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Polyhedral metal cage for photocatalytic CO, reduction

Weijuan Wang, Tianhua Zhou *

State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the Structure of Matter, Chinese Academy of Sciences, Fuzhou 350002, China

Solar-driven conversion of carbon dioxide (CO,) into useful
fuels or chemical feedstocks is one of promising approaches to alle-
viate the ever-increasing CO, emission and environmental con-
cerns. Compared to the reduction of water into H,, the efficient
reduction of CO, with high selectivity is more complicated,
because CO, reduction involves multiple electron transfer process
and can simultaneously produce multiple products, such as CO,
formic acid, methane, methanol, oxalate, etc. (Fig. 1) [1]. Current
research mainly focuses on two categories of materials for photo-
catalytic CO, reduction: homogeneous metal complexes and
heterogeneous solid catalysts. Molecular catalysts such as Fe, Co,
Ni, and Mn complexes exhibit high activity and/or selectivity. Fur-
thermore, well-defined and tunable structure is helpful for reveal-
ing the photocatalytic reaction mechanism, but their poor stability
severely impedes their practical industrial applications. In contrast,
heterogeneous catalysts feature good stability, but their indistinct
active sites limit mechanism understanding. Consequently, the
construction of molecular heterogeneous photocatalysts, which
merges the merits of both homogeneous and heterogeneous cata-
lysts, would be a better choice. Now, writing in Angewandte Chemie
International Edition, Zhou and colleagues [2] report a copper-based
nanocage which converts CO, into CO driven by solar energy with
high efficiency and selectivity. With outstanding structural des-
ignability, metal nanocage with open metal sites is emerging as
promising catalysts.

In nature, CO dehydrogenase (COHD) enzymes catalyze the
reduction CO, to CO which occurs in protein cages [3]. Owing to
their unique properties such as self-assemble of large numbers of
subunit, container-like shape, well-defined external and internal
surface as well as highly exposed monodispersed active site, artifi-
cial protein cages have recently gained tremendous attention for
application in materials synthesis, drug encapsulation and deliv-
ery, catalysis as well as energy conversion and storage. These cages
act as a diversity of nanoreactor for not only CO, reduction, but
also water oxidation, hydrogen production, and oxygen reduction
[3]. Slight modulation of the building blocks can tailor the struc-
tures ad properties of the coordination cages to create designed
functionality [3]. Zhou and colleagues demonstrate that copper
boron imidazolate nanocage copper can act as a robust photocata-
lyst for photocatalytic conversion of CO, to CO (Fig. 2) with high
selectivity of 82.6%.
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Metal nanocage with open metal sites provides abundant acces-
sible surface-active sites, which contribute to trapping photoex-
cited electrons and promoting the transfer of photoinduced
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Fig. 1. (Color online) Illustration of photocatalytic CO, reduction [1].
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Fig. 2. (Color online) Scheme of BIF-29 (Right) synthesis and the process of
unsaturated coordinated Cu site (Left) adsorb and active CO, molecules. Repro-
duced with permission form Ref. [3], Copyright 2019 Wiley.
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electrons to CO,. As a result, compared with iodine-coordinated Cu
sites in nanocage, the unsaturated coordinated Cu sites effectively
promote the CO, activation and *CO desorption, and improving CO,
reduction efficiency. Besides reduction efficiency, the unsaturated
coordinated Cu sites also enhance the product selectivity for CO,
reduction. In general, the selectivity is mainly affected by the coor-
dination geometry, the structure and kind of metal centers. Taking
the intensively studied Cu-based catalysts as an example, the mul-
tiple neighboring sites limit the product selectivity for CO, reduc-
tions. The atomic arrangement at the catalyst surface affects the
CO, adsorption and the bond formation of the product, thus deter-
mining the selectivity of reduction reaction. An effective method to
enhance product selectivity is to adjust the number of Cu atoms
surrounded with each other. Interestingly, the polyhedral cage
with isolated Cu active site could act as a model compound to
study solar-driven conversion of CO, to fuels.

In summary, as a molecular heterogeneous catalyst, isolated
metal active site on the cage is one of the most attractive candi-
dates for the sustainable production of chemicals and fuels owing
to the atomically dispersed catalytic sites and versatile coordina-
tion geometry. The unique structure provides a platform to tailor
the reaction pathway and understand the mechanism. Neverthe-
less, the utilization of noble metal-based photosensitizer and
organic sacrificial reagent limit their potential application. It is also
important to construct bifunctional cage which serves as not only a
photosensitizer but also a co-catalyst. Overall, the current work
provides new insights to the development of single atom photocat-
alysts for CO, reduction, but the practical applications will require
considerable further advances in catalyst design and reaction
optimization.
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