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Supplementary Figure 1. XRD patterns of (a) SiNWs, (b) Rh/SiNW, and (c) Rh

nanoparticles.
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Supplementary Figure 2. XPS spectra of Rh/SiNW: (a) full spectrum, and (b) Rh 3d

spectrum, using an indium plate as the supporter of the powder samples.
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Supplementary Figure 3. LSV curves of various catalysts: (a) 31.3 wt% Pd/Si, 30.5 wt%
Pt/Si, 30.2 wt% Ru/Si, pure Pd, pure Pt, pure Ru; and (b) 30.4 wt% Ag/Si, 27.7 wt%
Au/Si, 29.5 wt% Re/Si, pure Ag, pure Au, pure Re, showing that the catalytic activities

of metal/SiNW catalysts are better than those of metal ones.



Supplementary Figure 4. Optimized structure of Rh/Si composite and the
adsorption of hydrogen atoms on the Rh: (a) The optimized structure of Rh/Si
composite catalysts; and (b) the adsorption of H atoms on the Rh. Upper: top view;
lower: side view. The adsorption of hydrogen atoms on the Rh is easy and with a
negligible energy barrier. The H* ion adsorbs above an on-top site in the first step,

and then diffuses to an hcp hollow site.



Supplementary Figure 5. Reaction pathway of HER on pure Rh catalysts: IS, initial
state; TS, transition state; and FS, final state. The proton in acidic media is stabilized
with two water molecules. The entire system has a positive charge of +1. The
activation barrier of this process is calculated to be 0.69 eV with an energy drop of

1.79 eV via DFT simulation.
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Supplementary Figure 6. pH-dependent HER reaction order: (a) A typical plot of
overpotential versus log j using 29.1 wt% Rh/SiNW in oxygen-free xM H,SO, (x = 0.1,
0.2, 0.3, 0.4, and 0.5 M) at a sweep rate of 5 mV-s™; and (b) the pH dependence of
the cathodic current density of HER at -0.12 V vs. RHE, showing the reaction order of

2.13, which is close to the theoretical value of 2 in Equation 5.
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Supplementary Figure 7. Electrochemical impedance spectroscopy using 29.1 wt%
Rh/SiINW in the frequency ranging between 100 kHz to 100 mHz with overpotentials
of 0.01 to 0.05 V: (a) Bode magnitude plot and (b) Bode phase plot of Rh/SiNW.

Symbols, experimental data; solid lines, fitted data. The inset shows the equivalent

circuit model. A modelwas applied to be fitted to the impedance spectra of Rh/SiNW

electrodes.
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Supplementary Figure 8. Stability experiment: |-t curves of 29.1 wt% Rh/SiNW and

40 wt % Pt/C catalysts under -0.1 or -0.3 V in oxygen-free 0.5 M H,SO;.



Supplementary Figure 9. Stability calculation: The reaction pathway of removal of
the hydroxyl from the Si surface by the formation of a water molecule. The H atom
may migrate from the Rh(111) surface to the neighboring Si surface and react with
the adsorbed hydroxyl to produce a water molecule. The calculated activation barrier

is 0.45 eV: IS, initial state; TS, transition state; and FS, final state.



Suppmenentary Table 1. Their exchange current density of various electrocatalysts

. -2
Jo,appy MA-CM

40wt% Pt/C 0.388

29.1wt% Rh/SiNW  0.00858

31.3wt% Pd/SiNW  0.308

30.4wt% Ag/SINW  0.00862

27.7wt% Au/SINW  0.00617

30.5wt% Pt/SiNW  0.0377

30.2wt% Ru/SiNW  0.00960

29.5wt% Re/SiNW  0.00528

Pure Rh 0.0222

SiNW 0.00140
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Supplementary Table 2. Numerical values of the parameters of the equivalent

circuits for the 29.1 wt% Rh/SiNW electrocatalyst during HER

Potential, V -0.01 -0.02 -0.03 -0.04 -0.05
Rs, Q 18.96 17.67 17.00 16.22 15.85
CPE,Yo1
S-sec™ 0.0000736 0.000183 0.001178 0.0001532  0.0001838
nl 0.7751 0.6726 0.7116 0.6787 0.6500
Ret, Q 71.49 68.93 46.72 40.23 33.89
CPEL Yo
S-sec™ 0.001868 0.002785 0.003063 0.003519 0.004773
n2 0.6651 0.6699 0.6451 0.6628 0.6496
Rsa, Q 5.11E+14 3.65E+04 3.54E+03 6.32E+02 2.98E+02
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Supplementary Table 3. Cdl values of the different catalysts and their exchange

current density

Cdl: F Sreal/'cmz jO,rea// mA'Cm_Z
4.289E-
40wt% Pt/C 5 2.14 0.0128

) 6.604E-

29.1wt% Rh/SiNW 6 0.330 0.00184
) 3.424E-

31.3wt% Pd/SiNW 5 1.71 0.0127

] 6.663E-

30.4wt% Ag/SiINW 6 0.333 0.00183
) 2.435E-

27.7wt% Au/SiNW 6 0.122 0.00357
2.768E-

30.5wt% Pt/SiNW 5 1.38 0.00193
_ 2 481E-

30.2wt% Ru/SiNW c 1.24 5.47E-4
) 1.959E-

29.5wt% Re/SINW 6 0.0980 0.00381
1.745E-

Pure Rh 5 0.872 0.00180
) 2.317E-

SINW 0.0116 0.00851

*Sapp - apparent work electrode area; Sreal - real work electrode area; joapp -

apparent exchange current density; joreal - real exchange current density, Cy and Syeq

were calculated according to the Equations (6) and (7).
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Supplementary Table 4.

exchange currents j,

Calculated hydrogen adsorption energy AE, and measured

Log(jo;
A Gp«(eV) A Gp«(eV)
mA-cm?)

Pt

Rh/Si

-0.09 (0.25 ML)} -0.03 (1 ML)*  -1.893

-0.10 -2.735
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Supplementary Note 1

The current in industrial electrochemical hydrogen production may reach the order
of 1000 mAcm 2. The LSV curves for 29.1 wt% Rh/SiNW and 40 wt% Pt/C catalysts
were recorded in oxygen-free 0.5 M H,SO, at room temperature, showing the
overpotentials of 0.95 and 1.12 V, respectively.

These values may be used to estimate the electric to hydrogen energy conversion
efficiency of the catalysts in industrial electrochemical hydrogen production

according to the following equation:

1.23x1 «100% — 1.23

n=—m—m7m— x100% , where V is the overpotential.
(1.23+V) x| 1.23+V

Therefore, the efficiencies of the 29.1 wt% Rh/SiNW and the 40 wt% Pt/C catalysts

are  Menysi =ix100%=56.4% and  7pc =i><100%:52.3% ,

1.23+0.95 1.23+1.12
respectively. The efficiency of the Rh/SINW catalyst is larger by 7.8%

(Mrusi “Meuc 1009 ) than that of Pt/C.

Metic

The BET surface areas of 29.1 wt% Rh/SiNW and 40 wt% Pt/C are 71.8 and 137.7

mz-g'1 using N, adsorption—desorption isotherms.
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Supplementary Note 2

Based on the simulation, a possible path is proposed to explain the synergistic

electrocatalysis of Rh and Si.

Rh-Si+H"+e" < H-Rh-Si (1)
H-Rh-Si< Rh-Si—-H (2)
Rh—-Si-H+H"+e" -> H,+Rh-Si (3)

The kinetics may be complicated. The reaction velocity of hydrogen evolution may be

written as r=k398i—HCH+' where r is the reaction rate; k the rate constant; 6

the fractional occupancy of the H-adsorption sites; and CH+ the concentration of

hydrogen ion.

In the steady state, for 6 ,,,

desi—H

dt =Ky Oy (1= 05y ) —K .05 1= Ory ) — k395i—HCH+ ’

and for 6, |,

d eRh—H

dt =k, (1~ gy )CH+ —K 1O — KOy (L0 ) +K ,0q (L= )

At low overpotential,

FAg
6 ~ kZHRh—H ~ kzo 0 e_ RT
Si-H ~ ~ Rh—H

k20Rh—H + k—z - k—2‘9Rh—H + kSCH+ K 20

O = 4G, oy Ko o
) kch+ + k—l + kz + k—zesi—H - k2‘95i—H k 10

k k k _(2+a)FAp

Then, I = k3(95i_HC klo 2; 30 Cz RT @
(2+a)F
And —j=Fr= k10k20k30 FCZ ?A(p
10K 20
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_@2ra)F
2.303RT

Therefore, the Tafel slope is: ?Z%()ﬂ =0.024 V-dec™ (assuming a =0.5)

2+a)F

lg(—j) =Const+21gC, . (5)
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Supplementary Note 3

The electrolyte were also analyzed using atomic absorption spectroscopy and trace
silicate analyzer, after HER was conducted at -0.1 or -0.3 V at room temperature for
500,000 s. The results show that the concentrations of Rh and Si in the electrolyte
are below the detection limit of the equipment (less than 1 ng:-L™ and 1 pg-L?,

respectively), indicating no corrosion of the Rh/SiNW catalysts.
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Supplementary Methods

The equivalent circuit in electrochemical impedance spectroscopy is represented by
the solution resistance Rs connected in series with three other parts: the resistance
of the charge-transfer step R, the double layer capacitance Cy, and resistance Ry,
connected in series with capacitance Cs,; and these three parts are connected in
parallel. The double layer capacitance Cy and capacitance Cs, were replaced by
constant phase elements CPE; and CPE,. The resistance Rs, and capacitance Cs, were
employed to describe the formation of surface adsorption during the HER reaction.
There emerging peak in the Bode plots indicates that an additional capacitive
element is produced.

Cqand S,y were calculated according to the following equations:z’ 3

1
Cdl = (Y01 /(R;l + (Rct + Rsa)il)linl)nl ; (6)

S =%,k — 204F / cm?

real

()
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