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Fig. S1 Current-potential curves for the photo-assisted electrodeposition of (a) Ni-P, (c) Fe-P 
on Bp-Si photocathodes under simulated AM 1.5 solar irradiation (100 mW cm-2). Current-
potential curves for the electrodeposition of (b) Ni-P, (d) Fe-P on graphite electrode.
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Fig. S2 (a) XRD patterns of graphite, Fe-P/graphite, Co-P/graphite, and Ni-P/graphite 
electrodes. The standard XRD pattern of graphite is also shown as a reference. The M-
Ps/graphite electrodes were prepared by electrodeposition method. Photographs of (b) Co-
P/graphite, (c) Ni-P/graphite, and (d) Fe-P/graphite electrodes, respectively. The area for the 
deposition of M-Ps is referred by the red frame. The photographs showed that the Co-P and 
Ni-P films were thick, while the Fe-P film was thin, which can explain the varied intensity of 
the XRD peaks of graphite for M-Ps/graphite electrodes. (e) XRD patterns of Bp-Si, Co-
P/Bp-Si, Ni-P/Bp-Si and Fe-P/Bp-Si. Bp-Si exhibited one dominated peak indexed to (400) 
crystal facet due to [100] crystal orientation of the used Si wafer.
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Fig. S3 XPS spectra of the M-Ps/Bp-Si after LSV test. (a) Ni 2p region of Ni-P, (b) P 2p 
region of Ni-P, (c) Fe 2p region of Fe-P, (d) P 2p region of Fe-P. The peaks in Fig. S3a for the 
BE of Ni 2p3/2 and 2p1/2 appear at 852.7 and 870.0 eV, respectively. All of the other peaks are 
assigned to oxidized Ni species and their satellite structures.1 The high-resolution P 2p region 
(Fig. S3b) shows two peaks at 130.1 and 129.2 eV, assigned to the BE of P 2p1/2 and 2p3/2, 
respectively, along with one peak at 132.9 eV corresponding to oxidized P species.1 In 
addition, Fig. S3c shows two peaks at 707.1 and 720.0 eV associated with Fe 2p3/2 and 2p1/2 , 
respectively, whereas the peak at 710.6 eV reflects the BE of oxidized Fe species.2, 3 For the 
high-resolution P 2p region (Fig. S3d), peaks at 129.3, 130.2 and 133.5 eV can be assigned to 
P 2p3/2, P 2p1/2 and oxidized P species, respectively.2, 3



810 805 800 795 790 785 780 775

  

 

 Binding energy (eV)

Co
un

ts
 (a

.u
.)

(a)

136 134 132 130 128

  

 

 Binding energy (eV)

Co
un

ts
 (a

.u
.)

(b)

890 885 880 875 870 865 860 855 850 845

  

 

 Binding energy (eV)

Co
un

ts
 (a

.u
.)

(c)

138 136 134 132 130 128

  

 

 Binding energy (eV)

Co
un

ts
 (a

.u
.)

(d)

740 735 730 725 720 715 710 705

  

 

 Binding energy (eV)

Co
un

ts
 (a

.u
.)

(e)

138 136 134 132 130 128

  

 

 Binding energy (eV)

Co
un

ts
 (a

.u
.)

(f)

Fig. S4 XPS spectra of the M-Ps/Bp-Si before LSV test. (a) Co 2p region of Co-P, (b) P 2p 
region of Co-P, (c) Ni 2p region of Ni-P, (d) P 2p region of Ni-P, (e) Fe 2p region of Fe-P and 
(f) P 2p region of Fe-P.
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Fig. S5 Top-view SEM images of Ni-P/Bp-Si with different scale bars.
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Fig. S6 Top-view SEM images of Fe-P/Bp-Si with different scale bars.
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Fig. S7 Top-view SEM images of (a) and (b) Bp-Si; (c) and (d) Co-P/Bp-Si with different 
scale bars.
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Fig. S8 Current-potential curves of (a) Bp-Si, (b) Pt/Bp-Si, (c) Co-P/Bp-Si, (d) Ni-P/Bp-Si, 
and (e) Fe-P/Bp-Si photoeletrodes. Conditions: AM 1.5G simulated sunlight (100 mW cm-2), 
0.5 M H2SO4 as electrolyte, Ar was used to expel air in the electrolyte. 
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Fig. S9 Chronoamperometry measurement on (a) Ni-P/Bp-Si, and (b) Fe-P/Bp-Si 
photocathodes at 0 V vs. RHE under AM 1.5G illumination (100 mW cm-2) in 0.5 M H2SO4 
aqueous solution.
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Fig. S10 Hydrogen and oxygen evolution using (a) Ni-P/Bp-Si, (b) Fe-P/Bp-Si as 
photocathodes, Pt as the counter electrode, and SCE as the reference electrode in 0.5 M 
H2SO4 solution at an applied bias of 0 V vs. RHE under 300 W Xe light irradiation.
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Fig. S11 (a) Equivalent circuit used to fit the impedance data consisted of a series resistance 
(Rs), a capacitance of Si (Cbulk), a capacitance of catalyst (Ctrap), a resistance of the charge 
transfer from Si to catalyst (Rtrapping), and a resistance of the charge transfer from catalyst to 
electrolyte(Rct,trap). 4 (b) Nyquist plots, and (c) magnified Nyquist plots of Bp-Si, Ni-P/Bp-Si 
and Fe-P/Bp-Si recorded at +0.28 V vs. RHE in 0.5 M H2SO4 aqueous solution under AM 
1.5G illumination (100 mW cm-2). 

Table S1 Fitting parameters obtained by fitting the Nyquist plots using the equivalent circuit 
in Fig. S11a.

Samples Rs (Ω) Cbulk (F) Rtrapping (Ω) Ctrap (F) Rct,trap (Ω) Rct (Ω)

Bp-Si 10.76 7.62×10-8 - - - 1.12×106

Co-P/Bp-Si 18.57 1.24×10-7 304.9 3.59×10-4 157.2 462.1

Ni-P/Bp-Si 13.83 1.23×10-7 327.4 1.14×10-5 361.5 688.9

Fe-P/Bp-Si 9.58 1.08×10-6 278.5 1.12×10-4 1176 1454.5
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Fig. S12 Current-potential curves of graphite electrode, Ni-P/graphite electrode, and Fe-
P/graphite electrode in 0.5 M H2SO4 solution with iR correction.
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Fig. S13 Current-potential curves of (a) Ni-P/Bp-Si, and (b) Fe-P/Bp-Si prepared at different 
deposition potential (vs. SCE). Experimental details were presented in Fig. S14.
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Co-P/Bp-Si--0.35 V-100 s

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4
-30
-25
-20
-15
-10
-5
0

 

 

Potential vs. RHE (V)

Cu
rr

en
t d

en
si

ty
 (m

A/
cm

2 )
 

 

 dark
 chopped light
 light

(a)

Ni-P/Bp-Si--0.40 V-10 s

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4

-25

-20

-15

-10

-5

0

 

 

Cu
rr

en
t d

en
si

ty
 (m

A/
cm

2 )

Potential vs. RHE (V)

 

 

 dark
 chopped light
 light

(c)

Fe-P/Bp-Si--0.65 V-300 s
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Ni-P/Bp-Si--0.60 V-10 s

Fe-P/Bp-Si--0.62 V-300 s
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Fig. S14 M-Ps/Bp-Si prepared by photo-assisted electrodeposition in a plating solution at a 
certain bias (vs. SCE) for a certain time was denoted as M-P/Bp-Si-potential-time. For 
example, Co-P/Bp-Si--0.35 V-100 s meant it was prepared at an applied bias of -0.35 V vs. 
SCE for 100 s. (a)-(f) were polarization J-V curves of M-P/Bp-Si-potential-time at dark, 
chopped light and light conditions in 0.5 M H2SO4 solution under AM 1.5G illumination (100 
mW cm-2). Current-potential curves of (a) Co-P/Bp-Si--0.35 V-100 s, (b) Co-P/Bp-Si--0.50 
V-100 s, (c) Ni-P/Bp-Si--0.40 V-10 s, (d) Ni-P/Bp-Si--0.60 V-10 s, (e) Fe-P/Bp-Si--0.65 V-
300 s and (f) Fe-P/Bp-Si--0.62 V-300 s. Fig. 8a, Fig. S13, and Fig. S14 reflected the optimum 
deposition potentials of -0.35, -0.40, and -0.65 V vs. SCE for Co-P, Ni-P and Fe-P, 
respectively.
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Fig. S15 Current-potential curves of (a) Ni-P/Bp-Si and (a) Fe-P/Bp-Si prepared at different 
deposition time. Experimental details were presented in Fig. S16.
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(i)

Co-P/Bp-Si--0.35 V-80 s Co-P/Bp-Si--0.35 V-100 s Co-P/Bp-Si--0.35 V-120 s

Ni-P/Bp-Si--0.40 V-5 s Ni-P/Bp-Si--0.40 V-10 s Ni-P/Bp-Si--0.40 V-20 s

Fe-P/Bp-Si--0.65 V-200 s Fe-P/Bp-Si--0.65 V-300 s Fe-P/Bp-Si--0.65 V-400 s

Fig. S16 M-P/Bp-Si prepared by photo-assisted electrodeposition in a plating solution at a 
certain bias (vs. SCE) for a certain time was denoted as M-P/Bp-Si-potential-time. For 
example, Co-P/Bp-Si--0.35 V-100 s meant it was prepared at an applied bias of -0.35 V vs. 
SCE for 100 s. Current-potential curves of (a) Co-P/Bp-Si--0.35 V-80 s, (b) Co-P/Bp-Si--0.35 
V-100 s, (c) Co-P/Bp-Si--0.35 V-120 s, (d) Ni-P/Bp-Si--0.40 V-5 s, (e) Ni-P/Bp-Si--0.40 V-
10 s, (f) Ni-P/Bp-Si--0.40 V-20 s, (g) Fe-P/Bp-Si--0.65 V-200 s, (h) Fe-P/Bp-Si--0.65 V-300 
s and (i) Fe-P/Bp-Si--0.65 V-400 s at dark, chopped light and light conditions in 0.5 M H2SO4 
solution under AM 1.5G illumination (100 mW cm-2). Fig. 8b, Fig. S15, and Fig. S16 
reflected the optimum deposition time of 100, 10, and 300 s for Co-P, Ni-P and Fe-P, 
respectively.
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Fig. S17 Photographs of (a) Co-P/FTO, (b) Ni-P/FTO and (c) Fe-P/FTO prepared with an 
electrodeposition method for a long deposition duration. We can see that all the M-Ps 
cocatalysts are in deep color and therefore will hinder light absorption by the underlying Bp-
Si if assembled on Bp-Si.
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Fig. S18 The i-t curves for the photo-assisted electrodeposition of Co-P on Bp-Si at an 
applied bias of -0.35 V vs. SCE for 100 s under AM 1.5G illumination (100 mW cm-2).
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