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Figure. S1. the wetting angles of Ga/Cu and O-Ga/Cu.

Figure. S2. Cross-sectional SEM maps and EDS elemental distribution of CuGa,

and O-CuGa,
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Figure.S3. Cyclic voltammograms of CuGa, and O-CuGa, at different potential

scan rates under different conditions.
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Figure . S4 Faraday efficiency plots for Cu and CuGa,




Figure. S5 SEM characterisation of O-CuGa2 electrodes prepared from O-Ga with

different oxidation times.
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Figure. S6, Faraday efficiency plot of O-CuGa, catalysts with different oxygen

contents



Tablel. Rs and Rct of CuGa, and O-CuGa,

Cathode Rs (Q) Rct ()
CuGa, 4.1 14.5
0-CuGa, 2.7 10.1
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Figure. S7, XRD of the O-CuGa: electrode before and after the reaction.
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Figure .S8 XPS spectra of CuGa, and O-CuGa,
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Table S2. Peak summary of the high resolution XPS analysis

Region | Species | Binding FWHM FWHM (O- | Area Area
energies (CuGay) CuGa,) rations (Cu rations (O-

(eV) Ga,) CuGay)

C s Cc-C 284.8 1.39 1.43 100% 100%
Ga-O 530.81 1.48 1.48 49.1% 34.3%

O 1s Oy 531.7 1.53 1.75 30.0% 54.5%
Hy0,45 532.45 2.11 3.09 20.9% 11.2%

Ga’ 18.0 1.09 0.98 18% 11%

Gadd m.0, 204 1.64 1.88 82% 89%
Cu 932.9 2.15 2.02 79.4% 75.7%
Cu2p G 952.5 3.08 2.44 20.6% 24.3%
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Figure. S9 EPR tests of CuGaz and O-CuGaa.

Density functional theory (DFT) calculations.

The density functional theory computations were carried out by the CASTEP
code, employing the ultrasoft pseudopotential !3. The exchange correlation potential
was represented by the Perdew-Burke-Ernzerhof (PBE) functional within the
generalized gradient approximation (GGA)* The Cu(111) and CuGa, (102) surface
with five atomic layers was established. Periodic boundary conditions were employed
along x and y directions with a vacuum region of 20 A. The cutoff energy for the
plane-wave-basis expansion is set to be 450 eV, and the convergence tolerances of
energy, force and maximum displacement are set to 2.0x10-° eV/atom, 5.0x102 eV/A
and 2.0x10-3 A, respectively. The k-points grid sampling of Monkhorst-Pack scheme

was set at 2x2x1. Meanwhile, the DFT-D correction method is used to describe the



[N(e)ede
long-range van der Waals interaction®. To calculate the d-band center, JN(¢)de was

conducted from 0 to —10.0 eV, where N(¢) is the density of states.
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