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Electrochemical reduction of CO, is one of the most imporiant topics in chemistry in
connection with environment, energy and natural resources. We firstly showed the formation of
methane, ethylene and alcohols in the electrochemical reduction of CO, at copper electrodes in the
previous papers. We also suggested the advantages of in-situ elecirodeposition methed as applied
to investigation of electrocatalysis. This report briefly describes the electrochemical reduction of
CO, at copper electrodes modified with submonolayer of Ni and Cd as well as product selectivity
affected by cationic species.

Electroreduction of CO, was studied with a Cu electrode in 0.1 M KHCO; aqueous solution
added with a small amount of Ni?*. Ni was simultaneously electredeposited on the electrode
during the reduction of CQO, Methane/ethylene product selectivity (C,/Cs increased with
increase of electrodeposited Ni. The ratio C,/C, was linearly correlated with hydrogen formation
at the electrode, which would be a measure of atomic hydrogen concentration on the electrode.

Copper electrode modified with Cd was studied for reduction of CO; in 0.1 M KHCO, solution
by in-situ deposition. Reduction of COsto CHy and CzH, is heavily prevented by a small amount of
Cd with CO formation significantly promoted. Anode stripping showed that Cd exists as adatoms.

Electroreduction of CO, was investigated with a copper electrode in hydrogen carbonate
solutions of various cations. Product selectivity was greatly affected by cationic species. H,
evolution prevailed over CO; reduction in Li* electrolyte, whereas CO; reduction was favorable in
Na*, K*, and Cs*solutions. C,H, formation became greater than CH, with increase of the cation
size, i. e. with sequence of Li*, Na*, K*, Cs*. The variation of product selectivity is rationalized by
the difference of the outer Helmholtz plane potential.
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F 1. CO, FlRHMTOsES

o R WO % # (%)

V) co CH; CH, CH; EtOH PrOH HCOC- H, Total
Cu —~141 2.0 29.4 0.1 0.0 6.9 2.0 9.7 10.9 91.0
Ag ~1.87 815 0.0 0.0 0.0 0.0 0.0 0.8 12.3 946
Au —~1.14 87.1 0.0 0.0 0.0 0.0 0.0 0.7 10.2 98.0
Zn —~1.54 79.4 0.0 0.0 0.0 0.0 0.0 6.1 9.9 95.4
Pb -1.76 tr 0.0 0.0 0.0 0.0 0.0 97.5 1.2 98.7
In ~155 2.1 0.0 0.0 0.0 0.0 0.0 949 33 1003
Sn ~1.48 7.1 0.0 0.0 0.0 0.0 0.0 88.4 46  100.1
cd ~1.63 13.9 1.3 0.0 0.0 0.0 0.0 78.4 94 1030
Ni ~1.48 0.0 18 0.1 0.2 0.0 0.0 14 88.9 92.4
Fe ~091 0.0 0.0 0.0 0.0 0.0 0.0 0.0 94.8 94.8
Pt ~1.07 0.0 0.0 0.0 0.0 0.0 0.0 0.1 95.7 958
T —1.60 tr 0.0 0.0 0.0 0.0 0.0 0.0 99.7 99.7

5.0 mA/cm® 0.1 M KHCO, th, BB 18.5+0.5°C, @4 vs. SHE.
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