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Dear Readers,
Hope you are doing well!

We have been inspirited by the support we have
received these four years and would like to offer
sincere thanks to everyone who has accompanied us
in this exciting and engaging journey of the
fRRUITH. This publication is not just a Newsletter to
highlight new aspects or news of IITH but marks a
significant milestone in our journey towards
fostering stronger connections and sharing valuable
insights with our esteemed community that serves
as the bridge that connects us, enables us to
exchange ideas, and empowers us to stay informed
and engaged.

Our dedicated team has put in tireless efforts to
curate content that is not only informative but also
captivating, ensuring that every reader finds
something of interest and value. Like every time,
this issue is also being dedicated to one of the key
thrust research areas of IITH.

Following this precedence, we are back with yet
another critical area of research at IITH,
'Catalysis@IITH" - Vol - 5, Issue-4, 2023 (Issue - 17).
Catalysis has become an indispensable research area
in many departments at IITH, including Chemistry,
Chemical Engineering, Materials Science,
Biotechnology, Climate Change, and Civil
Engineering. Thus, catalysis provides a vibrant
platform at IITH to foster inter-and trans-
disciplinary collaborations among the different
departments from fundamental catalysis science to
generate innovative technology transfer, in line with
the circular economy goals.

Dr Mudrika Khandelwal
(Dean — Alumni & Corporate
Relations)

{Editor-in-Chief}

Prof Deepak John Mathew
(Professor, Department of Design)

Dr Shiva Ji
(Faculty-in-Charge - Public Relations)

Mrs Mitalee Agrawal
(Public Relations Officer)

&
|

Editorial Epistle

We trust this issue will be an elucidating source of
exceptional research work being carried out by the
IITH fraternity in the theme area.

This issue is ornated in tricolour as we celebrate the
75th year of India as a Republic Nation in 2024.

We will be back next quarter with another significant
research area in which II'TH making a mark to Invent
and Innovate in Technology for Humanity. Your
support encourages us to return with an enhanced
and enriching experience in the upcoming calendar
year with exciting editions of "fRIITH”.

We wish everyone a safe and healthy stay.

Happy Reading & Stay connected. ...

({1
Sustainable development

is a proven catalyst for
Xerox Innovation.

Anne M Mulcahy

Prof C Krishna Mohan
(Department of Computer Science & Engg.)

Ms Ankita Roy

(Assistant Professor, Department of Design)

Dr Bhojaraju Gunjal
(Chief Library Officer)

Mr Anand Sharma
(Media & PR Secretary, Student Gymkhana)
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Director's Desk

Discontent is the Catalyst for the

Change.
- Mike Murkdock

Dear friends,

I trust this message finds you well and thriving in all
your endeavours.

It brings me immense pleasure and excitement to
introduce the 4th-anniversary edition of our Institute's
Newsletter, "BR&ITH" (KirlITH) — The Crowning Glory,
which spades the startling study we have made in the field
of Catalysis. The previous quarter was a time landscape
filled with extraordinary initiatives that have placed IITH
on the national and global stage, like hosting Finals of
Model G20 Initiatives organized in collaboration with
INYAS under the Ministry of Education's umbrella, where
incredible ideas for global betterment were awarded under
six distinct themes.

At the national level, we are glad to be part of two significant
activities ideated by our honourable Prime Minister Shri
Narendra Modi Ji: 1. ‘Ek Taarek, Ek Ghanta’ under Swachhta
hi Seva on October 1, 2023 and 2. Coordinating Yuva
Sangam, Phase-38 as Coordinating Institute from the State of
Telangana in partnership with BHU, Varanasi, as
Coordinating Institute for the State of Uttar Pradesh.

We are happy to release this issue to observe the 75th
Republic Day as we enter Amirt Kaal towards making India
- “Viksit Bharat”. Towards this objective, we were gratified
to host Her Excellency Dr. (Smt.) Tamilisai Soundararajan,
Hon’ble Governor of Telangana and Hon’ble Lt. Governor
of Puducherry, twice last quarter. Her Excellency witnessed
the Foundation Week Celebration of Dr BVR Mohan
Reddy School of Innovation and Entrepreneurship (BVR
SCIENT), a 30,000-square-foot facility at IITH and
virtually inspired the young enthusiastic souls visited IITH
during Yuva Sangam, Phase-3 initiative from the state of
Uttar Pradesh.

Research remains a cornerstone of IITH's quest for
excellence. Notably, IITH's researchers, are embarking on
an innovative journey to address the longstanding
challenge of urban flooding in Hyderabad and proposed
the use of GFRP Rebar and Discrete Fiber-Based
Reinforcing System in Concrete Constructions for
Improved Durability. Some patents and copyrights were
also published and granted to our researchers by the Indian
Patent Office.

iTIC Incubator at IITH selects 75 innovators under the iTIC
- IITH - Greenko BUILD Program. The 75 selected
innovators will receive up to INR 1 lakh in financial support
and were also invited to participate in a 3-day orientation
boot camp at IITH. In addition, NXP India, in collaboration
with FabClI, and IITH, announced winners for Season 2 of
Semiconductor Startup Incubation and Acceleration
Program for Tech Startups.
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Working together, we can manifold our strengths, and in this
direction, IITH signed an agreement with Monash University,
Australia, symbolic of IITH’s significant footprint in Australia
with 8rd such a pact, and iTIC Incubator at IITH signed a pact
with the College of Defence Management to launch ABCD
Cohort 2, a program that empowers civilian technology
Startups in their transition to defence applications. A Precision
Center Metrology Lab is also planned at iTIC Incubator at IITH
in partnership with Hexagon to accelerate the start-up culture
on the campus for the IITH community and individuals
incubated at IITH’s Centre of Excellence.

A sound mind resides in a strong body. IITH team has
displayed “IITH Fit He, Hit He”! with its best play in the Inter-
IIT Aquatics & Sports Meet - 2028. With an impressive tally of
8 medals in the Men’s Swimming Championship, IITH secured
a historic victory at Inter-IIT Aquatics Meet 2023 by clinching
the Second Runners Up Champion position. Inter-IIT Sports
Meet 2023 was a grand success with 16 Medals (Students-9 and
Staff-7), two best players of the tournament in Student
(Women-Athletics) & Staff (Men-Table tennis) and Staff
Women team emerged as the Ist runner-up of the
championship.

On the booming campus life front, as our phase-2 construction
is about to conclude, multiple blocks of the campus aspire for
GRIHA (Green Rating for Integrated Habitat Assessment) —
Green Building Rating. GRIHA, in collaboration with the IITH,
has organized a green tour of the IITH campus, admired by
Young Architects from across the country. With the 15th
Foundation Day, we rejoiced in the yearlong Crystal Year
Celebration and observed the 2nd Decennial Celebration with
Graduates of 2018 and the Annual Alumni Day 2023. Last
Quarter, IITH announced the 4th set of Alumni Awards to
encourage entrepreneurship among IITHians and work toward
the motto to serve Humanity. The day also witnessed the
inauguration of the first-ever legacy project at IITH, created
with the support of graduates of the 2012 pioneer batch.

IITH has set the moment to start a new Era with 2000+
Innovative minds from Academia and Industry mutually
exploring the Power of Innovation in this Amrit Kaal to Make
India a Viksit Bharat with the 2nd Edition of IInvenTiv 2024
during Jan 19-20, 2024. May we continue to inspire, engage,
and trigger interesting dialogue that propels us toward a future
where sustained excellence empowers us to invent and
innovate in technology for humanity!

I extend my best wishes for a time filled with happiness,
fulfilment, and endless possibilities as we enter the new year.

~ B S Murty



IIT Hyderabad - A Modern and Sustainable

Academic Campus

KID: 20230401

IITH campus built on ~600 acres is designed to
eventually accommodate a total population of 30,000,
including 20,000 students, with a total built-up area of
2.1 million square meters. The campus master plan was
developed based on the concepts of conservation and
sustainability, energy-efficient and green wurban
framework with 60% greenery. The campus consists of
an academic area, a residential area for students, a
residential area for faculty and staff and other support
facilities. The campus is planned to grow in phases
with a corresponding increase in the physical
infrastructure and support facilities to accommodate
an increase in the number of students in established
programs and new programs of the future.

The IITH campus is envisioned as a self-contained
township based on sustainable development and living
concepts. IITH has a unique relationship with Japan,
with JICA supporting the infrastructure development
at IITH and strong collaboration with Japanese
universities and industry through the FRIENDSHIP
program. We will be soon completing the Phase-II
construction activities which are supported by the
Japan International Cooperation Agency (JICA). In
addition, Phase III construction is planned to
accommodate additional student hostels, faculty and
staff housing using precast technology and is expected
to be completed within six months. Additional hostels
for about 1000 boarders are under construction using
complete precast technology.

IITH offers independent living spaces with natural
ventilation and diffused lighting in hostels. It boasts of
a radiant cooling system for students to explore
themselves, still providing a lot of interaction spaces in
the hostel living and academic zones.

Convention Centre

The convention centre is ground plus a three-storey
structure. It consists of five towers with large
auditorium and halls of several sizes to accommodate
parallel sessions. The convention centre is designed to
host international conferences and seminars. The
Convention Center has primarily fair-faced exposed
concrete buildings. It has a nice open courtyard with a
Japanese Garden and a tensile fabric roof structure to
provide sunscreen.

Knowledge Resource Centre
The Knowledge Resource Centre is a ground plus

three-storey structure. It was modelled as a library with
a large digital collection, multimedia rooms and digital
archives. Complex roof construction consisting of a
central square surrounded by four hyperbolic
paraboloid shell roofs. The facade includes dry-stone
cladding up to 11.00 m with a combination of exposed
and plaster surfaces. It has fair-faced exposed concrete
parabolic arches of various heights and widths at
multiple locations.

Dean’s Diary

The academic zone is a crucible of interdisciplinary
research to promote a sense of excellence and inspire
inventions and innovations. We have recently added
nine more academic blocks in Phase II construction
from the three academic blocks in Phase I
construction. A state-of-the-art Knowledge Centre
(library), Research Centre Complex, Lecture Hall
Complex with an 800-seater capacity hall, Technology
Incubation Park, and Sports and Cultural Complex
with international standards are some of the highlights
of the Phase-II development.

IITH is a sustainable campus with a comprehensive
wastewater and solid waste management system. From
banning the usage of paper cups, replacing packed
water with UV water dispensers, setting up waste
segregation and recovery facilities, bio-digester, and
sewage treatment plants to growing more than 15000
trees in the last 2 years, IITH has considerably reduced
its carbon footprint. We are making every effort to
turn our campus into a green and sustainable habitat.
All the buildings are designed to meet GRIHA Green
Buildings rating 4 and are made energy efficient by
using performance double-glazed wunits for the
windows and facade, by using occupancy sensors to
save energy, and by ensuring sufficient daylight in all
the rooms.

In summary, our construction and management
division is putting its best effort into providing world-
class facilities and infrastructure. I am sure our campus
will be one of the most liveable, vibrant, and dynamic
campuses with international standards in India. The
following buildings will be soon completed and
inaugurated and some salient features in these
buildings are listed here.
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Dean’s Diary

Hostels

The residential campus for students supplemented by
indoor and outdoor sports activities and common
pavilions for recreation is embedded in the planning of
our campus. Each hostel building is a ground plus 10-
storey structure. Each building of 316 capacity consists
of four clusters on one level and is provided with four
extra-sized rooms. Each cluster includes eight single
bedrooms with shared toilets and a common sitting
area. The building design includes several unique
features. The Facade is characterized by vertical fins
with standing performance and more privacy. Fin
angles are with two modes to reduce solar impact. The
radiant cooling system is used for efficient power
consumption. Solar photovoltaics are fitted at the top to
generate renewable energy.

Sports and Cultural Complex

SNCC is a ground plus one-storey facility. It includes a
main arena, swimming pool, outdoor theatre, and
cultural facilities. It comprises indoor sports courts,
locker rooms, indoor games facilities and external
development of track, athletic field with soccer field
and basketball court. It boasts of a complex roof
construction with doubly curved concrete shell roof up
to a 45-meter span, one of longest in IIT system.

Lecture Hall Complex

The lecture hall complex is located centrally on the
campus and has 15 lecture halls of various seating
capacities planned on two levels. The lower floor has a
seating capacity of 2086 students, and the upper floor
has been designed to accommodate 1254 students. The
lower floor consists of (1) one 800-seater hall, one 400-
seater hall, two 200-seater halls, two 120-seater halls
and two 72-seater halls. The upper floor consists of 7
Lecture halls: one 400-seater hall, two 200-seater halls,
two 120-seater halls, and two 72-seater halls. It consists
of an 800-seater amphitheatre, a standalone theatre,
and a large student hall.

Academic Quadrant (AD2)

Academic Quadrant consists of buildings for three
departments, namely Physics, Mathematics and Liberal
Arts. This quadrant is designed to have a complete mix
of labs, classrooms and faculty rooms. The physics
department consists of two wings: left and right wing.
The right-wing consists of G+4, which consists of labs,
and the left-wing consists of the office block ground +4
structure, which mainly consists of faculty offices. The
landscape around the building is provided with
Tandoor flooring, pebble beds and plantings. It consists
of murals and lobbies with anti-skid vitrified tiles.
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Academic Quadrant (ADI)

The electrical engineering building is jointly located with
the computer science engineering. The complex is a mix
of Labs, classrooms, and Faculty rooms. The complex is
mainly divided into two parts. The larger block is a
ground plus four-storey structure comprising labs and
office blocks. The next block majorly comprises faculty
rooms. The ground floor consists of seminar rooms for
150 students. The lobbies of antiskid flooring, classroom:s,
and slabs of concrete flooring. The Landscape around the
building was provided with tandoor flooring, fixed
landscape seating, pebble beds and planters.

Dinning Facility

IITH has a common dining facility for its Students, Staff,
and Faculty. Both North Indian and South Indian
varieties are served in the dining hall. New dining hall
designed for 2000 students. It has two floors, with a
simultaneous dining capacity of 500 on each floor. It also
has state-of-the-art facilities meeting the needs of
modern cooking. Structural features include fair-faced
concrete. It has a large column-free space that enables an
open ambience.

Core Labs

Core laboratories are large-scale labs with the capacity to
conduct large-size laboratory classes. It is designed to
accommodate lab courses of 1st year BTech students who
take core labs to learn core science and engineering labs.
These laboratories are designed to cater to the needs of
the students in the relevant areas of teaching, irrespective
of the departments. These large labs are designed to
accommodate the core labs in physics, chemistry,
computer science, engineering graphics, etc. It's a
ground-plus two-floor structure with an area of 2805
square meters.

Department of Design Building

The DOD building designed to provide a vibrant
environment for learning, practising, research, and
exploring several facets of design. DOD building is
designed to have state-of-the-art technology labs and
facilities such as Photography Studio, Animation Studio,
Clay Studio, Wood & Metal Workshop, Printing Lab, IT
Labs, 3D Printing Facility, Book Binding, Silk Screen
Printing, and a library. The landscape around the building is
provided with Tandoor flooring, pebble beds and plantings.

Dean’s Diary

Dr Suriya S Prakash
Dean (Planning) and
Professor, Department of Civil Engineering

foRruTH | Volume 5 | Issue 4 | Oct - Dec 2023 | Catalysis @IITH | 07



Theme Diary

Catalysis for a circular economy
toward a sustainable society

KID: 20230402

The circular economy is vital for a sustainable society. It
provides an alternative and greener economic model,
considering the limited resources of fossil fuels and
their adverse environmental effects. Developing viable
technologies with low waste generation and
recycling/valorizing the generated waste are the key
features of a circular economy. The ultimate success of a
circular economy lies in “today’s waste is tomorrow's
raw material”, thus reducing our dependence on fossil
fuels and new resources as well as controlling the carbon
footprint. India alone produces a huge amount of waste
each year from various sectors, including plastic,
agriculture, food processing, chemical industries, etc.
Improper waste management can lead to environmental
pollution and cause a serious threat to the ecosystem,
which is already being witnessed in all places of the
world. Thus, the concept of “waste-to-valorization” has
gained global attention in recent times.

Sustainable
technologies

Catalysis for a

circular economy

Waste
valorization

Waste
reduction

Figure-1: Pivotal Areas of Catalysis for Circular Economy

Catalysis is a pivotal research area of modern science
and technology. It is a part of our daily lives to
facilitate activities smoothly. Catalysis can be classified
as homogeneous and heterogeneous, and the name
itself reflects the same phase of reactants/catalysts
(liquids) and different phases of catalysts (solids) and
reactants (gases or liquids), respectively. Biocatalysis,
also known as enzymatic catalysis, uses enzymes as
catalysts for  chemical reactions. Amongst,
heterogeneous solid catalysts are of significant interest
to chemical, pharma, and plastic industries because of
their salient features, such as easy synthesis, high
chemical/ thermal stability, efficient recovery/
reusability, and lower waste generation. The
applications of catalysis can be found in most of the
energy and environmental sectors, including fossil fuel
processing, air/water pollution control, drug design,
CO, conversion, sensing, hydrogen
production/utilization, and renewable energy
utilization. Catalysis is an essential step in more than
80% of chemical synthesis processes.
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Thus, it significantly contributes to the GDP growth of
several countries. The uniqueness of any catalyst is that it
can speed up the process without being consumed with a
minimal amount of energy utilization and low waste
generation. Moreover, catalysis provides promising
approaches for transforming waste materials, such as
plastic, biomass, and CQ,, into raw materials, new
products, and fuels/chemicals. These prevalent
advantages enabled catalysis as an essential technology to
achieve a truly circular economy.

The purpose of any research is to develop new
technologies with minimal energy consumption to meet
the increasing global demand without compromising the
sustainability of future generations. This is the key
motive of the research fraternity of the IITH, aiming at
cutting-edge research to provide fruitful solutions for
various energy and environmental-related issues. Indeed,
catalysis has become an indispensable research area in
many departments at IITH, including Chemistry,
Chemical Engineering, Materials Science, Biotechnology,
Climate Change, and Civil Engineering. Thus, catalysis
provides a vibrant platform at IITH to foster inter- and
trans-disciplinary collaborations among the different
departments from fundamental catalysis science to
generate innovative technology transfer, in line with the
circular economy goals. The scientific community of
catalysis at IITH possesses vast expertise and experience
in all aspects of catalysis, including the rational design of
novel catalysts, in-depth understanding of the catalysts at
the molecular and nanoscale, advancing the existing
methodologies, developing new catalytic processes,
process optimization, and scalable reactor design with
the ultimate goal of providing feasible opportunities for
circular economy fit for a greener future.

Over the last ten years, IITH has strategically expanded
its transformative journey from basic science to applied
research in various fields and witnessed groundbreaking
contributions in catalysis. The institute encourages
research scholars and faculties working in catalysis
research to come up with innovative strategies focusing
on four pivotal areas to achieve a truly circular economy
(Figure-1): (i) developing sustainable technologies using
less hazardous materials and renewable energy, (ii) new
chemical and plastic processing methods with minimal
utilization of energy and easily recyclable end products,
(iii) advancing the catalytic processes of chemical
production with low waste generation, and (iv) efficient
catalytic processes for the valorization of waste
feedstock (plastic, biomass, and CQO,) into monomers,
new materials, chemical building blocks, and biofuels.
The institute aims to continue its quest in the catalysis
field for the betterment of the world.

Dr Sudarsanam Putla
Assistant Professor, Department of Chemistry



U Rt gHTet &t R J ashia srferawaun aq
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KID: 20230403

T IR TATS & forg Tchia sreferawn dgayqef g1 a8
Starer gue & Hiffig dareE! 8k S ufaga gafazofi
gHTEl el @ H W@d gU Yeh denfeden 3R gRd snfefen
Aige UGH &edl gl T SURIE IAGA & 1Y HagR
drenfifcral ot ol seaT ok Sc= ek o1 YR/
He™iehT AT Yeh Tehid el ol U faivdmd gl
Qeh gl HYfeaeT hl 3ifd AtherdT "3HTST a1 afe
(eRT) hel o1 el AT @' | [Afed 8, 39 ueR Sfiars
g 3R Y TareFl R gArY feikar | @9 & gry-gry
P uefdg ot off Fifad foram ST aehdT @1 srchet YR A
afed faffm &t @ wid amn & saxr der ghar &1 sgfRa
FHaRT Yeie T TAfaRoT UGNl g1 Hehal & 3R aTRfefadht
a7 & forg 7R @aRT O<T 8t TehdT 8, ST Uget T B &t S
T 81 fay & it =, 39 UaR, "SrufAE-T-gedich” &t
JGYRUT 7 g1 o feAT 7 afYen e s fomar 21

Energy
minimization

Sustainable
technologies

Catalysis for a
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Waste
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Waste
reduction

Rrr-1: TheR g & forg JaRes & Al &5

IR (hefrfere) smyfen fomm ofik Wenifiht &1 g Agayguf
gy & g1 fafafddt @t gare ®U § I AR afAe
Sfra @1 Ua g g1 SIR0T @t e iR fauwih & & §
Fiffepa foram ST FehdT 8, R A1 &1 shosn: SifHhReR!/ISREA
(et uerd) & Teh g TR 3R IIRF (319) 3R SifHeRen! (4t
q ) & a9 RO HF afar g1 SRdeaE, O
Uotgifesr wmefoet & v & off S S 8, O
ufafehareti & folg ISRE & ®U F TSEHT AT IUTNT T 8
T @, ity 3 IIRE et ugE foivars, S s
Tedwor, I e/ e fRRdT, ge gavifa/ga: s
3R H SMUfAT IdTE & HRUT Ak, HBHT 3R wIesh
St & forg Agayuf 3T T@d g1 ISRUT & gy Srfdehiar
Folt SR yafaRor &= & U 1 9o &, O=H Sfary g
UEIERe0T, /STl weNuT s, siwfe fAmfor, co, wuiaRo,
T, BIEEIoH IUTe/IuaNT 3R Adtenvufta Feif Suahr enfaer
g1 80% T aifdes IqmafAes dectwor ufharsit § FHefaRa waw
3EaYeh heH 8, 39 URR TE Hhs AW H Hhd W
I (ShEd) gfg & Aecyot girer gar &

fadt st (i)

A\ 2

\u. i
foreht oft S Hr RAfredr ag & ok a8 gHaw am & e
IUANT 3R & Sfe IcuTe o T1Y Ufehar &t IS o Tehdll 81
3% SIATT, he AT iR, sra™ ok COo, I smfe
Tt at sl AT, ¢ STel SR SUH/GEl § g & foig
SRS ORIV UG &l &1 3 Faferd @l A arda |
ThT g st U R & [T IIRE i Th IaTh
Jeh-teh & ¥ § e S|

fonedt oft 2rter ot ST wfosy 6 difeat i fRRaT @ gushan iy
farT Sgcdt afyen AT ot QX1 et o folg ~geaw ot @ud & a1y
T3 tenfiferal &1 faam =1 g1 98 wRdg denfidhr gwm
gexrTe (SMSIATEANT) & SRGEU FHAT & G Ied B,
S @teg fafvs ot ofik uafazer @ weifda gel & fog
STARf FHIYH e A & g sranyfAen srgHe e gl
2R3, WA famm, @ s dgifd, e fasm, Sa
Wi, Soarg oRada ok Rfdw sifwiFdr afa
IMEIATSETT & g fAuTT F e ffR ueh SrufRgrt srgierm &t
&F S T 81 39 UGR, hefafRT ader s deal &
SEY, A dienfihl gdiaRr SU9 e & fog Hifoe
Fefolg e g [ v & fig sidR-efk siqRwaes
TgaNT &l eraT &1 & foy srdensdiva ¥ uah Sfida 0w ugH
FAT ¢ | SIS | ISR0T & ATk TG & U ISR0T
& goft ggqget # fAsner fasivear ofik srgva g, e ==
IR T FhTTTd f3STTs, Surfaes 3R Ahel IR ISR i
faara @er faa 81 ufshan srgage, ok whaaa Ruaex
feommen, rgen sifdn dea gRa wloss & forg Sugs @il
Srefera & oy sagRt STaeR Ue e &l

e &g auf 4, smdenddiua A g e @ dox fas
& # AaeiRe U da U URadHerRt AT
oI TU @ R forar & ik 33Re & srgayd ahmer 3zar
&1 I ISROT ST H S She aret Y fagHT ok Teara
el &t araa § Ueh gehiy srdfeawt (R-1) ure o & forg
IR AGAYUT &1 R &1 chfsd e aTell A= UHaal o |1
3T 8q UicTied e &: (i) F @azare gt ok Tdteeofia
Folt T IUTNT s feahrss Htenfferal a1 e e, (i)
ol & ATH ITANT SR ST § YA i sifos Iaral
& 91y 5 I9™e R wifee udwhor fafdw, (i) &0
IgfAT IaTed & 1Y I It hi ISR ufcharai ot
3t ger, 3R (iv) srufe freweisn (wifes, samg ik
CO,) & T & forg Tem I3RS Ufcharst & Aread &
oaad, 98 gl Janfe fEfor sfel ofk Sia dew d
TRed= | TR o1 @18y fasy &Y werrs & forg Sake &7 F 3ot
QIS SR} @ T 8|

=f gafaw gaen
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Advanced heterogeneous 1
catalysis for plastic/biomass
waste valorization

KID: 20230404

Both plastic and biomass are complex polymers, consisting of strong carbon-
carbon and carbon-heteroatom linkages, which make them highly
recalcitrant to degradation/recycling at ambient conditions. Heterogeneous
catalysis, a key pillar for the chemical industry, can provide alternative routes to activate plastic/biomass structures
towards desirable products with low energy consumption and negligible waste generation (Figure 1). Metal oxides
and supported metals are widely used heterogeneous solid catalysts in the chemical industry. The unique
characteristics of these catalysts are tunable acid-redox properties, high thermal/chemical stability, and facile
recovery/reusability, enabling them as appealing catalysts for plastic/biomass waste valorization. The particle
size/morphology of these catalysts play a vital role in optimizing catalytic active sites (acid-redox) to achieve higher
reaction rates, selectivity, and yield in any chemical reaction. The fine-tuning of the particle size/morphology in the
nanoscale range (1-100 nm in one dimension at least) offers remarkable properties, including high specific surface
area, abundant acid-redox sites, and highly enriched surfaces (corners and edges). Hence, the application of
nanostructured metal oxides and supported metal nanoparticles in plastic/biomass waste valorization has been a
focal research topic in recent years.

The activity, selectivity, and stability of a catalyst are the key driving forces for the sustainable development of a
catalytic process in the chemical industry. Among them, the catalyst’s selectivity is considered the most important
factor to make any catalytic process/technology economically viable. The high selectivity of a catalyst towards a
desirable product reduces tedious workup procedures as well as the use of solvents to recover/purify the product,
thus it eventually minimizes the waste generation and process cost. In the case of plastic/biomass valorization,
achieving high selectivity towards a particular product is challenging because both plastic and biomass are rigid,
complex polymeric molecules, and their cleavage can lead to the formation of different products.

Monomers

-

.1
L

Biofuels

\
e

Chemicals

Figure-1: Heterogeneous Catalysis for Plastic/Biomass Waste Valorization

The heterogeneous catalysts, including nanostructured metal oxides and supported metal nanoparticles, typically contain
various active sites with non-uniform dispersion and inhomogeneous local geometries. This will not only lead to uncontrolled
cleavage of carbon-carbon or carbon-heteroatom (oxygen, nitrogen, etc.) in plastic/biomass but also to non-specific activation
of the obtained intermediates, resulting in lower yields of the desirable products. It will have serious implications on the
practical feasibility of the catalytic process for plastic/biomass waste valorization. Hence, significant efforts should be made
towards improving the existing catalyst development methods and/or designing novel synthesis methods for advanced
heterogeneous nanocatalysts with structural homogeneity and optimum specific active sites (acid, redox, or both). A
promising approach is to use porous carbon as a support for stabilizing metal nanoparticles, which can lead to improved
dispersion and uniform coordination structure of metal active sites as well as enhanced diffusion properties to provide higher
reaction rates and product selectivity. In this regard, a great opportunity lies in using plastic/biomass waste as a precursor for
preparing porous carbon materials and using them to develop multifunctional metal-based nanocatalysts for the conversion
of plastic/biomass waste into monomers, fuels, or chemicals.
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Hydroprocessing of plastic/biomass waste in the
presence of hydrogen is an efficient way of producing
fuel-grade hydrocarbons. However, using hydrogen
gas requires extreme reaction pressure and
temperature conditions, which in turn not only
increases the process cost drastically but also poses
safety ambiguities. Hence, the sustainable strategy is to
use safe liquid hydrogen carriers, such as methanol,
ethanol, or butanol by means of in-situ hydrogen
generation and utilization for plastic/biomass waste
valorization. Concurrently, facile workup procedures
should be developed for separating the byproducts

Research Diary

The success of any research group primarily depends
on the research scholars. The SP HeteroCat group is
fortunate to have enthusiastic, dedicated, and
motivated research scholars, and their commitment
and perseverance to work on challenging problems
stimulate the group research endeavours at IITH. We
aim to continue our commitment to excellence,
innovation, and the pursuit of knowledge in the field of
Heterogeneous Catalysis, with the ultimate goal of
developing industrially relevant processes for
plastic/biomass waste conversion towards a sustainable
society.

generated from the hydrogen carriers to make the
process practically feasible.

SP HeteroCat Lab:

The “SP HeteroCat Lab” at the Department of

Chemistry, IITH, aims to design and develop
sustainable heterogeneous catalytic methods for
plastic/biomass waste conversion and diverse

nitrogenous chemical synthesis. Our current work is
focused on the catalytic recycling/valorization of two
types of plastic waste: PET to value-added monomers
and polyolefin plastic to fuels (petrol, diesel, or jet fuel)
and porous carbon materials. The conversion of lignin,
a waste product from 2G ethanol and pulp/paper
industries, to fuels, chemicals, and functional carbon
materials is another key focus of our research. The
third research topic is to develop facile catalytic C-N
coupling strategies for biomass-based N-heterocycles
(drug motifs) using safe hydrogen carriers. The key to
efficient and selective plastic/biomass  waste
valorization is to develop new heterogeneous catalytic
materials with structural uniformity and the optimal
amount of specific active sites. Thus, we strive for a
deeper understanding of the catalysts at the nanoscale
range that can provide us with valuable insights for the
rational design of novel bifunctional nanostructured
metal-based catalysts with optimum catalytic active
sites (mainly acid-redox properties) for plastic/biomass
waste conversion and diverse nitrogenous chemicals.

“SP HeteroCat Lab” at the Department of Chemistry, ITH

[1] Ms Bhattu Swapna
PhD Scholar, Department of Chemistry

[2] Ms Mangalapalli Kamali
PhD Scholar, Department of Chemistry

[3] Mr P Subha
PhD Scholar, Department of Chemistry

[4] Dr Sudarsanam Putla
Assistant Professor, Department of Chemistry

Catalytic dye degradation by hydrogel-silver
nanoparticle nanohybrids

KID: 20230405 i
Water pollution has emerged as a critical global issue, driven by the industrialization of sectors like paints, food,
leather, printing, and textiles that extensively use dyes[l]. These industries generate over 7x105 tons and nearly
10,000 varieties of dyes and pigments, with more than 10,000 tons consumed annuallyl. Approximately 10-15% of
these dyes are discharged untreated into water bodies, posing a significant threat[2,3]. The release of vast amounts
of untreated dyes into the aquatic environment is a considerable concern, given their high toxicity and
carcinogenicity to microbial populations and mammals[4,5]. It is imperative to treat wastewater effectively to
eliminate these hazardous dyes before entering aquatic ecosystems.

Several approaches have been utilized for dye degradation, encompassing chemical[6], biological[7], photo-
catalysis[8], and catalytic reduction using metal nanoparticles (NPs)[9]. However, using bare metal NPs has some
drawbacks compared to stabilized counterparts. The elevated surface energy of naked metal NPs prompts
agglomeration, resulting in a notable decline in catalytic activity. Furthermore, these nanoparticles are not easily
recyclable through a straightforward centrifugation process. Both challenges can be mitigated by immobilizing
metal NPs onto a solid support. Different supporting materials, including dendrimers[10], polymeric
microgels[11,12], bulk hydrogels[13], and inorganic substances like reduced graphene oxide[l4], are employed for
this purpose.
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The incorporation of silver nanoparticles (AgNPs) into
gels represents an innovative approach to catalyze the
degradation of dyes for wastewater treatment. This
hybrid system combines the catalytic properties of
ANPs with the structural support of a gel matrix. The
gel provides a stable and immobilized environment
for the silver nanoparticles, ensuring prolonged
catalytic activity. When exposed to dye-contaminated
water, the gel-encapsulated Ag NPs efficiently initiate
degradation processes, breaking down dye molecules.
This strategy not only enhances the catalytic efficiency
of AgNPs but also facilitates easy separation of the
catalyst from treated water. The synergy between
silver nanoparticles and gel matrices presents a
promising avenue for effective and practical dye
degradation in wastewater remediation.

To achieve this goal, we have been working on
synthesizing AgNPs in a bioinspired supramolecular
gel (Figure-1). The gel here played a dual role as a
reducing and capping agent, facilitating the green
synthesis of AgNPs by reducing AgNO3. The
nanohybrid hydrogels were utilized for the catalytic
degradation of dyes (Figure-2). Figure-1 Photographs
of gel and silver nanoparticles incorporated gel.

Rhodamine B dye Before Rhodamine B dye After
degradation catalytic degradation by
AgNPs

AgNPs
incorporsted Gel

Gel

Figure-1: Photographs of gel and silver nanoparticles
incorporated gel

T

Methyl Orange dye Before Methyl Orange dye After
degradation catalytic degradation by
AgNPs

Figure-2: Photographs of catalytic degradation of dyes by hybrid gel incorporated with silver nanoparticles.

In the upcoming stages, we plan to incorporate gold
or silver nanoparticles along with graphene oxide in
the gel. Subsequently, we aim to perform catalytic
reduction of dyes using this hybrid gel. We will also
endeavour to catalyze organic reactions with this
advanced formulation.
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Design and discovery of novel nanomaterials
for plasmonic photocatalysis

KID: 20230406

Plasmonic catalysis has remarkably improved product
yield and selectivity in various chemical transformation
reactions via the localized surface plasmon resonance
(LSPR) effect. This phenomenon exploits the collective
oscillation of conductive electrons in noble metal
nanoparticles (NPs) by the light irradiation of a suitable
wavelength. Using porous supports to immobilize
plasmonic NPs can prevent sintering and agglomeration
and further assist in the easy diffusion of substrate
molecules. Scheme 1 illustrates the different plasmonic
photocatalytic systems developed to promote catalytic
reactions using light energy. The design and application
of size and color-controlled Ag NPs within the
mesoporous channels of SBA-15 silica for their
enhanced catalytic performance in the hydrogen
generation from storage material, ammonia borane,
under visible light irradiation was demonstrated. The
nanocatalysts were prepared by microwave (MW)-
assisted alcohol reduction method in which 1-hexanol
was used as a solvent and reducing agent in the presence
or absence of surface directing agent followed by
microwave heating for 8-5 min to form yellow, red, and
blue NPs.The combination of the plasmonic metal with
catalytically active metal NPs, for example, Pd, Pt, Ru,
Ni, and Co, was studied in order to improve the catalytic
and  plasmonic  properties of  monometallic
nanostructures. A pioneering approach of combining Ag
NPs with single-site Ti-oxide moiety was also developed
to link together Vis-active plasmonic and UV-active
single-site photocatalysts for enhanced hydrogen
production activity under UV-vis light irradiation.
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In another study, the influence of unique zeotype
support material, hierarchically - porous
aluminophosphates (HP- AIPO-5), was explored to
overcome the mass-transfer limitations with highly
accessible active sites. The HP support material was
employed to tune the size of plasmonic Au NPs and the
efficacy of Pd NPs deposition on the Au surface. The
amine functionalization of the support framework was
found to play a crucial role in enhancing the stability of
bimetallic PdAu NPs. The experiments with the addition
of different kinds of amines, for example, primary (-
RNH2), secondary (-NHR2), and tertiary (-NR3) groups,
along with the presence of one, two, and three nitrogen
atoms containing amines, were performed. Based on the
characterization results and catalytic response, it was
found that the presence of amines assisted in the
nucleation and covalent anchoring of the Pd NPs and
among all, tertiary amine (-NR3) catalyst (PdAu/HP-
AIPO-5-NR3) was most efficient in achieving significant
enhancement in the catalytic performance under visible
light irradiation. The HAADF-STEM image with
elemental mapping results of PdAu/HP-AIPO-5-NR3
revealed the close contact of Pd and Au and the
presence of nitrogen in the catalyst. A plausible
mechanistic pathway of activity enhancement has also
been proposed to correlate the promotional effect of
amine groups in the plasmon-mediated catalytic
performances under visible light irradiation. It has been
envisaged that these significant developments will foster
future technological advancements in solar-powered
catalysis for practical applications.
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An  illustration of different plasmonic
photocatalytic systems to promote catalytic
reaction using light energy

By combining plasmonic particles as optical antennas and active catalytic sites,

itis possible to create plasmonic catalysts that promote catalytic reactions using light energy

Dr Priyanka Verma
MSc (2014), Department of Chemistry, and
Assistant Professor, IIT Delhi
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Electrocatalysis

KID: 20230407

The past energy economy was mainly based on fossil
fuels like coal, oil, methane, etc. Exploring sustainable
clean energy sources is a major societal and
technological challenge in this century. In principle,
solar and wind energy can meet a large portion of the
global energy demand. However, they are intermittent
and need efficient and economical storage solutions.
Among various possibilities, hydrogen production and
storage are attractive solutions. Gasification and steam
reforming are established as cost-effective routes to
hydrogen generation. However, their carbon content is
significant. Thus, the evolution of the hydrogen
economy is primarily dominated by the development
of cost-effective and low-carbon footstep methods.
Electrolysis of water is a promising direction for
storing the electricity generated from renewable and
carbon-free technologies as hydrogen fuel.

During water splitting, two half-cell reactions take
place. The hydrogen evolution reaction (HER) occurs
at the cathode and the oxygen evolution reaction
(OER) occurs at the anode. Though both reactions are
kinetically sluggish, the overpotential loss due to OER
is much higher with respect to HER. Hence, OER is
considered as the bottleneck of the entire water-
splitting process. The technological need for the
enhancement of OER kinetics has motivated intense
research efforts throughout the world.

It has been shown that the electron transport
through a chiral molecule induces a spin
polarization without external magnetic fields
which is known as the CISS effect. Hence, the
spin-dependent electron transfer processes may
take place at the liquid/solid interfaces during
electrocatalytic OER wusing a chiral anode.
Therefore, the CISS process affects the reaction
pathway by controlling the spin-controlled charge
transfer at the anode and paving a new pathway to
improve the catalytic activity beyond the
thermodynamic restrictions.

Recently, we have demonstrated the enhancement
of OER activity of transition metal-based layered
double hydroxides functionalized with chiral
supramolecular assembly with respect to the only
catalyst-coated electrode as well as achiral
functionalized electrode. The spin-polarized
charge transfer at the chiral anode also results in
the selectivity of the product formation. The
control experiments carried out in this study
depict that the chiral organic molecule
individually may not compete with the state-of-
the-art OER catalyst. However, these
groundbreaking approaches can be used in
conjugation with the top-performing catalysts for
the further improvement of their catalytic activity.
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Therefore, the evolution of efficient, stable, and cost-
effective OER catalysts to make water splitting a viable
and scalable energy storage technology is a thirst area
for researchers. First-row transition-metal oxides and
layered double hydroxides are particularly interesting
candidates for next-generation electrocatalysts because
of their relatively low cost and easy fabrication process,
but the progress is not up to the mark.

From a thermodynamic point of view, an ideal catalyst
surface should bind to the reaction intermediates with
optimal strength. Specifically, the activity of a catalyst
is defined by the binding energies of the catalyst to the
intermediate.  Recently, some  unconventional
innovative approaches have been demonstrated to
improve the electrocatalytic efficiency beyond the
volcano limit by controlling the spin of the electron,
and these methodologies are receiving growing
concern.

My research is mainly focused on exploring this
unconventional way of improving electrocatalysis by
spin filtering the anodic or cathodic current using
chiral molecule-modified catalyst systems. The
justification behind the use of a chiral catalyst as the
spin-filtering electrode is the chiral-induced spin
selectivity (CISS) effect.

U Triplet oxygen

electron El

Chiral organic
maolecule

B FTO coated glass
- surface

Proposed mechanism of OER at the chiral molecule modified
anode

Dr Koyel Banerjee Ghosh
Assistant Professor, Department of Chemistry



Electrocatalytic Counter Electrodes
for Low-cost Solution Processed
Liquid Junction Solar Cells

KID: 20230408

Liquid junction solar cells (LJSCs) represent a cost-
effective, easy-to-fabricate approach in photovoltaic
technology, harnessing the unique properties of
photoactive materials (quantum dots (QDs), dyes, silicon
nanowires (SINWs) or textured Si) to convert sunlight into
electricity with enhanced power conversion efficiency
(PCE) and flexibility. These are typically solution-
processed solar cells and have garnered considerable
scientific attention due to their potential to overcome
limitations associated with traditional crystalline Si or thin
film-based solar cell technologies and pave the way
forward for novel applications in renewable energy. At the
heart of the LJSC is the “electrocatalytic counter
electrode” (CE) or cathode, which plays a pivotal role in
controlling the PCE and stability of LJSCs.

A 1JSC has a configuration like that of a battery; it has a
photoanode, an electrolyte based on a redox couple (e.g.,
I-/18-, Br-/Br3-, Sn2-/nS2-, [Felll[CN)6]3-/ Fell(CN)6]4-,
Co(IT)/Co(]) etc) and an electrocatalytic CE. The function of
the electrocatalytic CE in a LJSC is to facilitate the transfer of
electrons from the current collector to the oxidized species
present in the electrolyte and maximize this reduction
process at the CE/electrolyte interface. Minimizing the
overpotential linked with the reduction process is equally
crucial for efficient cell operation. The choice of
electrocatalytic materials greatly influences the efficiency and
stability of LJSCs. Commonly used materials include metals
or their alloys like platinum (Pt), gold (Au) etc., conducting
polymers (eg, poly(84-ethylenedioxythiophene),
polypyrrole etc), carbon-based nanomaterials (e.g., carbon
nanotubes, reduced graphene oxide etc) and transition metal
oxides or chalcogenides (TMOs or TMCs, e.g, Cu2S, NiS,
WOS etc) and their composites. These have been extensively
investigated for their electrocatalytic properties. A schematic
illustrating the role of the electrocatalytic CE in an LJSC is
displayed in Figure-1.

In our lab at IITH, a wide range of low-cost electrocatalytic
CEs for high-efficiency solution-processed LJSCs have
been developed. Our efforts have been directed towards
developing novel electrocatalytic materials that offer high
compatibility with

catalytic activity, stability, and
electrolytes in the LJSC architecture.
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Figure-1: Schematic illustrating the role of electrocatalytic CE
inaLJSC
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solar cell with

instance,
antimony nanorods anchored to SiNWs photoanode,
13-/1- redox couple-based gel containing dispersed
Cu20 nanocubes and an electrocatalytic NiO CE
delivered a PCE of 4.7% (under 1 sun). Noticeably, the

For a quasi-solid state

cell endured 500 hours of continuous 1 sun
illumination accompanied by a ~24% drop in its PCE.
Another architecture of ionic liquid functionalized
graphene nanoparticles anchored to SiNWs with a
WOS3 film as an electrocatalytic CE delivered a best
PCE of 7.93%, with an average value of 7.26%. LJSC with
vertically aligned SiNWs, co-sensitized with fluorescent
and narrow gap CdTe nanoparticles, and cuboidal
shapes of zinc tetraphenyl porphyrin (ZnTPP) dye
offered broad and strong visible light absorption that
resulted in a maximum PCE of 9.1% when combined
with a polymeric gel electrolyte of an 12/I3- redox
couple as the hole transport material and a CE of
PEDOT film doped with imide ions. A crack-free
smooth and homogeneous polymer surface, a shallow
work function, and a high electrical conductance of the
electro-catalytic imide-doped PEDOT  polymer
contributed significantly to the observed high PCE of
the LJSC.

A Si-free tandem solar cell was developed with a
photocathode or CE of p-type NiO sensitized with
AgBiS2 QDs, which was combined with a photoanode
based on trigonal-selenium sub-microtubes (t-Se s-mT)
and CdS anchored to titania (TiO2). The cell delivered
a PCE of 7%, wherein the AgBiS2/NiO served as an
excellent electrocatalyst for the reduction of Sn2-
electrolyte  species and the nano-structured
morphology enhanced the electrochemical surface
area, yielding high photocurrents. These examples
demonstrate the ability of CEs to control the
performance of LJSCs.

In summary, solution-processed LJSCs represent a
promising frontier in photovoltaic technology, offering
the potential to alter the landscape of renewable energy
conversion, thus contributing towards a sustainable
future. Advancing research and innovation in this area
necessitates the development of environmentally
benign, earth-abundant and electrocatalytic CEs for
highly efficient solar cells for diverse applications.

[1] Dr Melepurath Deepa
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[2] Mr Debanjan Maity
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[8] Ms Ankita Kolay
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Electron Flow:
A Versatile Tool to Inspire
Organic Synthesis

KID: 20230409

In response to the imperative of achieving sustainable
development goals and addressing societal demands for
environmentally friendly chemistry, there has been a
keen focus on the development of green chemical
strategies and technologies that utilize clean energy
sources. As a result, numerous methodologies have
emerged, and electro-organic synthesis is becoming
one of the increasingly versatile tools in organic
synthesis due to its potential to provide sustainable and
environmentally friendly alternatives to traditional
chemical synthetic routes.[1-4] This electrochemical
method has gained significant interest from worldwide
synthetic chemists and industry and opened strategic
pathways in organic synthesis toward synthesizing
pharmaceutically and biologically essential products.
[5,6] A notable surge in the development of
electrochemical organic synthesis has been witnessed,
particularly in the last decade. Contrasting with early
approaches based on inherent reactivity, researchers
have recently integrated creative conceptions of
organic syntheses into these eco-friendly approaches.
Electrochemical organic synthesis is a branch of organic
chemistry that utilizes electrochemical methods to
facilitate and control chemical reactions. It is the
process of synthesizing organic compounds merely by
using electricity. Utilizing the power of electricity
provides unique advantages, such as improved
selectivity, milder reaction conditions, and reduced
environmental impact when compared to traditional
chemical processes; this can be beneficial in
improvising the selectivity and tolerability for sensitive
functional groups.[7]

Thus, employing this technique would eliminate or
minimize the use of toxic oxidizing/reducing agents
and eliminate/minimize waste generation compared to
conventional synthetic procedures, thus making it an
eco-friendly and cost-effective method.

As the world shifts towards sustainable energy sources,
electrochemical methods align well with renewable
energy inputs, such as solar and wind power, making
the whole synthetic process environmentally friendly.

Electrochemical methods are employed for forming
carbon-carbon (C-C) and carbon-hetero (C-X) bonds,
essential for constructing complex organic molecules.
[8-10] It allows for the selective functionalization of
organic compounds and enables the introduction of
specific groups in a controlled manner. Also, it has
found applications in the pharmaceutical industry,
contributing to developing new drug candidates and
modifying existing pharmaceuticals. The field extends
to synthesizing organic materials, such as polymers and
conducting polymers, with tailored 