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Figure S1. Top view SEM image of the CoOx NW thin film on n-Si.
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Figure S2. Reflectances of the amorphous CoOx NW thin films with different thicknesses
on silicon.
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Figure S3. HRTEM images of (a-c) CoOx NWs/n-Si and (d,e) Co NPs/n-Si. (f) Electron
diffraction pattern of Co NPs/n-Si.
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Figure S4. (a) Linear sweep voltammetry of the pristine Si photoanode at a scan rate of 40
mV/s in 1 M NaOH. (b) EIS result of pristine n-Si measured at 1.5 V vs. RHE in 1 M
NaOH. (c) Bode plot of pristine n-Si obtained using the curve in (b).
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Figure SS. Linear sweep voltammetry of the 1-CoOx NWs/n-Si photoanode at a scan
rate of 40 mV/s in 1 M NaOH.
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Figure S6. (a) Bode plots of 10-CoOx NWs/n-Si and 1-Co NPs/n-Si. Mott-Schottky plots
of (b) 10-CoOxNWs/n-Si and (c) 1-Co NPs/n-Si photoanodes measured in 1 M NaOH
under light-off condition.
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Figure S7. (a) Photographs of electrodeposited 10-Co NPs and 60-CoOx NW film on FTO
substrates. (b-c) SEM images of 10-Co NPs and 60-CoOx NW film on FTO substrate,
respectively. (d) Linear sweep voltammetry of the 10-Co NPs and 60-CoOx NWs on the
FTO substrates at a scan rate of 40 mV/s in 1 M NaOH. (e) Tafel plots obtained using the
curves in (d).
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Figure S8. Cyclic voltammograms of the Co*"/Co** redox wave for the (a) 10-CoOx NWs/n-
Si and (b) 1-Co NPs/n-Si photoanodes under 1 sun illumination (100 mW/cm?) at different
scan rates.



Figure S9. (a) Linear sweep voltammogram of 1-Co NPs and 10-CoOx NW thin films on
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the p"*-Si substrate at a scan rate of 40 mV/s in 1 M NaOH. (b) Tafel slope of 1-Co
NPs/p™*-Si and 10-CoOx NWs/p™*-Si in 1 M NaOH.
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Figure S10. Linear sweep voltammetry of (a) 10-CoOx/n-Si and (b) 1-Co NPs/n-Si at a
40 mV/s scan rate in 1 M NaOH before and after stability test.
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Figure S11. Mott-Schottky plots of 20-CoOx NWs/n-Si and 60-CoOx/n-Si in the 1 M
NaOH electrolyte under light-off condition.
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Figure S12. Linear sweep voltammogram of 10-CoOx NWs/n-Si at a scan rate of 40 mV/s
in the 1 M K-borate electrolyte before and after stability test.
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Figure S13. (a) FESEM and (b) Cross-sectional TEM of 10-CoOx NWs/n-Si after stability
test for 200 h. The inset shows TEM image of 10-CoOx NWs/n-Si before stability test. (c)
HRTEM images and (d) Electron diffraction pattern of 10-CoOx NWs/n-Si after stability test
for 200 h.



Saturated current density (a.u.)
- Overpotential (a.u.)
Stability (a.u.)

Thin I Thick ! Optimal I Dense
CoO, NWs/n-Si CoO, NWs/n-Si  Co NPs/n-Si Co NPs/n-Si

Figure S14. Schematics and PEC performances of morphology-controlled Co-based
catalysts on the Si photoanodes.



Table S1. Fitted charge transfer resistances.

Ret1 (Q-cm?) Re2 (Q:cm?) Re2 (Q:cm?)

Photoanodes

Contact/n-Si n-Si/CoO, NWs CoO, NWs/electrolyte
10-CoO, NWs/n-Si 0.19 3.07 9.63
20-CoO, NWs/n-Si 0 2.81 61.49
60-CoO, NWs/n-Si 0 9.03 1529.32
Table S2. Fitted constant phase elements.

Photoanodes CPEI-T CPE2-P CPE2-T CPE2-P
10-CoO, NWs/n-Si 1.59 x 107 0.8095 8.57 x 10™ 0.92489
20-CoO, NWs/n-Si 1.722 x10® 0.90263 6.25x 10* 0.92332
60-CoO, NWs/n-Si 7.49 x 10 0.97729 1.61x 103 0.92985




Table S3.PEC performances of reported silicon photoanodes.

t
Cur.r en Saturated
density at current Onset
1.23 Vvs. ! . potential
Photoanodes Stability RHE density Method Ref.
(V vs. RHE)
A, 2
(mA/em?) (mA/em’)
12h
n-Si/Si0,/CoOx 35 325 - ALD 1
(1 M KOH)
n- 25 h
Si/Si04/C0/Co00 (Borate - 35 ; Elef:im:e 2
H buffer) posthio
e 2500 h ( 1
n-Si/Si0,/CoOx MKOH) 229 302 1.02 ALD 3
100h (1M
1-Si/SiOYNi@Co K-borate 10.65 36.7 1.02 Electrode 4
position
buffer)
ALD
b- 4h (1M >
Si/TiO2/Co(OH)2 NaOH) i 323 116 Electrode >
position
) 2h(IM
.
p*n-Si/CoOx N2OH) 30.8 375 <1 PE-ALD 6
. 24h (1M
+ - -
p*n-Si/CoOx KOH) 17 30 ALD 7
n-Si/CoOx 2000 (1
M K- 233 327 1.06 Electrode -
position
(this work) borate)

PE-ALD: plasma-enhanced atomic layer deposition
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