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Photosynthesis

In this machinery, five major
processes:

photon absorption,

charge separation,

electron transfer,

water oxidation, and

proton reduction

have to be combined together
to achieve high efficiency.

Artificial photosynthesis:
renewable energy storage
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Production of hydrogen H, by electrochemical water splitting is
considered as one of the most promising ways for sustainable
energy storage and hydrogen society realization in the future.
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Enormous efforts have been made in the exploration of water oxidation
catalysts (WOCs), including homogeneous and heterogeneous catalysts.



Main challenges:

Water Oxidation

focus on molecular catalysts that are:

insoluble in water,

show long term stability,

high catalytic activity and

affinity for the semiconductor surface, as ITO, FTO

to be applied in electrocatalytic Water Oxidation(WO).
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2-(2'-pyridyl)benzimidazole (1)
2-(2'-pyridyl)benzoxazole ( )

OTf = trifluoromethyl sulfonate anion




Homogeneous Catalysis

The electrocatalytic activity of the complexes was investigated in homogeneous
water/acetonitrile mixtures and kinetic analysis revealed considerable activity for both
compounds. However, only 1 acts as homogeneous catalyst, 2 undergoes changes (degradation).
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Heterogeneous Catalysis

Both 1/ITO and 2/ITO increased the WOC activity of the electrode in electrocatalytic
O, evolution in borate buffer at pH 8.3

Cyclic voltammetry with and
in borate buffer
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Work is Published
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we successfully synthesized and investigated the electrochemical properties of the five-
coordinate complex [FelLCl,(tia-ind)], where tia-ind = 1,3-bis(2'-thiazolylimino)isoindolinate(-), as

a potential pre-catalyst of water oxidation.

The five-coordinate complex [Fe™Cl,(tia-ind)]
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Homogeneous Catalysis

The electrocatalytic activity of the complexes was investigated in homogeneous water/propylene
carbonate mixtures. For example Fe!!*Cl,(tia-ind) complexe is tested by cyclic voltammetry (CV)

as shown in the figures.

1 1 L | N | L 1 L | L 1 L | L | L |
1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 11 4 =
24 4 = g o Add different amount of H,O 1™
: o 104 Fe(tia-ind)Cl, R
21 4 Fe(tia-ind)Cl, L |
: _ 9+ ¢~03mMin MeCN
18 c~ 05 mr'ﬂ n per‘_ﬂEﬂE carbonate - 8 _' ~ 4ml electrolyte_under Ar
1 under Air -
15 4 electrocatalytic current L 7 ]
™, | BDDWE
GC WE |
< 12 prce - ‘%‘ 6- PtCE
— g Ag+AgRE B = - Ag+/Ag RE
i . + 100pL water o " ]
B ' - 4 -
3 - B 3
0 B 2
_3_- | 1 4
5 i | 0
T g T g T g T g T g T g T g T L -5 B
-0.6 -0.3 0.0 0.3 0.6 09 1.2 1.5 T e T T T

— e g g
-0 -0l -Or . Oy O Ol O 120 130 1.8

Eye vs. Ag'/Ag (V) E e vs. Ag'/Ag (V)
WE 2




Heterogeneous Catalysis

Controlled potential electrolysis (CPE)

experiments

2.5 25
a
2.0 20
1.5- k16
< QO
E o
— ©
1.0 10
>
g
0.5“ —5 N
o
c
0.0 —0

~|——2434cC N,
g ——2246C
= 1248 C 5
©|—o0C 2
Ry
7))
c
o b
08 10 12 14
retention time (min)
60l C ® theor. Q/(4F) OI
@® det. (by GC)
&
45, o
304 ¢
®
157
Faraday eff. ~80%
0 1 2 3 4

time (h)

(a) Current (black) and charge (red) during
electrolysis performed at +1.4 V vs.
Ag/AgCl over 4.5 hours 0.2 M borate
buffer, at pH 8.3 ITO working electrode
(0.31 umol complex over 2.37 cm?) Pt CE
separated by a Nafion membrane

(b) gas chromatograms of headspace samples
taken at different stages of electrolysis,
the cell was filled with artificial air of
known composition

| (c) comparison of the theoretical and

detected O,.



The investigation of the complex/ITO assembly before and after catalysis by
scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX)

a) EDX spectrum of an as-prepared complex/ITO sample (0.31
i mmol over 2.37 cm?), inset: SEM pictures of the sample

(b) EDX spectrum of the sample after 4.5 h electrolysis at +1.4 V
B vs. Ag/AgCl in 0.2 M borate buffer at pH 8.3




A manuscript has been written up and it is prepared for submission to an IF journal (the
COVID-19 delayed our international collaboration for 3 months). The title is "An Iron(III)
Complex with Pincer Ligand - Catalytic Water Oxidation through Controllable Ligand
Exchange”

Planned of thesis points based on this publication

Ligand exchange reactions between water molecules and ancillary ligands or coordinated anions in catalyst

precursors can lead to the cis-di aqua coordination mode that is regarded ‘ideal’ in water oxidation.

The non-coordinated heteroatoms in the aromatic ancillary ligands should be sufficiently electron
donating in order to support the high oxidation state intermediates occurring in the course of catalysis,

otherwise the molecular units become prone to oxidative degradation and mineralization.
Hydrophobic ligands can aid the immobilization of molecular water oxidation catalysts on oxide surfaces.

No anchoring additive is needed, hybrid systems that are efficient in water oxidation electrocatalysis

can be fabricated by the scalable and simple drop-casting method.



Photoelectrochemical (PEC) water splitting

We are working to test complexes on semiconductor nanomaterial hybrids bismuth vanadate
(BiVO,/FTO) and hematite (Fe,O;/FTQO) involving photoelectrochemical utilization.
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