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Methane, ethylene, and alcohols are uniquely
produced at copper electrode in electrochemical reduction
of CO, in agueous electrolytes at ambient temperature (1).
CO isintermediately formed in this process (2). We pre-
viously reported the electrochemical reduction of CO, at
single crystal copper electrodes of low index planes (3).
C,H, is formed more favorably than CH4 on the (100)
electrode, and CH, is predominantly produced on the
(111) surface. Identical features are observed in the elec-
trochemical reduction of CO. The present communication
presents an extended work using various single crystal
copper electrodes of high index planes. The electrocata-
Iytic selectivity is significantly affected by the crystal
orientation, and ethylene formation is enhanced by intro-
duction of step atomsto (100) terraces.

Copper single crystals were prepared from
99.999% copper metal by Bridgeman method. After de-
termination of the crystal orientation by X ray Laue back
reflection method, the surface of the electrode was pol-
ished mechanically with diamond slurry, then electro-
chemically polished to mirror finish in concentrated
phosphoric acid. Rinsed with ultra pure water, the elec-
trode was transferred to the electrolysis cell with the elec-
trode surface protected by a drop of dightly acidic ultra
pure water (1 mM HCIQO,). The electrolyte solution 0.1 M
KHCO; was purified by pre-electrolysis using a Pt black
cathode overnight. The electrolyses were carried out at
constant current density of 5 mA cm™ at the ambient tem-
perature. The products were analyzed by gaschroma-
tographs, a liquid chromatograph and a gas chromato-
graph-mass spectrometer.

The potential of zero charge (PZC) was deter-
mined by differentia capacity measurements in 0.01 M
KCIO, solution. A linear correlation was obtained be-
tween the PZC and the broken bond density (dy,) (4), veri-
fying the surfaces of the Cu electrode are correctly ori-
ented.

CH,, C,H, and CO were produced as the gaseous
products with small amount of H, formed in the competi-
tive electrolysis of H,O. Ethanol, propanoal, allyl acohal,
acetoaldehyde, propylaldehyde, formic acid and acetic
acid were detected as soluble products. The total current
efficiency amounted approximately to 100%, and this fact
verifies that the major products were accurately analyzed
in the present experimental procedures. The product dis-
tribution was significantly affected by the crystal orienta-
tion.

(111) electrode gives rise to CH, formation with
the current efficiency as high as nearly 50% at highly
negative overpotential as shown in Fig. 1. Ethylene for-
mation on (111) is less than 5%. The formation of CO is
high in comparison with other crystal orientations. (111)
surface of fce crystals has low dangling bond density, or
relatively stabilized. Thus the interaction of CO with
(111) surfaceis not strong, and CO may easily be released
from the electrode surface.

The (100) electrode is favorable in C,H, forma-
tion among low index planes. The formation of C,Hy,
aldehydes and alcohols is significantly activated by addi-

tion of (111) or (110) steps onto (100) basal plane. CH,
formation is steeply decreased simultaneoudly. C>+ value,
which includes C,H,, ethanol, propanol, alyl alcohal,
acetoaldehyde, propylaldehyde, and acetic acid, exceeds
70%. Figure 1 shows that introduction of (111) or (110)
steps onto (100) terrace enhances the selectivity ratio
C,H4/CH, vaue in terms of current efficiency to 13
which is ca. 1 at (100) surface. The features of the intro-
duction of (111) or (110) steps resemble each other. (100)
terraces composed of 4 to 6 atomic rows are the most ac-
tive in ethylene formation. Since C,H,/CH, takes 0.1 at
(111) surface, this value widely ranges more than 100
times.

The electrode potential of n(100) x (111) is
nearly constant and relatively positive, -1.3 to -1.4 V vs.
SHE as shown in Fig. 1, whereas the potential of n(100) x
(110) tends to more negative value with the increase of
step atom density.

Thus the crystal orientation of the electrode sur-
face dramatically affects the product distribution, that is,
the atomic configuration determines the reaction routes of
the electrochemical reduction of CO,. We cannot reveal at
present the mechanism how the atomic configuration is
related wth the electrocatalytic activity of the electrode
surface and the reason why C,+ formation is activated by
insertion of steps.
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Fig. 1 C,H4/CH, selectivity ratio given as a func-
tion of step atom density at Cu single crystal elec-
trodes, n(111) x (100), n(100) x (111) and n(100) x
(110) surfacesin the electrochemical reduction of
CO..



