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Figure S1 Pictures of (a) HAuCl4 solution under UV irradiation and (b) mixed solution 

of HAuCl4 and W18O49 under UV irradiation.

SERS measurement

A mixture containing 10-5 M R6G and 0.1 g·L-1 Au@W18O49 was dropped on 

silicon wafers and detected by the state translation nanoparticle-enhanced Raman 

spectroscopy (STNERS) method. Raman spectra were collected on a laser confocal 

microscopy Raman spectrometer (LabRAM HR Evolution, HORIBA, JPN) with an 

excitation wavelength of 785 nm. The spectra were acquired for 10 s with three 

accumulations.

Fig. S2a shows the Raman spectra of R6G (10-5 M) on the surface of Au@W18O49 

synthesized at different UV irradiation times. A significant Raman enhancement was 

observed by extending the UV irradiation time. Four characteristic bands of R6G 

centered at 612, 773, 1360, and 1650 cm-1, named P1, P2, P3, and P4, were detected, 

suggesting that Au@W18O49 could work as SERS substrates. The Raman intensity of 

R6G as a function of UV irradiation time (Fig. S2b) suggests that the adsorbed AuCl2 

molecules were reduced to Au NPs at twelve minutes. With the irradiation time 

extending to about 18 minutes, the size and gaps of Au nanoparticles were optimal.
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Figure S2 (a) Surface-enhanced Raman spectra of R6G with Au@W18O49 as substrates, 

and (b) intensity of R6G Raman peaks with extending UV irradiation time.

Characterization of Au@W18O49 catalysts

Figure S3 HR-TEM images of Au@W18O49 synthesized with 0.005, 0.05, 0.5, and 5 

mM HAuCl4 solution.
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Figure S4 XPS Au4f spectra (a) and O1s spectra (b) of Au@W18O49-0.13, 

Au@W18O49-0.61, Au@W18O49-0.70, andAu@W18O49-71.

The Brunauer–Emmett–Teller (BET) specific surface area was determined from the N2 

adsorption-desorption isotherms obtained using an automated gas sorption instrument 

(Quantachrome Instruments, US). 

Figure S5 N2 adsorption-desorption isotherms of W18O49, Au@W18O49-0.13, 

Au@W18O49-0.61, Au@W18O49-0.70, Au@W18O49-0.71.
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Electrochemical Behavior of Au@W18O49 

The catalytic performance of the prepared samples for hydrogen evaluation 

reaction was measured with a three-electrode cell by linear sweep voltammetry on an 

Autolab electrochemical analyzer (PGSTAT302N, Switzerland). A commercial glassy 

carbon electrode (GCE) served as the working electrode, graphite rod electrode as the 

counter electrode, and Ag/AgCl (CH Instruments, Shanghai, China) as the reference 

electrode. The commercial GCE (~0.07 cm2 area, 3 mm diameter) was polished with 

alumina powder, ultrasonically washed, and blow-dried. About 5 mg of the measured 

materials were dispersed in the mixture solution of 0.2 mL 5 wt% Nafion solution and 

1.8 mL ethanol by ultrasonication for 30 min to obtain a homogeneous solution. Then, 

5 µL of the as-prepared ink was dropped on the polished GCE (mass loading ≈ 0.17 mg 

cm−2). The electrolyte (0.5 M H2SO4) was purged with H2 gas for at least 30 min to 

reach the H2O/H2 equilibrium. 

HER polarization curve was recorded between 0.1 and -0.8 V versus the reversible 

hydrogen electrode (RHE) at the scan rate of 5 mV·s-1. The polarization curves were 

measured with an ohmic potential drop (iR) correction. Tafel plots of the linear region 

were obtained using the following Tafel equation: η=a+b×logj, where η represents 

overpotential, b is the Tafel slope, and j represents the current density. For iR 

compensation, the potential was corrected according to the equation: Ecom=Emea–iRu, 

where Ecom is the compensated potential, Emea is the measured potential, i is the current, 

and Ru stands for the series resistance based on electrochemical impedance 

spectroscopy (EIS) measurements. EIS was conducted under a potential of −0.160 V 

(vs RHE) in the frequency range of 100 kHz to 0.1 Hz with 5 mV amplitude. The 

Faradic efficiency of HER catalysts is defined as the ratio of the amount of 

experimentally determined H2 to that of the theoretically expected H2 from the reaction. 

and S10). The amount of H2 evolved during HER was determined quantitatively by gas 

chromatography (GC-2030ATF, SHIMADZU). The theoretical amount of H2 can be 

calculated using the following formula: M = (I × t) / (n × F), where I represents the 

current (mA), t is the electrolysis time (s), n indicates the number of electrons 
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transferred (n= 2 for the HER), F is the Faraday constant (96,485C mol-1).

Figure S6 Current-potential curve for the calibration of Ag/AgCl electrode with respect 

to RHE in 0.5 M H2SO4 with a glassy carbon electrode as the working electrode.

As shown in Fig. S7, the peak current increased linearly with the scan rate 

increasing from 20 to 100 mV·s-1. The CV spectra conform to the Randles-Sevcik 

equation, ip = (2.69˟105)n3/2ACD1/2ν1/2. In the equation, ip=maximum current, 

n=number of electrons, A=electrode area, C=K3[Fe(CN)6] concentration, D=diffusion 

coefficient, v=scan rate. 
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Figure S7 Cycle voltammogram for (a) Au@W18O49-0.13, (c) Au@W18O49-0.61, (e) 

Au@W18O49-0.70, and (g) Au@W18O49-0.71 with scan rate increasing from 20 to 100 

mV·s-1. (b), (d), (f), and (h) The corresponding linear relationship between current 

versus the square root of scan rate.

Figure S8 Nyquist plot of Au@W18O49 acquired in 0.5 M H2SO4 from 100 kHz to 0.1 

Hz without (a) and with (b) geometrical area normalization.
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Figure S9 XPS W 4f spectra of Au@W18O49-0.70 before and after long-term potential 
cycling.

Figure S10 HR-TEM images of Au@W18O49-0.70 (a) before and (b) after long-term 
potential cycling. SEM images of Au@W18O49-0.70 (c) before and (d) after long-term 
potential cycling.
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Figure S11 Amount of H2 theoretically calculated and experimentally measured as a 
function of time. The Faradic efficiency of Au@W18O49-0.70 catalysts in 0.5 M H2SO4.

Table S1. Comparison of η10 and Tafel slope for the HER of Au@W18O49 catalysts.

Sample η10 (mV) Tafel slope (mV·dec-1)

W18O49 507±18.9 163±16.2

Au@W18O49-0.13 492±19.1 153±10.2

Au@W18O49-0.61 94±25.2 76±3.7

Au@W18O49-0.70 79±18.1 58±3.0

Au@W18O49-0.71 302±37.8 92±1.5

Table S2. Comparison of η10 and Tafel slope for the HER of prepared and reported 

WOx-based catalysts.

Electrodes η10 (mV)
Tafel slope 

(mV·dec-1)
Cdl (mF·cm-2) Ref.

WO3 spheres 520 139 - 1

WOx-PtNi@Pt 

DNWs
22 - - 2

Pt NP/WO3-x 38 - - 3

Pt/def-WO3@CFC 42 61 36.3 4

Meso-WO3 598 134 - 5
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Meso-WO2.83 287 95 - 5

Pt-WOx/WS2 42 26 4.16 6

WOx/C-4 202.60 198.26 - 7

WO3 nanorods 152 96 1.05 8

WS2/WO3 395 50 - 9

Ni2P-WO3-60 105 92 0.23 10

m-WO3/rGO 35 32 - 11

h-WO3/rGO 69 37 - 11

Monoclinic-WO3 106 78 0.062 12

Hexagonal-WO3 83 48 0.152 12

WO3-x-30-CNFs 185 89 711 13

Mo-W18O49 45 54 5.9 14

Pd- W18O49 137 54 - 15

WO2-MWCMN 58 46 - 16

Pt/C 34 46 -

Au@W18O49-0.70 79 58 3.9

Table S3. Comparison of η10 and Tafel slope for the HER of prepared and reported Au-

based catalysts.

Electrodes
η10 

(mV)

Tafel slope 

(mV·dec-1)
Cdl (mF·cm-2) Ref.

Au/Co3O4 168 79 - 17

Au/Ni3S2 97 51 18.5 18

Au@Co2N0.67/3D-NGr 91.4 52.3 24.1 19

Au/MoS2 77 92 11.1 20

MoS2/Au0/N-CNT 318 128 37 21

Au-MoS2/CNFs 92 126 14.4 22

3DG-Au-Ni3S2-15c 140 93 37.98 23

Au/rGO 176 88 - 24
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S-Au@MoS2 164 50 - 25

Au-MoS2 120 163 - 26

MoS2-Au 66 40 - 27

Au@NC 130 76.8 18.65 28

Au/rGO 260 39.2 - 29

C/Ni-AuPt 131 66 0.828 30

AuRu alloy NFs 43 35.7 - 31

Au NDs 67 65 - 32

Au/Co9S8 35 64 9.8 33

Au-SnOx 148 79 0.017 34

TiO2 NBs@TiO2 NSs@Au 

NPs

440 58 0.026 35

Au/Cu-NPZ-CPE 100 33 12.9 36

Au-Cu/CNFs 83 70 483 37

Pt-Au NPs/CNFs 235 84 - 38

AuNPs@NCNRs/CNFs 126 93 - 39

Au@W18O49-0.70 79 58 3.9
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