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Introduction

Electrochemical conversion of CO, into value-added
products has become one of the most promising routes to
utilize abundant CO, feedstocks under ambient conditions.
While metal-based heterogeneous catalysts commonly exhibit
high activity for CO, reduction reaction (CO,RR), achieving
high activity, selectivity and stability simultaneously remains a
challenge. Hybrid has emerged as an effective method for
solving the above problem. Among them, metal-polymer
hybrids offer the advantage of controlling the microenvironment
of the active site motifs. So far, the metal/polymer hybrids have
been successfully applied as electrocatalysts for CO,RR by a
straightforward modification method. However, effects of the
microenvironment on the catalytic properties are still
Inconclusive. Based on these considerations, some questions
arise: 1) How to manipulate the metal/polymer structure to
create a desirable reaction microenvironment? 2) How they
critically influence the catalytic performance of CO,RR? Study
on these issues are helpful to design the efficient catalysts. But
conventional synthetic strategies have limitation due to their
difficulty in delicate control of the structure.

Herein, we report an approach to design of metal/polymer
hybrids, which allows control of effective structure capable of
hosting active sites stably for CO,RR. A series of three-
dimensional (3D) hierarchically structured metal/polymer
hybrids ((Cu, Pd, Zn, Sn)/polymer) were synthesized.

The metal/polymer hybrid with 3D hierarchical structure was
synthesized by coupling a continuous electrodeposition process
as shown in route | The polymer layer was first formed on the
carbon paper (CP) network by in situ electro-polymerization.
Subsequently, 3D metal layer is decorated on the polymer-CP
by electrodeposition to obtain M/polymer-CP (l). Conventional
strategies, including drop-coating of metal NPs on the
polymer/CP obtained by electrodeposition (M/polymer-CP (l1)),
drop-coating of the solvothermal synthesized metal/polymer
hybrid on CP (M/polymer-CP (ll1)), and direct electrodeposition
of metal NPs on CP by electrodeposition (M-CP (IV)) were also
carried out for comparison By route | (this work), catalysts with
different metals (Cu, Pd, Zn, Sn) and conducting polymers
(PANI), polypyrrole (PPy), polythiophene (PTh), and their co-
polymers) were prepared .
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A C,H, Faradaic efficiency of 59.4% with a current density of
30.2 mA cm2 could be achieved using Cu/PANI-CP electrode in
an H-type cell, and the electrode was very stable.

Considering all of observations above, we conclude that the
3D hierarchical structure obtained by in situ synthetic strategy is
critical to enhance activity, selectivity and stability. These are
further discussed below:

1. The in situ synthetic strategy creates a favorable
microenvironment to promote activity.

2. The 3D hierarchical structure enhances selectivity.

3. High dispersion of metal nanosheets improve stability.
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Conclusions

In summary, we have presented an approach to fabricate
3D  hierarchical M/polymer-CP  electrodes for CO,
electroreduction via in situ electrodeposition. The enhancement
of selectivity is also due to the longer staying time of
intermediates in the catalyst layer, providing more opportunity
for their coupling to form a desired product. Moreover, the 3D
hierarchical structure results in high dispersion of the metals,
which prevents agglomeration of metals and thus improves
stability. We believe that the in situ synthetic strategy has wide
application in design and fabrication of advanced
electrocatalysts for CO, electroreduction.
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