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Center for Hybrid Approachesin
Solar Energy to Liquid Fuels

The CHASE Strategy

FIVE-YEAR RESEARCH GOAL

To develop a fundamental molecular level understanding of how hybrid photoelectrodes, comprised of molecular catalysts
with tailored microenvironments integrated with semiconducting light absorbers, couple single photon absorptions to the

multi-electron/multi-proton chemical transformations necessary to generate liquid solar fuels
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C HAS E VI S | O n Center for Hybrid Approachesin

Solar Energy to Liquid Fuels

Liquid fuels can be generated using the small molecules found in air as
the only chemical feedstocks and sunlight as the only energy source.
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Solar Energy to Liquid Fuels

The challenge of practical liquid solar fuel production can
only be met through the cooperative interactions of
molecules and materials.
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Two Newly Proposed “Architectures”

CHASE

Center for Hybrid Approachesin
Solar Energy to Liquid Fuels

Wired Architecture

Intermediate
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Cascade catalysis occurs on a secondary support,
driven by renewable hydride donors that are

Key, defining features .
Y 9 regenerated at a semiconductor surface.

« Catalysis occurs remote to the light
absorbing semiconducting hybrid
photoelectrode.

e
cat
* Hydride reagents mediate catalysis N

co, Int Liquid

Fuels

and are subsequently regenerated
at an illuminated hybrid
photoelectrode.
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Solar Energy to Liquid Fuels

Catalysts for
light reactions

Catalyst for

dark reactions f \
Challenge:

Required chemistry remains

unknown or poorly developed.
\ y,
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Mechanistic Studies
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“Cascade Reactions and Mechanistic Studies
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Catalytic Cycle for Methanol Production

CHASE

Center for Hybrid Approachesin
Solar Energy to Liquid Fuels

Renewable
Organic Hydrides

Molecular Catalyst

__A THE UNIVERSITY

II I of NORTH CAROLINA @ I ‘ I I I I
‘lb at CHAPEL HILL UNIVERSITY of PENNSYLVANIA

<Y Brookhaven
Yale k' National Laboratory

/
2 N o
CH;0H U= ©:N>*H
co \ /
Ly
N
\
. y 1*
/OH—I //o
Ru—C\—H T"_C
H
co H (o]0
/ /
CLy 2L
N N"H
\ \
U.S. DEPARTMENT OF | ()ffica of Confidential
UNI\?IVSE.I!%-%\}E( EMQBX QENERGY Science Information 10




: : CHASE
WI red ArC h |te Ctu re gelntelrzfor Hybrid _Ap_proaches in
olar Energy to Liquid Fuels

Key, defininqg features

Cascade reactions on a single hybrid
photoelectrode using integrated catalysts to
reduce CO, to a liquid fuel. « Each catalyst in the cascade is

Integrated into a single hybrid
photoelectrode

* The illuminated semiconductor
transfers electrons directly to the
molecular catalysts.
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CoPc Integration with p-Type Silicon

DMF
_ Ultrasonication

e

p-type Si ALD 1nm TiO, APTES soaking GO/CoPc soaking
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/7 TN
[ —— : s oeeaRTuENT OF | Office of Confidential | 12
JL“_ krinlaarie Yale ¢ NBaElcu'ngllf_Dbar\;teurr\./l @Pefnn mﬁvﬂ‘g‘ﬁ EMQE\X ENERGY  science Information




CHASE

Center for Hybrid Approachesin
Solar Energy to Liquid Fuels

l 5
’\?100- Lol ] l <
< g0 1 1% G
> o <
o 607 I I I / 3 £
S .— " z
% 40 - / I g
L 20- e 123
s 1 | -
© 81 ° I T
© 41 t
|-|_ 4- 8

0 0

036 -0.44 -0.53 -0.62 -0.66 -0.69

Potential applied (V vs. RHE)

Solar to Methanol Performance
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Shang, Rooney, Gallagher, Wang, Krayev, Shema, Leitner,
Harmon, Xiao, Sheehan, Bottum, Gross, Cahoon, Mallouk,
Wang. Angew. Chem. Int. Ed. 2023, 62, €202215213
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First molecular CO,-to-methanol photoelectrode:

 ~400 mV photovoltage
« Photocurrent density 2.5 mA/cm?
* Methanol FE = 8%
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Silicon Pillar CoPc Photoelectrode

Top'view

Top view Side view
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Manuscript in preparation
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Silicon Pillar CoPc Photoelectrode
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* Jiotal: 2-5 2 16 mA/cm?

« Stable operation for 2 h

Manuscript in preparation

e U.S. DEPARTMENT OF Office of Confidential 15

ENERGY Science Information




Acknowledgement to the Whole CHASE Team! i S

Solar Energy to Liquid Fuels

Directors Thrust Co-Leaders Technique Coordinators (TC)

Jerry Meyer Jillian Dempsey Karen Goldberg Jim Cahoon Tom Mallouk Javier Concepcion Eric Stach
Director & IC Deputy Director Thrust Co-Leader & IC Thrust Co-Leader Thrust Co-Leader TC: Catalysts & IC  TC: SC Synth & Surf

IC = Institution
Coordinator
Meyer — UNC
Holland - Yale
Concepcion — BNL
Goldberg - Penn

Caley Allen Jim Mayer Alex Miller Nilay Hazari Yosuke Kanai Tim Lian Castellano - NCSU
Managing Director Thrust Co-Leader Thrust Co-Leader Thrust Co-Leader TC: Theory/Modeling TC: Surface kinetics Lian — Emory

—og

Elena Jakubikova Phil Castellano
PI, NCSU IC & PI, NCSU

David Grills Sharon Hammes-  Jessica Anna
PI, BNL PI, BNL Schiffer, PI, Yale PI, Penn

Mehmed Ertemm  Zahra Fakhraai
PI, BNL , Penn

sio1ebnsanu| rediound

Paul Maggard Hailiang Wang Joanna Atkin Rene Lopez Greg Parsons Dmitry Polyansky Jose Rodriguez Matt Lockett
PI, NCSU PI, Yale PI, UNC PI, UNC PI, NCSU PI, BNL PI, BNL PI, UNC

= THE UNIVERSITY ~y Bruukhaven" P NC STATE EM RY @ U.S. DEPARTMENT OF Office of Confidential
@ of NORTH CAROLINA Yale kf National Laboraturv @ L,\‘\‘,Qm UN'VERS'TY UN I\f’gR)SITY ENERGY Science |nf0rmati0n

at CHAPEL HILL




Center for
Hybrid
Approaches
in Solar

Energy This work was supported as part of the Center for Hybrid Approaches in Solar Energy to Liquid Fuels (CHASE),
to Liquid an Energy Innovation Hub funded by the U.S. Department of Energy, Office of Science,
Fuels Office of Basic Energy Sciences under Award Number DE-SC0021173

=X THE UNIVERSITY Py BrUUkhaVBn" NC STATE EMORY Confidential
-@- bt Yale k’ National Laboratory @Pe;nn UNIVERSITY UNIVERSITY Information




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5: Two Newly Proposed “Architectures”
	Slide 6: Decoupled Architecture
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Wired Architecture
	Slide 12: CoPc Integration with p-Type Silicon
	Slide 13: Solar to Methanol Performance
	Slide 14: Silicon Pillar CoPc Photoelectrode
	Slide 15: Silicon Pillar CoPc Photoelectrode
	Slide 16
	Slide 17

