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Figure S1. Images of the as prepared AuxCu100-x/TiO2 particulate films with the size of 2.0 × 2.0 

cm. 
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Figure S2. Experimental setup of photocatalytic system for H2 production from formic acid 

dehydrogenation.



S5

Table S1. Lattice parameters and Au contents of AuxCu100-x alloy NPs. 

Photocatalysts

Lattice 

parametersa

(nm)

Au ratiob

(%)

Au amountc

(nmol)

Au & Cu 

amountc

(nmol)

Surface Au 

ratiod

(%)

Cu/TiO2 0.362 0 0 67 0

Au5Cu95/TiO2 0.365 5.6 6.3 66 4.3

Au10Cu90/TiO2 0.368 10.4 38 238 12.1

Au20Cu80/TiO2 0.373 19.6 20 96 20.8

Au40Cu60/TiO2 0.383 38.5 61 135 40.4

Au50Cu50/TiO2 0.389 52.0 24 96 49.5

Au60Cu40/TiO2 0.394 62.8 36 63 59.4

Au80Cu20/TiO2 0.402 82.0 45 57 78.1

Au/TiO2 0.409 100 36 36 100
a Calculated from XRD data. b Estimated from Vegard’s law. c Determined by ICP-MS 

measurements. d Determined by XPS measurements.
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Figure S3. TEM images of (a) Au /TiO2, (b) Au5Cu95/TiO2, (c) Au10Cu90/TiO2, (d) Au40Cu60/TiO2, 

(e) Au50Cu50/TiO2, (f) Au60Cu40/TiO2, (g) Au80Cu20/TiO2, and (h) Cu/TiO2.  
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Figure S4. Particle size distribution of (a) Au (b) Au5Cu95, (c) Au10Cu90, (d) Au20Cu80, (e) 

Au40Cu60, (f) Au50Cu50, (g) Au60Cu40, (h) Au80Cu20 and (i) Cu deposited on TiO2 films. 
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Figure S5. Diffuse reflectance UV-vis spectra of AuxCu100-x/TiO2 (x = 0–100) and TiO2 

photocatalyst films. 
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Figure S6. (a) XPS spectra of Au 4f, (b) the deconvoluted Au0 and Au+ peaks values plotted 

against Au ratio (c) relative Au+ fraction plotted against Au ratio, (d) XPS spectra of Cu 2p, (e) 
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Cu 2p3/2 (Cu2+ and Cu0/Cu+) binding energy plotted against Au ratio and (f) Cu LMM spectra 

obtained from the Au–Cu/CP (carbon paper). 
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Figure S7. XPS spectra of (a) the deconvoluted Au 4f (b) Cu 2p peaks of different Au–Cu alloy 

NPs deposited on TiO2 films. 
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Figure S8. Time courses of (a) CO2 and (b) CO evolution by irradiation (365 nm, 8.0 mW cm–2) 

of TiO2, Cu/TiO2 and Au/TiO2 and Au/TiO2 photocatalysts under dark in formic acid solutions 

(0.010 M, 30 mL).



S14

Figure S9. Time courses of H2 evolution by the irradiation (365 nm, 8.0 mW cm–2) of AuxCu100-

x/TiO2 (x = 0–100) photocatalysts in formic acid solutions (0.010 M, 30 mL).
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Figure S10. Time courses of (a) CO2 and (c) CO evolution by irradiation (365 nm, 8.0 mW cm–2) 

of AuxCu100-x/TiO2 (x = 0–100) photocatalysts in formic acid solutions (0.010 M, 30 mL) and (b) 

CO2 and (d) CO evolution rates plotted against the Au ratios.



S16

Table S2. Comparison of photocatalytic H2 evolution from formic acid dehydrogenation.

Photocatalyst
Light

source

Light 

intensity

(mW cm–2)

Weight,

(mg)

Temp.

(C)

H2 rate

(µmol g-1 h-1)
Ref.

Au/TiO2

LED

(365 nm)
8 0.4 25 24200

This

study

Au20Cu80

/TiO2

LED

(365 nm)
30 0.4 25 62500

This

study

Au (1wt%)

/SrTiO3

Hg lamp 2.3 200 45 647 [R1]

Au-La2O3

/TiO2

Xe lamp 99.5 100 50 1784 [R2]

Au/Pd

NDBs-0.05

Visible-NIR 

(>420 nm)
100 - 15 1050 [R3]

Pd tipped

Au NRs

Visible-NIR 

(>420 nm)
100 0.008 25 10500 [R4]

Pd dotted Ag@Au
Xe lamp 

(>400nm)
60 0.18 25 30000 [R5]

MoS2/Zn3In2S6

Xe lamp 

(>420nm)
- 0.1 4 7425 [R6] 

Pt/g-C3N4

Simulated solar 

light
70 80 6 1590 [R7] 

FHS/H-mag
Simulated solar 

light
- 15 25 470 [R8] 

Pd-tipped Au NRs Xe lamp 160 - 28 42800 [R9] 

AgPd@Pd/TiO2 Xe lamp - 28.1 27 468000 [R10] 

AgPd@Pd/TiO2 Without light - 28.1 27 294000 [R10]

Co-Ni/CdS NRs
Xe lamp 

(>420nm)
100 0.15 25 32600 [R11] 

CdS/CoP@RGO
LED

(>420nm)
11 1.0 25 182000 [R12] 
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Figure S11. Apparent quantum yields obtained for AuxCu100-x/TiO2 photocatalysts under LED 

irradiation (365 nm, 8.0 mW cm–2) in formic acid solutions (0.010 M, 30 mL)
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Figure S12. Time courses of H2 evolution on Au20Cu80/TiO2 by the irradiation of different 

wavelengths ( = 365, 420, 450, 530 and 590 nm) in formic acid solutions (0.010 M, 30 mL). 
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Figure S13. (a) The time courses of the H2 evolution on Au20Cu80/TiO2 by the irradiation of 

different light intensities (4.3–30 mW cm–2) and (b) the dependence of the H2 evolution on light 

intensity. (c) the time courses of CO2 evolution and (d) the dependence of the CO2 evolution rates 

on the light intensity. (e) the time courses of CO evolution and (f) the dependence of the CO 

evolution rates on the light intensity.
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Figure S14. Long term duration of Au20Cu80/TiO2 in the H2 evolution from FA dehydrogenation 

under LED irradiation.
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Figure S15. The HR-TEM images of Au20Cu80/TiO2 photocatalyst films (a) before and (b) after 

reaction for the H2 evolution from formic acid dehydrogenation. (c) Particle size distribution of 

Au20Cu80/TiO2 photocatalyst film before and after the H2 evolution from formic acid 

dehydrogenation.
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Figure S16. Surface Au (a) and Cu (b) contents of the Au-Cu/TiO2 films estimated by XPS data 

analyses of the spectra before and after the reactions. Comment: The surface Cu contents were 

estimated by Au4f7/2 and Cu2p3/2 areas normalized with cross-section factors as the reported 

literature.[R13]

Reference: 

(R13) Scofield, J. H., Hartree-Slater subshell photoionization cross-sections at 1254 and 1487 

eV. J. Electron Spectros. Relat. Phenomena 1976, (8) 129–137.
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Figure S17. (a) The XPS spectra of Cu 2p and (b) Cu LMM analysis before and after the H2 

evolution from formic acid dehydrogenation.
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Table S3. Ohmic resistance of AuxCu100-x/TiO2 photocatalysts in formic acid solution analyzed 

with an equivalent circuit model.

Sample Rsol /Ω Ret / Ω Rre / Ω

Au 285 476 184

Au50Cu50 267 828 345

Au20Cu80 266 957 513

Au10Cu90 304 1020 1051

Au5Cu95 294 1267 628

Cu 295 793 679
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Figure S18. Plots of Rsol, Ret and Rre against Au content of Au-Cu/TiO2 obtained from the EIS 

measurements under LED irradiation in formic acid (0.010 M). 


