

Valvoline Lubricants & Solutions Private Limited
Maypharm Lifesciences Private Limited
Godavari Drugs Limited

o2h Discovery Private Limited

Pune Knowledge Cluster Foundation (PKCF)
11 base Repair Depot (11 BRD)

AnukaranAl LLP

Ecoboro Innovations Private Limited
Abhitech Energycon Limited

Seprex Private Limited

CSIR-NCL CUSTOMERS

Chase Avian Communications Private Limited & National Institute for Interdisciplinary Science & Technology

Pune Knowledge Cluster Foundation (PKCF)
Acrovet Animal Health LLP

K. K. Nag Private Limited

Sterilem Biosystems Private Limited

Pilon Engineering Private Limited
Hydrozen Future Tech Private Limited
Prakruti Environmental Engineers LLP
Alivus Lifesciences Limited

Alivus Lifesciences Limited
Enterpreneurship Development Centre
Sterilem Biosystems Private Limited
Horiba India Private Limited

Multi Techno Solutions and Services

Avery Dimension (India) Private Limited
Sun Pharma Laboratories Limited

Naval Aircraft Yard (Goa)

Ashvini Magnets Private Limited

Alivus Lifesciences Limited

Dr. Reddy's Laboratories Limited
BioResource Biotech Private Limited

Reva Process Technologies Private Limited
Suman Ramesh Tulsiani Technical Campus (SRTTC)

OC Specialities Private Limited
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feeties. 23 30, R0

RTSTHTST fITT, 78 HATeTd, ARG TRBR 3R ATHNEAR AT & MR egAR G H e fame 7 o=l
BHIITAT T AT BT BT STATST T ST T & |

S P H HIUARNERIR — U0 §IRT faTidh 23 37e, 2024 DI "Hove AJATE AGCIIR— BRI Ud IS
IrRTEToT" fAv IR YA 2! BRI BT SIS TAHINE & W% Few Ud R ISTHIYT BRI At (61.—2),
qUT & {1 e BRIl B [ofg fhar AT | SRR H Je ARl a7 WRied & wu H I Wiy urd [, Hgad
e, vegs anfEfbRrre geforei (Tuans) gu, wiid v e b (@-S®), gul, 1. 3meiy ofel, e ud
3TeeT, TR RISTATST BRI A (@1.—2), oI, ST Yol GHatdvi, Ter. e, si $Iea AR, Te. If¥en, .
(3Trrch) Tt =rger, f2a) ST vd wferd — TRIeBr4 (H1.—2), Jor SuRT o | 39 HRIRAT AR Ud TR &
A HRATSA! H T 120 ATHIRAT eapwarial = UiTRIdr &1 | BRI & ddred of. (i) warfa gger, 24l
MBI U Aferd — ARSI (@T1.—2), IOT §IRT far 7T |

PIIRTSAT & ARA H {132, TGS Ud e, TR (H1.—2), YOI §RT G ARATAT AT TRIed Sf. 2T
aTet g 1 dieT Sax WRTd foar Tar | deagarq o, () <t gqer, 24 siitrer) vd |fae—-Riem (@1.—2), gor
ERT HIITTAT &1 IRATEAT IR DI T8 | S8 HIRILTSAT & ST & IR § TSN ad gU I {5 I7478T fmT,
TEHATEI §RT SN Gl & AR FHI—AHT IR 31 BRIl B RS BRAT AaeIH & FoTddT TE e
ST fR=e) & YART § IS BT 3MT ST 81 Al SHBT FHIHTE 8 1T, ATef &) ST iRl & YANT BT TaR—I9R & |
IR DEl [ IS B HTIRTAT IRA FREGR, ASTHTHT T gRT HI—S&F & T o faamfiad "dower” F9R) smenid <o
UR ST D1 ST RET &, Sl b 31 Suarfi & |

S IURIA . MY ofel, Fwre, TRiger =1 Fae! W@hTd $H3d gU 370 Hare # o fo o & oma § |
SFEHTRT AT S &1 BT b WRT WRBR & TSI 91T §RT W—S & Argd F AR SR So— $Hovel’ o
femToT foam 1T 2 | I8 T T SIele 9 UhaH ST © | A WEEAl S & a9 — raad fad daed | IRom
oI B $9 <o &l [Aid far a1 &, S Q¥ R WaEll & SR oM 3 & AT &R Srai=aa= H ardd &l
SYIIT & | 31 9gdl uRrw=l & b 39 fawa & fagr—fazas €f. 2i¥mre i, i fb g9 bover o & i 3 I3 gU &,
3ATST A-T ARIET <1 & oIy B9 dra SURed 2 | H 3g |1 I Fde Rar 8 b 39 iR & qR1 o™ SOy 3iR
U3 FRATAT H $H AR B ITATT 841 & (AT H U1 AR < |

e of. () Wi =gel, iR If¥eR v aftd—RIerI(H1.—2), oI = 90 AR

<. oIy uret g, (Wgad e, gerrse nféfhRre seferel (Tues) u, wird Sored e g (—<),
qo1) &1 aRFT UeT {57 iR I8 aarea™ & forg i3 fvar | <F. wif¥y uret Rig 7 "wewer srgars |ivediR— SHaR]
Td AT GiRierr qMe vy UR 98 FTdl R YR (AT | U AR H SR+ Hove 3dle AHedeR |
HAT AEYUT SIFHRI UG 61 Ud $HHT STANT D¥ [HdT ST 39 a9 # 1 917 | $9 A1 8 I=2i+ Bl o 59
AIFCdIR BT STANT FHI T8 AT H TR Db & Td 59 AR DI ARIarsil I 4T a1 BRI | S7al- HRITITT |
IufRerd |1 SIBIRAT T HHaTRAT §RT I8 7Y T=AT BT FRIEHR0T 5T |

FTIHH & 3 # S, (3T warfay Tger, 2= MfSaR) vd Afea—a_1eT (@1.—2), gor g1_T <. iy ure Rig &t
o faeg v f&ar 11 | =N SR B 9hd g9 U6 Scarggdd 1T ofd ail I 9eaiT & foly Uadive ud
RGN Fa BRI A IURTT A1 AIBIRATeBHATRAT Td G ARATAT BT MR FF PR gU &G I
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fadis 3 — 4 WA, 2024 B YT R IR I WRAM — SMERIPR AFAU FRAH  (TIMRATTE),

ATTASNTERIR—ITSE R/ IR TRARTEITET (TRATTS), RIS BIfRThT fIse dg (TTRIRAITS), 9 AR Seresig d
s R (TEansSErgn) gRT Wil w0 9 a1 e Hyeh ISHIST d=fie ISR |TSI—2024 6T TATT
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RISTTST Rl BT I & &3 H JeaR—9R &_1 Ud SUANT 98 & gite | <RI FRAM! 7 37+ AfRaferd vl 3 59
AT T | 59 HUTST & IgETe FHRIE & G A & w0y 4 <. fava d¢g uc e, Herid Jel-aeed (be Ud 907
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HTANEIR - AT AARICAD TN (Tetiivet) FH st ekt THaEt AARIE Bl =iste

ATHIMRMR—ITE T RIS TIRTIAT (TAIvel) § fadia 17 | 30 RIdaR, 2024 & SR Iromm9T 2=
TRIATST FHRIE AT fBar 737 | 2= uwgars & ofcta romm 2 & JAIT 1 9grar o7 &1 gfte & fafi=1 fo=d
AT H IATEYd D FITIT o7 |

AR fere=ifpa arfatati=i snifsia ot o

i 17 R, 2024 — & foraer wfornfrar
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et 18 RAdeR, 2024 BT g oE URRAIATAT &1 A fBar T o, Rorad  F. wrer g1 |marn
(@Rs Jsnf®) vd €. @) wifa gager (R= afer)) o wr SuRed 9| g9 ufoaifirar § dsnfye/ uemaar
JTBRI/BHART T BT 1S = UfadTiRiar &7 |

2B o

fa=ie 19 RATeR, 2024 BT STAIRTA Hregurs TR § g Al vd Foie & wu # = g9
IS (RISTHTET AABRY, I F0Teh e &5 (M—Sd), goT) SURd of | H1dHd # o) uareT s |afifd &
arege . el Y (e aenfd) Ud N dlerdd HAR (G, e vd <. (sNweh) wanfa ger (RS rfdram)
SuRRerd o |

=TT 20 RIdsR, 2024 BT FETT S YRR BT AT fHAT AT | 59 UfAARTar & S 99 @igT
AT (@RS A=®), S GAiid AR dleR) (Jme) vd Sl (37 wif Tger (R Jtfter) #a R SuiRerd o | 59
gferafrar # dfDl/ TRmS AfGIRAT /HHaTRAl vd esE s 7 Scaregdd iR & | s forRad
URYS & ITeATdT G2 U= 1 I Y o | 39 URRAAIAr &1 Wara Sf. sl wWifa gger, Sf. gHid GAR e U4 i,
LT TG AT GIRT a1 AT | <2ieh Tt & fIorar &l gRd R 3y 1y |

faiep 23 RIGAR, 2024 BT "Held FFALT" fATT TR Tep fA=T v HIST D1 AT fobar 7 | 390 AT
# 57 <1fora el (g a=fe), €. erelie R (e Jsnfae), <. 729 ol @RS g dgnfe), 57t dRia AR
(orem. JTfrBrY) wd . (37l <arfar Tger (B 1) W ur SuRRerd o |

FATST ST, IoTeM =TS, Sf. A A1, ST, I MSAre, ST YHFT IaRBR Gd AT =1 AT TRIIDII
T & favmTTeer o i dRg uifee (WS U $a (i), sl ol Hatdbuil (2. FRI3e), STl SIRT dgeraholl
(5T JTTEBRY) ToT IR TSATTHIT, HRIDTT AfTDRIEHHANE MEBTH ST |l T ©U F IR o |

ST BT TSI &l Abib! AT H [T 1T, fSTAH Fet 08 MY IS 2wl # U= U b Y | g
TF H IAR—AR U UF IR Y MY | ThAID! AT D e . TT el (TR HeT Iimfiep) T €f. A
e (@RS HeT A1) 7 ITd HeTeral qdd aei Iadh <7 A dl | 39 AT 7 85 Ufrrirat =1 ufonrfiar o |
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faeTiar 30 RIdeR, 2024 BT B TEaTST REDHR fAART FHRIE SMATa fovam 1 |, fores g a1y & wu
H 1. gHTd qaeR (IR AIEBR T Ha FaTed, Id BRI, ATHTrarell, gor) Tl HIRIHH H e8] & wd J
fAraere, Sf. ey ofel SUReT o dm Ha W |1 H R uxgdreT sie Afifd & sreger Sf. el AR, (=
ASH) TG ST o1 gerehoit (o2, fad) SuRerd o | wRishH &1 Harer fow rftramer <. (sfwch) wanfar =ger
J P | 39 Fded d W dEfe dur weer O @ fowmmeme, aRs dsnfen, R

SIHTRY/HHARY/MTBTH SRS T U IURIT o |
BHTIHH DI YRR H 71 ArgT GG qorr il demell faed gRT wReac d& 1 IRgd &1 T8 |

9 TR R T AffY Sf. Give TaeR ¥ o Hae H det {5 R seia W W 8, g g a1
3 31ferh YART B BT HIF 9G DI JAIDBT © | S-81- 3OS, G O S0 BT IS AT, ST8T 3e) &
TG ISP |THT DT G IHTT & Y H AL DR {37 77 iR 31T I 51749 AR Teiies & & 7 e omt 8 | S=A
ST 98 3798 W BT A1V | T s ARl v WRBRI @l Hed! Wared Wl § | 98 R, TSl SR GIH WTT
B & |1 il fawa o1 w9 dsfe AT /0 Sl 2, ROy g R H Jws, die iR e arel T 984 a9t
ez # Aigg & | IR H Fatfrd arefl S aTefl 3R STHIE™ @ HUdh BT AEIH 9 dTell T8 U YT {97 & S 3rae
31T H FHRY TehelT AR JRGSAT T THS BU B [

qeqETd Sf. 3l RT <1 2] Uware & SR ARSI BRIBA! Bl STHHRT G AHIET IR Dl | S8i
Pl fob * RT <7 H 31Tch ATV dleil STl 2 3R T T 3701 H8<d © offdh 3FdhdT H Udhdl BT WaR ST & Aregq 9
T[S & | 29 A1 BT 59 TahdT & STEA T T T 11y |

BIRIHH B el ed S, MY ofel = 31U+ FaeH # Bl fh — Rl TAR I P 19T §, TR < Bl
UEd € | SR UAAOA § Rl 91T BT WeIRI 9o 3= 941 &1 H Halyor_d WA 81 YET § | Bl uf3ar &
YHIeH, daATST BT fGATSIdRor T vl Jred | HIftedl &7 SIS g9RI fR=al AT & ufdy a1 &1 yAmT 2|
3ITST T H 50 W 71 31fdes <wif # 2T AT9T &1 FANT B1aT & 71 gFRIT & 200 W #1fde faemdiel # =i uerg Sl
2| IR TR @Y 25 3 1P fAe Hoie o Rl H wentfid ey S g I

TeaeaTd fafi= afrafirdmall & fasrdmel, e fEd) SOt # e sRgabaisll T TRBR] BIHbTS H
RISTTST Rl BT IeelRai1d TANT B dTel JATABTRITeRHATRAT DT edeT U Jred I & gRT YRPl febar T |
|1y B faf= affraeti # orfaRe [Forae o e Fam arel afifa aewl o A Wi e qex aea &
T |

BTIHH B AT H 1 PPl FAR, TR BRI 7 TSI BT BT JANT G T & 3MTesl & A1l T & Ul
MR AT THT | AYUT rToT 3 Rl uarsT Al & sredel Sf. aeld FR T AR 21 HIerdd AR, 21 e
TIST AT, ST AT BAR AR, 1 TR Arie ga S TdTe JEar | "yl T (T |
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ANUANE IR - Terlivat A fuste et Holsdt &t 3uAlstet

HUAANEIR—ITE I TS TIRTRITAT, GoT ¥ &1 qgarsT & 3fia [l 23 R, 2024 P el
SrgET” fawa R U s Rl It 1 Strairei fohar 1T | 39 rs! # 57 *iford Siref (e d=fie), ©F. srend
R (qr=g d=irf~iep), Sf. A2 el FHeraoll (TR mere I=ii+e), s HIerd GAR (T2, AfHNY) Td Sl (ST W@ ageT
(fe=<Y arfSrpY ) w1 uR SuRRerd o |

HATST # . I7oreT ATS, S, AT IF1, S, = IS, S, AT Savax v |l d=fte dm gemaa e &
famTeger do 47 4G uifed (WeR Ud & =), Sl gor Gl (e =), sl SHRT gt (9.
JNTABRY) TAT TR TSTHIT, TRHDHI ATBRY/ BHARI/ TS FAT S I TG T I IURT o |

FAST BT AT &I Abeirad] FAT H fBar 731, T+ el 08 2T UF U [y MY | ISP A H IR—AR 2 U
TR f6U 7T | Tl FF1 Dl federar SF. uT ArR), (@RS v d=fe), e Sf /e whited (@RS que
JSITI) =1 T FHRTAT Yadh TAT I ST A BT | §H FIIS! 7 85 HIrTRIAT =1 Timrfram & |

HITST & 3TRA H g &A1 /g GIaeh (ST SIEHRY) §RT TR daT YA DI TS, T HelRi b1l
BT NI T 7T | ST I & KA # TarTdd HMor . () Yy Tger =1 vRgd foar qor ST & Seed R
YpTRT STel | ceawerd A1 HIRIel HAR o 37U Igare ¥ Hel b a1 ISTITNT, [8e 9TNT, STT9TT & AI9T1 Pl IR PR
freqTeT 9 @1 3R 3TIRRR B fareg daeiiap SiR st & Hafdra &t # R ol JainT o1 ¥ BT € | 31T ITSgHTST
& w9 ¥ fAafid 8 & fog = W # vat fagm e wfeca miféra & | arer € siftraier Jenfes eererd ofoh
AT H 1 B & BRI 94 AR Tb IHS! SFBR] T8l Ugd UKl § | Ad% o Bl & A | 59 GII! &7
MRS TR B AS H1al BT o) M H e FT AT NI E |

TILANT BRIHH & 3feder 21 AT SR+ $9 STaAR TR URIIl] IR BRI gY el [ "Tab 152, Ueh sl b AT—HTS
Qe |97 BT AT B4 41 31TST D1 T Hecd YT ATILIDHAT & | AU T2 H FHI |T9TY Bot—thed, g 3= Iror4meT fB=il
BT LT 37T H ST T Tl & |

SETCH T & YTATd Ab11d! A JATANIT B 7Y, 5= ST, 0T TRy TAT ST, AR BASH T HAddd FuIad
o | 391 It 9 SF. AR aider, ot e e, G el Ui, 0 uad AR, i isien wie, Sl gdf gRifza, o
RIS HERTHT Ud Sf. I el = 3T0-—370+ S 37cdd Jradh dvidh | IR fahy |

TILATT ST & TSt qoIT =<l IgareT Mol |iAfa & et Sf. arelies A =1 9l T g=yare <d gy &el fh
o= & A W 89 9 U H9 UR 37T 8 AT AU T BIAT DI ST WINT H A BT 37T T BT TIN WRIEA & |
ISP & BRI BT STH—S T gl AIT S8l & AR I8 ST Rl & HAeaH A 8 |9 81 Gbell & | Al
I TR o TR AT # foran SR 3R 39wyl &1 & forg Jsnfae wifteat R Areaw & o) o] vd fRey
19T # e arRaTiYes reataet a1 fmior Y 2 |

T A 31l §RT U IR & U¥aTd ST [Iaa-rgol FHie xd gU 9 fawg uR 31u+ Hiferd faaR it a=qd fohy
MY AT YR MBI TAT DT DI W1 =i H§ afafera fbar war| afl 08 el &7 IRTHRT 3
STFGRIURE Ud < &1 | SURT T4l WRIBTH! &S] Ud % AaRIl 1 59 AT &I 98 =18 dl |

3T H S () Wi =gel §RT MR TaR fBar 131 iR Sf. 3Rl FRY gRT FA Weus IRdadisl a1 93
JFegell B T o o= A=A febam 1 |
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ANUANS IR - T B! AGCHW BrRAleaT Aaielt R

WIRT ARBR DI IISTATHT AT AT IS Feiell i BT SR G 1 gfte | HAITHSMEAR— IS AR
TARTEITSAT (TTAITA), GO H U ¥R R & YT o ol € |

ANTHIATSIR—T-HIUST U JSiT~Tcb YARTLATAT &, STl AfNBII BRI ASM~eb TAT Th-ild] W®T bT 8IaT & a2 AN
YRTRIfI BT SAhTeTa® fawal 9T § fhar Sirdr 8 | 399 YRNTRIelT | fhu ST X RISt Srii~ad el Seold=i3

T TR E |

¢ TS A § TIvA @ oY erafaad 9fRfd @ faed doe Fafdd wu 9 fAcve weiea @
JEgeTaT H ATAIRTT BT STl ® Td 57 93t & TANTLTAT H oHeT vl & YR TR—INT el IST9TST Sraiad=T Geel
SRITHT 1 FHIETT BT I © | 39 d3DT H FIANTRIET B T THT /AFHRT T Fe & HJ H IURIT W& & |

4 AU & WP Bl 31 BRI B H 377 & FHAT3] BT (G B 7 Bl H dRi R 8g oicanfed &R+ DI
Sfte | yie fomrel # Fraffa wu 9 o) SRIRET o saior fBar St e | g9 BRI H IETh Bl YR
ARBHR BT ST AT BT TSR I D AII—ATT AT SAfeT ARBNI BRI fZ] § B TAT HREI W DTS
TOTTeN & ATEgH | Rl H BT et 1 uferor feam Srar 2

¢ BHATE! B YEUHST "TAAIYE— 3l BT Fh1er FIAd S {61 ST & | EUTdhT Fh1er &l 9o 9533 2=l
AT 3 T 7Y IS o=l BT TaR—IAR TT HHATRAT DI B 7 I 31R AMeAh e ®I Jiediied A1 6 |

* TTEUS # ufday 2= waarsT GURIE BT 9 AN fhar Sdr & | §9 3fdWN W Wh & forv fafe R
Tffrdran e BRIl BT Ao fhar Sar g |

& TTATS § ufiay 2= a=if=ie AT BT SMRITST b ST &, dtfe fasie & &ra | rormeT o<l & Huer 9¢ Ao |

TTSST & 1A TR TR BT W Y1 b1 STl 8 |

+ = arguTT gRT fafed R Jraam dor 31l eeg & 31l &l U¥0T 7ol §RT 941 HHATRAT Bl fdhar S 8, amfes
FHHATRAT H =1 9197 & ufd B I~ 81 9 |

& TSTHTYT SR BT &1RT 3(3) B SIca STRY 81 dTel T GTaoT fgHmdY ST fahe STt € |
& U JARTITAT H IIST9TT fIRT gRT SR a1 Rishd § iR fbw v aeal & wiftd &F 3R fa9iy e fear Srar 2 |

+ Bg WRPHR, AT 197 1976 (H9 & TGN WAl & oy TR & 119 10 (4) & Sidiid 9 YANTRITET & VA
PRI & WU H, RT® 80 A e HHaR] 98 - Bl &1 SRI|ES A9 U< B ol &, IIo1asl H Afergfera foar war
2|

¢ TRINTRITCT & 98: HHaTRAT & fawl, f2=l Savor ud amegferfd a1 ufreror faam < ga 2 |

+ JRHIRAT /HHATRAT TN IAD ITTh BT FPex R Bl # BRI H=A o IRIeR fBar 731 2 T A9 wI1H B
R B @1 A S & |

+ TRANTRITET H 41 A9 JU3, HTH 0T 37de+ 9 g fgwmdl 0 # R fy 10 & |
+ TARTIIMET &I J94918C Bl 1) w0 # uefRid fvar man g |

& TRINTEIC & 9t Hregext 3 fgvml U 9 ST a3 @l e Suere |

& TRITEICT & ¥ ATSTaIS, AH—Jel Tl Ya- & Aex) ol fgvmd a9 T g |

+ URTEToT HTiehHT # fAefi—SIell w1 1 SuanT fhar SIraT 2 |

4 Y 2022 Y I8 HATAY, IS fIHRT §IRT TS TR ITSTHTT BRI AR, gUI —2 BT SRIMR TTAIUS §RT GHTel
ST e | eers 59 AfAf & et € |
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ANTABNS IR - TAHTA bt ACTHW DA teae] Aael Raie

¢ TRANTEITST &1 2N WR B Jae URYS &1 §od] &1 SRIE! fGH WU H TR & SRl € 3R 39 43 4 &= & «f ==
PR |

TRANTRITST & JRIdbTerd aq afay =) geae @Ria) 9l @ |

YIRS § SMAId 89 didd IERIE, ARl Ud giftedl @ Raié i< ud ioht < warwren #
HITHITSIR—FATAR H Tehrerref ISR A= HaR Ud a1 SId G (M), 73 fReetl @ Fafia wu & ol
S g |

HITHATSIR F=ATeTd Bl Hiferep (A=) Gi okg= TSI, deilf=ieh bl # el RebR Aot g fasra fHas
CIGHTT AT TSI 9 JRANTLITeA H AL |

39D AR TARTITAT H AR BIH dTel fafi= a=id BRIhH! T2 37 THRIST BT Farerd AT fa=<l Ay | fhar
ST R |

ST TRANTENAT & dsif=id <91 & fafiT ARem=i ® YST9TST & 7159 & SAfoTd 814 diell Gifteal e fasm awierHr 3
AT ST =T TS H 1Y 20T U IR v & |

TARTITET & SIRY 81 aTefl Y ffaeT gammd e fasm= scnfs fgamdt wu # gt g S |

o fRre & ufay B Scu=T BT AT ITSTHTYT & J1egq 9 I & TaR—INIR & S£30 3 TNl & deii=d fafa—~
femeral e werfaenea & faenfeial & forv fasm Weeh amam = § a2

¢ TRANTEITST & R Bl Rl # BRI B 5 WA PR Bl gfte F ga! fAf=1 IoiTer dicdre AT e € |

+ TN H fRa] BTH—bIoT BT FeTaT ol TAT IISTHTNT I & ATl 8 11 AN Bl F=1 § H1d B fav
fAfde frr mar g |

& I 2= o B SR S wu A R H € fe o €
& % AT @ & DI S drel B Ui & frbrn! uR ya fR=e) wror & fore it & |

& TSTTYT fTT & a1 HrRishe deim ITor T Haell fre=n | ) favmT/avTeT SoRal &l 3TavTd ST ST 2 |
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