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Decoding the interfacial competition between hydrogen evolution and
CO: reduction via edge-active-site modulation in photothermal catalysis

Jianan Hong, Chenyu Xu *, Yan Liu, Changgqi Li, Menglin Wang, Yanwei Zhang *
State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, Zhejiang Province, China.

Abstract: Solar-driven photothermal catalytic CO2 conversion with H20 is
a promising approach to produce sustainable fuels and chemicals. However,
the competition between hydrogen evolution reaction (HER) and CO:2
reduction reaction (CO2RR) results in unsatisfactory product selectivity. Noble
metal nanoparticles (NMNPs) are widely used cocatalysts to introduce active
sites on semiconductors, with unique active sites at the metal-semiconductor
interfacial edges playing a critical role in the competitive mechanisms. Herein,
we prepared a series of NMNPs loaded on Al-doped SrTiOs with abundant ) —H S
interfacial edge sites for continuous photothermal catalytic CO2 and H20 @ — 0
conversion. Different NMNPs demonstrated distinct CO2-induced effects on ® o :
hydrogen evolution. The key intermediate interactions were investigated by

in situ diffuse reflectance infrared Fourier-transform spectroscopy (DRIFTS) and density functional theory (DFT)
calculations. The results revealed that bidentate carbonate (b-CO3?") tended to occupy the edge sites at the metal-
semiconductor interfaces, competitively consuming the active sites for *H adsorption and altering the energy barrier of
hydrogen evolution. The predominant site-blocking effect of b-CO3?~ on Rh-loaded catalysts was verified through
establishing a simplified geometric model to quantify the correlation of particle sizes, active site proportions and CO2-
induced hydrogen production variations. Controlling Rh nanoparticle size can tune the proportion of edge sites, which
involves a trade-off between *H coverage and CO: activation and promotes the CO2RR process toward methane
production. This work initially unravels the interfacial competitive mechanism between HER and CO2RR via edge-active-
site modulation, hoping to provide valuable insights for the rational catalyst design and offer potential strategies to enhance
CO:z2 conversion efficiency.
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T FEH I R PR B A 2 A T SEB U L [4-T]. R
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IR REISFE LA K R TR A 2 TR, T
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B4 B A0 K UKL (NMINPs) 1 Jy Bl Ak 700 )
2R, RN K o D COL OB TR 4t 3E 4 A7
Ri[22,28-30]. KZH i &)@ B A EH MHS 588,
1X B BB 2 i3k HL Offf 25 8 T Uik Ak & P $R L i 75
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0.085 mol-L™"). HyPtCls:6H,0 (Macklin, Pt&H& >
37.5%)AIHAuCl-3H,0 (Macklin, 99%) 17K &K -
0.3 g ASTO T 120 mL2 &7 /K B S14
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2.0 wt.% f15.0 wt.%), BT 153 16 7 A5 1d W x-
Rh/ASTO (x% N FTPUFRRhT i & 53 %50) . L4k,
ok SR ) % VA RS A ) R R N RhRLAR R
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Fig. 1 XRD patterns of ASTO and M/ASTOs (M = Ru,
Rh, Pd, Ag, Pt or Au) before and after reaction.
The solid lines represent the fresh samples, and

dashed lines represent the samples after reaction.
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Fig. 3 XPS fine spectra of (a) Ru 3d of Ru/ASTO, (b) Rh 3d of Rh/ASTO,
(c) Pd 3d of Pd/ASTO, (d) Ag 3d of Ag/ASTO, (e) Pt 4f of Pt/ASTO, and (f) Au 4f of Au/ASTO.
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i 5 AR -] W8 S O6HE(UV-Vis DRS) 73 Hr

T IR B AL IR SR, W EIS4RTAR o B THER

FRER M AR RS, BT R i E 58 A0 X 35 R T H o
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Fig.4 The typical time course of the production rates of (a) Hz, (b) CO, and (¢) CH4 during photothermal catalytic CO2
conversion with H20 on ASTO and M/ASTOs (M = Ru, Rh, Pd, Ag, Pt or Au). (d) The production rates of Hz and the
percentage variations in the absence or presence of CO2 on ASTO and M/ASTOs (M = Ru, Rh, Pd, Ag, Pt or Au).
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A3 2 R 3 A 7R e M A8 R T B DA B SR BN R
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Fig. 5 Contour plot of in situ time-resolved DRIFTS of
ASTO and M/ASTOs (M = Ru, Rh, Pd, Ag, Pt or Au) in the
absence or presence of CO2 under irradiation (< 800 nm).
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Fig. 6 (a—g) In situ time-resolved DRIFTS and (h) contour plot of in situ time-resolved DRIFTS on ASTO and
M/ASTOs (M = Ru, Rh, Pd, Ag, Pt or Au) in the presence of both CO2 and H20 under irradiation (< 800 nm).
(i) The proportions of b-CO3?” on M/ASTOs (M = Ru, Rh, Pd, Ag, Pt or Au).
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Fig. 7 TEM images of (a) 0.05-Rh/ASTO, (b) 0.1-Rh/ASTO, (¢) 0.2-Rh/ASTO, (d) 0.5-Rh/ASTO,

(e) 1.0-Rh/ASTO, (f) 2.0-Rh/ASTO, (g) 5.0-Rh/ASTO, (h) Rh/ASTO-MeOH, and (i) Rh/ASTO-H.
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Fig. 8 (a) The production rates of H2 and the percentage variations in the absence or presence of CO2 on x-Rh/ASTO
(x=0.05,0.1,0.2, 0.5, 1.0, 2.0 and 5.0), Rh/ASTO-MeOH and Rh/ASTO-H. (b) The simplified geometric model of
Rh particles and the formulas for estimating the number of atoms at the edge of metal-semiconductor interface and
total surface atoms (NVedge and Niotal). (¢) The equivalent sizes of Rh particles. (d) The production rates of CHs on
x-RhW/ASTO (x =0.05, 0.1, 0.2, 0.5, 1.0, 2.0 and 5.0), Rb/ASTO-MeOH and Rh/ASTO-H.
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The blocking effect of b—Cog_ at the edge sites of metal-semiconductor interfaces
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