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Figure S1. SEM images of cross-sectional views of p-type (100) Si wafers etched in 5M HF and 0.02
M AgNO:; solution at different etching times. Each of the etching time is (&) 10 min, (b) 30 min, (c)
60 min, (d) 120 min, (e) 140 min, (f) 160 min, (g) 180 min, (h) 200 min, (i) 300 min, and (j) 480 min.

Figure S2. SEM images of top views of p-type (100) Si wafers etched in 5M HF and 0.02 M AgNO;
solution at different etching times. Each of the etching time is (a) 30 min, (b) 120 min, (c) 300 min,
(d) 480 min. (a)-(b) porous, and (c)-(d) nanowire structure are observed.

Figure S3. Photoelectrochemical performance of planar Si structure as a function of light intensity.
Black: 100mW cm, red: 130 mW cm, blue:160 mW cm™, dark green:190 mW cm, pink: 216 mwW

cm?.

Figure S4. Optical reflectance of planar Si surface and Si nanowire surface. (a) Diffuse reflectance
mode and (b) specular reflectance mode. Black line indicates planar Si and red line indicates Si
nanowire.

Figure S5. Plot of (chv)“2 vs. hv for planar Si and Si nanowire from various absorption spectrum
models™?. Each model is based on the following assumption; (8) a =A=1-R-T, (b) a. = -
1/dxIn(R+T), () a. = 2 - log (%T), and (d) o = -1/dxIn(T/(1-R)?). o is the absorption coefficient, hv is
the photon energy, v is the frequency, h is the Planck’s constant, A is the absorbance, R is the
reflectance, T is the transmittance, and d is the optical path length.

Figure S6. The photoelectrochemical performance of p-type Si based photoelectrodes without Pt and
with Pt catalyst on Si surface as a function of etching time. (a) Limiting current density, (b) current
density at 0 V vs. RHE, (c) onset potential, and (d) solar-to-hydrogen (STH) conversion efficiency.

Figure S7. Photographs taken during CV measurement for planar Si (left) and nanostructured Si
(right). Inset images are the enlarged photographs of illumination area.

Table S1. Summary of the photoelectrochemical performance of p-type Si based photoelectrode.
Performance of reported Si electrode for water splitting was compared with our study. The successful
performances of our data are highlighted in gray. N/A indicates that there was a difficulty in
estimating the values due to the lack of availability of full data set in the report.
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Figure S1. SEM images of cross-sectional views of p-type (100) Si wafers etched in 5M HF and 0.02
M AgNO:; solution at different etching times. Each of the etching time is (&) 10 min, (b) 30 min, (c)
60 min, (d) 120 min, (e) 140 min, (f) 160 min, (g) 180 min, (h) 200 min, (i) 300 min, and (j) 480 min.



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013

” YD =5 B
r:’og W1/ r‘?’,‘f S m = oo M Ua, & 20pm

Figure S2. SEM images of top views of p-type (100) Si wafers etched in 5M HF and 0.02 M AgNO;
solution at different etching times. Each of the etching time is (a) 30 min, (b) 120 min, (c) 300 min,
(d) 480 min. (a)-(b) porous, and (c)-(d) nanowire structure are observed.
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Figure S3. Photoelectrochemical performance of planar Si structure as a function of light intensity.

Black: 100mW cm, red: 130 mW cm’, blue:160 mW cm™, dark green:190 mW cm, pink: 216 mwW
-2

cm™,
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Figure S4. Optical reflectance of planar Si surface and Si nanowire surface. (a) Diffuse reflectance
mode and (b) specular reflectance mode. Black line indicates planar Si and red line indicates Si
nanowire.
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Figure S5. Plot of (ahv)” vs. hu for planar Si and Si nanowire from various absorption spectrum
models™. Each model is based on the following assumption; (8) o =A=1-R-T, (b) a. = -
1/dxIn(R+T), () o = 2 - log (%T), and (d) o = -1/dxIn(T/(1-R)?). o is the absorption coefficient, hv is
the photon energy, v is the frequency, h is the Planck’s constant, A is the absorbance, R is the
reflectance, T is the transmittance, and d is the optical path length.
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Figure S6. The photoelectrochemical performance of p-type Si based photoelectrodes without Pt and
with Pt catalyst on Si surface as a function of etching time. (a) Limiting current density, (b) current
density at 0 V vs. RHE, (c) onset potential, and (d) solar-to-hydrogen (STH) conversion efficiency.
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Figure S7. Photographs taken during CV measurement for planar Si (left) and nanostructured Si
(right). Inset images are the enlarged photographs of illumination area.
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Table S1. Summary of the photoelectrochemical performance of p-type Si based photoelectrode.
Performance of reported Si electrode for water splitting was compared with our study. The successful
performances of our data are highlighted in gray. N/A indicates that there was a difficulty in
estimating the values due to the lack of availability of full data set in the report.

Limiting ¢ Current densi Solar-to-
urrent den ty at 0Vvs.  Onset potent Hydrogfan
Structure sity [mA ¢ RHE ial [V] Con_vt_arsmn Ref.
22 -2 Efficiency
m ] [mAcm ] [%]
Planar Si -34.1 -0.25 0.13 0.03
Planar Si with Pt -29.0 -12.3 0.28 0.69
Porous Si?
(10 min etching) -32.1 -3.21 0.19 0.10
Porous Si with Pt?
(10 min etching) -14.9 -12.13 0.23 0.81
Porous Si?
(20 min etching) -43.4 -3.07 0.31 0.12
AE)]
Porous Si 458 -2.29 0.28 0.08

(30 min etching)
Porous & 1.5 um
Nanowire? -54.1 -3.02 0.23 0.12
(120 min etching)
Porous & 1.5 um
Nanowire with Pt? -18.4 -16.4 0.26 1.19

(120 min etching) This study
7.1 um Si Nanowire? ] ]
(180 min etching) 29.9 8.08 0.32 0.31
7.5 um Si Nanowire? ] ]
(200 min etching) 27.9 451 0.31 0.18
29.3 um Si Nanowire® ] ]
(300 min etching) 21.4 10.65 0.38 0.48
29.3 um Si
Nanowire? with Pt -14.3 -12.81 0.48 1.20
(300 min etching)
38.0 um Si Nanowire? ] ]
(480 min etching) 111 0.86 0.25 0.11
38.0 um Si
Nanowire with Pt® 7.2 -6.54 0.32 0.70
(480 min etching)
Planar Si -11.8 N/A N/A N/A
Planar Si / /
with Mo,S, catalyst -10.5 -9 N/A N/A .
Si Microwire” -16.5 -0.4 N/A N/A
Microwire
with Mo,S, catalyst” -14 -10 N/A N/A
Planar Si -30 N/A N/A N/A 5
Nanoporous si” -36 N/A N/A N/A
Planar Si N/A ~Q0°% ~0.19 N/A
Planar with Pt -29 279 ~0% N/A ]
Si Nanowire” 27 ~09 0.33 N/A
Nanowire with Pt -18 -179 0.42 N/A
Planar Si N/A 0.82 0.255 0.03
Planar with Pt N/A 21.8 0.230 11 7
Si Microwire” N/A 0.005 0.034 0
Microwire with Pt” N/A 11.7 0.265 1.0
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Planar Si N/A 0.28 0.232 ~0.02% 8
Si Wire” N/A 1.43 0.389 ~0.149
Planar Si with Pt” N/A 23 0.30 2.1 o
Wire with Pt N/A 7.3 0.16 0.21

d\Wire fabricated by the metal-catalyzed electroless etching method; ®Wire grown by the vapor-
liquid-solid method; ®Values were measured and extrapolated by our group referring to the figures
and data from other papers.
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