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“From the

Director's Desk”

Greetings to all and a warm welcome to the CSIR-National Chemical Laboratory

(CSIR-NCL), Pune. Itis my privilege to share with you the Annual Report for the year
2022-23, which encapsulates the laboratory's achievements during the year in
generating new knowledge and translating itinto technology.

The Laboratory achieved noteworthy milestones in fundamental sciences,
with over 400 research papers having average impact factor of 5.7 published in
prestigious national and international peer-reviewed journals, including several
high-impact ones such as Energy & Environmental Science, Advanced Materials,
Advanced Energy Materials, Coordination Chemistry Reviews, Applied Catalysis B-
Environmental, Nature Chemistry, ACS Nano, Nature Communications etc. This
knowledge was safeguarded through the filing of 61 Indian patents and 55 foreign
patents. Additionally, 65 Indian and 37 foreign patents were granted to CSIR-NCL
during this year based on work done in previous years. Furthermore, 63 research
students successfully completed their doctoral theses under the guidance of CSIR-
NCL scientists.

During this year, the laboratory successfully licensed three significant Know-
Hows namely, 'LT-PEMFC system for locomotive application', 'Process for flow
synthesis of azelaic acid from oleic acid,' and the joint licensing by CSIR-NCL and
CSIR-CCMB for the 'Technology for RNAi-nanoconjugate as an alternative/
augmenting treatment strategy in human cancers.'

Some of the important events organized by CSIR-NCL during the year
included theinauguration of the Bisphenol- A (BPA) pilot plant facility at the hands of
Dr. Jitendra Singh, Hon'ble Union Minister of State (1/C), and Vice President, CSIR, an
industry meet under the DSIR-CRTDH programme in Aurangabad, Awareness
session on ICT Accessibility and Standards, and a Joint Rajabhasha Scientific National
Seminar.

CSIR-NCL organized several key lectures delivered by eminent scientists and
faculties. Prof. Vidita Vaidya, Tata Institute of Fundamental Research, Mumbai,
delivered the CSIR Foundation Day Lecture on the topic “Serotonergic Psychedelics:
A revival.” The CSIR-NCL Foundation Day lecture was delivered by Prof. Ajit
Kembhavi, Professor Emeritus and Former Director, [IUCAA, Pune, on “From Galileo
to the James Webb Space Telescope: The Forward March of Astronomy.”



Dr.Arindam Chowdhury, Indian Institute of Technology, Bombay, rendered
the National Science Day lecture on a topic “Blink, Wink, Flicker and Sparkle: Optical
Instabilities of Perovskite Crystals.” Shri Vidyut Mohan, Co-Founder and CEO,
Takachar, rendered the National Technology Day Lecture on the topic “Harvesting
value from Agriculturaland Forest waste.” Prof. Sharachchandra Lele, Distinguished
Fellow in Environmental Policy & Governance, ATREE, delivered the 10th Prof. B. D.
Tilak Memorial lecture on “Forests and Climate Action in India: Science, Social
Science and Ethics.” A Special Lecture was delivered on 75th Independence Day by
late Sh. Jayant Sahashrabuddhe, National Organising Secretary of Vijnana Bharation
“The Role of Science and Scientistin India's Freedom Struggle.”

The Laboratory organized two major International Conferences viz, SPSI-
MACRO and the 8th International Bioprocessing India Conference, both of which
were attended by more than 1000 registered delegates. Additionally, the laboratory
organised a Half-Day Conference in Organic Chemistry as well as the Annual
Students Conference.

During the year, CSIR-NCL signed memorandums of understanding with
multiple companies and institutions including 5 RCycle Foundation, Foundation for
Innovation and Social Entrepreneurship (FISE), Fibroheal Woundcare Pvt Ltd.,
Chemdist Process Solutions Private Ltd., and Patpert Teknow Systems Pvt. Ltd.

CSIR-NCL has actively maintained a presence on prominent social media
platforms such as Linkedln, Twitter, Facebook, and YouTube, effectively
disseminating information regarding the laboratory's ongoing special activities.
During the fiscal year 2022-2023, CSIR-NCL successfully conducted more than 10 Skill
Development Programs, facilitating the training of over 150 individuals. Additionally,
the Science Outreach Resource Center organized 5 engagement programs and
facilitated 4 student visits, contributing to enhanced community interaction and
outreach efforts. The National Collection of Industrial Microorganisms (NCIM) and
the Central Analytical Facility (CAF) have supported significantly through their
robust technical support, resulting in a healthy cash flow.

I wish to acknowledge the dedication and remarkable contributions made by
the scientists, staff, and students of CSIR-NCL. Their hard work has been
instrumental in the success of the Laboratory, and | extend my heartfelt
appreciation and gratitude to each one of them. | would also like to express my
thanks to the Research Council and Management Council of CSIR-NCL, DG-CSIR, and
the staff at CSIRHQ, New Delhi, for their cooperation and support throughout.

(Ashish Lele)

Director, CSIR-NCL, Pune
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Vision, Mission, Guiding

principles & Values

() | VisioNn

Tobeagloballyrecognized andrespected R&D organizationinthe area of chemical sciences and engineering

To become an organization that will contribute significantly towards assisting the Indian chemical and related
industriesin transforming themselvesinto globally competitive organizations

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

@ MissioN

To carry out R&D in chemical and related sciences with a view to eventually deliver a product, process, intellectual
property, tacitknowledge or service that can create wealth and provide other benefits to CSIR-NCL's stakehol-ders

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

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

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

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

CSIR-NCL Annual Report 2022-23
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ORrgANizaTioN ChART

Shri Narendra Modi Dr. Jitendra Singh Dr. (Mrs.) N. Kalaiselvi Dr. Ashish K. Lele
Prime Minister of India Uni0{1 Minist.er for S&T and Secretary, DSIR & Director, CSIR-NCL
& President, CSIR Vice-President, CSIR Director General, CSIR

Management Council m Research Council

Business

Scientific Resource

Divisions Centers Development

© Chemical Engg. © Catalyst Pilot © Human Resource © Engineering © Administration © Technology
Process Dev. plant Management Services Management Group
© Catalysis & Inorganic © Center for Materials @ Intellectual Property e Glass Blowing © Finance & © Contract &
Chemistry Characterization Group Accounts Legal Support
e Organic © Central NMR © Publication & Science © Stores & © Public Relations &
Chemistry Facility Communication Purchase Events Management
© Physical & Materials © Digital Information ~ © Technology © Management
Chemistry Resource Center Management Information System
Group
© Polymer Science © National Collection © Safety
& Engineering of Industrial Management
Microorganisms
© Biochemical © NCLinnovations © Knowledge
Sciences Resource Center

CSIR-NCL Annual Report 2022-23
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Research Themes ANd AREeAs

2 9 o o o o o

Research Themes

© Clean Energy
© 1 Chemistry

© Circular Economy

Catalysis and Inorganic Chemistry

Catalyst Design and Scale-up

Petroleum and Petrochemicals

Fine and Specialty Chemicals

Environmental Catalysis and Renewable Energy
Biomass to Fuels and Chemicals

CO, Capture and Utilization

C1 Chemistry

Chemical Engineering and
Process Development

2 o o o o

Continuous Flow Manufacturing
Biochemical and Biological Engineering
Modelling and Simulations

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

Organic Chemistry

2 O o o o o

Chiral Synthesis

New Synthetic Methodologies

Drugs and Pharma, Natural Products
Chemical Biology

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

© Sustainable Chemical Industry
© Biosimilars

© Biomass

© Agritech

Physical and Materials Chemistry

Advanced Materials

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

X-ray Crystallography

9 9 o o o o

Energy and Storage Materials

Polymer Science and Engineering

Controlled Polymerization Techniques
Polymerization Catalysis

Natural Polymers/ Biopolymers
Encapsulation/ Electrospinning
Polymer and Materials Modeling

2 O 9 o o o

Complex Fluids and Polymer Engineering

Biochemical Sciences

Agricultural Biotechnology, Crop & Nutrition
Diagnostics and Therapeutics

Industrial Microbiology and Biocatalysts
Bio-Nanotechnology

Enzyme Engineering

9 O 9 o o o

Plant Tissue Culture

CSIR-NCL Annual Report 2022-23
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Research Council

Emm—  Chairperson

Dr. Ajit V. Sapre

Group President - R&T, Reliance Industries Limited,
Reliance Technology Group,

Reliance Corporate Park, 7B-Gr. Floor

Thane Belapur Road, Ghansoli, Navi Mumbai — 400701

ExTerNnAl Members

Prof. S. Ramakrishnan

Department of Inorganic & Physical Chemistry,
Indian Institute of Science,

Bangalore - 560012

Dr. N. Satyamurthy

Department of Chemical Science,

Indian Institute of Science Education and Research,
Mohali, MGSIPA Complex, Sector 26

City Mohali - 160019

Dr. Prathama Mainkar

Senior Principal Scientist,

CSIR-Indian Institute of Chemical Technology,
Uppal Road, Hyderabad — 500007

Shri Venkatadri Ranganathan

Chief Innovation & Digital Officer,

Tata Chemicals Limited, Bombay House, 24,
Homi Mody Street, Fort Mumbai — 400001

Dr. Vilas Sinkar

Formal Vice President, Unilever R&D,
Hindustan Unilever Research Centre,
64, 2nd Main Rd, Palm Meadows,
Whitefield, Bengaluru - 560066

| Dirccror  py

Dr. Ashish Kishore Lele
Director, CSIR-National Chemmical Laboratory,
Dr. Homi Bhabha Rd, Pune - 411008

CSIR Hors. InviTEE

Dr. Hari Om Yadav

Senior Principal Scientist,

Innovation Management Directorate,
Council of Scientific & Industrial Research,
Rafi Marg, New Delhi - 110001

AGENCY RepRESENTATIVE

Shri R. Ramanan

Mission Director,

ATAL Innovation Mission (AIM),
'B' Wing s5th Floor, NITI Aayog,
New Delhi - 110001

DG's NomiNee

Prof. Rinti Banerjee

Department of Biosciences & Bioengineering,
Indian Institute of Technology, Powai,
Mumbai - 400076

Sister LaboraToRy

Dr. Kannan Srinivasan

Director, CSIR-Central Salt & Marine
Chemicals Research Institute,

Gijubhai Badheka Marg, Bhavnagar — 364002
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Science Performance IndicaToRs
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Technology Performance INdicaTORs
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HumaN Resource INdicAaToRrs

Pl ¥ / Total Staff: 332

g>y ud HAldetl / Male / Female Ratio

Scientific

113 (37.79%) ¢

Administrative
81(27.09%)

Technical T

105 (35.11%)

wril, wardl, andi=l 3ilz sroa
SC, ST, OBC & Others

Female Employees

¢ 62 (20.74%)
Male Employees
237 (79.26%)
dsiifeid 3¢ DI 3R] PR faul

Age wise distribution of Scientific Staff

Other Backward Class

53 (17.72%)

Scheduled Caste
i 62 (20.73%)

Scheduled Tribe

28 (9.36%)

Unreserved Category
156 (52.17%)

A

Sci.H /Outstanding Scientist

02(56.50) l

Sci.G/Chief Scientist
11(52.81)

Sci.C/Scientist
11(38)

Sci.E — 1/Sr. Scientist
19(43.73)

Director

01(55)

ﬁ Sci.E —Hl/Principal Scientist
26(45.76)

Sci.F/Sr. Principal ScientistT
43(50.55)

ferenefl 3iiz uf¥iston watardt
Students and Project Staff:720

Project Assistants

269 (37.36%)

Others
24(3.33%)

Research Associates

10(1.39%)

Research Fellows
417(57.92%)
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Financial Performance INdicaTORS

MeA31E31R asie / CSIR Budget
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Financial Performance IndicaToRrs

@RRI: URIBINCH 3RIgia / Expenditure: Laboratory reserve

% @@l & < in Lakhs

Pay & Allowances Contingencies
2.511 (4%) 0.804(1%) Staff Qtr Construction
Furniture 1.627 (2%)

10.574 (16%) A App. & Equip.+Computer
A 1.089 (2%)

A Staff Qtr Maintenance
1.390 (2%)

Works & Services

VOIS & SCIVICES
10.604 (16 %) Library books

0.038 (0%)

Chemicals & Consumables f
37.546 (57%)

RRI: AHNOIBMS3IIR 3112 sicad ulRASen® / Expenditure: CSIR and Network Projects

Works & Serv.
Chemicals 85.230 (0%)
1229.00(6%)
Library
45.288(0%) CSIR Funded Proj.
@ ¢ 2049.49(10 %)
ﬁ App.& Equip+Comp. Equip.
T;I 1306.003(6 %) Pension
P.h: A 8201.837(41%)
. Contingency
E 910.00(5%)
[
Pay & Allow.
5723.615(28%)
Maintenance (Lab+Staff Qtr.) T Constr. Staff Qtr.
769.875(4%) 39.770(0%)
a183 3IRI / External Income
» 3500
<
E 3000
2788
£ 2500
v 2288
2000
. 1882
’E 1500
[ 1000

500
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Financial Performance INdicaTORS

T STHeRT iR et /smedt Knowhow & Royalty/IP
e -wERa-uRaH Grant-in-aid-projects

wef/aefiet @y Consultancy / technical services
T /weanht aRarsm Sponsored / collaborative projects

Hld gRI 324w /| ECF by Source

2020-21: X 1882.17 in lakhs

Sponsored /collaborative projects . .
Consultancy / technical services

254.98 # 697.60

1 Knowhow & Royalty/IP
117.88

T Grant-in-aid-projects
811.72

2021-22: ¥ 2288 in lakhs

Sponsored /collaborative projects . .
Consultancy / technical services

318 # 664

¢ Knowhow & Royalty/IP

39

T Grant-in-aid-projects
1267

2022-23: ¥ 2788 in lakhs

Sponsored /collaborative projects . .
Consultancy / technical services

537 909

¢ Knowhow & Royalty/IP

169

T Grant-in-aid-projects
1173

@R & Government Sector

AR S (foft) Indian Industry (Private)
AR e (Ardifie) Indian Industry (Public)
fageh &= Foreign Sector

3enl 2 $2Mew /| ECF from Industry

2020-21: X 1107 in lakhs

Foreign Sector Indian Industry (Public)

37 ¢ i 17

g Sovernment Sector
2

T Indian Industry (Private)
1051

2021-22: ¥ 1020.88 in lakhs

Indian Industry (Public)
11.06

¢ Government Sector

271

T Indian Industry (Private)
1007.11

2022-23: X 1615.17 in lakhs

Indian Industry (Public)
63.60

¢ Government Sector
3.73

T Indian Industry (Private)
1547.84
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Outpurs & Outcomes

Y B ol

Hehdd

2020-21

2021-22

2022-23

AraT+ep 3R
MRS Ui

HH & Pl
G wd fawIR

YT =T bt T (hetex ay )

472

467

407

JfISPHR ThC IR &l A1
(hefeR a¥ )

44

66

89

URT H gof Ucc Pl kAT (heter
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20
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faer ¥ o1 Ude P T (bt}
as)
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gol foby U AR *mmaeHT B v
(heter a¥)

25
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o | &9t feby ¢ diERAT e
B T
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Ig wfdferd -9

39 AT, 022 TP duget foenfef
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TR 1TTaS! ot FeeT (dhetex ay )
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oMfiet gY e /e It faemffa
@ e (ST SeRun |fgd)
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219

77

TS -SRR ooy @t wve

14

40
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TRITT SNDBRT deT=eh Td
Tepitat ol ot s (FHt Amse
L))

MR MR 3R &t

ST & ST TR
3iR wfersar,
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St Y SRS REDRI bt

T RIS Sprefal iR g
HHTST Pl A
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fipd faceft 9T oY TR ek
(PefeR ad )
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gferfRic
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Outpurs & Outcomes

™y &t Soft 1 RiETED 2020-21 | 202122 | 202223

it Sufer gAY, R, yfer | qRed SR el et/ semt & fog
3R fAeeiNOneHe o | qerft 8 aRaFeT ¥ oot sm (2

a i (el S 18.82 10.21 16.15
ST B BIga)
SIRY forem STRY T3rafT / Se180 BRIH! I Dot AT
2 — l}l) NA NA NA
ATSARIT 3R Tenfiet YRR TP} IR et § et |
FREITCROT STHPRT Yo 3G & w0 | P M 118 0.39 1.69
(X aIs )

I AT 3R Yee Faeh o-oF | got g (X aIs
RUBIRISCRIRCEAN )

T AR/ 3N /ey @

¥ e @ dwen 0

fafre @R/ sTsHe/ fadey

ATt @ e 3

i AR Uce dI T (dhetex av) 10s 83 6
wipd faqelt Uce a1 T (detex a¥ ) o 59 37

HenfMe! fAedl & wa | aRISHIST 3R 3T FHM UMD
1 Sged Rl IH | gRatorait & e (R o §)

aRESHIT H JeH
denfiet e sk GIA aRasFIsT &
am (NMITLI gRasrreT ot Bleax) 8.12 12.67 1.73
R 35 H)
difed Tary JSAp S g Dt Tl TR Uce &l Tl (dhetex av)
3R Tfersat TorEd, Wit iR 102 83 °5
fRufer
iipd fagelt Uce Pt T (heiex av
( ) 121 59 37
TGS IR PR T 7Y SFeRTsglr
e —aHIeT afepTsTl & HuIHIT aref NA NA NA
& TR ISA(Ip! P F&
STRT SRIMISTET b dSili+eh AT
mrfedie 9, 981 veM @ 1 daet # 50 71 63
el
AR DGR & AGRT HHATRAT Bt
e () 33 33 33
UCHARR QREPR YT [T bl Tl
(7Rl 18 18 18
U YREPR T fSIaiatl ahl HRe 6 6 6
TITIETE ! AT e | I&m & A1 aRasHIel 31 $df o
& |1 (charet SENT-Ra SR faceft gmT) 11.08 10.21 16.15

(3FISH FERIT Bl BIgar) (X oIS H)

% — O <Ifth T 3 31 ThIeHT & TS T 2, ID! MUMAT hdel b IR Pl T8 2 |
% — e — el @1 3F § IN & WO & aifiiRe e wft e fbt 01 1a9R1g = 10 faiforre
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Outpurs & Outcomes

Category of Benefits Benefit Indicators 2020-21 | 2021-22 | 2022-23
Number of papers 472 467 407
Public and social goods Generation of published (Calendar year)
ar'wd o N.umber of invention 44 66 89
dissemination disclosure (Calendar year)
E:g\?vrl]:ggce :\Iumber of patents filedin | 3 50 61
ndia (Calendar year)
No of foreign patents filed 44 47 55
** (Calendar year)
Number of PCT
applications filed (Calendar | 25 13 21
year)
No of US applications filed 23 18 17
Number of PhD students as
Highly trained on 31 March, 2022 ' 324 47
man-power Number of PhDs produced | 50 71 63
(Calendar year)
Number of NET/GATE
qualified students joined 102 219 77
(including DBT JRF)
Num.ber of DST- 14 40 35
Inspire students
Number of popular S&T
Science articles published (in all 4 2 -
awareness, languages)
popularization | Number of national and
etc. regional workshops, 2 4 7
seminars organized
Number of international
Pride and awards won - i ’
standing Memberships of major
among nations; | international academies 12 12 12
Nationalimage | and learned societies
Number of foreign patents
granted** (Caler%dar year) 121 59 37
Official(s) in global/ trans-
Representation | national organizations like
in global affairs | the UN, WHO etc - IUPAC
(Cumulative years of office | 8 8 8

held)
(Data given in no. of years)

1 Crore = 10 Million
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Outpurs & Outcomes

Category of Benefits Benefit Indicators 2020-21 | 2021-22 | 2020-23
Private goods Research, Total earnings from projects done for
consulting, Indian & Foreign businesses/ industry (%
teachl‘ng and in Crore) (Industrial ECF, excluding Grant- 18.82 10.21 16.15
analytical in-Aid)
services
Contlnglng Total ' earnn"]zc?fs from co.ntmumg NA NA NA
education education/ training programs (% in Crore)
Licensing and | Total earnings in the form of royalty,
technology knowhow fees etc from Indian clients & 1.18 0.39 1.69
transfer contexts (% in Crore)
Other tactical | Total earnings from patent related i ) )
and strategic | transaction (% in crore)
developments | No. of patents in new Licensing o
[assignment/ option arrangements
No. of unique Licensing /[assignment/
option cases 3 ) )
No. of Indian patents granted (Calendar 102 83 65
year)
No of foreign patents granted** 1 37
(Calendar year) >9
Contributions | Money inflow from NMITLI projects and
to projects other similar strategic projects (% in - - -
involving Crore)
valuabtle iti Money inflow from Technology Mission &
OPPOTEUNIUES o projects (other than NMITLI) projects
in the form of | 2 crore) 8.12 12.67 1.73
technology
options
Intellectual assets and | Quality, No. of Indian patents granted (Calendar 102 83 6
reputation reputation year) >
and stf'mdl.n.g No. of foreign patents granted**
of  scientific 121 59 37
(Calendar year)
man-power
Number of scientists who are members
of editorial boards of international peer- NA NA NA
reviewed journals, covered by SCI
Number of PhDs granted where lab 50 7 63
scientists were research guides
Number of staff who are members of
. . . 33 33 33
National academies (Cumulative)
Number . of Bhatnagar awardees 18 18 8
(Cumulative)
Number of Padma awardees
. 6 6 6
(Cumulative)
Lab’s Total worth of projects with industry
standing with | (only industry: both Indian & foreign) 11.08 10.21 16.15
industry (excluding Grant-in-Aid) (Rs 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 2022-23
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SenBrast BE :

Technology Focused ProGgrams

aRarerT @ g RdwaTs / Project Highlight |

&Rd g13gIo Wienfiat | Green Hydrogen Technology

Chinnakonda S. Gopinath
cs.gopinath@ncl.res.in

yfasg &1 $49 : H2T IRISHT ST 2.5 @ I T dTel Uh
Hrenfiest TeT RIRT 8, RrIer 3Ry 1 3, 2022 @t fasa
o, o HivdegeR Bt 15 TR anfier eff |
IRIISHT & 3 TR & FelagIcleoR & fog Fyuf yunferal aik
gehl & [JBRT e 8: U 3 fhetiaie e fafmr fereett
(W) SelagielsoRr, UiferR gelagiense fereet (digw)
o 2.5 farertate, 20 faeitare 31k 30 fhenaic @t emar aret
gaggiageR ¢ 3R uw fohalaic wifde eiedrgs
SR (TH3NE) | fady wu F gft-ggeh sifemifea
STTYANT T AT =l gU HH TIIH dTel H1Se $U9 |l
IRASHT &1 e HdtsmEe!, gur 7 diefie! gwaRu &
e W T ST ol IR AT &, RO 0.65 V TR 2 Alem2
&1 I I Ecd HTT PR AfAeh AMFGE TR b UgaTl il
b, TP AT & Hefive TR ST Y H AT | o H
AA-WRT gedl 2w iR wemr affaft av
FelagIeEoR 3R e el & fort e 38 21 RIet et b forg
salqcidherfore, faeet 3R TguleR il |fed I Tcm!
& foTq Tt ot ST ST RET B 1 U 3T HEeaqol UiRATSHT |
4 UPR & g Ricisx] T ST A1 § IF Iuctey
PRET TAT BT BRISR 3R AR S gepl o1 rfeprgor
W &R Bl Mt 9 & foIU HDPE Tl WR e hIgeR
ATEfET & e Wt FrufRa fohy g 21 fafte aRarsmre
& foTg SeT ATRIeRT & 1 Agmrt wenfid fhy R

Swfa IuspAl & SrfaRed =T FBR 3R NCP aRaSH
ff T & 31 Y wU F PreeRsiTES B 59 U/
TARAT # SUART FRA & TT HHH Tep1er Feewor i e
T & b1 o A 50 T G T TR R FAherargdes UG
T3 T 21 39 MfiRad T SetagiegoR & forg anfies
Y A ATHIE elaghefone o1 fadmm iR e fawm 5
/T B GRIEd A QR st @1 Heewur 3R S
QRIS & o1 Hedieh foha ST 2 | BTSgIor Hai o forg
Iea Geerdt el emg. o fomfor vy o forg Hafearee e
FrufRa &3 2 wens ok Al @ I8 s1ees 9e 32 1

RIRIPT =T F&T 4.5% TR dTel gRgo AadT BT ¢l
g 7 fafFT AT T Feelvur fasa ST J@T & 3R At
RSN W favga fagersor fpar S| PR HaT

Future Fuel: The H2T project, a technology-intensive
endeavor spanning 2.5 years, was launched on April 1,
2022, involving 15 CSIR laboratories. The project
encompasses the development of entire systems and
components for three types of electrolyzers: a 3 kW
anion exchange membrane (AEM) electrolyzer,
polymer electrolyte membrane (PEM) electrolyzers
with capacities of 2.5 kW, 20 kW, and 30 kW, and a 1 kW
solid oxide electrolysis (SOE) unit. Specifically
targeting heavy-duty automotive applications, the low-
temperature PEM fuel cell project aims to surpass the
efficiency achieved through technology transfer to
KPIT, Pune, by attaining a higher current density of 2
Alcm2 at 0.65 V, reaching global benchmark levels
while also reducing footprint and costs. Assembly and
testing activities are currently underway for cell-level
components across all electrolyzers and fuel cells.
Scale-up efforts are underway for various components,
including electrocatalysts, membranes, and bipolar
plates for fuel cells. Significant progress has been
observed particularly in the development of bipolar
plates and electrocatalysts. Another significant project
involves the production of Type IV H2 cylinders, with
machinery procurement and component acquisition,
such as carbon fiber and vitrimer, in progress. Carbon
fiber winding on HDPE tanks is scheduled for the
coming year along with comprehensive testing.
Collaboration with industry partners is established for
many projects.

In addition to the above major initiatives, several FBR
and NCP projects are also ongoing. Notably, artificial
photosynthesis for converting CO2 into liquid
fuel/chemicals has been successfully demonstrated at
a 50 cm2 device level under direct sunlight.
Additionally, economically viable electrocatalysts for
alkaline electrolyzers are being developed and
evaluated. Recyclable vitrimer molecules are
synthesized and assessed for their recyclability.
Studies involving Al and machine learning are ongoing
to determine the optimal composition for creating
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SenBrast BE §

Technology Focused ProGgrams

aRarerT @ g s / Project Highlight |

BT o afcia fIfT aRarsTrel § Agcayul wify g8 ¢ oiik
forTept vee smm 9y & oianid gIMT SMfdrd 81 2022-23 &
SRM Q oig FRfT (MC) @t dooh mRIT it T8, Rraes
gRumREawY gRaTSTTsT # et @ & forg fafteT RyoRel
HITE |

high entropy alloys for hydrogen storage, with a
minimum target of storing 4.5 weight % hydrogen.
Various compositions are currently being synthesized,
and successful compositions will undergo detailed
analysis. Overall, significant progress has been made
across multiple projects within the H2T program, with
anticipated demonstrations within the next year. Two
monitoring committee (MC) meetings were held
during 2022-2023, resulting in several recommenda-
tions to expedite the project.

CSIR-NCL Annual Report 2021-22
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Technology Focused ProGgrams

aRarerT @ e RdwaTs / Project Highlight |

Ans! & 3% A Ruaex § JeiRaa AcgeST o1 e

Bacterial Nanocellulose Production in Wooden Disc Rotary Reactor

Syed G.Dastager
sg.dastager@ncl.res.in

SFERTS 1 Ag@T (BNC) T faeawia wigfaes Sia
TgD & FORY B STy TRt gRT B—D hIuTsR=IST &
TR NaRTgS & o9 H FAfNT a1 R g1 99 % 3 21l
5ot acd 89 W off BNC 3 S Iifais 91feh, Thfeaar ok STet
URU A B gmar ot faftre T d, o s fafe
aiteifires erguanTt & forg s I 8 | 39e ged-agnd
G 3R et UROT &HATS BNC Pl ity Rerdasor aiik
Ry & forg srafties sdet STl 21 5 rfRed
BNC IHId: JRFAT (GRAS ) SAGT & Y H AT UTed
IATGT P Aol | ST & SN 3HD FHIAT SIFRIMT Bl MR
¥ gerar g1 IR U IeeikgHg Wifd IRfE iR
e fadarert & wrer Al Jafiat &= o v Hgeagut
TT{cres Sia Sgeieh o oY H U g3 81 IR B ST 31k
it I AT SRAt AT g9 e Iw H
ﬂ—"ﬁﬁﬁﬁ R %I Ig ' Komagataeibacterrhaeticus
MCC-0157 SR weefia ¥ 3 @1fies BNC IUST e vl &
1T Tep Fafififa ekt g7 SRRTER BT SUANT Fxeh T =T

fRepIo TR AR ¢ |

Bacterial nanocellulose (BNC) is a promising natural
biopolymer synthesized by certain bacterial species as
an exopolysaccharide of B-D glucopyranose. Despite
its high water content of 99%, BNC possesses unique
qualities such as high mechanical strength,
crystallinity, and water holding capacity, making it
suitable for diverse industrial applications. Its nano-
fibrillar structure and water retention capabilities
render BNC highly compatible for cellular
immobilization and adhesion. Additionally, BNC falls
within the category of generally recognized as safe
(GRAS) products, further expanding its potential
applications. With its remarkable physicochemical and
biological characteristics, BNC has emerged as a
significant natural biopolymer across various
technological domains. However, challenges such as
low yield and high production costs hinder its
widespread use. Here, we present a novel approach
utilizing a newly designed Rotary Drum Bioreactor
(RDB) to achieve higher BNC yields from the
indigenous strain Komagataeibacterrhaeticus MCC-
0157.
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Technology Focused ProGgrams

| oRars #% gea fadwas | Project Highlight

3rufre wiRed &1 svge iR gasanT

Waste plastic depoly merization and upcycling

R § ufcrad e 20 fifera e e o1 ST giar
| SH 3 I 15-20 % TATRTD BT &1 G T pR0T B ST
2, STafeh QY FERT RTE & H ST ¢ A1 R STt Al ol g
HRAT ¢ | RSP P AUEeT 3R G W diod TH
fire-Sg@ aRAeT & folt HiTHaEeR- TRiltd W
et TN & w9 F B awar g (e 1 @)1 3|
aRasHT § fae-sRad / R R (NIR) smenlRa
R wiifed gl & (e giar § s T
TIRTE & URISE BT URRI-IHRS U ¥ EIstel 1 Jeaafeia
ScareAl # gRAfTT fohar SITm g S aft-sfaen s,
Fhaee, Tad! SR fidivaw| T wifed IR
AT & AEIIT | IfTSe wiReds o $u9 ¥ uRafid o &
T o T 81 X2} © TSR —-TAIGeT 7 Jrufere uiefiefi=
(IPA No. IN 202311029393) & do decene &
frprdl 2 TANTTE R W Aheydd e Hfshar famRid
@t g | 39 IfaRaa wiiRed g api arefegawer fmfor
TR b I A DAY ATHNSAR-TTAA 07 3R
U R SR @ik IR Sen weieRt & @y
srafire wiifed & forg ves o amyfct sivaetr &t o
T H AN IR TR |

Domestic—»> Crude <«—Imported

.

Chemicals +— Refining —» Fuels

|

Cracking <&~

|
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Mechanical
recycling

.
---------

I -9 wfed @ T rfarawen|

Products

Samir H. Chikkali

s.chikkali@ncl.res.in

India produces approximately 20 million tons of plastic
annually. Only 15-20% of this plastic is recycled, while
the remainder ends up in landfills or contaminates
water bodies. CSIR-NCL serves as anodal laboratory for
a mission-oriented project focused on plastic
depolymerization and upcycling (refer to Fig. 1). This
project involves the development of near-infrared
(NIR) based mixed plastic segregation, as well as the
pyro-catalytic conversion of waste plastic into diesel or
value-added products such as long-chain olefins,
surfactants, LABs, and BTX. Progress is being made on
converting waste plastic into fuel in collaboration with
local plastic pyrolysis plants . CSIR-NCL has successfully
developed a laboratory-scale process for producing do
decene from waste polyethylene (IPA No. IN
202311029393). Furthermore, CSIR-NCL s collaborating
with local NGOs and multiple industry partners in Pune
and across India to establish a reverse supply chain for
waste plastic, with the ultimate goal of creating a
circulareconomy for plastic.

(Import substitution)
A

__.--" Diesel fuel '
A

Tompt

1)

---------

Fig. 1: Circular economy of plastic.
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DME 3R SWd AN & forg Al IoRe Rgrsse™ ot ufdar

Process for the catalytic dehydration of methanol to DME and its applications

T.Raja
t.raja@ncl.res.in

T SRR o ATR] IR Dl St MR U &Y AN H SR
fe 81 %8 2 | & ST TIZRT GRT WebTiard Ueb Ruld &
STMR HRA Pl $8 WU fUsel 9y it Jor § FWad: 23.8%
Pl Ifg g2 81 T8 FRART RidT 1 T € ifs WRd Fedd et
3iR a7 o9 & fof o Qo R 9gd a1t fvR 21 gferg
T defelrd faaed ol WISl v & 3Taeadha 2|

fiepe TfsT # gIR < Y Sl P AT P G PR F forg
SRIfrRITSe 32R (DME) U fdehed & ®U 8§ SWR @1 21 dfdd
TR W b3 29T A LTS bl depfetid 38T & wY J J=IdT
e 21 3mRer, B 3R i SR 29t 7 ugel 1 € g
29 & B H SUANT IR H e SACHIETSet Soi fAepRid e
form &1 IRT & T U™ YA B i ST B MR
SR foram R 81 SeeRur & forg HeRrangeR-TRiivet A
fArer Hrs aRATSHT & 3idvid SIgHs IUTe b folT T URieic
G5 faenRee fopar &, Rt emdr 25 efiex Ul e B

s vadsh aik oot & A1 oA & fifSid g e g,
et 7z fIfr weoit oik ergyamT o forg Suge & s
21 TSl I S9! FEFT BT a1’ I8 ot & b 59 ueee
ik ST et SRed gerieda 21 g0 § ARAI & &1
JATCHIETSel URIET I JET &1 $b SR gARI TF gRT
ey Sut o aRaeH T el & 7 2, R difgs

RAET PRI 3 |

2018 # IRY I TS 39 IRIASHT § WRPRY 3R R TRpR
et & 1 A F =1 MOUSs 3R NDAs ¥ waer fasam
21 39 3/ & SRM W 3 T had SIS & forv qeHTe
fgTeSer & forg Ter ot wishar fiefid @t sfes g e &
IIRP, Rugex iR Svwg & o faft= srinT & wafta
8: uce WY oof fhy | gdfu™ # 39 dale & 06-07 IS
(TRL) fopu 0 & 37 rrasariieor @t feem # ey = R 2 |

SIS BT SHP! PRIGHT MR FeHdT & RO Faad NOx
IR Tiiegpeic ugref & Seure 3R B1E SOx & 8 & BRor

U feae=ii S AT ST § | 98 ST & ol H Sierd
T ST 10% DIe Pt P! Pl USfid oxar & | SIws &

With the increasing population, India's demand for
energy and fuel is steadily rising. According to a report
published by The Economic Times, India's fuel
consumption surged by 23.8% in May compared to the
previous year. This situation is cause for concern as
India heavily relies on other countries for crude oil and
other fuels. Therefore, we need to explore alternative
options.

Dimethyl ether (DME) emerges as a potential
alternative for meeting our nation's energy demands in
the near future. DME has been recognized globally as
an alternative fuel for several decades. Countries such
as the US, Russia, and China have already developed
automobile engines capable of using DME as a fuel. In
India, recent research efforts have been directed
towards alternative fuels. For instance, CSIR-NCL has
developed a pilot plant for DME production under the
Mission Mode project, with a capacity of 25 liters per
day.

DME can easily blend with LPG and CNG, making it
suitable for various trials and applications. Its similarity
to LPG also means that handling and hazards
associated with it are comparable. Automobile trials
are underway with ARAI in Pune. Additionally, for
domestic use, the Aditi Urja Sanch project has been
developed by our team, with its intellectual property
protected.

The project, initiated in 2018, has seen the team enter
into several MOUs and NDAs with both government
and non-governmental entities. During this period, the
team not only developed a complete process for
methanol dehydration to DME but also filed six patents
related to catalysts, reactors, and various other
applications of DME. This technology is currently at TRL
06-07 andis progressing towards commercialization.

DME is considered a promising fuel due to its efficiency
and cleanliness, producing minimal NOx and
particulate matter, and no SOx. It also exhibits
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ATTARNGRUT b HRUT S84 & folv 377 29 R YRT &Y
FRar o9 g dacht 8 | JUE Sootder Ao, RrTe
59 & TR | UAdIST §7R IUcted] aRAT 8, TeAdtell 3T IR
aiferRad e eret <&t &, oy Shems firsior gRr @1 fasam <
AHT 21 D ARIRE 390 HeFTe Bl TIURT H Thigd
IR NI TR DT g1 o & ST B |

Ig A 3 31, FAde $fean, snafik IRa @i, v
Tl Isoraet AHT (PMUY) 3R ARRATET AT S T
TR IUhAT & ST 2 | Sems Henfiiast 3 wieR axe |
T &t o R &} FacAdT 1 TRt GO 8 FhdT B |

o 9: EaEIRe SRS B g

Fig. 1: Comparison of commercial catalysts

approximately 10% carbon reduction in combustion
compared to diesel. Commercialization of DME could
reduce India's dependency on other nations for fuels.
The PM UjjwalaYojana, aimed at providing LPG burners
to every household, is placing additional strain on LPG
imports, which could be offset by DME blending.
Moreover, it has the potential to bolster the methanol
economy by integrating methanol into the main-
stream.

This aligns with major Indian initiatives such as Make in
India, Innovate India, AtmaNirbhar Bharat Abhiyan,
PMUY, and the Sagarmala Scheme. The adoption of
DME technology could pave the way for India's
independenceinvarious sectors.

R 2 34008 A 3Mf¥p P foTv IARD UeeH=

Fig. 2: Catalyst Performance for greater than 3500h

fo 3: SroaE-vadish ff3a gue & fow ude ok &1 fmfor (e St &)
Fig. 3: Patented burner design for DME-LPG blended fuel (AditiUrjaSanch)
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TN g & forg Nax Rrsierse wor

NCL NaX zeolite granule for biogas purification

Vijay Bokade / Sachin Nandanwar
vv.bokade@ncl.res.in [ su.nandanwar@ncl.res.in

IR Ueh 31eRT Soll b I & oY H SRR Jrafarse 3k
HESH I Ao | Fafid FRanatt a1 AR v §Q
fareqwerir o1l A Bl GRT A & fof Tep Aepfouds FHTe
URI RAT &1 TTpfcres SRS # STHAR W 55-70% AP
#1299 (CH4) 3R 30-45% I PE-RATERIES (CO2), o-
3% TP g9 Hewhigs (H2S ) 3R o aFaaTgs (CO),
e (N2) 3R &g (H2) St 3T it & 3ra9y
I B &1 TTANRT UaTg § Ppleegaiiadss (CO2) & I
Higdl 3D bAR T Bl B PR <l 2, A W B
SR A Ugel PrETSIgaNaATES (CO2) Pl AR T
ST B AMAIHAT BIclt B | TR I19 3R g &
IS GUFEHROI, STt FHIsHT, FaLNyoT Ui sik Stfae
I 1 \fEaferd 2|

AU Tehtept H U@ g- HeR R sr@enwur (PSA),
dogH HeR R s@eur (VPSA), iR arger R sraeio
(TSA), il IR Yfgeprur & forq Srayfep qepiiepi el
g @xa &1 g7 uftharet @ emuRfeT & w9 F
foscgaa arftenes il a2 | IR I=1a & fory o1t aep
faftr= foggaa saeyem!, R Risiiemse (SR 6 Nax 3ik
A), B AMUAD B! R Al wre Afafrd & St
PIETSZINIATSS NGO &I YA &HAT, HH A 3R
QU b HRUT T SYINT fhdT T 21 WRA H 3rferepier
TRINRT AT 3FepcH HAT CH4 BT &l I R b forg
4-6 IR & I TR JRTHIT RTNATSE DT SUTNT PR HTferd
2 1 IR PSA & foft e Gerer TfipaT 9sh 3 H1y—el aran
I A e HIOH IATGH & folg Tab TIget Aaeiieb

for et v eeast gt A= g 4 |

HTIMEAR-TTAA = Ahed Tacell NaX Rfenerrse o
faopfad fopu 2 3R fopelium TR dh 39 Ufshar I IR ¢ |

PSA BIciH Bl STaTBaIail B gRT HRA & foTT 0.7 & 9 mm
& I emeR & ®ur [ffg fdw MU g (Chg)/
PHIETSIZINFATZSE COR (60/40%) DI IR FRTT BT IGINT
Fxb [JHia dide &1 g fhar T Aeais
fFatieTTsT T Bl JoT A U 3PSl P AT Fhel 3R PSA
TN SRR oy g1 s aRom Hhd I § b Treiea

Biogas, as a renewable energy source, presents an
alternative solution to meet universal energy demands
while concurrently addressing issues related to
biomass waste and greenhouse gas emissions. Raw
biogas typically comprises methane (CH4) at levels
ranging from 55-70%, carbon dioxide (CO2) at 30-45%,
hydrogen sulfide (H2S) at 0-3%, and traces of other
gases such as carbon monoxide (CO), nitrogen (N2),
and hydrogen (H2). The higher concentration of CO2in
the biogas stream diminishes its calorific value,
necessitating its upgrading by removing CO2 before
further applications. Various techniques exist for
biogas upgrading and purification, including
membrane technology, cryogenic separation, water
scrubbing, adsorption processes, and biological
upgrading techniques.

Prominent among the adsorption techniques are
Pressure Swing Adsorption (PSA), Vacuum Pressure
Swing Adsorption (VPSA), and Temperature Swing
Adsorption (TSA), which represent state-of-the-art
methods for biogas purification. Porous adsorbents
serve as the cornerstone of these processes. Several
porous adsorbents have been utilized for biogas
upgrading to date, including zeolites (such as NaX and
A), carbon molecular sieves, and activated carbon,
owing to their effective CO2 adsorption capacity, low
cost, and availability. In India, the majority of biogas
plants operate usingimported zeolite at pressures of 4-
6 bar to achieve maximum CH4 purity. However,
designing a suitable adsorbent for high-grade methane
production from biogas upgrading, along with an
efficient process cycle for PSA, remains a significant
challenge.

CSIR-NCL has developed indigenous binderless NaX
zeolite granules and scaled up the process to the
kilogram level. Granules of different sizes ranging from
0.7 to 9 mm were prepared to meet the requirements
of the PSA column. The developed sorbent was
evaluated using a biogas composition of CH4/CO2
(60/40%). Breakthrough and PSA experiments were
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SRT fIiRia wide Aeaie f[adhedl I gemT o)1 arg a1
St i dEaR €, S IR Gfeesu & T gqet
UGS B SAT 21 Tp TANENS WR WR Q& Pie™ PSA
TPTS DI IR D1 T8 oft, 39 A1 & U T aRRefcRl &
S TRAITeT NaX iR ramTiies NaX & hel 310 3iR
Sfie =h STEATT D A & PSA HIIH A R NaX
RTaTIeiTSe T 3T SUNT ek SHTTAR HI9F  (CH4) Bt gam
P U P aTefl G HURwET a9RfT TARAITeT NaX
T 7 A= PSA =i | fflpaar & faAT 96% A aiftep
T (CH4) g1 IGH Bl 2l

PSA Tl Blelq 3Ph1S

Two-column PSA Unit

conducted, with the data compared to commercial
NaX zeolite granules. The results indicate that the
sorbent developed by NCL is comparable to or even
better than commercial alternatives, demonstrating its
potential for biogas purification. A lab-scale two-
column PSA unit was presented, along with
comparative plots showcasing breakthrough studies
of NCL NaX and commercial NaX under identical
conditions, and continuous CH4 purity using NCL NaX
zeolite granules via PSA, including alife cycle study. The
NCL NaX sample provided over 96% CH4 purity without
deactivation overseveral PSA cycles.

TRATTet SR erarAiep fraiiege @t Aherd
Breakthrough of NCL and commercial zeolite

TTHITE NaX fiaiietige 1 R Sfied a6 oiR #id= (CHg) gt
Life cycle and CH, purity on NCL NaX Zeolite Granule
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ST uggatt # @wdt @ T fAwmy (LSDV) @1 fAteror

Surveillance of Lumpy Skin Disease Virus (LSDV) in dairy cattle

Dhanasekaran Shanmugam

d.shanmugam@ncl.res.in

fIeg ot SR TRt Pt T T STHET AR P UM g 3R
7E U gy Icured Y ¥ AR 5 SR I iy srefegawar
BT T TEaYY B 2| TE QY < dTel U3 ol I e
AT T Heheh I 8, i 984 31frep anffes T o forg
IRerRl 2 SiR BIC M1 W Hfiger T STerd! 21 3o
SR & o R faer oiiR Sreadr & forg ot uggatt #
ST T St AR G SR AT Pt JAATHAT ¢ |

1l & & guf § LSD fawmy (aierd fasmo] uRaR T e wewy)
SRT & aTelT ot T R (LSD ) HIRA H IR ¢ iR thet 1T
2, ORRY o<t <ivear o 3% vy wifad &9 @ iR arg fam
TS g R AR SR BT HRU &1 g1 LSD STIR B
fore o1 wigpa Sitwfy =g B gl wh et Iueey g,
AR 3! UHTaRIRAT 3+t deh T A8t &1 Teh fhmhre)
3R Thelael UGl Bl IYAN PReb fwIY] Bl ugaF 3R
STFICTSIUT & o U Fav Ugfl Pl SueTeud | STt ugal
TR AT P U9 BT HY B 8 gee fAenl| 39 Maedhdar ol
T & b foTq g fITO] bt Uga et 2 U Hoe et
RS PCR UG fepRia &1 2 3iR oy & Serersfin ik
ST T U e B U Hoc eia™ aRIReT STFM STghAv]
T RIefRia @ &1 ereu & oY g9 Siiadh IS AAuR
gl (ONT) @R emenRd T @ widt ugf o
G IR & Rias A1 U & oraft § 96 TGl @
SR —eaTdt feetsor fopar ST Hesd 21

3 eI 1 fApRId ughkil & ST R gF HERTSE, (
o1 31 SEAETR Riett) oiik ST (Rt SiR &t freh)
I | fpy U el @ W LSDV @1 ud @ 3R
STFICTSIUT &t 2 | SR WR fIuT0] | Aehfid uget # @@ &
e fexarg <t © St @ & arat § uRafia g St gl
Heditela %8 PCR T SUAN e fASTULaii &1 g <
& foTq 3 Tral & FaTd g1 BT STINT 51 771 AT | FHPRIHD
Tt | 9f ~150 kb IRRS SFM B RSIRT HA arel
arferemdt 3.5 kb & PCR gohs Ao weiad PCR GRT Sed+ fohy
Y, 3P 15 YUt ITRe ST S UTed R o folg ONT
AT et T |

41 851 T (2022 3R 2023 F Afd) & v oy Sf=E

India possesses the world's largest population of dairy
animals and is also the leading milk producer. The dairy
industry is a vital component of the agri-economy in
India. Infectious diseases affecting milch animals are
responsible for a huge economic loss and
disproportionately affect smallholding farmers.
Therefore, there is a need for proper detection and
management of infectious diseases of dairy animals for
sustained growth and productivity in the dairy sector.

In recent years, Lumpy Skin Disease (LSD), caused by
the LSD virus (a member of the poxvirus family), has
emerged and spread in India, affecting a large number
of dairy cattle and causing widespread mortality and
morbidity. There are no drugs approved for LSD
treatment, and although a vaccine is available, its
efficacy is yet to be established. The availability of a
robust method for detection and genotyping of the
virus using a cost-effective and scalable method will
help mitigate the impact of the disease on dairy cattle.
To address this need, we have developed a multiplexed
nested PCR method for the detection of the virusand a
multiplexed viral genome sequencing method for
genotyping and characterizing the virus. For
sequencing, we have optimized a cost-effective
method based on Oxford Nanopore Technology (ONT)
with which genome-wide analysis of 96 samples can be
performedinasinglerun.

Using the methods developed in this study, we have
carried out LSDV detection and genotyping on field
samples collected from Maharashtra (Pune and
Ahmednagar districts) and Orissa (Mayurbhanj and
Angul districts). Typically, animals infected with the
virus have visible subcutaneous lumps which turn into
skin lesions. Swab samples from these lesions were
used to detect the virus using the multiplexed nested
PCR. From positive samples, overlapping 3.5 kb PCR
fragments covering the entire ~150 kb viral genome
were generated by multiplexed PCR, followed by ONT
sequencing to get the entire viral genome sequence.
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g+ fageryor & gRumRERRT 56 fafere oiR R gafgar
SaRda @t uga g8, A A ifiear dome I |
RASferet Sftt o o | QT wiellel gt & fop farsrogat = et & A 5
IaRad=T o1 uTed fpar € ifh @ 2020 I Ugt Ig defdw
LCD aRR faaierp | SufRT et &1 Ig JH1E g b gt
g o aep gl § WM bt gedt THRAT SR gg > for g
ScaRadd™ IaRER 8 whd gl gafely Sa% ugsi # LCD
T YT T o folg et FRAR FRYerT o mgeayut 21 I
IS TS U AHET NG B 99 UM W fSRe e & forg
QUG & 3R I~ ST INT TGE o -1 Tt Sepl &
IR & feTq Fgeayul g |

Analysis of the LSD virus genome sequence obtained
from 41 field samples (collected in 2022 and 2023)
resulted in the identification of 56 unique non
synonymous mutations, mostly in genes linked to
disease virulence. It appears that the virus has recently
acquired these mutations as they are absent in global
LSD viral isolates before 2020. It is likely that these
mutations are responsible for the increased disease
severity and death of many animals observed recently
with LSD. Therefore, it is important to undertake
continuous surveillance of the LSD virus in dairy cattle
to monitor its prevalence and to track genetic
variations. The method reported here is suitable for
undertaking large-scale surveillance at a moderate
cost, and the data generated will be valuable for
disease management as well as the development of
effective vaccines.

ONT 3 gRT STt ugratt 7 et e I fawmo) oot FRerr iR Sirersfin @1 aiomTag siaaeT
Schematic overview of Lumpy Skin Disease Virus surveillance and genotyping from dairy cattle by ONT sequencing
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NMR gRT 98¢ fAgaiwor: NMR gRT YR 91ge & fHRAIAT 3k wiemr diciaia
Analysis by NMR: Fingerprinting and Testing Protocols of Indian Honeys by NMR

Ajith Kumar/ Udaya Kiran Marelli
tg.ajithkumar@ncl.res.in / m.udayakiran@ncl.res.in

9ES P! Y& SR Db I/ Hiiferes IR BT wRamor o
& foTT NMR &R S1d qabeiiep 1 1S 81 NMR STTeTRd 9T8g
MRS Pl Teh W Hiex 3ienfiies du- gRT et fhar &
AT RIpIRer Y 8, PRId SR 3M® 918S M B aTed
TR 3fR Qe 7 3 wRteror @t Srferart fohar e eateg @t
TR AT 1 ST @t §1 I8 usterr I femt & o8g &
TReR ST BT IUANT IR H DI fJ2eAor R 3R v B
TReroT o foTg IUANT fohaT ST aTetT faremT AR ST 95 &
q RURE g SR IRT & eeg W muiRa el B, i@
Aimiferes, qoa oilk myAaed} & e oTeRT- 31 2, 39 UhR
AT URI&TOT IR & 3T Tl 9188 & fol SFIugad 2| SfeTg
Iuctet] 9rgg NMR <eior o1 SUT aes MR 9188 &
1 T faeTyur e A ATy TROIT o1 8 SR SramaeTT
¥ oA MR et fhet e waned, Te gt dwen
I Ao P FHTET gt |

fdlep o8 IR YRS ot Feeaqut it 21 TR dfdd a8
IATGH # 3170 3R 2Eg & Fafd 7 = U™ W 21 9Rd Bt
ST F o188 BT ~3000 TRIS HU P INEH g 3R IR 7
TR H G URAR AYATE! UTei H AfhT ¢l 39 PR A
AR 98] BT Sfad faeeivur g R SmenRd R
SFRITTIT, PiY—lTeTAT R UlThal v | THE STei
STET A HaRdT UTeT T SUART URTI0T STUR & W9 H fohT ST
g SR I YR ereg @ fRART 1 suify afcr ggame|
FeTY HTAATSHR -GS = AT JeMTfrep fAATeielr e
gret datanedt ¥ TidRe faed YT 37k a1ar faedar Fgridm
% AT NMR 2l 0R Ueh YTIerc TRANSTT & TR 5 21

URIeIE URASHT ¥ g R § GRS @ eagriar ok &=
T P HHTGT DT FHSH H HERIAT Bl & | UTIeAe YRASHT &
ey | HoeEgaR-Rive 7 RRY & fd@e &1 gdr

T, HeEiersed f 91 FuiRd w7 3R o' & qw
e 1 e o e wRnfid o & forg argg fageryor 2g v
areel NMR wteror fassfra fohar 21 aefy HivaemsaR-
TRAE GRT faepRicT g a9 NMR TR1eir Uep fefd &R
F UES fA%ivo & AR 2 IR g, oidd: HvasmEemR-
TGS YT ®9 | AP “HRAT 98] b ol A
NMR AR STr” fIhRia = acmM ameel &l §gof NMR

The NMR has become the most advanced technique to
check honey's purity and its floral/geographical origin.
The NMR-based honey profiling was launched and
recommended by a spectrometer manufacturing
company, which led many honey-importing
organizations and countries to mandate this test and
check the authenticity of honey. The test relies on
statistical analysis using master data of different
varieties of honeys. The existing master data used for
the test is primarily European and not based on the
honeys from India, where the geographical, floral, and
bee varieties are different, thus making the current test
unsuitable for the honeys originating from India.
Therefore, analyzing the Indian honey samples using
the available honey NMR test will generate ambiguous
results and inadvertently surrender valuable Indian
data, anational resource, to aforeign entity.

India occupies apivotalroleinthe global honey market.
India stands 8th in global honey production and 4th in
export of honey. Honey contributes ~3000 Cr INR to
the GDP of India, and close to a million families in India
are into beekeeping activity. Hence, incorrect analysis
of Indian honey will adversely impact India's honey-
based economy, agro-economy where beekeeping is
used as pollination support, and will irreparably harm
the status of Indian honey. Therefore, CSIR-NCL,
having apt scientific expertise, has embarked on a pilot
project on NMR Analysis of Indian Honey with internal
funding and external financial aid from KVIC.

The pilot project helped us understand the project's
feasibility in India and the possibility of upscaling it.
Through the pilot project, CSIR-NCL developed a
prototype NMR Test for Honey Analysis to detect syrup
adulteration, quantify metabolites, and establish steps
towards floral discrimination of honey. While this
current NMR test developed by CSIR-NCL is ready for
deployment for a certain level of honey analysis,
ultimately, CSIR-NCL plans to expand the current
prototype into a full-fledged NMR test by systemati
cally developing comprehensive "Standard NMR
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qtewr o RRARA S Bt Ao Rl 21 S Hel wRa A
TR SR HRTIeTe TATAT el Uep forRyat fafdera a1 gRfer
FRATEI

TR URfYS BrRf & F9Ifad aRemsl R o/ e a1 Ageayul
TSGR Saa! 7 Tat @Y 7S 8, S ot &R faretiT F srenfrd
g oft, AT ddflersedt, Jurery fora= erfchaxur 3R
(MFEC), SR gdf Henfie! s/ 1@ WR &g
(NECTAR), 1T S99 faesT S1$(NDDB), Thil3TRaTTS,
gREE SR g g9 SMUIRd Qe &R derH, Pfy
fareafaener, HvasngemR yameed qorr fafte IR-d=eRt
HISHT F AT forT| gAY URiete URASHT & g Bl bR
PR Y THUHST 3R THSHICITSR - YaleoR 98a o foft e
M NMR AR ol faafid oxa & forg divgamsam-
TR o W1 Ueh Sl IR ERAIeR fohy 8, Forvamt o 5 g
& 98GR M Hid fhar 1T § 31k v aRIISHT bt wigph
ERER

6 AfARD “orgg fIeelvor & fow NMR IpsedT &g
TS B P gAR & A& DI foel H PHed I g Th
31feres I IRATSHT G AYAae! die (NBB) feweft &l
TR D1 TS & 51l T e (AU bt GRI&d R arel 988 R
ARER 1 F1 AR &=, 2 & Hhnifeles /gsa Frdl i
il PR 3R T SFTHUM GRT FIPT ES o IRA B
faferse a1 TR oTES Pt ggd dR & Y NMR e
I IGH & feru g |

Masterdata for Indian Honey," which covers a wide
variety of flora and geographic locations across India.

The potential outcomes of our initial work have so far
beendiscussedin twoimportant stakeholder meetings
held in Pune and Shillong which were attended by KVIC,
Meghalaya Farmers Empowerment Commission
(MFEQ), North East Centre for Technology Application
and Reach (NECTAR), National Dairy Development
Board (NDDB), FCRI-Hyderabad and other Forest-
Based Industries and Institutes, Agricultural
Universities, CSIR laboratories, and various non-
governmental organizations. Recognizing the
importance of our pilot project, MFEC and NECTAR
have signed an agreement with CSIR-NCL to develop a
standard NMR master data for northeastern honeys,
initially focusing on the Buckwheat honey and
sanctioned a project.

Further, in a step towards our ultimate aim of
establishing an "NMR Centre of Excellence for Honey
Analysis," a more extensive project has been
submitted to the National Bee Board (NBB) Delhi to
expand the masterdata on honeys covering a wider
variety, enhance the NMR test for classifying the
geographical/floral source of honey, and identify the
unique or premium honeys of India akin to the Manuka
honey through fundamental research.

CSIR-NCL Annual Report 2021-22
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Novel process platform for the manufacturing and purification of biosimilar

Insulin Lispro

Rahul Bhambure
rs.bhambure@ncl.res.in

TSR~ TRiIer & SeTRIpT 3 AR rHu SR
Rrestt % Fior ik ggfReor 5 forg v o e wfdar
Rifia @1 21 78 SRR Safm R & Fufa & fig
@ Rt wRrew, e, SefesT sk gfem T
TG Rl &1 R epfre Hedtas sreRhe afgeeT
3 vifoger sfgbar ¥ SeTacpe Q-1 g HeRia o &1

g P FeT RIdTd R 9 98 38 © 3R I8 STgAN e
T & 6 ¥ 2025 & ofd d& R e # wyrg AfAT 3 e
300 fifere de uga STt g faea 7 wymg AfT 3w
o gfg 3G oMER weeh area ok Shamelelt 7 uRda Tecayyf
BRU gl Il TS B 3RY A AYHE S AT BT g
TS 3iR Ui Sl & U $gforT 9 o ST &1 81 rHu
o (ZHfe, Teft foreht &1 U 1 Scd1g) AYAE Hicers
& IR & folg Teighd Tgett Ut o g HAIS ffhed e
HA T g

TrRfRifer ggfer foran

AT T AT YR 1 Hisha sqford ¢, i Iwam
T8 1 311R 19U 2 AYHE & SUDR 2q fohaT ST 21 39 Soiae
SRT 37 $foi 4d GRT T & 1 Igardn STl g1 |
30 fiFE & IR 3P UG BT TRY &IdT § 3iR &9 5 &
b |1 & | 37—y Swpifest sk Raxi-hot piemnfthe
JfSaur Sfer SR Sfor 1Tl & Fmfor 7 wecayel wR-
AT =1 21 Yo foreit @1 oo v & forg S=a-
I, i mfhan(rRdm iR seREm) @ fImRia
T D IALIHATE |

FrepRrer sfger et 3 forg e forepe:

o T 44 Hfcreu, sif¥reafd, difest 79

o JSHUN & foly Tblgpd Hard Hec IS shitiefthd
* HISEr ufparat § Idaehdl H QT gig
o TN & AT SRIRAERICT BT Tgel femar

CSIR-NCL scientists have developed a novel process
technology for the manufacturing and purification of
biosimilar rHu Insulin Lispro. It offers a unique cloning,
expression, refolding, and purification platform for the
manufacturing of biosimilar Insulin Lispro. The
developed integrated multimode chromatographic
purification has demonstrated a two-fold increase in
productivity overthe existing process.

The occurrence of diabetes is growing at an alarming
rate, and it is predicted that the worldwide diabetic
patient population will reach 300 million by the end of
the year 2025. Changes in dietary habits and lifestyle
are critical causes for the increase in the number of
diabetic patients worldwide. Since the early nine -
teenth century, diabetic patients have been treated
with insulin obtained from bovine or porcine sources.
rHu Insulin (Humulin, an innovator product by Eli Lilly)
is among the first-generation recombinant therapeu-
ticsapproved for the treatment of diabetes mellitus.

Biosimilar Insulin Lispro

Insulin lispro, sold under the brand name Humalog
among others, is a modified type of medical insulin
used to treat type 1 and type 2 diabetes. It is delivered
subcutaneously either by injection or from an insulin
pump. Onset of effects typically occurs within 30
minutes and lasts about 5 hours. In-vitro refolding and
reverse-phase chromatographic purification are the
critical rate-limiting steps in the manufacturing of
insulin and insulin analogues. There is a need to
develop a high-yield, economical process (upstream
and downstream) for the manufacturing of Insulin
Lispro.

Key findings for the developed process platform:

e Anovel cloning, expression & refolding platform

e Integrated continuous multimodal chromatography
for purification

e A two-fold increase in productivity over the existing
processes

e Biosimilarity has been demonstrated with Humalog
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IGpfea fafeaia didH & for esaiRics™

Glycosylation for Customized Therapeutic Proteins

31. PN sslret

Dr. Mugdha Gadgil
mc.gadgil@ncl.res.in

T8 HER, AR SIRal, g &R TSTreH @t dHt & forg fafdredia aidH gam smaeas 21 e fugrs @ aiftes Rifsedia oids
AT BId & (T WS 8 7 a7 BEIgIse Pl S gl ) | elgdiRicte Te vt ufdsa § R 3 ggamd
URC—GJRIcIeFel WU & ATegH A HICH I Jdit 21 I TRdIhiH (FATSPITICI P B3 SAeRT—31e BUi § A Pig ) P gdl
fEsTTe  Uep tRTHICR WHT ST 8, TegarIRTeter A &t 3Taferes SoiaRi Jifsd weigeaithie HIthTse ol STIHTT ©U A UTH &3
& foTq Uas A1t UG dct &, TRt 98 1t SuaR GROTH UTH 81l ¢ | S99 FeH | SF. JoerT Mefilet & ged | A3k - T eet
P M 7 fAfTE g AEIRl (FATSHIHIH) & AT g fafhei Wi s M & forg Hivash s § s
ST FHLAUT HIT T GoT IR Rt &l U fIemfad @t 8, it IFe! THTaehTRaT 3R RU=ar § YR = Facd! 21 T8 SREpI0 T
Thel HIf3RT Ufth I fopedt IS b s TShIBIH Pl Aol H I DR & foTT Uep IYBRUT UM Bal 2l Tg MY AcEifeTh
SRR SHe (https://doi.org/10.1016/j.ymben.2022.09.003 ) # HeTfTd gaTT ol

Therapeutic protein drugs are essential for certain cancers, autoimmune diseases, and hormone and enzyme
deficiencies. More than one-third of therapeutic proteins are glycoproteins (proteins that contain glycans or chains of
carbohydrates). Glycosylation is a process in which these chains attach to the protein via post-translational
modification. Since the glycoform (any of several different forms of a glycoprotein)is considered a parameterin drug
design, genetic engineering of the glycosylation pathway provides a path forward to predictably achieving the
desired glycoform profile, leading to better patient treatment outcomes. In that context, the team at CSIR-NCL, led by
Dr. Mugdha Gadgil, has developed strategies to engineer nucleotide sugar synthesis pathways in CHO cells to create
customized therapeutic proteins with specific glycan structures (glycoforms) that can improve their efficacy and
stability. This approach provides a tool to rapidly generate multiple glycoforms of a product from a single cell line. This
research was published inthe Metabolic Engineeringjournal (https://doi.org/10.1016/j.ymben.2022.09.003).
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7D vl & fFafor & forg Afta sffi sie Reagex

Confined Impinging Jet Reactor for Creating Precise Nanoparticles

Dr. Amol A. Kulkarni
aa.kulkarni@ncl.res.in

v A 3fufii Sic Ruaer (HiemEsiem) T VaT Suavr g St SfRufii Sie & SRur §9+ arelt U 9gd udel! fthed & oRaf
UGTf BT Pt ATSHIHIIRAT TGH PRl 8, Sl TRURD I Cobl BT SHANT e A3 8F TR |l yomferdi & forg +ff
Iga o e B ety uftharett @1 |t & A vl o & forw HremseieR § g aifyent silk frsor Bt e Hifersds o 2
I AeH | BT 3ieT U HeAdvl B A H ACHINSIR-TAAGe df S 7 TRet ugreif & I Y SR |ormcii fsor & for
MR P Aheragde fue, srgpferd ik wiamr 5 aigdatell gRT UeM @t 18 Tad 3idg i, Fei,
TaRifien ufcfhanatt & forg Suyeh TemESIemR @l fiuies ot & forg ofafifed o @t THe™ R eTe Srerdt 81 3 Srea
aifenfiies STeval @l I a1 & folg aaa HamEeiamR @ 3iR a1ftres gg™ &1 smuR ot & o 21 faswfad Hemdsrem g
IR B AY-ATY AIHIUTCHd B Ieare H H TN U7 Fhal ¢ S AUIGSH WA H ST oie &1 T8 MY
AIChE S (https://doi.org/10.1002/aic.17792) # FehIfIT g1 2|

A confined impinging jet reactor (CIJR) is a device that offers efficient micromixing of liquids in a very thin film formed
due to impinging jets, which is not very common even for homogeneous systems when mixed using conventional
stirred tanks. Understanding fluid mechanics and mixing in CIJR is of fundamental interest for correctly describing
uninterrupted processes. In that context, the team at CSIR-NCL, led by Dr. Amol A. Kulkarni, successfully designed,
optimized, and tested the CIJR for high-speed and homogeneous mixing of liquids. The mechanisticinsights provided
by the researchers shed light on understanding the underlying mechanisms for designing CIJR suitable for rapid,
homogeneous, exothermic reactions. These studies could also be the basis for further scale-up of the present CIJR to
cater to industrial needs. The developed CIJR could find applications in producing metal nanoparticles as well as

microparticles that are oxidizing agents in propellant composition. This research was published in the AIChE journal
(https://doi.org/10.1002/aic.17792).
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qwifesT Bt wHeET
Understanding In-vitro and In-vivo Refolding of Antibody
Fragments for Therapeutic Applications

31. Bl HEFGR
Dr. Rahul Bhambure
rs.bhambure@ncl.res.in

R R 3R SR SR e Riftheddter syt o forg Geiatet Ak S SRafea (tha, B (2), wrRivhdt Ths) @1 e wu
< IUANT fpT ST 21 thel (e TS -aTSfE) & Giaiel a1u] o1 fReeT € 1t SIS & el € 37 TR W fafheet deiaret
BT I PR b foTq ITINT T ST 2| TEaTel gepel Bl Wi iR SIIRT AT, faeiy ®U A the &, the o 7 ve Hgeayuf
SIIHUT i ¢ | I FH | . IMgel TR & Ieed H AN TSIAR-THITA b CIF - UeHaie! gepsi o 31— fegy Aenifes by et
T 3 s & BRI Y SATg D1 Y T th BIfST Bl THITIT e dTet BRI TR Fh1eT ST ¢ TR el St Fel & | G U 3R
PRIcD TGS Ths TTH B & o1y Seifes ufthar ot rgfera o & forg Uiy fiesRich et &1 297 ST o1 Swa aifesey
Tt o ATy FAfhsiy (Tt gasl & TR iR AN T IATeT & fo TS R S & foru fbam ST |eedn @1 I8 Ay
SRR THeRe SRR S (https://doi.org/10.1016/j.bej.2022.108644 ) H HeHTIRIT 3T T

Antibodies and their derivatives (Fab, Fab (2), scFv fragments) are widely used for various therapeutic applications
such as disease diagnosis and treatment. The Fab (fragment antigen-binding) region is part of the antibody molecule
that binds to the antigen and is commonly used to produce therapeutic antibodies. Unfolding and refolding of
antibody fragments, particularly the Fab region, is animportant research focus in Fab manufacturing. In that context,
the team at CSIR-NCL, led by Dr. Rahul Bhambure, investigated the reasons behind the slow in-vitro refolding of
antibody fragments. These studies shed light on the factors influencing Fab folding and develop strategies to
optimize the refolding process for obtaining correctly folded and functional antibody fragments like Fab. This
knowledge could be used to create new strategies for the time and cost-effective production of therapeutic antibody
fragments with the desired properties. This research was published in the Biochemical Engineering Journal
(https://doi.org/10.1016/].bej.2022.108644).
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TIeex WA o

Powder Lubrication Mechanism

sI. snofiy di. afizu

Dr. Ashish V. Orpe
av.orpe(@ncl.res.in

HAfIR TR (MgSt), T HaTg Toie, T T UISe) FIgd ¢ Sil &T0e wU | hrRgfedhe Fyant § SudiT fowar S 2|
ISRV o fTT Caele Hiete H AL UTSeR & HY H THSivae! el 3 Hdie iR e & QR BUrplal a7 arsst 3R 818
afet & 7 ado o g STrar 81 I Mot (a5, MHR iR IuRAFY) = varweudr Y gerar ST 7, St gyt iR yurasfierdr §
ReeRaT AT =T 21 BT, TSR FATE & iR HEIAT $h1s FaTer H GUR & folt Fg 7 DI 37<g! avg & AT S
TIRY| S &, T geT It o o1, FHTASMLRNR-Telvet ot & 3 7. armefty ft. @iRY & =iged & Uop W=et SATffy oht SwAT s
gHER AT (MAThR B & AfcRl) & YaTg FagR R AT a¥07 e g (THSHTRACT) DTt b THTG bt ST7a i | eI Pl TS
STy I T & o wep depfonen, @ifires TRe HUTTelt HeT @ |andlt & STt a0 SifciRes g amft & |1 wrgfeae
TSR ATE A&7 qU H IUANT Pt AT B | T QM ST+t 3ATth ITSeR camtaiott (https://doi.org/10.1016/j.powtec.2022.117809)
o TIpTIRTT g ol

Magnesium stearate (MgSt), a flow agent, is a standard powder lubricant widely used in pharmaceutical applications.
For example, adding MgSt as a fine powder to tablet formulations reduces the friction between granules or powders
and the die wall during compression and ejection. This promotes uniformity in tablets (weight, size, and appearance),
which ensures consistency in application and effectiveness. However, the lubrication mechanism must be
understood well to improve powder flowability and aid unit operations. To address this issue, the team at CSIR-NCL,
led by Dr. Ashish V. Orpe, investigated the influence of coated frictionless lubricant (MgSt) particles on the flow
behavior of granular material (spherical glass beads) using a simple geometry. The studied geometry could provide an
alternative, more straightforward system to those typically used in pharmaceutical powder flow characterization

with added lubricant material. This research was published in the Journal of Powder Technology
(https://doi.org/10.1016/j.powtec.2022.117809).
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AT TR EISSIPTHISALH

An Efficient, Syngas Free, Room Temperature Hydroformylation
Using Cheaper Catalyst

Dr. Samir H. Chikkali
s.chikkali@ncl.res.in

RFTRT (ST ot STTaRAT-IUTGT T ST 70 % SUTGH AT B) BT SUANT b JeIa™, At iR & TR 77 o e -3saRa
EISghiATgele Tfifsha (STaAi—HfoT) &1 SUNT b TRURD B A Teepisd 3R et Bl HHH ©U ¥ Jgqd! Ufeegss
(atfar-3<arg) o uRafid foar ST 21 g1t & oy 7 geeft-TeR A | g SaRE a1 ST axd R g sifaar-ufshan
fIefRI v TR e e foraT & 51t 31ftres feamss oIk TvlT 81 99 Wey 7 ef. w6k ta. fusselt & Aga 1§ HirasmEem-giive
Pt S 7 R o1 SURNT fohT foeT geept wfcrferan Reuferat o faftre velierset o FRIfa Heeisur & fory Tesbrist &R Teehist &
AR-SIIRT, FHfEH-Teavy, SiuaRe grEgIhHigeer o ueelH fFarl 3 = SPEIRIaR & AT BRI Ui P IR
¥ & forg ufdiforan ot Ridfes SuAfirar o i ueels fram anvedfelt gRT UgM @t 18 Fad sidgf siafifea ufifsha 73
THEH R TR Slerd! g1 AU A -ymasfierdt, Rerdr 3R wge dsdie SRR & W, I8 Refed wurify difer,
HHRGHed IS Afd Jogae IS Fegad! iR IWE BI Heelld R B IPE amaT @l gl TE Y

CHEMCATCHEM S (https://doi.org/10.1002/grgrQ>rgr.202201394) H HabIfI 31T ATI

Alkynes and alkenes are traditionally converted to corresponding synthetically versatile aldehydes (oxo-products)
using precious, expensive, and less abundant rhodium-catalyzed hydroformylation reaction (oxo-process) using
syngas (which produces roughly 70% of the total oxo-products). Recent research has focused on developing syngas-
free oxo-processes using earth-abundant iron catalysts that are more sustainable and cheaper. In that context, the
team at CSIR-NCL, led by Dr. Samir H. Chikkali, demonstrated the iron-catalyzed, magnesium-mediated, formal
hydroformylation of alkynes and alkenes for the controlled synthesis of various aldehydes at milder reaction
conditions without using syngas. The team also demonstrated the synthetic utility of the reaction by scaling up to
prepare pharmaceutical molecules with excellent yields. The mechanistic insights provided by the researchers shed
light on understanding the underlying reaction mechanisms. With its cost-effectiveness, sustainability, and broad
substrate scope, this synthetic strategy holds excellent potential for synthesizing valuable chemical intermediates
and products, including polymers, pharmaceuticals, etc. This research was published in the CHEMCATCHEM journal
(https://doi.org/10.1002/cctc.202201394).
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it R O 5 g v aTeRed GawRT SAETEER de

A Bioactive Magnetic Nanofiber Mat for Targeted Cancer Therapy

Dr. G. V. N. Rathna
rv.gundloori@ncl.res.in

SR PIRNBIAT BT SMHRT TR dTet IR & AT T AT 1Y IRIRSE FFmcRaet B e frar mm oik g8 dvm
arezr faam | gretifes ufcifrarefier 8 o sIRur Ient SuRinT HtRads fadvor & forg &t 5 ST Aesar & aifs Suetey MR
R ECTeITd qac H HISG USITgH! GRT TE 8l Tdhd & 3R GEHIT UqT & bl | SATRIY Gab I &3 Pl AGg 1 e Aeft Toict
AT feefiast 1 grvTat 1 <t 3R M & STIUTE BT T b FaTH TR H H e HHT I & | B Pl HAANIID ST
F & fot 1. ST, I & g o ACHIMERMR-TAITe Pt S 7 a1g<t gap & bl Heg § AT TId W ST (5-
TRRINIG) & FRIfa Refist & fofg AihTgeR He o1 fmfor i) semi & uar Ie ¢ {6 ariufded Hifee ~HiwseR e | e
FAR ARG Bl IR FHUTGTT 21 T8 SR AT &b getroT § 59! guraeiicrar iR STNAAT o7 9ot = & fore 39— faay srega= ot oft
START T 81 € Y ST 31Th G f3etiart |18 G camtarstt (https://doi.org/10.1016/j.jddst.2022.103629) H Hemfrd gam
T

Conventional nanomaterials tagged with biomolecules that attract cancer cells were designed and extensively
studied. Though responsive, they cannot be used for oral delivery as the available nanomaterials are degradable by
enzymes present in the gastrointestinal tract and may cause side effects. Therefore, the targeted delivery of anti-
cancer agents with the help of magnetic fields is considered one of the best methods to minimize the side effects and
enhance patient compliance. To treat cancer efficiently, the team at CSIR-NCL, led by Dr. G. V. N. Rathna, fabricated
the nanofiber mat for the controlled release of drug (5-Fluorouracil) at the targeted site with the help of external
magnetic fields. The studies revealed that the bioactive magnetic nanofiber mat holds immense potential for efficient

cancer therapy. It also allows in-vivo studies to explore its effectiveness and utility in treating cancer patients. This

researchwas publishedinthe JOURNAL OF DRUG DELIVERY SCIENCEAND TECHNOLOGY
(https://doi.org/10.1016/j.jddst.2022.103629).
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Y- UiferR fohedi & Fmfor & forg v sreaa=

A Study for Manufacturing Defect-Free Polymer Films

Dr. H. Pol
hv.pol@ncl.res.in

UiferR T Taage fther HIRTT Yo, Selacias oiR fferear Sueawul & faftrs sryRimi & wrer S ura dteft urforR
et 9T o o e Hecayut fafmfor qafies &1 51 vfohar # grer gt & & wop el afR e Qs @t g & SR Ap-g
(dlters & 1), g TG (SMmafie fhed Hiers iR Herg aler) SR Aerg yerar, S fihe @t SuRerf, Fifies o ik Ieurg
TUTGT T THTIT dvclt 81 37 Qi ! PRI @t o folg €. 7a. Uil & Agcd # HTHeTSaTR-Tivel ot &9 = firsor dvam oiik
RO Rt & g9rg &) ST & ol 1 g97ed aTetl utetlefi (Tereidis) ok IRaews o9 o areft uiefefs (vemadidg) &
5707 T ST foralT| QT o Fefot 9Tl & foh QI oot 81 OR fsior TR oiR yeiveanwor &t Reafey Agcaguf tRmfiex & 2 &
aINT 2l ¥ R b AT AR o ST el 21 A Aofere] 3icTe © SgaR fFRIFI, S8R oreiT aef! iferR fhedi & fmfor o1 SR a7
el ¢ | T QY ST Nh Ree fOhed U8 ofifeT (https://doi.org/10.1177/87560879221150764 ) W WeRTfRId 31T &I

Polymer melt extrusion film casting is a vital manufacturing technique for producing high-quality polymer films with
various applications in packaging, electronics, and medical devices. One of the main challenges in this process is the
occurrence of material and processing defects like neck-in (width reduction), draw resonance (periodic film thickness
and width oscillations), and thickness variation, which affect the film's appearance, mechanical properties and
product quality. To control these defects, the team at CSIR-NCL, led by Dr. H. Pol, used a blend of low-density
polyethylene (LDPE) and linear low-density polyethylene (LLDPE) to investigate the effect of blend composition and
processing conditions on the occurrence of defects. The study results showed that the blend composition and
processing conditions are critical parameters that can be tailored to minimize these defects. These mechanistic
insights could form the basis for producing better-controlled, improved-quality polymer films. This research was
publishedinthe JOURNAL OF PLASTIC FILM & SHEETING (https://doi.org/10.1177/87560879221150764).
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P Aeferst fdmes & forg RaeRa=w &1 we a1 o

A New Class of Zwitterions for Efficient Cellulose Dissolution

Dr. S. Kadhiravan
k.shanmuganathan@ncl.res.in

RAelsT gedft R e IR SiR Felteofia aruiferR g ofR Soff wmft | oo duet &iR Sia $ue de 59 fafde srgyain g
gIeiifn, Aefeiiel & 1T AT g & & a7 arfieier IRuRS iedew § arcafien srgemefier 2, RRRY Scaret o pererargds
AT RAT IR 701 RAT e &1 ST 21 BTAlfp JAelellst Pl biei & o P8 Aledes bR fpy MY 2, offh 3 a1 ar
AT U A agrd TeT & I1 TIeaRvl B g A He Tal 2| SAIIY AesT b fo1g sger gerefierdr & ATl vaiaro &f e d
<RI IR GEihUT A1 Aieded Pl AT P Pl STIHAT 3| IH TS 7 HTHISIR - | 8. T, Pifeza iR e
fYger faem iR denfie fm (TdivadRh) & 7. 97 Rig & g areft &9 = 0o faeres & wu 3 RaeRa=T ot =3 9oft o
<2l o STt deR Aefellst erefierd, Iepe efel ReRAT T 81 39 TbR b iR &1 IudNT v A AefelloT - 3enRa
Scral & frfor 3 forg sifres @ma wrelt ofk wafarer-srgeet fihaTd g et 8, foray SeT oiR qarfaRer ST @t @ 2N I8
ey At St (https://doi.org/10.1007/510570-022-04883-1) H U1 3T |

Cellulose is the most abundant and renewable biopolymer on earth and has diverse applications, from packaging
materials to textiles and biofuels. However, the problem with cellulose is that it is highly insoluble in most
conventional solvents, making it difficult to process and manufacture products efficiently. Although few solvents
have been developed to dissolve cellulose, they are either not commercially viable or not environmentally benign.
Therefore, there is a need to synthesize environmentally benign and recyclable solvents with superior solubility for
cellulose. In that context, the team led by Dr. S. Kadhiravan at CSIR-NCL and Dr. Madan Singh at Aditya Birla Science
and Technology Corporation(ABSTC) synthesized a new class of zwitterions as a solvent that shows superior cellulose
solubility, excellent thermal stability, and recyclability. Using this type of zwitterions may lead to more cost-effective

and eco-friendly processes for manufacturing cellulose-based products, benefiting both industry and the
environment. This research was published in the CELLULOSE journal (https://doi.org/10.1007/s10570-022-04883-

1.
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&9 3R waa UfhAT T SUTNT R HIFAT giferR §H & forg
T 3 AR 3R FHoTeT UIerRISIeM ddhH1d

A New Monomer and Efficient Polymerization Technique for
Making Conjugated Polymers Using Batch and Continuous Process

Dr. S. K. Asha
sk.asha@ncl.res.in

TS Y R ST o forg SraT-wendt S diferR ot et eret & foft veh @i wrdt 3R warferer 3 srjget w4t srcfies
arB1T 21 gTet & e = ot (Tamgend-cha) St AgfAd TforR ol GeteiaTdes Feeifid et o forg 9 3fR PR viarg wfehar
& foru Sroaudt gieiHRIgSIe dahids I UM TR & dhied 5T g1 39 Hey 7 8F. T4.%. 319N & Aged § HTHsTEemR -ive
Pt & 7 o=y sttt gRa Svagdt aiefRigoter am Y araeTe o (THEtemE23Mel-cha) UTferR ol weaifid et o forg T
AT AR SIS 5| 539 IRUITFRGRAY SHTHIT 100% JUST dTelT I MU WR dTell Uifer R ITH galT, S da-g—o frra
et oft| 3 UTforR 7 ST eel ReRdT iR 39 ! arges nfiefierr fewrs, ST g sifeigerag e Iy o foft Teh aiamsie
99 7S 1 A9 7 Ugel) IR Sreaudt FRAR Targ ufeham gRT AU AR fESg ol STt axeh Ut (T3S 2 3Nei-< 2) & Geisur
BT UG fopaT 3R acia | difeR & MU AR SR IuS § GUR & foTg 3R 3ggher TR B IR Ik g1 Ahal IgHeH R I8
TfshaT Thetad 3R I3 He 8l Fhdll ¢l T AY SHe 311h HeRIeH PitRgy Al (https://doi.org/10.1039/D2TC02514K) H
EEIRCIEIR

A cost-effective and environmentally friendly pathway for synthesizing donor-acceptor conjugated polymersis highly
desirable for large-scale production. Recent research has focussed on adopting the DHAP polymerization technique
for the batch and continuous flow process to synthesize conjugated polymers like P(NDI20OD-T2) efficiently. In that
context, the teamat CSIR-NCL, led by Dr. S. K. Asha, designed a new monomer for synthesizing P(NDI20D-T2) polymer
by adopting the atom economical, green DHAP polymerization route. This resulted in a high molecular weight
polymer with nearly 100% yield with no batch-to-batch variation. This polymer showed excellent thermal stability and
high charge carrier mobility, making it an attractive material for optoelectronic applications. The team also
demonstrated the synthesis of P(NDI20D-T2) using the new monomer design for the first time by a DHAP continuous
flow process and is currently working on further optimization to improve the polymer's molecular weight and yield.
Upon successful optimization, this process could be scalable and industry-friendly. This research was published in the
JOURNAL OF MATERIALS CHEMISTRY C (https://doi.org/10.1039/D2TC02514K).
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goat ufafhar Raferdt & dga tRer-smgHTERew & fIaRg9ied & forg
TH HIA FRIT Gt-3nenRa SSRE

An Efficient Alkaline Earth-based Catalyst for the Trimerization of
Aryl-isocyanates Under Mild Reaction Conditions

Dr. Sakya S. Sen
ss.sen@ncl.res.in

TR STSARITEACH BT 1,3,5-CI5Rel SMSARTRIRCE # forRIgsIe P W fIee 3 e Agcayel uRedd g, Fife a8
wHRfeder 3R UiferR & 7 Sy a5t Ueh faveyet Sikaet o e Attt o fomfor a5t o ST 81 gretios, femRmgeier wfcfsran
3 AR W YT Jth SAR! gRT IART el & e sraek @wra aRie foma e @ &iR drern gfieset 21T 81 39 T @l &l
A & fofT . AT T, A b 7Iged H AR -GG b 21 7 Uget! IR UReT- NSNS Dl foid PR o forg e &k
gedft—amenRa, IR i, . TS SR Bl eI | by T arez=i 4 uelT Tre b Seke 3 Gifti angaged & fory
IPHE IR IR T U fobar, Rt gept Hfciohar RN & T8d 1,3,5-GaRA—SMEANIRRCH Bl AHTHS UGHAR &3 |
TP STTAT SR P eI SEIT, TIFTHDT AR 3} TRE H TRHING Hefer 1 favga dva srear oot orgAfcr < a8 ugf 1,3,5-
TSReT - JMSARTRIRIICH Pl IUTGH I & folg Ues Tl 3fR Horet 71t U aowclt &, it S ga-Teend, geap! Hfcrfoman &t Reerfy
i wgr ok @ma wurdt Sfeqaw IS SR AW U HIAT 21 I MY CHEMCATCHEM ST+ a
(https://doi.org/10.1002/cctc.202101788) ﬁu'cﬁrfﬁagan o

Trimerization of arylisocyanatesinto 1,3,5-triaryl isocyanurates is a significant transformation in organic chemistry, as
it leads to the formation of compounds with a wide range of applications in the pharmaceutical and polymer sectors.
However, the trimerization reaction is typically catalyzed by metal-containing catalysts that are often poorly defined
and difficult to handle. To address this issue, the team at CSIR-NCL, led by Dr. Sakya S. Sen, for the first time,
synthesized an alkaline earth-based, non-toxic, reusable catalyst to trimerize aryl-isocyanates. The performed studies
revealed that the catalyst exhibited excellent catalytic activity foraromaticisocyanates, producing quantitative yields
of 1,3,5-triaryl-isocyanurates under mild reaction conditions. Also, the catalyst's high efficiency, selectivity, and well-
defined nature allowed for detailed mechanistic studies. This methodology provides a sustainable and efficient route
to produce 1,3,5-triaryl-isocyanurates, offering advantages such as high selectivity, mild reaction conditions, and

abundant and cost-effective calcium catalysts. This research was published in the CHEMCATCHEM journal
(https://doi.org/10.1002/cctc.202101788).
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fApead! gama &t RAfy & o2 iR H2 | AYHTA & ST

& o v POt SORS

An Efficient Catalyst for the Production of Methanol from CO2
and H2 Under Near-ambient Pressure Conditions

Dr. R. Nandini Devi
nr.devi@ncl.res.in

geant ufcfrar Reftril & d&d CO2 3R H2 | HUFTd &1 IWUIGH SRV § T 31aead A 81 37 WRUT & J1F CO2 B
PAAYID HYFTe § IRaffT Rt & forg Rer @ik geret IR AmRIa ot @t 3o & e o 9 %81 81 99 ey o .
AR, A St & Ag F HTHMSIR-TAH TS bt & 7 T Sexmefetds Nizn/Tio2 ISR el fmar, R frae -aRasfa
gara RerfcRit & T8 wediel § CO2 HUIRU & folg Ipefifafy Sik gaTetadt fGams | angadiat gR1 UGH & T3 J3ad g
CO2 wuieRYT Uferfsrar & enfiier sifeer ufcrforar wmTt uR gamer Sterch g 8iiR siafifed ufifshar a3 @t 9gar A9t UG dvell &1 HeTet
T CO2 R & foTU IpRIT SRS IIRD d Teb 3T Wl bl Ufarfiidieg exar 2 3R 39 Co2 IT 3iR Tdiexufig S
wURY H EEiRe gy & fay Ue ename IFiGaR 91T 21 T8 MY CHEMCATCHEM  SiHa
(https://doi.org/10.1002/cctc.202201150) ﬁw@lﬁgm o7

Production of methanol from CO2 and H2 under milder reaction conditions is an essential challenge in catalysis. With
this motivation, research is progressing towards developing stable and efficient catalysts for converting CO2 into
methanol efficiently. In that context, the team at CSIR-NCL, led by Dr. R. Nandini Devi, developed an intermetallic
NiZn/TiO2 catalyst that showed excellent activity and selectivity for CO2 conversion to methanol under near-ambient
pressure conditions. The mechanistic insights provided by the researchers shed light on the complex reaction
pathways involved in the CO2 conversion reaction and provide a better understanding of the underlying reaction
mechanisms. The developed catalyst for CO2 conversion to methanol represents an essential advance in catalysis and
makes it a promising candidate for practical applications in CO2 utilization and renewable energy conversion. This
research was publishedinthe CHEMCATCHEM journal (https://doi.org/10.1002/cctc.202201150).
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geat ufafdsar Rafoal & dga Gpier ot muAfeene § uRafda s & forg
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An efficient Catalyst and Green Process for Converting Sucrose into
Propanediol Under Mild Reaction Conditions

31. UA. dlo]

Dr. M. Banu
m.banu@ncl.res.in

Tfeaiet (el va Heeayut T & RIRaeT Iyt hrRIfedhed, died TRiTe, @rer iR U uerel, sreriarsd anfe afed
fafdysr &=t 4 g &1 fiStal b Ieure @ uRuRe AN o g Bl €, SR HGM SR IR-Teflep=ofiy Bleweie, Fecked 3k HH
TITEROT & IR HHATY, M| TATY, FPRUMT Hieweiar 1 FSI3i &b IcUIGH & oy HAeT ISR Hlled! 3R g-9ic 3R
TfaRT-3Tde TRidh BRI = 1 e # I TAIfy = <@ 21 S W 3 . TH. 91 7iqed # HTARAEAR - TS &t
& gRa UTehT BT ST PR & GepiST Dl 1,2 —TISI3AT H FH—TIc HUIRY & folY Tep Pered, TH: TS Ut SAReD s
fmam| 3T U et & e Tl o6 IORS 7 IGHE IR Tffafy uefia ot ok = wuiaRur R & A1 1,2 -HEIsN Y AEED
ISR U1 Y| AN, TTpIeT, BFCIST IR IR AN IR S fafte Fedged W SoRe Tafafy &t ft Sira &f 151 I8
ety Fatepufter FTe & Joaaftia IR & IATeT & fory 31fties FereT SiR feepres ufshanat & faeRed o o #eg a= Jehan g,

ST 31frep feehTss Srort Wiy H NG <M1 T8 el TRea Toil U8 Wed st (https://doi.org/10.1039/D25>E00610C) T
TIBTITCT 3T 2|

Propanediol (PDO) is an important chemical that finds applications in various sectors, including pharmaceuticals,
cosmetics, food and beverages, automobiles, etc. The traditional routes for producing PDO offer several drawbacks,
such as expensive and non-renewable feedstock, multistep and less environmentally friendly processes, etc.
Therefore, research is progressing toward developing efficient catalyst systems and one-pot and environment-
friendly methods for producing PDO from renewable feedstock. In that context, the team at CSIR-NCL, led by Dr. M.
Banu, developed an efficient, reusable bimetallic catalyst for the one-pot conversion of pure sucrose into 1,2-PDO
using a green process. The performed studies revealed that the catalyst exhibited excellent catalytic activity and
produced quantitative yields of 1,2-PDO with high conversion rates. The catalytic activity over various substrates such
as cellulose, glucose, fructose, and real-source biomass was also investigated. This research could lead to developing

more efficient and sustainable processes for producing value-added chemicals from renewable resources,
contributing to a more sustainable energy future. This research was published in the SUSTAINABLE ENERGY and
FUELS journal (https://doi.org/10.1039/D2SE00610C).
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An Efficient Perovskite Catalyst and Process for Benzene
Hydroxylation to Produce Phenol Under Mild Reaction Conditions

Dr. C. P. Vinod
cp.vinod@ncl.res.in

TE Sof EegifavIeier fheiler &1 Heelfid et o T Aeeayut ufifssan 8, St wiRes, Wi ok wrfgfesre afea fafte
el & i & foTg SURT R ST aTel e Hewayqul A 2| IRWRAId w9 I8 uRifhar dor aRRfEl ok e
STTepPT BT SUANT PR 21 ST JET &1 59 T, Dl 8 R o 1o1q ST, AT, . fIG o 7iea § AICHIMSIR—TACE ! CIF A geabl
yfcrferar Rl & d8d we-awfia S5 eregiforrerem ufifhan & folt & orcftis TamTes @ik FHaret WRIspIge IORS
fefye fopam| SaRe = fhetet fmfor & uftr Sepe nfafafds oik TamTeresar wefdia @t sregas & A | udl ger & garetesar
TG 1 TIUHH, ffadSe Pt AT, Tfifdsar a9y iR aifasdiSe Sie & aids Sieft ftrfan Rerfrat o1 wira weeaqut el gea!
wfcrfsrar Reuferl & ded IR o1 dger weel™ 3ik Redr 39 sitenfies dam & sy & forg Ues smemeia IfiqaR g 21
AU ¥ fhlet SiR 3 Ag@qul ARMAT & I & oy iftes fedrss iR peret ufsham fGaRia g |epdt ¢l I8 Ay
CHEMISTRY-AN ASIAN JOURNAL(https://doi.org/10.1002/asia.202200788) ﬁwﬁﬁg\m |

Direct benzene hydroxylationis a crucial reaction in synthesizing phenol, animportant chemical used to manufacture
various products, including plastics, resins, and pharmaceuticals. Traditionally, this reaction has been carried out
using harsh conditions and toxic reagents. To address this issue, the team at CSIR-NCL, led by Dr. C. P. Vinod,
developed a highly selective and efficient perovskite catalyst for the one-step benzene hydroxylation reaction under
mild reaction conditions. The catalyst exhibited excellent activity and selectivity toward the phenol formation. The
study results showed that the influence of reaction conditions such as temperature, amount of oxidant, reaction
time, and mode of oxidant addition was crucial in selectivity optimization. The catalyst's superior performance and
stability under mild reaction conditions make it a promising candidate for industrial-scale applications. The research
could lead to developing more sustainable and efficient processes for producing phenol and other important
chemicals. Thisresearch was publishedin CHEMISTRY-AN ASIAN JOURNAL
(https://doi.org/10.1002/asia.202200788).
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R Siet faMTo & forg sitenfies wu W snepds fg-wrIfee saacihefore,

Industrially Attractive Bi-functional Electrocatalyst for Alkaline
Water Splitting

Dr. K. Selvaraj
k.selvaraj@ncl.res.in

ari} BT BTG o 3R 3fTaR{S § seidciangied fuTor Telte=ufiar TR & et S8 Pl ST R BT U JATTSTD AL g
greiifes 39 Tfopar ® 5 aremd & R g fova ST TRy, St SR amiat ot S= o o it wenfic | 99 we 7 <. &.
AR & Aged H HAMER-TTfivet @t & 7 el fadrom ot SARa v & forg iR-wife agg urgatt w smenRa v
$Ie 3R feares fG-arafas geagihefore (ST TS 3R Heiie a1 TR B vl ¢) fmRia fhar g1 argadfer = fg-
BRITED FeIagIheione Dl Tpidd PR Ui-Hel SelagialgeR o1 UG fhar iR Some ISoR® (/< fidh /3 R SR
TG UTAT| S STl SNUdhAIsT gRT UM & T8 T5ad SfagfS I8 THeM W UH1e STeid! ¢ foh ¥l Udb Tdvel IR Horet)
Ridfees AIcet Pt gT TP 31 IReb IS AIER (STt iafianor 3R ) welRfa ot 1 3 e & wares Ioif Seured & forg
A T, P iR e e faue R & 4 #eg i dact 81 @ v CHEMISTRYSELECT Se
(https://doi.org/10.1002/slct.202201171) ki TeBTIRIC g3 T

The electrolytic splitting of water into hydrogen and oxygen is a promising means of producing clean fuel from
renewable resources. However, there are obstacles to this process that must be overcome, such as the high cost and
limited durability of the catalyst materials. In that context, the team at CSIR-NCL, led by Dr. K. Selvaraj, developed an
efficient and durable bi-functional electrocatalyst (that works on both anode and cathode side) based on non-
platinum group metals for catalyzing water-splitting reactions. The researchers demonstrated the full-cell
electrolyzer by integrating the bi-functional electrocatalyst and found superior performance over the benchmark
catalysts (Ru/C||Pt/C). Also, the mechanistic insights provided by the researchers shed light on understanding how a
single chemical system exhibits two complementary catalytic behaviors (water oxidation and reduction) by tuning

the synthetic parameters. This research could lead to developing cost-effective, efficient, and durable water splitting

for clean energy production. This research was published in the CHEMISTRYSELECT journal
(https://doi.org/10.1002/slct.202201171).
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HepiH f3USIM & oIy aReaT-3neTRa gEgSRANG hfaes

Vortex-Based Hydrodynamic Cavitation for Metformin Degradation

Dr. Vinay M. Bhandari
vm.bhandari@ncl.res.in

T+t gareil o erey 2 WYNE o foIU SIS U | SRIFTE df ST dTef! GaT He Hifi, STHdR WR STufiE Sid, g Sid 3R
i & it S et SfeaT o wgcagul A 7 urg 8 §1 39 oy STer Afas | He Bift @l geM & fore avet, anTe wred a¥ids
fIBRIcT ax= T Maeaear 1 39 Ay 7 . I . YeRt & gcd H HTASTEIMR-TRAITe Bl S = URiele Wik R JRCaRI—
IMUTRT TR Hface fSarsH o1 ST TR URME St § Je B & Jof &R0 & forg Tt iR a1fires gl varg
STAR URIelc—Telic &hel (&1, T m3/h) BT dheagde Hee | fGeRia i 1 SuaR amid & d1el A4 HiftH &
TEcaqUl &RUT H Ueh Hgcaqul e o 0 H PRI B 8| AT AGIVT b RaATh Te THI ST UG &hReb Ug Tepeiie Ugsiel JAYfet
3k AT wrem @ JRem SR fRRAT § N o Wl gl I8 MY Seicyd ' SRR FHftma Red SHe
(https://doi.org/10.1021/acs.iecr.2c02519) H FRTFIT g3TT oIT|

Among all drugs, Metformin, a widely used medication for type 2 diabetes, has been commonly found in significant
amounts in the water matrix, such as wastewater, surface water, and drinking water. This necessitates developing
simple, cost-effective methods to remove metformin from the water matrix. In that context, the team at CSIR-NCL,
led by Dr. Vinay M. Bhandari, successfully demonstrated the cheaper and more effective effluent treatment strategy
for the complete degradation of metformin in the wastewater using the vortex-based hydrodynamic cavitation
device at a pilot-plant scale (capacity, one m’/h). The developed strategy serves as a critical element in the significant
degradation of metformin with low treatment costs. By providing an effective barrier against chemical
contamination, this technology could find applications in the safety and sustainability of the drinking water supply
and human health. This research was published in the Industrial and Engineering Chemical Research journal
(https://doi.org/10.1021/acs.iecr.2c02519)
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3URD URIISI® IRBI Caralyst Pilor Plant

SR Trfiies wF (i) fafder SoRe i el oW 6
Rrefiergeq, fifsia sifaamss, Rma, aF /@ arg, mEm
T e, srgerefie IFT/d ang geRiuleluTS, v g
oo (qrarrr/ g/ Temster & Rreliemsew) s @
e TR A (T A fopam A9 ) 71oe &t e faferse gfaem 2|
At Salke oo S TEHESY, FHIRIESR,
ASGTTSoR, YeleTsuier HefiH sefs gfaemstt 3 gafoor g |

o af 2022-23 F F=ferRaa wgra afafaftrt wenfera
PITE

1 fram M w N gmRe & fou de-g-vde
HoasrgaR-triiver Na-LSX 3R Li-LsX Riafierge wor
grenfie! &1 @R (N2/02; CO2/CH4; CO2/H2), I8
T Te’ist /e — ey & fory R &1

AR arg &1, 110, 11 e o feur & forg fimr—29
R BT T3TeATSE PHRIheT fohaT T |

HITHSMEIR - T Ue  SB-Te3 AT o1 & 1T gl
T Fepfed ardfie aiferdior gRT Afdder Ig aifadio ( 93%
9I<) T ST T T8 ATHSMEIAR -GG SR Tiefiver
TR e T YT HIN 2|

gRdT IET & fAU a-Pinene isomerization @
Camphene & foTu rgefam efawrgs (Tio2) W smarRa
Gcﬁ?iﬁaﬂ PRI |

YRR ITNT F foTU anferr+ foriferes 3T SgamRIgeH
J Igdl- WRIR® 3 fsiieiige (Ferrierite/ZSM—-35)
1 farT fopam| (SR rferfarfer)

YRR I & AT ITeR T FeATSUeT 7 Risnarzse (A iR
X) o giaRor | (SR} ferfafer)

e framur HuaagemR- e At mum gRT Risierse
(ZSM-2) T IR |

1. 100 TiIcx /€T & aTell SITH STl A3
2. 5 AR /ST I RIFAH & aTel fthee
3. diTausaTg

Catalyst Pilot Plant (CPP) s a unique facility to stepwise
scale up (gm to kg scale) of different catalytic solid
materials such as zeolites, mixed oxides, spinels,
mono/bi metallic, micro-meso composites, in-soluble
mono/bi metallic heteropolyacids, waste to wealth
(biomass/kaolin/flyash to zeolites) etc. CPP is also well
equipped with catalyst formulation facilities such as
extruder, spheronizer, nodulizer, pelletization
machine etc.

In the fiscal year 2022-23 following major activities
were carried out:

Development of End-to-End CSIR-NCL Na-LSX and Li-
LSX Zeolite Granule Technology for Gas Separation
(N2/02; CO2/CH4; CO2/H2) at 1kg scale. Technology is
ready for Licensing/Co-development.

Zeolite Rejuvenation of MiG-29 Aircraft for 11 Base
Depot, Indian Air Force, Nashik.

Production of Medical Grade Oxygen (>93% pure) from
air in actual Oxygen Concentrator loaded with CSIR-
NCL Li-LSX Zeolite Granule. This was joint effort
between CSIR-NCLand NCL Venture Center.

Development of TiO2 based catalyst for a-Pinene
isomerization to Camphene for Indian Industry.

Development of Zeolite (Ferrierite/ZSM-35) for Oleic +
Linoleic Acid isomerization to Iso-stearic Acid (ongoing
activity)forIndian Industry.

® Transformation of Power Plant Flyash to Zeolites (A

and X) (ongoing activity) for Indian Industry.

Preparation of zeolite (ZSM-2) for Plastic Depolymeri -
sation CSIR-Mission Mode Programme.

Here are some new facilities added:
1. DM Water Plant with capacity of 100lit/h.

2. Filter Press with minimum capacity of 5 lit /batch.

3. PSAunit.
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bk faociauncars faem Central Analytical Faciliry

MBS DT 37T TIfADT B UZA PRA | AR AIHD
HuRo q faseivunee SudRUl BT AERT o Ul Bl
TafeTg 7Y 3rupatt, wfpaTett aiRk Swel & SrHUN w fae
9 faeciyurcds SusIu wgeaqut qfiet fywra 2
AL /MR -ITSANT  IrATITH  GAIATAT BT BT
fageryuneTes Glaur (CAF) Ta TR feeivuneta JfawT ¢,
ST T fAeeryuNeTds JUSHRUN df T SIuft BT ST
A B TG AU TANTHATSN Pl Sod R Pl g AR
ARG & AT Iod U dTel faLelsunee AU
3R qopiept WA TeH R & fory wHfia &1 59 gE-Us
A WegHieR, gelagH Highredd (S5 THswH/
BRI / 3fehal), Tad-Y fehhaeHier (RiTer e
3R UR€R), T Bicisaded WaeHex (XPS), Tai-X
T, TITHIIR (FHTY 31R Jerfer 3faveimy), 3TSalR,
d-fas, T, TARRN WagHer iR uHe faseryo
JUGRU (STA, TGA, DSC) AfIferd 81 S| RIMUAT
HoasmSeR-tfiver & oNuddfall & wI-H1 9
aupaiell (faeafderneri, dieisll, 37T JITHUN TR,
WE-3M 3R IEM) Pl AT MMaLTBarat P R T
P b g @ TS 21T glRaur & i & g de
TN T3l Bl FARAR 3R ¥Rl 79T UGH IR YR B
SYIRT Pl FAUTSD THT AR G 3 | Jfaur A Fafee
A/ PHARY SFTHUT AEANT, Tiia! FERId, HelTE,
foren ueM @ @R aumd! 3R STET TEdT Bl SHE
fagevoTeae amaegddralt og HRremr 3 & forg ufrg 81 e
gfren WagepIdl, e, HRECHTH!, T WagHe], T@a-3
fhTcahl, Selacrd HIEdIRt gafe | I
faeeIyoTeHe daiont H STaT ATen & forg SemT uRatsHTaT,
RIef FHRY R AT fA2eTSuTeres HaTall B e o IMUR
R EfHR et g1 sidRe yandaten (Hirdengam-
TAIGST) Pl U Siergs Uice & Aresd § a3 gfaem dw
Uga o foft S10 Felel b B AT T JRY IR PR B
ST 2| S THI F FTRT FANThaiai 1 31U Fiel
T F oIt Fg A B PN BRAE A b G
AT /o8 U B gl 9 e 3R 3Tgd
faeeryuTeTes watatt & forg gfaem & faoy yard & e da

From identifying the compound to its structural
determination, researchers have to take recourse to
analytical equipment today. Hence, analytical
instruments play a vital role in the R&D of new
molecules, processes and products. The Central
Analytical Facility (CAF) of CSIR-National Chemical
Laboratory is a sophisticated analytical facility that
hosts an array of state-of-the-art analytical equipment.
It is dedicated to providing high-quality analytical
research and technical services, along with a high level
of expertise and guidance to its users. It houses high-
end mass spectrometers, electron microscopes
(TEM/SEM/Confocal/Optical), X-ray diffractometers
(Single crystal and powder), an X-ray photoelectron
spectrometer (XPS), X-ray tomography, NMR (solution
and solid states), IR, UV-Vis, Raman, Fluorescence
spectrometers, and Thermal analysis equipment (STA,
TGA, DSQ). It has been established to cater to the
analytical needs of the researchers at CSIR-NCL, as well
as external researchers (universities, colleges, other
research institutions, start-ups and industries). The
main objective of creating this 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
delivering 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
eachfacility 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

CSIR-NCL Annual Report 2022-23
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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.

Total number of External sample analysed =1138

Total Revenue Generated from External Clint = Rs. 52,
88,790/-

3itenford IYgSildi DI AR 3318/ National Collection of Industrial Microorganisms

sitenfies el @1 AT e (TTAIETH) T I
gfarer 3R 1Y g 51 e 3iR Aerfdres FHer & forg arfaes
iR sitEfies U A Hecaqul Jersiial & JUBIDRUT, FHRE0
iR faeRor & forg wfda ¢ 1 efenden & adHe g §
5000 aged e ¥ | 9% oifiRed SierEfie ok
whilcgiue Ul & gerstal o ggar iR fefarfers
ARe (forftheTgsion) & Fafta Jamd ot wRASIET g
TS f STl 8 1 1000 & FRIG-aig STarofsii af gfg ot
SYL T FiR T 250 T UgE @l TS | TARASTEe F qu
T et Iy g7 & forg sitenfies ik Sterfdie & t el
P T (5. 440 @RI ) 3T AT Bt & | $HP St FATEHT
Pt fafderar oIk orac vdue TRftesed @ faw, sitwefy
TANISMTATY, TR fider hgh & Arer—are Sienfies Areert
& oIy IR "R R oG gffedl TeM < ¢ |

TRRATIATEUH Tos HhexeF 31t Phedr Phold (Seeguhw)
1 T Adg A § |

National Collection of Industrial Microorganisms
(NCIM)is a national facility and repository dedicated to
isolation, preservation and distribution of authentic
and industrially important microbial strains to
industries and academia. NCIM collection currently
comprises almost 5000 items, including Bacteria,
Fungi, Actinomycetes, Yeasts and Algae. Additionally
also caters services related to microbial identification
by genotypic and phenotypic methods, and long term
preservation (lyophilization). Nearly, 10,000 cultures
were supplied and around 250 were identified. NCIM
has earned significant cash flow (Rs. 440 Lakhs) of
revenue from Industrial and academic sector to
become a pioneer repository in the country. The
diversity and quality management of its bioresources
render the NCIM an internationally known supplier for
science, pharmaceutical laboratories, national
reference centers, as well as industrial partners. NCIM
is an affiliate member of World Federation of Culture
Collection (WFCC).
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DRI IY<Ioll IRMIEIT g Digital INformation Resource Center

ST T AT g (SHSSIARAT) TN DY ST
SIS Pl S, AT e iR IRATRT Pt o
qRETeT QErdT, e, TRY 3R JRET H YR H=A & fog 3
T 3R fIeaa g MU TRaT ot T Hfehar #
THTTIR HRIRT 1 TR & TS & SMURYT AT BT
TEUT PRd AR b, AT STECT |l Bt ATSHT, T,
HATET & ST —ATY TP FISRR, ATFCIIR & RRETT &
AT EERR BT H} WISl T 21 A1 F SremsarRe! faftr=
farqmt oiR et & forg Swet feT-ufafes @ nfafafirn &
1T SUHaTSTR, daTEaTR, THANTSUH & 8¢ YaUH 3f oY
3TeTTgel Teeilch ot &t Ht e Ry [aaT ¢ |

a¥ 2022-23 3 B yHE TRIRARRT W TR & :

Slomgersht 7 fRyd at | il AR /RS iR Aead
UGV & [II-Y g 8 guied, dieed), diemsradiv,
foRY&TOT, STRT T U SRTHT, TR Shgiel IR ST A gad
<) ST g, BT Y KaTa g gRT ot ST & | I8 SRt
§ R &Rl | ifies Sa¥e /eueiy sreer, fier silk
31 IR & G SUBRUN o TERENG BT TG Bl ¢
&g, gRT FafFfHT ‘Bractd’ qa H fRUT STT By, BT RRETT
R gU SR § PP Seiiepi b foll THDT 24x7
SUCTeUT G PR 2| FH TRINTITET H aRiRe qad Aead
ATFCITR T TERTT 1Y T | g = T/ ifafdr 7g &
4= T R 50 9 31 = LAN 91 e /aRafdd fpg
21 3 AT UGS | TG STIC oS argHl o dder 3R
Tl @1 geue fhar, R TR @ 24x7 $e¥C
ST / SN B AT a5 T | e,
afoRre R gRea d§ A6 W e amEd amenRa
SR /3MSCER BRI | ot YT JuTelt T TERwTd avel
2 | yameren ®§ At el R wifia d @ oiftes
IR Aex, a9 MUIRT TS dhejdl 3R I Y§eH
el T ST SRS GRT b STl 81 59b gRT
faurfy e @e, PIRSR, dlvgave wed, Afifr 7z,
BNea 3Ie SR faft vt R |t 9 et -
IuehRuT w1 faRd 1

Digital Information Resource Center (DIRC) is
continuously in the process of visualizing, anticipating
and defining ICT needs of the lab and setting up its
efficient and reliable infrastructure to improve the
operational efficiency, convenience, speed & security.
While managing IT infrastructure of the lab, center
takes care of planning, installation, operation as well as
maintenance of necessary hardware, software as well
as human ware of all the IT assets. DIRC also maintain
online applications like EMIS, PIR, MIS, Indent
management etc. for various departments and
Scientist for their day to day activities.

Some of the highlighting activities in the year 2022-23
areasfollows:

It maintained two data centers consisting of more than
hundred server/storage and network devices as well as
essential non-IT infrastructure consisting of high end
UPS, PAC, VESDA, Surveillance, fire detection, access
control systems, etc. located at DIRC. It managed
maintenance of more than thousand desktop/laptop
PCs, printers and other computer peripheralsin thelab.
The center maintained the DATA CENTER, located at
the newly constructed 'Convergence' building, while
ensuring its 24x7 availability for the computational
scientists in the lab. We maintained latest version
'Quick Heal' antivirus software, in order to provide
virus-free network environment in the lab. The center
has provided/altered 50+ new LAN ports at various
locations in the lab/guest house ~Managed balancing
and scheduling of dedicated Internet leased lines from
two service providers, ensuring 24x7 Internet
requirements/applications of the lab. It maintained
surveillance system consisting of more than sixty IP
based Indoor/Outdoor cameras in the lab, guest house
and hostel. DIRC looked after web based 'Access
Control & Time Management' system, while
maintaining more than twenty biometric readers,
installed at various locations in the lab. It has managed
100+ Wi-Fi devices installed at various locations to
provide Internet in the areas such as divisional conf.
rooms, corridors, PAML Building, guest house, hostels,
etc.

CSIR-NCL Annual Report 2022-23
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sirol 3iznerol b Knowledge Resource Center

THSNE3NS —TACET, gUl &b IR / GRRIPIerd H 54884
gD, 3000 $-TD, 80494 TS ATy, 2545 i,
4400 RO, I 2500 TN G et & | a¥ &
SR TRIPIeT TGI8 7 45 9 1fUd Tead, 45 AR, 54
IS AT 31 30 &S greteh anfiret oot TS &

QRGBT @ 4 AESD A ACRR S KOHA,
DSPACE, DRUPAL TG & #Ted A JRIBIed da1se,
QR et TR @1 g e & T v 956 $-
ol SRR |

FRe/geddrerd 7 NKRC (TThei=e) dg & Aresd 4
HHALAR-TTATA &b Janmedial & fog fafte -
AT B TSI oft B TANTeRdtal Pl sty dar
TG & & folg TRIpTery GRT ARl UTd STl iR -
AT b THTeT TRANT SIR TRATeT o deiliHep g @ dt
3T ugfat ot sidffase axe & for oRae BRieE,
afeten HRisEHT 3R deiien T, AfFRI, i aHlem
aratal &t ST TRIBIeRT v 2l

HITHSMEAR-TABIIRA FG &b AT & YARTiai
= e SicRTsR ep1ern! & $-ufFaralt iR -l
@t Soft o e frer oy & SR Tt wHiew, TemEdT,
iU, STEEE, et AT 3fth iR, amsandt—fasi,
e ufFen, axid /¥ afar, o, e, sifaawhid gfrafic
U, TR 3R GBI, TGACIH e ST wg@ fageft
TPISDT b Uga H AeM gni | | g Rl SR gfea
afeait (TR 31k SRl @) Aewdn off 7 |

D AT & GRIDIer a2y STIeRT 1 H FSHIT ol & o
f3 iT henticate wISTRSH  ATHFCRR, TTHRAT HIFCRR, I
3Tt ST Scred, e HiEsY e, 3iifde seferord
FREA ST 3N ST S99 3R | 37 oced § yaer

RTeRdT AT /UTTad a1 Fga Tedive oSt Sioft o wrey
J frar Sar g

The KR(/Library of CSIR-NCL, Pune holds 54884 books,
3000 e-books, 80494 bound volumes, 2545 Theses,
4400 Reports, around 2500 lab books. During the year,
more than 45 books, 45 theses, 54 bound volumes and
30 Hindibooks were addedinthelibrary collection.

Library Team has designed a robust e-platform for all
Library Management activities for maintaining Library
Website, Holdings, Publications Data & Research
Output through open source softwares i.e. KOHA,
DSPACE, DRUPAL etc.

KRC/Library subscribes to several e-resources for the
users of CSIR-NCL through NKRC consortium. To
provide state-of-the-art services to the users,
KRC/Library arranges author workshops, training
programs & technical sessions, seminars, book review
talks for the effective utilization of subscribed
databases and e-resources by the library & inculcating
readings habits amongst the NCL scientific community.

Through CSIR-NKRC consortia, users get access to
range of e-journals & e-databases from different
leading international publishers. During the year, users
were able to access more than 750 e-journals from
leading foreign publishers such as ACS, AIP, APS, IEEE,
Royal Society of Chemistry, I0P-Science, Science
Magazine, Springer/Springer-Nature, Thieme , Wiley,
Oxford University Press, Taylor & Francis, ASTM
standards. Various popular print journals (Indian &
International) were also subscribed.

The library also subscribe to several specialized
databases such as iThenticate plagiarism software,
Grammarly Software, Web of Science Database, Sci-
Finder Database, Orbit Intelligence Questel Database
and Derwent Innovations Database. The access to
these databases is provided through username/
password or through designated NCLIP range.
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SIEUN T IR @t TfafifRel & gare dEed & g
FA S A F FHUN Td e & oy e smuRr W
wAfefeeh @I, TR/ ATseHiceT fA%elwor fdhar < e 2|
qRIDIeR I SIS & fofY HARTHATSAT Bl SR JRTepler
1 @ R f ueE a2 S ArasTgeR- e
REJPIeR H IUAY el ¢ | SFIAUT Ta faeprd o wra
TeeH & ey § defe TS B STaIbhare Pl A
B o foru ISt T 7 STRIY R W 1613 UFAGHT oiedl, 86
AR / SRS AT, 22 2R, 113 $-TTai, 13 Ralet
3R 99 UCE Bl YRIPIeRT HHATRAT GRT AHTST T | D
AT & gEIopIerd gRT faft faqeft srem & ucet oiR ol s
SEA, S, B, S, A St T H ergarg @t dar
ft ye @t et @

For smooth functioning of R&D activities, services like
ILL, SDI, Translation, DDS, CAS, Reference being
provided along with Literature Search, Bibliometric/
Scientometric analysis being performed on daily basis
for R&D. Library provides Inter Library Loan facilities to
users for the documents which are not available in
CSIR-NCL library. Large number of requests 1631journal
articles, 86 Indian/International standards, 22 theses,
113 e-books, 13 reports and 99 patents were handled by
the library staff for satisfying the needs of scientific
community regarding effective performance for R&D.
Library has also provided translation service for various
foreign language patents and articles such as German,
Russian, French, Japanese, Chinese to English
language.

CSIR-NCL Annual Report 2022-23
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vlenforasl uderet 219 Technology Management Group

HamgeR-Trefiver & Hienfiel ydusm g (St
RIS AR-TTRATe SR IE ARIERI (S, WIS 39,
T TaUac, IRBRN Foler, TIoisn gmfe) & &
HYP b WY T PRI BT g1 THIMSIR-THTT PRI 0
ATHASRI B T PR @I R, D! BT TRIwTemeT 5 fog 51
¢ Pt A fredt-Sercht € iR Rt offe wmgept o ugar s
A | SIeEStt B YT T AR $T AfPT B A TG
AT SR AT Hedt Bl Te ret o foTg FTeiGRY o ey
BRI PRATE |

Susht & fFafia wu @ 53 9 a1l B arf -

o AumSt HATHsTER-tRiiver & wft uEent @ weEfiq
TREIRe 3R TN ATt ol Yea axar g |

* Y, TSR, AU IR FaTER BT T PRAT &

o HTAMEIAR ~TARAITeT & forg RO ot wraween ot iR
ferm —frcer ST g U faeoel 51 & ®u H PRf AR g |

o Tt TR JeTeh AT, AIbE IFTAUM 3R FaaR]
Tgfaat @t @iel AT

o AR TEEH, Tehrilep! gicRur 3R Hifer & siarid aRarsHe
URH H=AT

o TEfilet ERATaRl, FaER W§eE iR eawiiie e ot
ST I & oI UTGashy SR PHrRILMeATaT &1 Teer e

UAd WD AR UAD AR B [Afdrse arasgaanat 3iv
T Wenfiet smemRa wmu & forg v fiftne TR
R &Y ELIDHAT It | TS & s HASR UTED! B
Y U ST aTet Tenfieser URTd &t SURkET Bl THeH &
forq HHuasmEemR-giiver & denfreat iR aaRal & wrer
WRER FH B 8 SR SFPe 2aTId ARIGR! B UgaH
PRSP 3R ITh WY BRI PR W FHYM Pl IAG 3R
Jareli & Aepe | yRafld a=d g1 39 a9 § st 4 270 |
IRIP UTgp! /ATIGRT B AT FUD b 3R 125 F 31fep

TR SFHY ogey, WRel 3R daiiar dar ey,

The Technology Management Group (TMG) at CSIR-
NCL acts as a bridge between CSIR-NCL and external
stakeholders (industries, start-ups, individual
innovators, government ministries, NGOs, etc.). CSIR-
NCL is constantly looking for partners that have
interests overlapping with whatis being done at thelab
and will quickly reach customers. The role of TMG is to
actively manage these partnerships, and work with the
stakeholders to provide value to society.

Some of the routinely done tasks at TMGare:

¢ TMG manages all client interactions and

technology-related matters at CSIR-NCL
e Handles contracts, licensing, marketing and

innovation management
e Functions as a think-tank, formulates strategy

androad-mapping for CSIR-NCL
e Conducts techno-commercial assessments,

marketresearch & tracksinnovation trends
e Undertakes projects in innovation manag-

ement, tech transfer and policy
e Conducts capacity building courses, work-

shops in technology transfer, innovation
management and professional development

Each client and each partner have specific needs, and
each technology-based solution might need a specific
deal structure. TMG case managers work closely with
the scientists and staff of CSIR-NCL in understanding
the contours of the technologies offered to the clients,
and identify suitable industry partners and work with
them in translating this solution to products and
services in the market. In this year, TMG has liaised with
over 270 clients/partners, and have concluded over 125
agreements (including transactional agreements like
licensing and option agreements, sponsored research
agreements, consulting and technical services
agreements, grant-in-aid agreements, corporate social
responsibility engagements, and non-transactional
agreements like NDAs, MTAs, MoUs, etc.) Such
focused efforts have helped in de-risking and
commercializing various technologies developed by
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AERIT IS Y, AHfeD AHIND IciRaldE ey
iR IR =g9gIRes 3§y S NDAs, MTAs, MoUs (S
M 3 | 390 TRE D biad T 7 AR -
SR i a1 denfifsal @1 Siew & gad = 3R
T HATARITPRT Bt H 7EG B 2

AT Tp SEuve Bie (SUHSt caleist g
gEoRT) H RN TR & HEifie! FaERT B Uh mafis
(TRis) goomd Hft T aRaT g, S ek -
TTeet 3 g AT ety vl 5 srgsu™, e v iR
TaRiteRoT AT T wferd wRar 7

Aeasll & P HAOR I & UTED! DI AT DAT Dl THA
3R yAeNeT § ST 1T & IHTE FHIE! BT Hidbe §
HUICRYT Hh IFIY Pl A&H T P foTq 3Pt TR Bl
fmior et  areet aRE A U E |

CSIR-NCL.

TMG also publishes a periodic (monthly) roundup of
technology innovations from around the world in a
digest format (TMG Technology Innovation Digest),
which summarizes research, investment trends and
commercialization activities across the seven research
themes pursued at CSIR-NCL.

The case managers at TMG are well-versed in
understanding the needs of the industry clients and
structuring suitable frameworks and agreements to
enable the translation of the science practiced in the
labs to effective solutions in the market.

CSIR-NCL Annual Report 2022-23
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difg® 2uc1 295g  Intellectual Property GrOUp

SATHSTEINR - GTRA10eT H S Ao A (SMedistT) v ar
e, e S detie iR feneffal o 57 wri &
sifiRad Sl Sifeed duer ot SR, gRem, ggea,
fRRAT 3R qoaie § FEIdT BT 8, A F MIHRI,
DT BT FHIT PRAT IR HTANEIR-TTAT A
IfISPR BT I |

STTEUIST Tefiuet 9 fireres st (1) wfshan &t demifvept &
3Pt SR effer ST U Faeft STSUY RaM b qF AT
SEPIOT o HTeTH [ AU UgeHT Ieed IRT hRaT B | G/
JfISHR P USRI BT IARATPRUT PR 3MMEUT (IP) SRR
&1 oo T 21

HeHemgeR YR o Wared e reM Wt & 3R
AeaaTER-TRAveT 59 Tearat § ~33% Pl INE T 2|
ITSUTSH fEoTe 3fR 28T & 3rerrar fafi= 2ot 7 1200 Uce
SIS & USRI & TE vl ¢ IR ATdeTes &3 J
AT HGH B dTel depriep! g¥iaRul Brferl § § U ¢
HIaMaTs 7 2021 H IS MU GISHIferdT dret IR Us &
AU & Hu - ATIAEAR —TAive B sifenfies difes

SHUET YREDR UG Peh 39 T2 Y A=l UG 1 € |
39 & ot uRfRRURIST T3 @Y 7eigd F F oy o

ST W Yfcf o SISt IS S FUGT STiadha Hee
(THSMSUITTH ), TSR Feh IR Feer el (Amgdioe)
T 9AT o & Y YR Ude drferg & ATer fiieas drf o
R | TIRNSfivey & ofchfd  HIRd H oRTHT 30 e,
Pletall § B3 PRIHT MARTT fFT MU R T 8000
SHiGIR 3H eI U

Th FEINMCHED IRIATSTAS PRI & el msdls F
dioad) feneffal & for v fRawfia wriemerstt @ siwaer @1
o b, T I U g wifdrerr SiR SFep! ISR
& o ST & 3TAR DT HH P B forg S SNerfdres wifdreror
& arfciRad I Aioe dieret § ufifaid fomam S a1 R 9Rd
F Ut 11 BRI Bt SRl H 400 THSSTH URFAYS HRIR
9INPT P SIS TRT 3 fIw &b Arr—|qrey e 3ik
Henfie udem, g, feoeT Rifbufd, wadidem e o
Jofeas HReR, faee dar, A o e vt o
yfdrfere fomar a1

The Intellectual Property Group (IPG) at CSIR-NCL is a
service group that aims to help scientists and students
to strategize, protect, secure, valorize and extract
value from intellectual property emerging out of their
work while also championing the cause of inventions,
inventors and the spirit of invention within CSIR-NCL.
IPG manages the ownership assignment, MoUs and
agreementsin case of collaborative research.

IPG of NCL meets its aim via two prong approach of
firstly strategic IP protection by making the process
scientists friendly and quick. Secondly by creating IP
awareness amongst scientists, PhD students, research
staff to create a pipeline of invention disclosures.

CSIR is the top most patent grantee in India and CSIR-
NCL contributes to ~33% of these numbers. IPG
manages the portfolio of 1200 patent documents in
various countries apart from designs and trademarks
and is one of the best performing tech transfer offices
in public sector. Cll has acknowledged this fact by
conferring Industrial Intellectual Property award to
CSIR-NCL as R&D institute having best IP portfolio in
2021. For the fulfilment of its mandate of
strengthening the IP ecosystem of country IPG has
collaborated with Indian Patent office to participate in
National Intellectual Property awareness Mission
(NIPAM), Cell for IPR Promotion and Management
(CIPAM). Under NIPAM, several events were
conducted in around 30 academic, research institutes,
incubation centers, engineering & medical colleges
across India and nearly 8000 candidates were
benefitted fromit.

Under a collaborative iRISE program, IPG has
organized series of one day workshops for PhD
students to train them in soft skills not routinely part of
the academic training to bridge the gap between the
training imparted and their employability. In series of 11
such workshops across India, 400 STEM early career
researchers have beentrained by IPG intopicsinteralia
IP & technology managements, leadership, design
thinking, alternate careers in STEM education, science

communication, policy writing.
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Hoasngsme-fSsen CSIR-Jigyasa

fase et WRITYE dhg : wergaR RS B B-
dee WS BRiBH § S S arSed W &g gRI
HITHAEAR — IR IR TALMTAT § Tt e gl
Hoamgam e &1 S vEt & Oi7 & s B gty o
IGMPR TR S dTel BEAT & forq FRRRIT srgeem sRimener
JmeaTRa fem W &I Biga wxp wer e #7 fRaR & gl
o af 2022 -23 § #AR gRT ATHAMEIR -~ TRivA 7 i
TR riehd 3R B3 & T IR SR BRI ST fope U

@A BT AW 3R Tt 7w

* T Vel 23 7, 2022

o g e et 3 BRaNl, 2023

o Py e 15 3R 16 TR, 2023
o I T Tl 20 ¥Redl, 2023

TR BRIHAT 7 Al, A9 Sfie TR FaraRi &1 794, RSC AR
S G ¥ dfE g waw R wifie afffar ek
THAEIAR - TTHITS DT SFHUM SR ey ifafery & faesor
ot onfiyet § | BRIT & AT oF aTet femeffat @) W@ 701 o,
vt =T fermerit & 51 e afivet 9

I faRad 8l femer drdd, demfe, HivasndemR-T=iva &
qr ‘ATD g1 BT TER T W Th 3N PRipH
T fopam R ol ST eseNta Mffaftrt & iaid et &
fore SRt emNfoTa fasa R, oA mERTSe & AT el & el
faft=T Pttt & fenfifat o frert 3 waimemer & Qe o
g b forY RATTHSATSR - GRiiget o &K1 e

Science Outreach Resource Center: CSIR Jigyasa is a
student-scientist connect program carried out at the
CSIR-National Chemical Laboratory by the Science
Outreach Resource Center. The objective of CSIR
Jigyasa is to extend classroom learning by focusing on
well-planned laboratory research based learning for
school students by enhancing science temperament
among the students. At CSIR-NCL, we have organized
five engagement programs and four student visits
during the 2022-2023 financial year.

School Name Date of Visit

» Snehwan School
 Hutchings High School
* Kendriya Vidyalaya

* New Era High School

23" May, 2022

3" Feb, 2023

15" & 16" Feb, 2023
20" Feb, 2023

The engagement programs included the Al, impact of
innovations on human life, hands on activities on the
'Global Coin Experiment' in collaboration with RSC
India and an overview on the research and
development activities of CSIR-NCL. The total number
of students who attended the program were 701 which
included 51teachers from different schools.

Besides this, an online program was organized with Dr.
Dinesh Sawant, Scientist, CSIR-NCL on 'A journey to
become a scientist' was organized on 6" July, 2022.
College visits were organized under the science
outreach activities carried out wherein students and
teachers from different colleges belonging to different
regions of Maharashtra visited the CSIR-NCL to see the
laboratory facilities.

CSIR-NCL Annual Report 2022-23
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af¥rifest Jar 3Ts (STY) # TR Hieaf i, druw, Rifder, foea, o g, Fifet oiR AR SR Ag@yut I e
21 STAY TIRTRITAT e 3iR Pl I@=e@Ta & fot Hgayul g, Sl A3 HANTITe PRI GG b forg Fecaqul ¢ |

TR SRR SFTHRT MSEDCL | HANTRITE, Piirt, IR gred, g, feriRRl gafe &l fgld smyff ueM @x & forg
SceRerlt 81 T8 STTHTT FYUT TN Td SictivT qoiT S Fafird gfaenatt Jert ot lenatt & A1 wed o R ot a+t orgel
T IERETE BT ¢ T8 STFHTT fIegd Iuehs;, FIaRor woreft, HR Fott Horet, Siet SHReR, AR 31 1 Y I@=@ra e 2|

AT AN & foTY ITRETT 81 TZ SFHRT TR bl USTe] SUETed] IR o fofl STet Fae T et o A1 & SHBT &G
o} AT 2| TE SIFHART I HIHAT H WG DT IUTGT PR gL B b STl FaRAT o foTq et Fae |97 Wt Iawd g | 97 grs« i
Raeara Y Rifdet SgumT gRT R ST 2 |

Tifent SIifet SIHT aTer ud, SR, dagn Uy, I-uTsfiT wunelt, wH ge SRS & vy, ST & wry-arey Fafia
RRERTA T & | Hod DRI G &1 SuainT i, fhfem, dfedm, bisdrem, HRu sanfs & waftd faftm aifyet st & forg
T3 ST 21 I8 SITHTT TSI &1 SMaeThd1all & forg arel T A feifer Arsgior @i ol W HeUH PRal 81 I8 TR JHt
TR & ARTIGRID ‘PRI iR WR BT BT Ueer, TATIHT P AT —TT TR BT &Tet G & | DRUC] IR Jameer &
WhTER YSY & AT A7) AR bl HY €T a2

fifaer aftrifa:
* KG TIRTITeT & STRIUTR & &3 # o GSMS, HPLC gfaem ot fsfor
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S&T SupporTt Services

ENGINEERING SeRrvices UNiT

The Engineering Services Unit (ESU) encompasses pivotal sections such as Air Conditioning, Carpentry, Civil,
Electrical, Glass Blowing, Mechanical, and Telecommunication. ESU stands important for laboratory operations and
colony maintenance, whichis vital to overall lab functioning.

The Civil Engineering section is responsible for buildings renovations/constructions, foundations for plant erections,
roads revamping, colony maintenance, drainage cleaning system etc. The section also runs and maintains water
treatment plant for providing drinking water to the laboratory. It also runs garbage management plant for proper
disposal of waste while producing good amount of manure. Pump house is also being maintained by civil section.

The Electrical Engineering section is responsible for providing electrical power supply received to laboratory, Colony,
GH, Hostels, Dispensary etc. from MSEDCL. The section also takes care of the entire laboratory and colony and allied
facilities lighting as well as all the roadside lights. It also maintains electrical substations, distribution systems, solar
power systems, diesel generators, telecommunication etc.

The Mechanical Engineering section looks after procurement, installation as well as routine maintenance of water
pumps, compressors, vacuum pumps, gas-piping systems, fume hoods etc. The central workshop facility is used for
various machinery work related to turning, fitting, welding, fabrication, carpentry etc. This section also manages
outsourcing of Liquid Nitrogen plant for the laboratory requirements. The 'Refrigeration and air conditioning' section
takes care of procurement, installation as well as repairing of all sorts of comfort as well as precision ACs. The
carpentry department takes care of laboratory furniture procurement as well as repairs.

Major contribution for the year is as follow:

CivilEngineering:
o Creating central GSMS, HPLC facilities at the adjoining area of KGlab
® Renovation of Director's office
e Renovation of various laboratories in Biochemical Sciences building
e Creating office space and custom-made furniture foran F&A project cell onthe third floor of the Main Building

® Renovation of the areain the service block behind D wing of PAM building and at Pilot plant no. 1 for CRTDH project

Electrical Engineering:
e Replacementof old PILCA type cables feeding power to main building
® Replacement of Oil Circuit Breakers by Air Circuit breakers at Substation No. 11
e Replacement of Light fittings by LED Lightsin the various laboratories
e Electrical Renovation of Director's Office & F & A Project cell at 3rd floor of main building
® Providing APFC Panelin Substation|
e Electrical Renovationfor creating central GCMS, HPLC facilities at the adjoining area of KG lab

e Electrical Renovation of service block behind D wing of PAMLfor Pilot plant
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S&T SupporTt Services

ENGINEERING SeRrvices UNiT

Mechanical Engineering:
e Utility servicesrelated to air, Vacuum and plumbing - Day to day jobs related to fabrication, fitting, turning, etc.
e Procurementand installation of Lab furniture like, Steel lab, Furniture, etc. for various renovated labs
e Routine/break downmaintenance of all types of air conditioning systemsin thelab
e Various fabrications and repairing works related to carpentry

e Extensive use of motorized forklift for material movementand motorized trolley for Gas cylinders movement.

Glass Blowing:
® Fabrication of various glassware articles required for scientific purpose

® Repairs of general purpose as well as special glassware, submitted by scientists and students

Communication System:
e Providinginternal as well as external telephone facility to all the scientists, staff and in most of the wet labs

e Managing preventive and breakdown maintenance of the telephone exchange
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S&T SupporTt Services

Skill Development PrRoOGRAM

CSIR-NCL has embarked on implementing the “Integrated Skill Initiative” program by offering various skill
development and upskilling courses for undergraduates, postgraduates and indeed to the youth who remain
unemployed even after obtaining a degree. The workers and industry staff members will also be benefitted from the
proposed program. The outline of the program is to bridge the gap between the industries and academia as a whole
by enhancing the support towards entrepreneurship and creating a platform for students and professionals working
in the industries. The emphasis is to create a robust and sustainable training module of trans-disciplinary nature for
skilled workforce generation for industrial requirement. The main aim of these courses is to create the high-quality
trained/skilled workforce pertinent to current and evolving industry needs in the S&T sector through training in
diverse areas at different National Skill Qualification Framework (NSQF). Most of these programs will be aligned with
the National Skill Development Council (NSDC) through their Sectors Skill Councils (SSC).

CSIR's policy towards Skill Initiative is focused on “High-end Skill Provider in the National Skilling Ecosystem”. These
training and development programs are also linked to employment generation including small-scale
technopreneurship. This ensures a sustained supply of skilled workforce among various technical areas that enhance
multifaceted livelihood opportunities in India and abroad. Moreover, this skill initiative at CSIR-NCL is an attempt to
boost Research & Development in the country by enabling and grooming potential PG / Ph.D. level students by
developing dedicated research skills in selected areas/disciplines/fields through high-end workshops. This is
especially important for researchers with limited opportunities to access such learning capacities/facilities/
infrastructure. Furthermore, thisis an effort toimprove the research productivity of promising PG and Ph.D. students
from universities and colleges through high-end workshops on specific themes. This program aims to provide
opportunities to acquire specialized research skills.

Key Achievements:
Conducted atotal of 12 skill development programs during April 2022-March 2023.

A total of 153 candidates were trained on various analytical equipment and techniques as well as synthetic organic
chemistry.

Skilled 200 project/summer interns under other skill/training program. The duration of this skilling program is 2-12
months.

Created quality humanresources (skilled workforce) for the industry.

Seven participants of the skill development program on 'Synthetic Organic Chemistry' have been offered ajob by one
of the leading pharmaceutical companies in the campus recruitment drive at CSIR-NCL. The candidates joined the
positionimmediately after completing the skilling course. Some participantsjoined CSIR labs as Project Associate.
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S&T SupporTt Services

Lab Safery ManaGgement

CSIR-NCL's Laboratory Safety Committee has been actively involved in implementing lab safety practices and
procedures all over the campus. The safety committee works under the leadership of Director, Dr. Ashish Lele and is
stewarded by Dr. Santosh P. Ghuge (Chair) and Dr. Ravindar Kontham (Co-Chair) in planning, developing and
executing various safety standards for the laboratory. Various regular activities undertaken in safety management
include quarterly lab safety review meetings, quarterly divisional safety audits conducted by divisional safety
committees, hands-on fire safety trainings to all new project associates, AcSIR scholars and project interns, lab clean-
ups, waste chemical (both solid and liquid) disposal, waste solvent disposal, and providing basic PPEs to all labs.

The major initiative of the committee for FY 2022-23 was to celebrate National Safety Week to further strengthen
safety culture among staff and research scholars. The week, from 4 to 10" March 2023, was celebrated in CSIR-NCL.
Display of banners and standees, poster, drawing and slogan competitions, special invited talk and fire drills are major
events organized during the week. A special talk by Dr. Vinayak Marathe, former Sr. Vice President, Reliance
Industries, was arranged to raise awareness about the risks and hazards associated with the handling of hazardous
chemicalsinlaboratories. Demonstration of firefighting drill by Pune Fire Brigade team of Pashan Fire station was also
organized during the week. The best safety compliance awards to three labs from each division were conferred
during the celebration to boost morale of research scholars and Plsinimplementing safety protocols at thelab level.
The announced and unannounced fire safety evacuation drills were conducted in all building to sensitize the staff on
what prompt actions to be taken in case of emergency. The good observations and learnings were communicated to
all the staff for their information. The lab safety committee has been also instrumental in getting regulatory approval
from MPCB like consent to operate (CtO) that include periodic air/water/noise quality checks and hazardous and non-
hazardous waste disposal for the entire campus.

Events organized during National Safety Week
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S&T SupporTt Services

1.  Funds Utilization

CSIR Grant
Projects (R inlakh)
Network (including C/F) 2049.491
Non — network 18308.781
NMITLI Projects 0.000
EMR & Scientist Pool 0.000
Laboratory Reserve 66.183
Externally Funded Projects 2062.538

Misc. Deposits

Payment on behalf of outside bodies 0.000

Deposits for Sponsored conf. [ seminars 0.000

Total 22486.993

2. Generation of Lab Reserve (R in lakh)
N Through earning of interest on investment of surplus funds (other than CSIR) during 120.291
the year
From other heads 784.392
Total 904.683
3. Investment of surplus funds as on 31.3.2023 (% in lakh) 6000.000
4. Clearance of OB items
Adj. made during the year
Private 65
TA/LTC 159
Local 35
Total 259
No. of items 259
Bl Payment 11802
Receipt 4110
TE 185
Total 16097
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2021.22
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Ioq 3 I |

2021.22

2022.23

Pl UTH UG {saTied JHTIS 3627 1730 32.42 48.73
o feu MY 3SR (3rmiTherd) 27 76 5.99 24.64
PoT fou MY iR Feqelt : aferre 3600 1654 26.63 24.09
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Accomplishments

Numbers Value (% In Crores)
2021-22 | 2022-23 2021-22 2022-23

Total indents received and Processed 3627 1730 32.42 48.73
Total order placed (imported) 27 76 5.99 24.64
Total orders placed (indigenous including 3600 1654 26.63 24.09
online RC orders)
Local purchases & Gem purchases 2069 & 332 NA 268 3.46 & 0.40 NA 1.58
0.Bs adjusted during the financial year 6 10
Utilization of Custom Duty Exemption
RC orders 532 530 1.71 2.87




S&T SupporTt Services
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Publication and Science Communication Unit

Publication and Science communication unit plays an important role in communicating the information between the
laboratory and its stakeholders. It prepares and issues press releases and also coordinates the videos for its
stakeholders. The department compiles the annual reports, brochures and uses digital media platforms like LinkedIn,
Twitter, Facebook, YouTube, Web applications. It also manages the external and internal websites. The unit with
activerole of scientists participates in exhibitions across India and conducts interviews with scientists on the request

of mediareporters.

PSC coordinated/ participatedin following exhibitions during the year:

e PuneAlternate Fuel Conclave, Pune (April 2-5,2022)

e ChemTechWorld Expo 2022, Mumbai(June 8-11,2022)

State S&T Ministers Conclave, Ahmedabad (September10-11,2022)

IndiaChem 2022, Mumbai (November 2-3,2022)

108" Indian Science Congress, RTMNU, Nagpur (January 3-7,2023)

® |nnovation Festivaland Western India Science Fair, Nehru Science Center, Mumbai (February 1-3,2023)
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Patents GranTted: INdian

Title Inventor(s) Patent No.

Short flash chromatographic process for isolation Ashish Kumar Bhattacharya, Innaiah 394161
of bioactive sesquiterpenes from vernonia arborea | Kumar Polanki
Catalytic process for oxidative desulphurization of | Shubhangi Bhalchandra Umbarkar, 394292
hydrocarbons Sonali Balasaheb Khomane
Novel method for arsenic detection Meitram Niraj Luwang, Debasish Ghosh 394857
Highly Crystalline Spherical Silk Fibroin Micro- Anuya Amol Nisal, Premnath 395263
Particles And A Process For Preparation Thereof Venugopalan, Bhakti Dnyaneshwar

Khude
Triazine-Based Aadd-Type Self-Complementary Gangadhar Jessy Sanjayan, Sanjeev 396585
Quadruple Hydrogen-Bonded Systems Devoid Of Kheria
Prototropy
Antifungal Composition Comprising Extract Of Hema Thatchinamoorthy, Shuchishweta | 397311
Oxalis Corniculata For Control Of Grey Mold Vinay Kendurkar
(Botrytis Cinerea) Disease
Engineering of Organic Molecules for Terahertz Ashootosh Vasant Ambade, Bala Pesala, | 397298
Tagging Applications Kavita Joshi, Nitin Bapurao Basutkar,

Shaumik Ray, Jyotirmayee Dash, Kaware

Vaibhav Vilasrao
A One-Pot Process For The Synthesis Of Ekambaram Balaraman, Jagannath Rana, | 397396
Aminoesters From Cyclic Amides Vinita Yadav
Vortex Diodes As Reactors And Effluent Treatment | Vivek Vinayak Ranade, Amol Arvind 397769
Devices Kulkarni, Vinay Manoharrao Bhandari
A Hetrogenous Precatalyst For Preparation Of Samir Hujur Chikkali, Dipa Mandal, 397712
Highly Crystalline, Disentangled, Ultra High Ravindra Gote, Ketan Patel
Molecular Weight Polyethylene (Uhmwpe) And A
Process For Preparation Thereof
Novel 2,6-dicyanoanilines with heterocylic Hanumant Bapurao Borate, Subhash 397894
substituents at adjacent positions Prataprao Chavan, Mahesh Madanrao

Pisal, Ritesh Ashok Annadate, Dhiman

Sarkar, Meghana Chintan Athalye
Selective Hydrogenation Of Nitroarenes To Ekambaram Balaraman, Vinod 398289
Anilines Using Heterogeneous Manganese Catalyst | Gokulkrishna Landge, Garima Jaiswal,

Murugan Subaramanian
A Single Step Process For The Synthesis Of Furfuryl | Chandrashekhar Vasant Rode, Chetana 398203
Ethyl Ether Rupak Patil
A Process For The Synthesis Of Dimethoxymethane | Ekambaram Balaraman, Bhagavatula 398511
Ethers Lakshmi Vara Prasad, Murugan

Subaramanian
Novel method to introduce chiral silane in Anil Kisan Kinage, Balasaheb Rajendra 398603
crystalline tetrahedral framework of porous silicate | Javale, Pralhad Arjun Burate
and metallo-silicate materials
An Improved Process For The Synthesis Of 2,5- Satyanarayana Veera Venkata Chilukuri, 398882

Dimethylfuran (Dmf) And 2-Methylfuran (Mf) From
5-Hydroxymethylfurfural (Hmf) And Furfural

Atul Sopan Nagpure
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Patents GranTted: INdian

Inventor(s)

Patent No.

Continuous Stirred-Tank Reactor

Deshpande

A Probiotic Composition Comprising The Novel Hrishikesh Vinayak Mungi, Pooja Vijay 399168
Isolated Bacterial Strain Of Brevebacterium Casei Ghushe, Avinash Vellore Sunder, Archana
Ap9 Vishnu Pundle
A One Step Process For The Synthesis Of Levulinic | Vijay Vasant Bokade, Prashant Suresh 399260
Acid From Glucose Niphadkar
Designing novel synthetic antimicrobial peptides Shuchishweta Vinay Kendurkar, Durba 399738
Sengupta
Chemical Structure Recognition Tool Muthukumarasamy Karthikeyan 400224
A One Pot Process For The Synthesis Of Alkyl Aryl Sunil Shankar Joshi, Vivek Vinayak 400943
Ether Compounds Using Supported lonic Liquid Ranade
Catalysts
A Photocatalyst Device For Hydrogen Generation Chinnakonda Subramanian Gopinath, 402382
And Partial Oxidation Of Alcohols In Direct Sunlight | Naresh Nalajala
Solar And Visible Light Driven Photocatalyst For Chinnakonda Subramanian Gopinath, 402715
Water Splitting And Oxygen Production Thereof Anjani Jai Prakash Dubey
Bioactive oil based polyesteramide nanofibers and | Rathna Venkata Naga Gundloori 404110
applications in wound healing
Improved Adhesive Composition And Uses Thereof | Kundalik Ganpat Raut, Manohar Virupax 405434
Badiger, Sivaram Swaminathan, Vivek
Vitthal Kodigire, Rajeshwari Shyamiji
Gour
A process of extraction of berberine from leaves of | Shuchishweta Vinay Kendurkar, 405697
Coscinium fenestratum (Gaertn.) Colebr Mamatha Rangaswamy
Enzymes from beauveria sp. And process for Seeta Laxman Ryali, Shiv Shankar, Snehal 406137
preparation thereof Vijay More, Harish Bansilal Khandelwal,
Chandra Babu Kannan Narasimhan,
Saravanan Palanivel, Padmanabhan
Balaram
Enzymes From Conidiobolus Brefeldianus And Seeta Laxman Ryali, Harish Bansilal 406112
Process For Preparation Thereof Khandelwal, Snehal Vijay More,
Kamalakar Motiram Kalal, Chandra Babu
Kannan Narasimhan, Saravanan
Palanivel, Padmanabhan Balaram
Antimalarial Heterocyclic Compounds And A Santosh Baburao Mhaske, Jyoti Pankaj 406492
Process For The Preparation Thereof Mahajan, Shanmugam Dhanasekaran
Nitration of Benzene Shubhangi Bhalchandra Umbarkar, Atul 406505
Balasaheb Kulal, Mohan Keraba Dongare
A Phosphine-Phosphite Ligand And A Process For Samir Chikkali, Swechchha Pandey, 406567
The Preparation Thereof Anirban Sen
Highly efficient process for the preparation of Samir Hujur Chikkali, Kishor Vilas 406933
sitagliptin via rhodium catalyzed asymmetric Khopade
hydrogenation.
Synthesis Of Metal Nanoparticles Using Amol Arvind Kulkarni, Jaydeep Bipin 407073
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Patents GranTted: INdian

Title Inventor(s) Patent No.

A Process For The Preparation Of Platform Vijay Bokade, Prashant Niphadkar 407190
Chemicals From Sugar Using Acid Catalyst
Biocatalyst Mediated Production Of (R)-(-)-3- Priyadarshini Balaraman, Nilofer Jahan 408192
Quinuclidinol Khairunnasar Siddiqui,

Bhagyashreenandkishore Swarge,

Thulasiram Venkataramaiah

Hirekodathakallu
Preparation and use of surfactant particles with Guruswamy Kumaraswamy, Manoj 409526
internal mesomorphic structure Kumar, Ashootosh Vasant Ambade
A Process For The Preparation Of Chiral Myo- Shashidhar Srikantiah Mysore, Rajesh 410146
Inositol Derivatives Without Involving Chiral Ghanshyam Gonnade, Nivedita Tanaji
Resolving Agents Patil, Madhuri Tanaji Patil
One Pot Process For The Synthesis Of Olefins From | Ekambaram Balaraman, Murugan 410412
Alkynes Subaramanian, Akash Mondal
Silicon Based Cyclic Compounds And Dumbala Srinivasa Reddy, Dhanasekaran 410666
Pharmaceutical Compositions For Treating Malaria | Shanmugam, Remya Ramesh, Anurag
And Toxoplasmosis Shukla, Meenakshi Anil Belekar
Pinched Tubes for Mixing and Heat Transfer Amol Arvind Kulkarni, Vivek Vinayak 410847

Ranade
A Single Step Process For The Synthesis Of Furan Chandrashekhar Vasant Rode, Suhas 411782
Derivatives From Carbohydrates Hanmant Shinde
A Simple & Efficient Preparation Of Dipesh Dattu Jadhav, Nilofer Jahan 412881
Enantiomerically Pure (R)- Alcohol Khairunnasar Siddiqui, Swati Pramod

Kolet, Hirekodathakallu Venkataramaiah

Thulasiram
Synthesis of five membered heterocycles Dhiman Sarkar, Ramesh Anna Joshi, 413210
consisting of three hetero atoms and their Anjali Prabhakar Likhite, Rohini Ramesh
antimycobacterial activity Joshi, Vijay Murlidhar Khedkar
2-Substituted N-Heterocycles, Process For Pradip Maity, Abdul Motaleb, Soniya 413375
Preparation And Use Thereof Rani
Improved Process For The Preparation Of Subhash Prataprao Chavan, Sanket 414373
Brivaracetam Ashok Kawale
A Catalyst Composition For Different Reforming Thirumalaiswamy Raja, Veera Venkata 414785
Techniques Satyanarayana Chilukuri, Vipul Subhash

Patil, Siva Prasad Mekala, Ashok Kumar

Venugopal
Flow Device For Thermokinetic Property Amol Arvind Kulkarni, Yachita Sharma, 416770
Measurement Vikash Kumar, Vinay Gulab Bhaya
An Improved Process For The Preparation Of Arup Kumar Rath, Debranjan Mandal, 417098
Photovoltaic Devices Prasenijit Nanda Goswami, Rajkumar

Kashyap, Tanjore Puli Yuvaraj
Continuous Process For Nitration Of Aromatic Amol Arvind Kulkarni, Mrityunjay 417179

Compounds

Keshavprasad Sharma, Suneha Rajendra
Patil
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Patents GranTted: INdian

Title Inventor(s) Patent No.
Bio-Compatible Polyurethane Microcapsules And Nilakshi Vaibhav Sadavarte, Kadhiravan 418153
Process For The Preparation Thereof Shanmuganathan, Parshuram Gajanan
Shukla
Elastic Macroporous Scaffolds With Tunable Pore Guruswamy Kumaraswamy, Raja 418489
Size From Covalent Self-Assembly Of Nano And Rajamanickam, Sayam Sengupta
Microparticles
Use of fatty acids and their derivatives as Asmita Ashutosh Prabhune, Snehal Vijay 418672
enhancers for enzyme production more
Multilayer Non-Porous Membranes Based On Ulhas Kanhaiyalal Kharul, Harshal Dilip 418778
Polybenzimidazoles Chaudhari, Nishina Achuthan Shobhana,
Nitin Madhukarrao Thorat
Polymeric Flammable Compositions Shatabdi Porel Mukherjee, Pattayil Joy, 420323
Jeyavani Vijayakrishnan
A Process for the synthesis of 2,5 DI-TERT Sanjay Pandurag Kamble, Nishigandha 420446
Butylhydroquinone Ravindra Patil
A Pedot Coated Flexible Cnt Framework Kurungot Sreekumer, Roby Soni, Bihag 421193
(Buckypaper) Paper Electrode For A Thin Flexible Anothumakkool
Soild Supercapacitor
Quantitation Of Structural Isomers Using Maldi Venkateswarlu Panchagnula, Nivedita 421163
Ms/Ms Bhattacharya, Avinash Dattatraya
Ghanate
A Membrane Filtration Device Harshavardhan vishavanath Adikane, 421136
Mahendra Devram Jagtap
Tube In Tube Continuous Glass Lined Reactors Amol Arvind Kulkarni, Vivek Vinayak 422317
Ranade
A Process For The Synthesis Of Nanoparticles Of Monika, Pankaj Poddar 422392
Transition Metal Chalcogenides
A Process For The Preparation Of Benzofuran-6- Dumbala Srinivasa Reddy, Paresh 424140

Carboxylic Acid

Ramesh Athawale, Vishal Mallikarjun
Zade
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Patents Granted: ForeigN

Inventor(s)

Country/Region

and Grant No.

Photo-Catalytic Splitting Of Water Using
Self-Assembled Metalloporphyrin 2d-
Sheets

Santosh Babu Sukumaran,
Karayamkodath Chandran Ranjeesh

US: 11292716

An Improved Process For The Preparation
Of Bimetallic Core-Shell Nanoparticles And
Their Catalytic Applications

Vinod Chathakudath Prabhakaran,
Vysakh Alengattil Bharathan

US: 11305344

A New Regent For Specific Detection Of
Hodl In Physiological Condition

Firoj Ali, Sunil Babanrao Aute, Anila
Hoskere Ashok, Suman Pal, Amitava
Das

US: 11319331

Photostable Composite Of Indium Gallium
Nitride And Metal Oxide For Solar Water
Splitting

Chinnakonda Subramanian Gopinath,
Raja Ambal Sivaraman

US: 11325113

Direct processing of crude bioglycerol to
diols and lower alcohols over nano
structured catalyst

Chandrashekhar Vasant Rode, Rasika
Bharat Mane, Vivek Vinayak Ranade

MY: MY-190706-A

A Process For Dissociation Of Hydrates In
Presence Of Hydrate Dissociation
Promoters

Rajnish Kumar, Sudip Roy, Gaurav
Bhattacharjee, Nilesh Choudhary,
Asheesh Kumar, Raj Kumar Kashyap,
Parivesh Chugh, Nawal Kishore Pande

JP:7071930

Nucleotide Sequence Encoding 9-
Lipoxygenase And Recombinant
Constructs Comprising The Same

Vidya Shrikant Gupta, Ashish Balwant
Deshpande, Hemangi Girish Chidley,
Ashok Prabhakar Giri

US: 11339381

I-Spiroketal-I' -Lactones And
Pharmaceutical Composition Containing
Same And Process Of Preparation Thereof

Ravindar Kontham, Digambar
Abasaheb Kambale

US: 11339174

A Process For The Synthesis Of Air Stable
Metal Sulphide Quantum Dots

Bhagavatula Lakshmi Vara Prasad,
Abhjit Bera

US: 11352556

Shaped Objects For Use In Security
Applications

Kadhiravan Shanmuganathan,
Premnath Venugopalan, Tushar
Ambone

US: 11352750
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Patents Granted: ForeigN

Inventor(s)

Country/Region

and Grant No.

Lactic Acid-Isosorbide Copolyesters And Bhaskar Bhairavnath Idage, Susheela | TH: 88395
Process For Preparation Thereof Bhaskar Idage, Sivaram Swaminathan
Continuous Flow Production Of Metal Amol Arvind Kulkarni, Jaydeep Bipin FR: 3678804
Nanoforms Deshpande, Prachi Ashok Kate
EP: 3678804
ES: 3678804
DE: 3678804
IT: 3678804
GB: 3678804

Novel Antimalarial Compounds, Process
For Preparation And Their Use For Drug
Resistant Malaria

Asish Kumar Bhattacharya, Eswar
Kumar Aratikatla, Pawan Malhotra,
Asif Mohmmed

US: 11365202

Novel Squaraine Dyes And Applications
Thereof

Jayaraj Nithyanandhan, Ananthan
Alagumalai, Munavvar Fairoos,
Punitharasu Vellimalai

US: 11377562

Edible Coatings, A Process For The
Preparation And Applications Thereof

Kadhiravan Shanmuganathan,
Prashant Yadav

US: 11427651

Fluorescent Polymer For Visual Solid State
Sensing Of Volatile Organic Compounds

Sarabjot Kaur Makkad, Asha
Syamakumari

US: 11427661

Nitration of Benzene

Shubhangi Bhalchandra Umbarkar,
Atul Balasaheb Kulal, Mohan Keraba
Dongare

US: 11439985

A Process For Coating A Biomedical
Implant With A Biocompatible Polymer

Abhijit Pravin Shete, Anuya Amol
Nisal, Ashish Kishore Lele

US: 11439728

A Method For Preventing Rectraction Of Guruswamy Kumaraswamy, Manoj JP: 7143274
Aqueous Drops Kumar, Mayuresh Arvind Kulkarni
Multilayer Non-Porous Membranes Based Ulhas Kanhaiyalal Kharul, Harshal JP: 7146080

On Polybenzimidazoles

Dilip Chaudhari, Nishina Achuthan
Shobhana, Nitin Madhukarrao Thorat
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Patents Granted: ForeigN

Inventor(s)

Country/Region

and Grant No.

A Method For Harvesting 3D Chemical
Structures From File Formats

Muthukumarasamy Karthikeyan,
Renu Vyas

US: 11456061

Membrane Separator And Free-Standing
Electrode

Fluconazole Analogues Containing 4- Borate Hanumant Bapurao CA: 2901930
(Substituted Phenoxymethyl)-1,2,3-

Triazole Moieties As Antifungal Agents

And Process Thereof

A Metal lon Battery Having lonomer Meena Ghosh, Vidyanand CA: 3128861

Vijayakumar, Sreekumar Kurungot

A Single Step Oxidation Of Alkane Or
Alkene

Thirumalaiswamy Raja, Shatabdi
Porel Mukherjee, Marimuthu Prabhu,
Yogita Manikrao Shirke

US: 11479523

Nucleotide Sequences Encoding Enzymes
For Lactone Synthesis

Vidya Shrikant Gupta, Ashish Balwant
Deshpande, Pranjali Sidhir Oak, Ashok
Prabhakar Giri

EP: 3423474

CH: 3423474

DE: 3423474

A Cloning, Expression And Refolding
Process For Preparing Antibody
Fragments.

Rahul Sharad Bhambure, Kayanat
Mahammadtaki Gani

US: 11524996

Continuous Flow Production Of Metal
Nanoforms

Amol Arvind Kulkarni, Jaydeep Bipin
Deshpande, Prachi Ashok Kate

KR:10-2497069
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Author

Aakash Nidhankar

PhUD Theses

Organic room temperature phosphorescent
and thermally activated delayed fluorescent
small molecules: efficiency Vs processability
for lighting application

Guide(s)

Dr. Santhosh Babu
Sukumaran

Abhyankar Isha Hemant

Biotransformation of short chain fatty acids
into sorphorolipids for biomedical
applications

Dr. Nisal Anuya

Akshay Kulkarni

Natural Products Peharmaline A and
Oxoapllsinopsins: Synthesis, Analogues and
their Biological Evaluation

Dr. D. S Reddy

Amrita Ghosh

Structural and functional characterization of
covalently

Dr. Ashok Giri & Dr. Mahesh
Kulkarni

Anirban Sen

Chiral Ligand and Transition Metal (Fe, Rh)
Complexes for Catalytic

Dr. Samir Chikkali

Anuja Prabhu

Alkoxylation, Polymerization,
Hydrosilylation and Hydrogenation

Dr. Mugdha Gadgil

Apurva Patrike

Nano-engineered 3-dimensional carbon-
based host materials for Li/Na metal anode

Dr. Manjusha V. Shelke

Ashwini Nakate

Lewis Acid-Catalysed o and 1t Activation
Triggered

Dr. Ravindar Kontham

Ashwini Rane (
Dashputre)

Cascade Annulation Reactions of Alkynyl
Alcohols to

Dr. Ashok Giri

Asish Bera

Phosphite Catalysed Enantioselective
Radical Reactions

Dr. Pradip Maity

Bhanu Pratap Singh
Solanki

Valorization of biomass derived platform
molecule via catalytic hydrogenation and
oxidation

Dr. Santosh Mhaske & Dr. C.
V. Rode

Bharat Kharat

Marine bacteria and its bioactive
compounds for agriculture applications

Dr. Syed G. Dastager

Bhupendra Mali

Tuning Fluorescence in Crystalline State
through Polymorphs and Cocrystals
Development: Synthesis, Structural Studies
and Photophysical Properties
Measurements of Green Fluorescent Protein
Chromophore Analogues

Dr. Rajesh G. Gonnade

Borade Balasaheb
Raghunath

Active interface engineered oxygen
electrocatalysts for electrochemical energy
applications

Dr.Ravindar Kontham

CSIR-NCL Annual Report 2022-23
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Author

Dipesh Sharma

PhUD Theses

Title

Synthesis and Implication of 3d Transition
Metal Catalysts for the Hydrogenative
Transformations of Alkynes, Chalcones and
Nitriles

Guide(s)

Dr. Dr Benudhar

Gargi Kundu

An excursion into the chemistry of more
nucleophilic saturated N-
heterocyclic carbenes

Dr. Sakya Sen

Gopal Kallure

Biological evaluation of novel small
molecule inhibitors against Mycobacterium
tuberculosis

Dr. Ashok Giri

Jagadish D. Aher

Conjugated carbonyl molecular for lithium
ion batteries

Dr. K. Krishnamoorthy

Kailas Pandhade

Cyclic anhydrides and derivatives: studies on
synthesis of bioactive alkaloids

Dr. N.P. Argade

Kayanat Gani

Designing of an efficient in-vitro refolding
strategy for antibody fragments

Dr. Rahul Bhambhure

Kishor Mane Enantioselective synthesis of bioactive Dr. Gurunath Suryawanshi &
molecule and development of synthetic Dr. Shafeek A. R. Mulla
methodologies involving formation of C-C,
C-N bonds

KumarS. Heteroatom Doped Materials for Li-S Dr. K. Krishnamoorthy

Battery Applications

Madhukar Pratapure

Structure Property Correlation of Novel
Photocurable Polymers for Light-Based 3D
Printing Applications

Dr. Ravindar Kontham

Madhura Mohole

Decoding Lipid Protein Interplay: Molecular
View of Neuronal GPCR Dynamics and
Organization

Dr.Durba Sengupta

Makwana Ketankumar
Ishwarbhai

Cashew Nut Shell Liquid ( CNSL): A Versatile
Building Block Towards Synthesis of Novel
Monomers, Polymers and Surfactants

Dr. Manohar Badiger, Dr. C.
V. Avadhani, and Dr. S. Kiran

Meenakshi Pillai

Mapping the energy landscape of amyloid-
like aggregation of the nucleic acid binding
domain of TDP-43

Dr. Santosh kumar Jha

Monika

Physics of transition metal chalcogenides
based on deeper investigation of their
phase-diagram and crystal growth
mechanism

Dr. Pankaj Poddar

More Devidas

Polymers and Surfactants

Dr. M. Muthukrishnan

CSIR-NCL Annual Report 2022-23
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Author

PhUD Theses

Guide(s)

Moumita Roy Synthesis of PS-b-P4VP and Polythiophene Dr. S.K Asha
Block Copolymers and Study of Their
Solution State Self-assembly
Mulani Fayaj Establishment of structure-fragment- Dr. H. V. Thulsiram

relationships of Neem (Azadirachta indica)
limonoids by tandem mass spectrometry,
based on the isolation, structural
modifications and isotope labeling along
with its application

Narugopal Manna

Active Interface Engineered Oxygen
Electrocatalysts for Electrochemical Energy
Applications

Dr. Sreekumar Kurungot

Neha Ghosh

Understanding N-containing saccharides,
their valorisation by solid acids and HPLC
method development for separation and
identification of products

Dr. Paresh Dhepe

Nilesh Khonde

Synthetic Explorations into Carbon-Carbon
and Carbon-Fluorine Bond Forming Reactions

Dr. Pradeep Kumar Tripathi

Nimisha Parekh

Performance Enhancing Strategies For Silk
Fibroin Based 3D Biomaterial For Bone
Tissue Engineering

Dr. Anuya Nisal

Prashant Yadav

Functional Microparticles and Microcapsules
for Advanced Applications

Dr. Kadhiravan
Shanmuganathan

Pravin Patil

Studies in degradation/removal of
pollutants/organics using cavitation

Dr. Vinay M. Bhandari

Priyanka Kataria

Studies on the Enantioselective Total
Synthesis of Diarylheptanoid and
Furylhydroquinone-Derived Natural
Products, and Eugenol Derivatives as
Potential Antidiabetic Agents

Dr. Ravindar Kontham

R. Vijayalakshmi

Structural and Physical Properties of Rare-
earth Chromium Oxides

Dr. Gurunath Suryawanshi

Rashmi Das Purinergic receptor P2Y12 involves in full- Dr. Subhaschandra
length Tau oligomers-induced microglial Chinathambi
chemotaxis, phagocytosis and endocytic
trafficking via filopodia-associated actin
remodelling

Ravindra Vidhate Molecular characterization of chitinolytic Dr. Ashok Giri

enzymes from Myrothecium verrucaria and
its significance in biocontrol of Helicoverpa
armigera and plant pathogenic fungi

105
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Author

Rohit Kumar

PhUD Theses

Synthesis and Molecular Catalysis with
Organo-Alkaline Earth Metal Complexes

Guide(s)

Dr.Samir Chikkali

Sachin Kumar

Performance modulated carbon-free
electrocatalysts for PEM fuel cell applications

Dr. Sreekumar Kurungot

Sachin Shirsath

Exploring New Synthetic Transformations
Employing p-Quinone Methides as Versatile
Acceptorsin 1,6 - Addition Reactions.

Dr. M. Muthukrishnan

Sagar Swami Biological evaluation of novel small Dr. Dhiman Sarkar
molecule inhibitors against Mycobacterium
tuberculosis

Sagar Yadav Molecular analysis of Wheat-Bipolaris Dr. Narendra Kadoo
sorokiniana interaction

Satish More Organocatalytic Enantioselective Synthesis Dr. Gurunath Suryavanshi &

of Bioactive Macro-lactones and
Development of Synthetic Methodologies
Involving C—C and C-N bond Formations

Dr. Shafeek A. R. Mulla

Shalmali Kharche

Conformational dynamics and interaction
landscapes of chemokine-receptor
complexes

Dr. Durba Sengupta

Sharvani Nandikol

Integrated metabolomics and
transcriptomics based approach to gain
insights on limonoid biosynthesis in
Meliaceae plants

Dr. H. V. Thulsiram

Shebeeb K. H.

Membrane Based on Crystalline Porous
Materials: Preparation and Investigation for
Gas and Niche Liquid Separations

Dr. Ulhas Kharul

Shubhangi Bhoite

Asymmetric Synthesis of Bioactive
Molecules and Development of Synthetic
Methodologies Involving C-C and C-N Bond
Formation

Dr. Ram Rup Sarkar & Dr.
Shafeek A. R. Mulla

Shubhra Jyotsna Influence of rare-earth element substitution | Dr. Pankaj Poddar
on the structural and physical properties of
trigonal iron sulphide at the nanoscale

Shunottara Jogdand Ceramic and composite membranes for Dr. R Nandini Devi

separation and catalysis

CSIR-NCL Annual Report 2022-23
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Author

Shweta Mehta

PhUD Theses

Title

Investigating Interaction of Methanol with
Various Surfaces by Employing Periodic
Density Functional Theory

Guide(s)

Dr. Kavita Joshi

Sidharth Ghule

Computational Development of the
Strategies to Explore Molecular Machines
and the Molecular Space for Desired
Properties using Machine Learning

Dr. Kumar Vanka

Suhag Sanjay Patil

Synthesis of Metal [ Semiconductor
Nanocomposite Materials: Photocatalysis,
Adsorption and SERS Application

Dr.N. P. Argade & Dr. D. S.
Reddy

Supriya Gaikwad

Synthesis of Metal [ Semiconductor
Nanocomposite Materials: Photocatalysis,
Adsorption and SERS Application

Dr. SHATABDI POREL
MUKHERJEE

Supriya Ughade

Structural and Physical Properties of Rare-
earth Chromium Oxides

Dr. Pankaj Poddar

Surapaneni Sai Geetika

Nanocarriers based on lipids and stimuli-
responsive polymers for targeted delivery of
anti-cancer drugs

Dr. Ashootosh V Ambade

Tushar Dubey

Photosensitizers and natural compounds
attenuate the Tau aggregation and restore
the signalling cascades of Tau

Dr. Chinathambi

Vasudev Wagh

Isolation, Characterization and Applications
of Exopolysaccharides produced from
marine microorganisms

Dr. Syed Dastager

Vinita

Earth-abundant Metal Catalyzed C-Cand C-N
Bond Forming Reactions Using Alcohols to
Access Olefin and Indole Scaffolds

Dr. Santosh Mhaske

Vipin Raj K.

Computational Studies Into Ziegler-Natta
Catalysis

Dr. Kumar Vanka

Zinoy M.

Rational design and development of
electrocatalysts for sustainable energy and
environment

Dr. K. Selvaraj
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Event Date(s)

Prof. MacBain Memorial Lecture April 12, 2022

An industry meet under the DSIR-CRTDH programme in Aurangabad April 28,2022
National Technology Day Celebration May 11, 2022
National Conference on Natural Product Total Synthesis May 28, 2022
Awareness session on ICT Accessibility and Standards June 07, 2022
Prof. B. D. Tilak Memorial Lecture July 05,2022
Half-Day Conference In Organic Chemistry August 28, 2022

A Workshop on ‘IP & Knowledge Management for STEM Ph.D. students’ September 28, 2022
Celebration of Foundation Day of CSIR September 29, 2022
International Conference SPSI- MACRO November 4, 2022
NCL RF Annual Students Conference November 29-30, 2022
8" International Bioprocessing India Conference December 16-18, 2022
73" Foundation Day of CSIR-NCL January 3,2023
Dr. B. D. Kulkarni Endowment Lecture January 27, 2023
National Science Day Celebration February 28,2023

CSIR-NCL Annual Report 2022-23
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Awards/ RecogNiTions

Name AwaRrds

Dr. Dastagir Syed AMI- Prof. B. N. Johri Award

NASI-Scopus Young Scientist Award 2022

Associate of Karnataka Science and Technology Academy 2022

Dr. B. Santhakumari ISMAS Eminent Mass Spectrometrist Award 2021

Dr. Sailaja Krishnamurty A Member of the Council of the Chemical Research Society of India (CRSI)

Dr. Kirtikumar Kondhare NASI Platinum Jubilee Young Scientist Award 2022

Young Associate of the Maharashtra Academy of Sciences in Life Sciences

Dr. Chiranjit Chowdhury Invited as a Review Editor for the Frontiers in Microbiology

Dr. Samir H. Chikkali Associate Editor for ‘Bulletin of Materials Science’

Prof. B. L. V. Prasad Chief Editor of the Bulletin of Materials Science

Dr. C. P. Vinod A Fellow of the Royal Society of Chemistry, London

Dr. Anu Raghunathan FICCI FLO (Pune) Women Achiever Award 2022

Dr. Dinesh Sawant An Associate Editor of Green and Sustainable Chemistry

Dr. Ashok Giri Selected for the Weston Visiting Professorship Program 2022-23
Dr. Kumar Vanka CRSI Bronze Medal 2024

Dr. Sakya Singha Sen CRSI Bronze Medal 2023

Dr. Manjusha Shelke The Fulbright-Nehru Academic and Professional Excellence Fellowship for 2022-23
Dr. Anuya Nisal Smt. Chandaben Mohanbhai Patel VASVIK Award 2021

CSIR-NCL Annual Report 2021-22
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» hAfH Thigd ITeaY forfies

» Pord AYAGRE! FTHUM Td HTRIET FRIM, dheftesHt, gor
R fafmfor drenfiet e

AR HYHE AR (e
AT IR Alegg wTgae fafics
» PleT SfeaT Humt UTsde forfies

» gETRN i ¢h Ursde fafies

» S drenfiet v ()

» oI 3ffel shrae W ferfies

» SlvAw Sfar urgde fafies

> SPIRAIR SRS TelTeriT

» T ceTATStIoT

» ORI I SevcioT UTgae forfiics
» IR 3R AHIRTS ST Bresa= (FISE)
» TSI SeRITgolST

» TRAR Gerveradd $fear wsde fefice

» SFUY hHRgfeded o1 fafics

» TONHTD TS Ted foiffics

> TS HERRIChe fafics

> TSt HogiR Tieacd fafiics

> TMERST SN frfes

» GRASIM S fatfies

» TS o trepgew wigae faftes

v v v
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bl USgRied carialiaieT sfeaT Wigde forfics
BEEESSEATIERES

3feam a1t wraRke fofies

33T Bfhed T8 BHRIChHed forffics
FAES Eeiofe ferfies

BB PADA ST fAHCS

forsT ol farfies

ASHhHe HHT UTsde forfies

gl ¥ Us AP ffies

qiem i forfies

ek ReplgY T8 Ueipfieel forfiies (THaRdITer)
AfSTaT oaRess 1. fefiics

HooR it TTgde fafiics

qrgere finrdfea urgae fafies

T Sia fafderar st

T 399 Usde forfies

FATeiTe Rerg ferfiee

teud eat =g Wi, fafiies

T8 Urenfifsar

aTeftan= giferd sfeam wrgae fafies

qul SieTol Feve] BreseH (diheiiue)

erq gfear fafies

Ay dumsfaam (3fea) fafies

Bfeete Tgae fafies

TEPR T IPRIG Pleg TI.09. foifiics
HaFT Ahdecd fafiics

ATENT SeeT Tgde forfies

qlfe ggTaTen wrgde fafice

TR NP Sex19Fd Uigae foifies
Rl TRie=q . fofies

Rifert camrarstier or. farfies

i River TTgae fafies,
ot wemRe) farfiies, Hcasmgam-angamswet
oifey ferfiies

arh et sRies . fafies
eRe wHRgfewed fafice
gfiefler gevcioT urgde forfies
Rip gifer R forfies

agie fofies

didiuw (3fsam) fafics
qeeNt forfies

e g fafies

STRIEH ATEt wrgae foffics
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v

Bharat Biotech International Limited

Dr. Reddy's Laboratories Ltd.

Ecozen Solutions Pvt. Ltd.

Fibroheal Woundcare Pvt Ltd.

KPIT Technologies Ltd.

Mangalore Refinery and Petrochemicals Limited
Paragon Fine and Speciality Chemical Pvt Ltd.

5 RCycle Foundation

Aarti Industries Ltd.

Ad Hoc Scientific Pvt Ltd.

Advy Chemical Pvt. Ltd.

Alps Chemicals Private Limited

Amish Crop Sciences Pvt. Ltd.

Aquapharm Chemicals Private Limited

Ashoka UniversityAvery Dennison Private Limited
BASF Chemical India Private Limited

BEC Chemicals Pvt. Ltd.

Berzelius Chemicals P Ltd.

Bharat Forge Limited

Bharat Serums and Vaccines Limited

Camlin Fine Sciences Limited

Central Bee Research and Training Institute, KVIC, Pune
Central Manufacturing Technology Institute
Chellaram Diabetes Institute

Chemdist Process Solutions Private Ltd.

Croda India Company Private Limited

Danao Green Tech Private Limited

Department of Biotechnology (DBT)

Dhananjay Auto Craft Pvt. Ltd.

Dsm India Private Limited

EcoC2 Industries LLC

Embone Technologies

Finolex Industries Limited

Finolex Plasson Industries Private Limited
Foundation for Innovation and Social Entrepreneurship
Gajanan Enterprises

Garware Fulflex India Private Limited

GenPep Pharmaceuticals Pvt. Ltd.

Glenmark Life Sciences Limited

Glenmark Pharmaceuticals Limited

Godrej consumer Product Ltd.

Godrej Consumer Products Limited

Godrej Industries Ltd.

GRASIM Industries Ltd.

Gumpro Drilling Fluids Private Limited

Henkel Adhesives Technologies India Private Limited
Heranba Industries Limited

Indian Institute of Technology Bombay, Mumbai
Indian Oil Corporation Limited

IOL Chemicals and Pharmaceuticals Limited
KPIT Technologies Ltd.

CSIR-NCL CustoMERS

Kutch Chemical Industries Limited

Libra Techcon Limited

LifeFirst Pharma Private Limited

Malladi Drugs & Pharmaceuticals Ltd.
Malladi Drugs And Pharmaceuticals Limited
Mangalam Organics Limited

Mangalore Refinery and Petrochemical Limited
(MRPL)Medilux Laboratories Pvt. Ltd.
Melzer Chemical Private limited

Milestone Preservative Private Limited
NACL Industries Limited

National Biodiversity AuthorityNayam
Innovations Pvt Ltd.

Numaligarh Refinery Limited

Patpert Teknow Systems Pvt. Ltd.

Planet technologies

Polyone Polymers India Private Limited

v

v

v

v

v

v

v

v

v

v

v

v

v

v

v

v

v

v

Pune Knowledge Cluster Foundation
Rallis India Limited

Revalyu Recycling (India) Limited
Rubizon Private Limited

Sahakar Maharshi Shankarrao Kolhe S.S.K Ltd.
Savannah Surfactants Ltd.

Sawbros Industries Private Limited
Schott Poonawalla Private Limited

Star Orechem International Private Limited
» Sterilem Biosystems Pvt. Ltd.

» Synbio Technologies Pvt. Ltd.

» TACC Limited

» Tagros Chemicals India Pvt. Ltd.

> Tata Chemicals Limited

» Tata Steel Limited

» Techman Systems Pvt Ltd

> Tgv Sraac Limited, CSIR-IICT & CSIR-NCL
» Thermax Limited

> Tojo Vikas Biotech Pvt. Ltd.

» Torrent Pharmaceuticals Limited

» Unilever Industries Private Limited

v

v

v

v

v

v

v

v

» Varroc Polymers Limited

> Vedanta Limited

» VVF (India) Limited

» Wanbury Limited

» Western Drug Limited

» ZeroHarm Sciences Private Limited
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Hoamgm -ty IR TaTeer (THRiiver) ® IroTHTeT 2 UgaTsT THRIE 61 SIS

HIoA3 TR~ RIS T (TRATet) | &b 14 - 30 RIcsR, 2022 & SR foret wRaarsT A9RIg mnford fsam mam|
&<t IRgaTS & SFHIT ITHINT fewal o TRINT 1 dgraT o &t g < iy fewsl ufcrnfiramy, f&t waieht wfcifaferat o s fova
a1, R geedteer o At srireTRa / araa ud oner st = St et § Icargydes uferm fora|

FAIRM Rifdsa nfafafemt smafom ot 7 -

i 14 RidsR, 2022 - &S e uferfiar

i 16 RIcsR, 2022 - URex ufcRIfidT

& 19 RIaR, 2022 - ei@ /g oiva wferifira
feTem 20 RIASR, 2022 — FHFT ST UfGN T

fip 21 RIdeR, 2022 — HrUTS Ui

fip 22 RIdsR, 2022 - Tegsi= ufRIfAT

feip 23 IR, 2022 — TR TR R d1Ig-Iarg ufcrRifiar

feiem 21 fATaR, 2022 B AT Hredrs wfrfiar = g sifcfy wfa qer Fofas & 9 F o Jfes 9T, sgam iRy,
HAASIR-Po1d TP T FG! AT THUT G, HETR SURRIT | BrRishd | 5ft dlere $AR, v, v, &)

TgdTeT AT & 3reer 8T, g¥aeiH Mo, (aRes Mo deii~ies) Ta ST, (A warfer agar, fa<t st Suferd 2|
T 23 RIER, 2022 P AR TR TR “GAT AT FIAT Bt TR SR el & fahRT 8 16 8 799 W arg-faarg ufenfiar
SN Dt TS| 3 TR 3§ 3 Horg wRg, sree, &t sticiem uRaR, qur gx sifrfy qer foaes & wu 7 Sufeyd o1 59
TR # TR TR & = Saia SR A S 40 it = wfrfiar o |

&1 30 RATER, 2022 BT YRR ARV TUT THAGA 3MTetes TfAenT fmTa Hrich ST foba ma, o g sifarfy
F w9 H BT F. 9. EIRIGR (WE, SMEUASY ), J01 SRR | ik | sreaier & v Jeed de1fe 8f. Iog Wkedl SR o
qoIT 79 R A1 H 1. g¥ae uies, sfact o, GuRH 1d st prere $HR SURRT & | SricH &1 warer feral TRt . ()
TR TgeT A fama |
9 IR {23 waarel HRIHA | Hof © TR SR 31 18, R S€t At 7 Feh A5l Ud 1Y B! = 9T forr | |guf
TRGTST TR H IISTHIST 3T AffT & Fewy ot dieret $R, o TA.04. <@, . fde aRaw, st gumsag s, sft mrer 7gan
37T Ag<aqut TR T |
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HTAATE IR -TAANTE DI IISTHNT PRI el Rard

10.

1.

12.

HRA ARDR DI ISTHINT Y T ISTHTST Faieft 701 BT SR R Bt g A HTHIMEINR - I IR TN
(TTefiget), QU o Tieh VR OR T U fohY 1T § | T st~ GeATUeT Uap deTT=ieh TR 8, STat rfiraster arf
ISTT+h eI Teheiich! XaRpy T &I & TTIT 9 NTNAf~ieh il Jifiepiard: famal e & fopa Sira &1 597 wawreret & fapy s
T2 IISTHTST R Faeft Sgea=1a T TR 2|

TP el § wRAITet @) IS prafeade Iy B e o FRifid wu A e qeicy o) sreerar 3 ST o
STl 8 Ua 37 S3ap! | TRINTEMTRAT B RISTHTST fama o YT} SRINT RIT JISTHIST i et TRIRAT ot e ot ol &1 3
3! H TANTRITGT & Tids THT / STIHTT THRd T & U H SUfRRIT W& ¢ |

TG o FCTh I fEwat il =t | 11 I8! Fonatt & feM et e femal o il aet 2 Miesnfed el &bt g9
e formmgt A FHafia wu @ 2= prieetT o1 SRS fhaT STIaT 2 1 59 hrRIeetiail 3 Wt ! YRA WRBR I IoTqTET
AT B THBRY S P AT AT ST TRBRY 1 et 7 e T FIR W JepIe TumTedt 3 AT ¥ et #
BT = T TeroT T ST 1

gfcray femat TeufFent “TAITe - 3TTeie”’ BT Hep1e At U fohaT ST 21 TufienT Tehier @ ot Jeed =t 9T
 forRg MY AT oRdl T TR - TR TAT HHATRAT Bt fgmal 7 oiva= 311R 31fieafch & ! Hiearfad a1 g |

T H Ufeay R RRaaTeT THRIE BT I MRS fhal ST & | 39 3TeRR R eI & forv fafdey faw<t ufcrnfiarant
T PRISHHI BT AT T ST 2 | S ogareT o JIRY H 2] a7 & S1aiR WR Tferas JARTeIet ot afiiep Jgutarept

“oiiuet—arelter”” @t fame fosar SraT 21

TRAet 7 ey f2=<t detfeies TS ot SIS fhaT SITdT 8, difes fasi & & o 51T =<t bl Guel 9 b | GMs &b
JTTAR R TR Ht Teh1frd bt STt 1

Tt et GRT IfTfe el e T ST ereq o 1ef T UWUT et GRT |+t SeaTRAT pl fobaT ST 2, aTfeh spetantRa o
fE=t T < fy 2y S 2 b |

RTSTHTST STRITRM T &1RT 3(3) o S SIRY 81 dTet T gReraT fgmef} St fopy o1t 21
T TN B ISTHTST T gRT SR} anfiies dhrisha & FreriRe fopg o cret oot oy ot 3R fa2iy e o ST 21

Bg WER, AT R 1976 (FG & TRGRY YISl & o7 TN & 9 10 (4) & i 39 T B 0
BRI o 9 H, I 80 H 31 HHaRT 45 F faml T BRIATLD ST HTH &R fordl 2, 15193 7 SRR foam mar 21

RIS b 98 THHTRAT 1 fawa, femit Sapur wai amigrferfds a1 wifdreror o 1 gepr 21

TR SN b H6 STUBINAT /BHATRAT AT AT ep T Dl PR W Zal # Bl e_l 2 WiAfRr o mam g e
QY FCTH T HRfT et 1 Hfshar STRI 2

TRSTTAT & FHY T T, T ToIT e gagednfe feurd) wu § duR fhu e g
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15.

16.

17.

18.

19.

20.

21.

AWM bl JeaTse 1 feumdt wu d yefdfd fhar mr g |

TRIMTITET b T} BrIeRt # fenm 0 1 PR 3 ! G Iuateu ¢ |

TR & Y SIS, TH-Tg) oI I6R B A1) b gt SR mn g |

nfereror srisAT # el —SJeft v @1 e R S g

TRINTRITET o et Ud femal STt TR IISTHTST Shrafraa |fiifr &t dae o fafi v & 9w o 2|

TN bl < ¥R 1 Uaer URWG bl de! 1 DRI fewtelt Su § (IR Bl et @ 3R 37 Saepi J fowat ot =t ot
STTeft 21

TRINTSITET o JeiepTerd o e femal geecteh WRIg Sieft &1

AWM 3 RN 819 dTel F9RIg!, Rl v It ool Ruie fg=<t v 3sh 4t wrwrert & Hudsmgem-gamR &
TepTeTTe} ITERT T SR Ud o Fd S (FgaeR), 718 gt 1 Fafira a9 wisft St 21

TSR IR B Aiferd () G oias JioMT, aeiib Rl H sl R diomn dorr e Rice
RGHTET 3T AT S YA § TR 2 |
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24.

25.

26.

27.

28.

29.

30.

G AfTRE TR § MR 8 aret et dsif~ies PrRispH! qer s/ TRt a1 Jxmer off R dreaw I fopan
ST gl

S TRINTITCAT b dsiTi~ies 297 & fAfre Tt o IoTHTeT o HJ7ea 3 Sford g arel) Fifeat qeim st wiermt & qr
TR femal TS ST Se O TR <l &

TRINTITET ¥ STRY 81 atett [t et e aor e senfs fenmh wu H geerfi fopy S 21

fast farem & Ty S I e TUT ST & J1e J s & TIR-UGR & I29T | TN & fHe9h Agled
il foreTert qem gerfenerit & faenfiat & forv fasm et @ = d 3 21

TRINTSITET o ¥CTHh h fgwal # Bl dh_et 2 MR et bt g gl et STt Wic e AT e 2 |

TRINTRITEAT 3 femal ST —ahToT 1 FETaT St T IISTHINT T b SFUTe 2 9 JITHRT ! femal H§ R vt o fory FfdE fapam
g

oTH 2=t vt & SR orfart vy A e 4 € R S 1
‘%’ qAT '@’ AT P ST aTel SIS UHT b foTohIhT R Uat fave) AT 7 ford St 21

RISTHTST 9T < aTfep PrRIchH AT JISTHTST Faef el & [t [T/ JomT SRl ol SFaTe R Il &1
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dsuferd Il sl

HYTh XTSTHTNT AT IS St

quT R 7 deTies Hem - USR-S IR JANTIT (TAIUe), G ifrent e &g (TRidiesT), qer
STIRER SFTAUTT A (V3TR3MTS) GRT ARfAT T A FYh JISTHTST IS IO TS BT SIS HTAIATSIAR -G
RIS TN (TRATGeT ), qot  fiies 29 31¥iet, 2022 I fohaT 7T | 337 WSS 7wy “Hert & SR o fae aik witenfiiast
SR B fFepT” ATI 39 A R USIRISIRAT GRT NSS! Bl RIS GRIADPT BT TAT HTHINSITR -G AT TANTTEAT b
TS farcl afenT ‘wRiivet smreties” ot ot faraT fomam ) S)7 wSet ® el YRA o e AeRr | dsnfes, oY s g
e T /Rt it SufRd 1 Sgie origH § qre oiify & wu 7 demReien (3, 1) & Feus (Weiee
HIFCHT) ST, feHig ORaR, TIRAE & Qe Sf. 3mefiy alet, TIRATS & Qe ST, HeNd SihthetdR, Ud TG & Qe .
3RfE ATg SUfRIT &1 IgIeT T Pl Fale a2l MR e Teiive @t =t arftranrt f. (sfcft) wanfr aqer R fomar
RAISST o QoI e el RT3 AT ATHSSIAR bl oG-S5, A~Tg, gaxIalG Ud e R SRAmeTenaii 1 sfers it = vifermr foran
| e 140 TR = fowa foram | 5 Aisa! o i SreiT+res 0 SR by U, R 16 ver o=t ot TRRIfer emfeyapt oiR aner st
RIS

FRIGHH &b TRT | TTACA & AN FAND ST, TR, g 7 FIRT WIH0T TR foharm| g wft b1 3 HRishA & Ieed F 37T
PRIAT| TG RS & f29rep 7. 3mefiy oot = 3o Faes § gf) o ers & 37k el b 39 YR &1 smie (g w9 g+
F foT IRAT ATHBRY BNTT | SHP GRT & Ueh IR I B Hormett iR ARt & uRRIT 8l 8 iR e wu 4 gt v R au a’ids &
IR a1 o1 Htept firerar g1 T € g9 deTfies e & FU-Y AT Pl ST & U 39 IR R fomet ot ot witent firerar g1
qApeiten 3iR e 3 & # fE< ot T 31 &1 BT © | ey e & 0 | faafRyd 89 & forg &) wirem & fasme swemeft anfeea g
STORY B Sfrepier dereien et St HTST 7 € €1 & IR S HTURYT O SHB STFDBRT TeT Ugd uTel 8, S BRishA b H1ew
3 & ASTTI1eh T 2Pl JISTHTNT e o ahv b e 2 R2 2
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dsiifor Al 2sledl

T IS F Igled TARIE & TR AfifY & wu 7 Semrelan (3, gon) & feares (sorae Affvefi) . famig ovar SufRrd o |
SR U IGIEH H AT 6 HEERY b SR | A9 iR Jaiiet 1 I FoTd wu A g iR It feem o uRac garm 2|
PRI Tep AT AR € 3R 394 & ufth Bl I ded o1 ATy a4} ST Seilsl THd &) AhdT ¢ | HgMRT § dsiif~es et 3
95 Hecaqul ARG T 21 SR 9T b SFets Qe T 1O Qier A &ty e # ot soe B RieRt ot =1y, anfe
grftar T off I ey | ATIRIT 81 1R ST bt st Sfeh I dfd 7 3| ¢ FHIST D1 1Y H R T BT | ST b GUR
& foru Sit ot T 3119 PR 32 B, S B Bl STHSRI T T Uga™ ot RraeRy +ff ema a5t 21

= I 9 it fawat o ==t Y )

1. Pifers F Fafrd faft= e/ SFHuT T SUaRI Td 9914 Bt ughori
2. Pifds P IR FATAROT HRET0T

3. SRYATEAT / IR Aex H ugaa = dienfifesai/ dais

4. PIfIS P SR 3 WM T qATG

TJapitent A1 T FaTer 5ft IFER T IR Al wget KAt 7 3 | depiat T af Sregard A1 dweral & aiRe dei-im! —Sf.
1T TS, 8. iR &fTet, 8. g¥a Ui, S1.Syfen Ieiars, 1. 6o Rig, Sf. e @l gRI a1 7|

T S} &b SIS # &Y. G g, . ARURY o1, 2. v, .1z, it T ara 3 ggcaqut yfiet f11E | Snrsst & aeed &
U H 2. (sl wafy Tger, sfindt T weater aur sfmcht Aoqer et =1 Rt forar) @41 et & et 3 of S
SR R o foTg TeATiadt 31 g fama |

TG 3 Fcerens S, aRfave |Tg A o1 iy Teor o HEmRY & SR Aeept & 93 g Hed B i 3T | HErRY & SR
fae oiik Tenfient v 3 vase glax Feared wu & wHft 7 sroeT-eruer are | S |l § fhu ST R SrgsuE &

AR 3R TR & oY g STHBRT A1eT - & forg s+t ol wieanfd |
TIR3TTS & T 7. U9Td Shthetax J deiT=d STHBRT BT TR &t 3R &g qmer & e & forw st dieht & auft o1 oRka

fopa| I8 9 o QaTRaS # fhamt o folg e &t 78 weTferat o e o 16 ffST o o forg agaer foramt 7 &t v o &
U fopa|
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minent scnentlst Snmvasacha r|
ajappa passes away at 88

orrespondent
stters@htlive.com

E: Srinivasachari Rajappa,
1tist and former head of
livision of organic synthe-
f the National Chemical
oratory ~ (CSIR-NCL),
ed away in Pune on Sun-

the NCL said in its state- -

t on Wednesday.
e was 88,
ajappa obtained his PhD
ee in Chemistry from
ras university in 1958.
r a short stint as a lecturer

T Madras, he undertook

doctoral research at the
ida State University and
| at Harvard University
1 RB Woodward. He

ked with CIBA research’

re in Mumbai. In 1987, he
ed to the NCL. He contin-
his work after retirement
394 and for another five
S as an emeritus scientist.
ajappa contributed si

ly as a synthetic organic
mist. His major contribu-

Srinivasachari Rajappa.

tions include the synthesis of
_cyclodipeptide monoimino
ethers, a novel synthesis of thi-
ophenes and thiazoles, syn-
thesis and structural studies
on push-pull systems espe-
cially nitroenamines, discov-
ery of a versatile synthesis of
nitroacetamides and the elu-
sive nitrothicacetamides from
nitroenamines, new synthetic

_ strategies for carbamates and

thiocarbamates, including a
viable non-MIC route to car-
bamate pesticides, and the

first demonstration of the
existence of non-bonded
attractive interactions involv-
ing sulphur in solution phase.

In its statement, CSIT-NCL
said, “Rajappa was deeply .

concerned about the continu- -

ing environmental degrada-
tion, which led him to give
seminars to industrial .
research and development -
groups on modern develop-
ments in catalysis to bring
about chemical transforma- ’
tions with greater efficiency
and less pollution. He also
addressed students at the

- graduate and postgraduate .

levels on ethics in science.”
Rajappa was conferred the -
KG Naik gold medal by the MS -
University of Baroda and the
lifetime achievement award of
the Chemical Research Society
of India. He was a fellow of the
Indian National Science Acad- -
emy, New Delhi. He pub]ished
85 research papers in interna-
tional peer-reviewed journals.
He guided Il students for PhD.
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