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The calculation of mass-specific reaction rate
In this work, mass-specific reaction rate for the visible light (VL) photocatalytic

oxidation (PCO) of CO was defined as Eq. S1:

Fi-CO- X,
T — Zin"®Co CO (Sl)
co ma
u

where Fin is the total flow rate of inlet gas, and C'Cno denotes the concentrations of CO

in inlet gas. Xco is the conversion of CO, and mau represents the actual mass of Au in
the nanocatalysts. During the calculation of mass-specific reaction rate, Xco was

controlled under differential reaction conditions (below 18 %).
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Figure S1 (a) Comparison of mass-specific reaction rates for CO oxidation with and without VL
irradiation over different nanocatalysts; (b) VL PCO of CO over Au-Cu/TiO nanocatalysts treated
by O, plasma with different Cu contents. The (Au;Cu2/TiO2)op, (AuiCuos/TiO2)op, and
(Au;Cui/TiO2)op denote O plasma treated (input power of 10 W and treatment time of 10 min)

samples with the nominal Cu loadings of 0.2, 0.5, and 1 wt.%, respectively.
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Figure S2 XPS Au 4f of the fresh (A) and used (B) (Au/TiOz)op; XPS Cu 2p and Cu LMM of the fresh

(C) and used (D) (Cu,/TiO2)op.

Table S1 XPS analysis of the plasmonic monometallic samples.

Au 4fi, Cu LMM

Cu 2p3p (eV) Au’/Au Cu*"/Cu
(eV) (eV)

0 +
Sample (at.%) (at.%) Cu’/Cu

Au®t AW Ccu?t Cu Cu® Cu*

A 84.9 83.7 - - - - 58 - -
B 84.7 834 - - - - 80 - -
C - - 9343 9327 5687 570.2 - 41 0.97
D - - 934.5 9325 5685 570.0 - 39 0.72

Note: Au=Au+Au®"; Cu=Cu’+Cu’+Cu®*; A and B denote the fresh and used (Aui/TiO2)op, respectively;

C and D represent the fresh and used (Cui/TiO2)op.
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Figure S3 XPS O 1s of the fresh (a) and used (b) (Au;Cuos/TiO2)op, and the fresh (c) and used (d)

(Au;Cuy.s/TiO2)c200.
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Figure S4 Os contents of the fresh (a) and used (b) (Au;Cuy.s/TiOz)op, and the fresh (c) and used (d)

(Au1Cuo,5/Ti02)C200.
S4



Intensity (a.u.)

T T T T T T T T T T T
536 534 532 530 528 526 524
Binding energy (eV)

Figure S5 XPS O 1s of the fresh (A) and used (B) (Aui/TiO2)op, and the fresh (C) and used (D)

(Cuy/TiOz)op.
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Figure S6 Os contents of the fresh (A) and used (B) (Aui/TiOz)op, and the fresh (C) and used (D)
(Cul/Ti02)op.
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Figure S7 HR-TEM images and the particle size histograms of the used (a) (Au;Cuo.s/TiO2)op, (b)
(AuCu.5/TiO2)c200, (¢) (Aui/TiO2)op, (d) (Cui/TiO2)op. The used samples were obtained after the

PCO of CO for 90 min.
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Figure S8 (a) HAADF-STEM image of the used (Au;Cuo.s/TiO2)op, and (b) EDS line profiles for

the plasmonic nanoparticle. The used nanocatalyst was obtained by applying the fresh sample to the

VL PCO of CO for 90 min.
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Estimation of the number of interfacial sites

To estimate the number of interfacial sites for the plasmonic nanoparticles, the Wulff
equilibrium shape of nanoparticle was first constructed using VESTA software [1-3].
Then, we transformed the Wulff constructed nanoparticle (Figure S8) into physical
models (see Figure S9) of the plasmonic nanoparticles for the (AuiCuo.s/TiO2)op,
(Au1Cuo.5/TiO2)c200 and (Aui1/TiOz2)op in Atomic Simulation Environment (ASE) based
on the morphology and average size of the nanoparticles. Subsequently, the number of
perimeter and total metal atoms for the physical models could be estimated, and the
proportion of perimeter atoms can be calculated.

The construction of Wulff equilibrium shape depends on the surface energies, and
the surface energies of Au and AuCu alloy were calculated by density functional theory
(DFT). Briefly, the conventional cell of AuCu alloy was chosen from the Inorganic
Crystal Structure Database (611749-1CSD). The Perdew-Burke-Ernzerhof (PBE) was
employed in exchange-correlation functional, and the van der Waals (vdW) interaction
was consideration. The plane-wave cut-off was set to be 400 eV, and 8x8%8 k-point
grids were chosen in the geometry optimization of the bulk structure, whereas 9x9x1
k-point grids was selected for slab models. Periodic slabs were used to model low Miller
index surface facets {100}, {110}, and {111} and higher index facets, {210}, {211},
{310}, and {311} [1]. A 20 A vacuum gap was used to avoid any image-image
interaction caused by the periodic boundary condition. The top two layers were fully
relaxed while all other atoms were fixed. The surface energies, ynk, were calculated as

Yhkl = (Eslab — N+Ebulk)/2 Acell, Where Esiab is the total energy of the slab, NV is the number
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of atoms in the slab, Ebuik is the energy of each atom in bulk, and Acen is the surface area

of unit cell.

Table S2 DFT calculated surface energies for different facets of Au and AuCu alloy, and their ratios

with respect to the {111} facet surface energy.

Yokt (J/m?) Ratio to yi11
Surface Au Au-Cu Au Au-Cu
{111} 1.37 1.74 1.00 1.00
{100} 1.52 1.88 1.11 1.08
{110} 1.60 2.02 1.17 1.16
{211} 1.58 1.92 1.15 1.10
{210} 1.59 2.02 1.16 1.16
{311} 1.58 1.97 1.15 1.13
{310} 1.60 2.09 1.17 1.20

Note: yn represents surface energy of the {hkl} facet
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Figure S9 Wulff constructions of nanoparticle based on DFT calculated surface energies for (a) Au

and (b) AuCu alloy.
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Figure S10 (Right) Physical models of perimeter sites (khaki ball) on truncated nanoparticles with
267, 601, and 564 atoms based on (left) HR-TEM images of the plasmonic nanoparticles for (a)
(AuiCug5/TiO2)op, (b) (AuiCuos/TiO2)c200 and (c) (Aui/TiO2)op. The used nanocatalysts were

obtained by applying the fresh samples to the VL PCO of CO for 90 min.
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Figure S11 Photocurrent density for the used plasmonic nanocatalysts treated by O2 plasma under
VL irradiation (58 mW/cm?; bias voltage of 0.5 V). The used nanocatalysts were obtained by

applying the fresh samples to the VL PCO of CO for 90 min.
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DFT calculation

CO oxidation calculations were investigated by VASP. To simulate the dissociation
of Oz that formed from the combination of hot electron and O2 molecules, NELECT
and MAGMOM were adjusted. The Perdew-Burke-Ernzerhof (PBE) was employed in
exchange-correlation functional, and spin polarization and van der Waals (vdW)
interaction were consideration during the calculation. The plane-wave cut-off was set
as 400 eV, and 8>8>8 k-point grids were chosen in the geometry optimization of the
bulk structure, whereas Gamma k-point was selected for slab models. The transition
states were found by employing a climbing image nudged elastic band (CI-NEB)
method. The convergence threshold for the geometries optimized and CI-NEB were
0.03 eV/A and 0.1 eV/A, respectively [4,5]. The rutile (110) surface was modeled by a
supercell (2 x<4). The oxide slab contained 5 layers, and a 15 A vacuum gap was used

[6]. The bottom two layers were fixed, and all other atoms were fully relaxed.
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Figure S12 Optimized structures for the elementary steps of the whole CO oxidation pathway over
(a) Aw/TiO,, (b) Au-Cuw/TiO; and (c¢) CuO,/TiO;. Color code: Au, golden; Cu, blue; Ti, sky blue; C,

brown; O atom in TiO,, red; O atom in purple; O atom in CO, purple.
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