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Dinuclear uranium(VI) salen coordination
compound: an efficient visible-light-active catalyst
for selective reduction of CO2 to methanol†
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A new dinuclear uranyl salen coordination compound, [(UO2)2(L)2]·2MeCN [L = 6,6’-((1E,1’E)-((2,2-di-

methylpropane-1,3-diyl)bis(azaneylylidene))-bis(methaneylylidene))bis(2-methoxyphenol)], was synthesized

using a multifunctional salen ligand to harvest visible light for the selective photocatalytic reduction of CO2

to MeOH. The assembling of the two U centers into one coordination moiety via a chelating–bridging

doubly deprotonated tetradentate ligand allowed the formation of U centers with distorted pentagonal

bipyramid geometry. Such construction of compounds leads to excellent activity for the photocatalytic

reduction of CO2, permitting a production rate of 1.29 mmol g−1 h−1 of MeOH with an apparent quantum

yield of 18%. Triethanolamine (TEOA) was used as a sacrificial electron donor to carry out the photocatalytic

reduction of CO2. The selective methanol formation was purely a photocatalytic phenomenon and

confirmed using isotopically labeled 13CO2 and product analysis by 13C-NMR spectroscopy. The spectro-

scopic studies also confirmed the interaction of CO2 with the molecule of the title complex. The results of

these efforts made it possible to understand the reaction mechanism using ESI–mass spectrometry.

Introduction

The depletion of fossil fuel reserves and the continuous
increase in the CO2 concentration in the atmosphere have led
to various environment-related issues.1,2 Therefore, the photo-
catalytic reduction of CO2 could be a sustainable technology
for reducing CO2 emissions and producing useful chemicals
and fuels, subsequently providing environmental remediation

to global warming and the future depletion of fossil energy
resources.3,4 Various semiconductor photocatalysts, such as
oxide-based semiconductors, have been used for the conver-
sion of CO2 into useful compounds.5–9 However, the poor
visible light absorbance, low conversion degree, and high
charge recombination have limited the usage of these
systems.8,9However, after tuning the properties of the catalytic
system with correct molecular structure, molecular catalysts
such as dinuclear rhenium–bipyridine molecular
assemblies,10,11 cobalt–porphyrin compounds,12 mononuclear
iridium hetero-ligand-based molecules (e.g., terpyridine/2-phe-
nylpyridine),13 iron(0)–porphyrin compounds,14 cobalt–amino-
pyridine compounds,15 and manganese and iron-based coordi-
nation polymers with pyridyl-salen ligand can be effective in
the photocatalytic reduction of CO2, especially in CO gene-
ration.16 Similarly, the trinuclear ruthenium polyazine-GO-
phen compound,17 ruthenium trisphenanthroline assem-
blies,18 and Mn(I) hydridocarbonyl PNP pincer-type complexes
have been developed as photocatalysts for the conversion of
CO2 to MeOH.19

Uranium-containing compounds have been used exten-
sively in various catalytic reactions, i.e. the alcoholysis of
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