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Nanostructured substrates
for energy conversion and transport

Elongated structures, scale 10 — 100 nm:

Balance large interface area and short transport paths
Enable for a systematic optimization X
of energy conversion devices
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J. Bachmann, Beilstein J. Nanotechnol. 2014, 5, 245-248
Q. Liu et al. J. Nanopart. Res. 15:1-7.
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Heterogenized Molecular Catalysts
— modular synthesis —

from molecules

!

macromolecules

!

to solids

self-supported
porous
single site catalyst
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Metal-Organic Frameworks

- Porous Coordination Polymers
- Organic-inorganic hybrids
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The Principle of Microporous Macroligands

Host structures

1
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2.2 ml 1 mM Ru(bpy);Cl, in ACN : TEOA
1 mg catalyst (~ 0,15 pmol)
200 W Hg lamp, 420 — 800 nm

ACS Catal. 2018, 8, 1653-1661

Photocatalytic CO, reduction
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Hammett principle valid for heterogeneous molecular catalyses
Common descriptor for homogeneous and heterogeneous catalyses
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v Linearity o, vs. TOF

v Hammett equation is
valid for photocatalysis

» BpyMP-1, BpyMP-2, MOF-253 und UiO-67
v Performance is driven by electronic effects of the host
v No diffusion limitation
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Microporous macroligands

— Hammett constant vs binding energy —
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Heterogeneous photocatalysis

— organic dyes as photosensitizer —

Heterogeneous Photocatalysis

Cp*Rh@PerBpyCMP

single material
all in one photosystem
100 % working atoms



New completely heterogeneous catalysts

— catalytic activity —
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v" time independent production rate
v" higher overall production after 24 / 50 h

v" Pyrene and Perylene based photosystems still active after 96 h
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Inisight on activity through Excited state photodynamic & DFT

time-correlated single photon counting (TCSPC) and femto-second transient adsorption (TA) spectroscopy :
Quentin Perrinet, Vincent de Wacele, U. Lille
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Caroline Mellot-Drazniek, College de France
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The Principle of Microporous Macroligands

— conclusion —

From homogeneous to heterogeneous catalysis: Different systems but one rule

LU
4
Y

HOMOGENEOUS
CATALYSIS

HETEROGENEOUS
CATALYSIS

Metal-O / Metal-N bonds C-N / C=N bonds C-C / C=C bonds

IwCo
>




From homogeneous to heterogeneous

5 couD MACROU
44,0

HOMOGENEOUS
CATALYSIS

HETEROGENEOUS
CATALYSIS

Control Beyond the 1st coord. sphere

The Principle of Microporous Macroligands
— conclusion —
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Canivet*, Mellot-Drazniek* et al. Chem
Science, 2020, 11, 8800-8808
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Mechanistic comparison of catalysts
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ML MoS, on ALD tool

Uniform MoS, deposit
ina 1 um-wide TSV
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2"d edition of the Winter school “CATalysis ENERgy CHEMistry” :
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2C ditio : “A Roadmap for Catalysis
|toward a more renewable-energy driven society”

Connection between the shifting techno-economic panorama of
energy-related production systems and catalysis development
challenges.

March 13t-18% 2022 in Aussois (France)

5 days — 5 pivotal molecules
_-n the chemistry-energy-economy nexus :

more info at CatEnerChem.cpe.fr Ha, Na, CHy, CoH, and CO;
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