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https://www.sciencedirect.com/journal/journal-of-luminescence/vol/269/suppl/C

CO, PHOTO-REDUCTION
One-electron reduction of CO, :
e —»CO2" E=-190V
linear bent
...but multi-electron reductions are much easier:
CO2 +2H"+2¢ — CO +H,0 E=-0.52V
CO2 +4H"+4ec — HCHO +H20 E=-0.48V
CO2 + 6H"+ 6ec —» CH30OH + H20 E=-0.38 V
CO2+8H"+8¢ —» CH4+2H20 E=-024V

L ;JV P «‘_’,’

Formic Acid Formaldehyde Methanol Methane

v' Charge Carrier Recombinations
v' CO, activation & desorption
v' Selectivity

CO, CONVERSION TO VALUE ADDED CHEMICALS: ENERGETICS
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ABOUT THE BENT STRUCTURE AND ENERGY
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CO2 PHOTOCATALYTIC REDUCTION:
KEY CHALLENGES

THE SELECTEVITY CHALLENGE:
CO, VS. H,0

oy e Why Hydrogen Evolution Reaction (HER) Dominates and

How to Steer Product Formation
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‘ INSPIRATION FROM NATURE'’S CATALYST EARTH ABUNDENT METAL BASED
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SOLAR FUEL GENERATION

™ LOYAL SOCIETY

Journal of
. . OF CHEMISTRY
Materials Chemistry A - . 2500
-
1
o
PAPER
L 2o
) Check for updates The synergistic chemical coupling of E
i 3 Hitr Chem A 2085 11, nanostructured MoS; with nitrogen-deficient 2-D 2 1500 4
20839 - triazine-based polymeric m-CzN, for efficient and g
selective CO, photocatalytic conversion to CO+ =
Niharika Kumar,®” Rajashree P. Mishra,” Bibek Dash, (2 Sweta Bastia®™ 2 1000 -
and Yatendra S. Chaudhary &*2® (]
MS-CpN,-3 (N2 deficignt) >
(M)
O 500+
(&)
WK
X 4A 0 b

ADVANCEI(A)
OPTICAL
MA‘I‘EI!IAL

www.advopticalmat.d

RESEARCH ARTICLE

Co-Catalyst Free Efficient Photocatalytic CO, Reduction
Using Facet-Engineered Polyhedral CsPbBr; Perovskite
Nanocrystals

Subarna Biswas, Rajashree P. Mishra, it Satra, Ram Sewak, Jyotisman Rath,
Anirban Mondal, Yatendra S. Chaudhary,* and Nimai Mishra*
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CO, CONVERSION TOC1 COM POUNDS

—_——

= Higher CO formation rate and
FE of ~31%, 3-fold higher
than those of MS—m-CN
(11%).

= Selective- Single Product
formation and Stable

| wLarger poly- hedral
CsPbBr; exhibit
superior activity over
smaller cubic-shaped
ones,

==An amine-free exhibit
better activity than
amine-capped
CsPbBr;

surface Trap 0 @' g

The voids promote electron trapping,  Structural degradation and
and effectively, a smaller number of  surfaces poisoned by

Released CO

More CO, can attach with stronger
bonding and no ligand loss in a polar €0, as charge trapping is less
medium, thus little chance of trap

formation

No structural degradation and
catalyst poisoning by CO.

Efficient electron transfer to
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The C-C Coupling Challenge: Moving
Beyond C1 to High-Density Liquid Fuels

Ethylene (C,Ha): Dual-Active Sites

2C0O, + 12H+ + 12e- - C,H* + 4H,0
5
CO,— =

Ethanol (C,s0H)+12e— C,H* + 3H,0
CO, 4 OH — CO- CyH,
CO + CO
Ethanol (C,Hst 12e— C,H* + 3H,0
! A Confinmeion Effects
//-\
High Energy Input High Coverage:
for C,+ Dimerization (CO + Cu(100) facet
uw) Py cz‘
______________________________________________________________________________________________________________________________________________ P
D AcSIR O
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SOLAR FUEL GENERATION: CO, CONVERSION TO C2 COMPOUNDS

Sustalnable

Chemistryz Engineering

pubs.acs org/journal/ascecg Research Article (=]
~

= 1500 -
Synergistic Coupling of MoS, with Electron-Rich MXene for CO, g
Conversion to Ethanol under Visible Light 1200 4 MOSZ
Rajashree P. Mishra, Niharika Kumar, Sweta Bastia, Asish K. Dehury, Urmila Baral, g 900
and Yatendra S. Chaudhary* , .
e S g = Predominant ethanol
Cite This: https://doi.org/10.1021/acssuschemeng.5c09725 Read Online N 600 -
© formation (58.12%
300 4 ’
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a) b)
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 Efficient Photocatalytic CO, Reduction with High Selectivity for = 50 . . .
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: Carrier Dynamics - g Ethanol with 98 % selectivity by 2-D
4+ Rajashree P. Mishra, Madoori Mrinalini, Niharika Kumar, Sweta Bastia, and Yatendra S. Chaudhary* 1000 a0 1 MXene_ based ph Otoca talyst.
Cite This: https://doi.org/10.1021/acs.langmuir.3¢01064 Read Online 0- 04 . .
L 3 " e g o et > Selective CO, conversion to CO
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= MS-TC-10 heterostructure,
1.8 times higher than bare
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‘ BIO-MEMETIC PHOTOCATALYSTS FOR H* AND CO, REDUCTION

A ( : Si Bachmeier et. al., J. Am. Chem. Soc. 2013, 135, 15026—-15032 : ChemComm Chaudhary et. al,, Chem. Commun., 2012
Tems of Use CC-BY H, e | Citethis: Chem. Commun, 2012, 48, 58-60 \
.. S — S L _— |
How Light-Harvesting Semiconductors Can Alter the Bias of A | fscorg/chemcomm COMMUNICATION
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Enhanced Photocatalytic Activity and Charge Carrier Dynamics of

Hetero-Structured Organic—Inorganic Nano-Photocatalysts Facile synthesis and the photo-catalytic behavior of

I
|
|
|
|
|

\ ‘ vhg : . core—shell nanorods+
‘ = Q'> 14 | 50" === Bulk NaNbO3
2, 7P | = CdS-NaNbO3 NR
=¥~ NaNbO3 NR

c A OIS o S0, S 12r I 3400 aNbo3

) -’lg i, J 5,057 1 S

S 10} 1 w 30~

=o.82f so;%, * S I e [3)

3 tu B

g [ s sf | 20 \

= \

B 1 <
i of g 10~ >~ ~—,
" E\i\ \l\
: B B o T e r————
Nt to Seale 4 |=2=2 1% P3HT-Cas 1] e / / /
400 500 600 700 800 1 ] e 200 300 400 500 600 700 800
____________________ L. _____..________Wavelength(om)________________________________

AcSYR ©)

yschaudhary.immt@csir.res.in



SINGLE-PHASE INTRINSIC WHITE LITE EMITTING PHOSPHORS & THEIR WHITE-LED PROTOTYPE

SALIENT POINTS OF THE DEVELOPED SINGLE PHASE PHOSPHORS: | S O TE LeD: l

+Single phase phosphors that emit white light with high CRI, Uses multiple phosphors (combination

of blue and red LEDs and a green pc-
E and are stable. LED) to get white light

\ '= Bluesish tinge damages the retina.
* Eliminate use of multiple phosphors e 'n Low CRI: 75-80
e Improved colour balance & devoid of a bluish tinge 4 :
< |
. . %R 3 |
* Enhanced color rendering index (upto 95) and brightness E § a \
< = )
, _ z2 5 8
< Facile synthesis <2 . '
=
=S 2 /L \
P!losphor 400 450 500 550 600 650 700
Binder+ Wavelength (nm)
Phosphor

i GLOBAL BENCHMARKING PARAMETERS

For
CCT — 5289-59 I 3 K Different Light Source commercial
(luminous efficacy) LEDs

CRI = 88-95 Ra

Developed SCO based

CIE =(0.33,0.35) W-LED prototype Type

| am/w) | crI | ccT
Incandescent | 12-18 | 2700
~136-176 Lumens/Watt E- e i —_— | a0 | ssonx

SCObased W- |
LED prototype India, Ref No. Chaudhary et al, 202211051217 on 9+ July, 2022) |

PATENT: Filed-International-PCT, Ref No. Chaudhary et al. PCT/IN2023/050822 on 3 Ist August 2023);

AcSYR
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GAP: COLLABORATION OPPORTUNITIES

— —

MECHANISICK INSIGHTS: THE KINETIC BLACK BOX
Bridging the Gap Between Reactants and Products

1. The “Black Box” 2. Operando 3. Computational
Box Problem Spectroraocy Chemistry (DFT)

+ Complex PCET steps + Real-time monitoring + Simulate reaction pathways
* Transent Intermediates = ldentify active sites * Predict energy barriers

“COOH, *CQ) « Track intermediate formation « Design new catalists
* Multiple Competing Routes
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- Fan Running on H, Being Generated Using Cost-Effective Photocatalyst

e

O Rapid  Ni-modification-
10 minutes

a Highly efficient H,
generation, under
solar = simulator and
sunlight

Fuel Cell (H,/Air)

PATENTS:

e Chaudhary et al. International-PCT, Ref No.
PCT/IN2023/050556 on 13t" June 2023).

e Chaudhary et al. Filed in India, Ref No. 202211034151
on 14th June 2022).

O STH ~ 16%, however
using electron donors.
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https://d.docs.live.net/58213e9fe441e7f5/Desktop/ic5-2ND%20rWVIEW/WhatsApp%20Video%202022-05-12%20at%203.45.18%20PM.mp4
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