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Experimental Section

Materials and chemicals

The commercial phosphorus-doped monocrystalline Si (n-type, single-side polished,
(100)-oriented, resistivity 0.1-0.9 Q cm, 525 mm) was purchased from Zhejiang Lijing
Technology Co., Ltd. Ultrapure water (resistivity = 18 MQ cm) that used for preparing all
solutions was obtained from a Milli-Q system. The ethanol (AR, > 99.8%) and isopropyl
alcohol (AR, > 99.7%) were purchased from Beijing Chemical Works. The nickel nitrate
(Ni(NO3)2:6H20, 99.999%, Guanghua Sci-Tech Co., Ltd), iron sulfate (FeSOas-7H:20,
(99.999 %, Xilong Scientific Co., Ltd.), and KOH (82%, Beijing Chemical Works) were used
as received without further treatment. The Ni and NiFe alloy target (diameter 50.8 mm,
Zhongnuo Advanced Materials (Beijing)Technology Co., Ltd).
Preparation of photoanodes

The commercial phosphorus-doped monocrystalline Si was cleaved into pieces of
dimension 1 cm x 1 cm. These Si pieces were first cleaned for 30 min successively in acetone,
isopropanol alcohol and deionized water by ultrasonication and then dried by blowing Na.

The Si wafers were then immersed in buffered HF solutions (2%) for 2 min to completely
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remove the native oxide layer on the Si surface and the residual HF was rinsed off with water.
After drying under N2 gas, the Si wafers were quickly transferred to the atomic layer
deposition (ALD) chamber.

The Al20s film was deposited on the etched Si wafers at 200 °C using
trimethylaluminum (TMA) as the Al source, deionized water vapor as the oxygen source and
N2 as the carrier gas. Each ALD cycle included 15 ms pulse of TMA, 15 s N2 purge, 15 ms
deionized water pulse, and 15 s N2 purge. The thickness of Al203 was controlled by changing
the number of cycles. 25 cycles were necessary to deposit ~2.2 nm of Al203 and the film
thickness was confirmed by cross-sectional high-resolution transmission electron microscopy
and energy dispersive spectroscopy mapping.

Prior to the deposition of NiFeOx, a 2 nm-thick Ni film was deposited on the Si/Al203
substrate by thermal evaporation. The Si/Al203s/Ni substrate was then transferred to a high
vacuum magnetron sputtering chamber. NiFeOx film was deposited on the substrate by radio
frequency (RF) reactive magnetron sputtering using NiFe alloy as the target. The content of
Fe in NiFeOx was adjusted by changing the Ni/Fe ratio in the target. It is common to heat the

substrate when preparing the Ni-based oxide, of which 300 C is the often used preparation

temperature.! Moreover, the effect of the deposition temperature on the performance of the
prepared NiOx film has been studied.? It has been found that the conductivity of the
photoelectrode with NiOx coatings deposited under high temperatures shows no significant
change after activation. Whereas the same samples deposited without heating of the substrate
showed a reduced slope at positive bias after activation, which is harmful to the PEC
performance. Therefore, the substrate temperature was maintained at 300 °C with background
pressure <4x10-* Pa before deposition. During sputtering, the ratio of Oz to Ar was 1:10, and
the sputtering pressure and RF sputtering power were 0.2 Pa and 80 W, respectively. The

time taken to deposit ~57 nm NiFeOx was 15 min. The back contact for the n-Si is ohmic
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contact, which was formed by scratching the back side of the Si substrate to remove the
surface oxide, followed by applying In-Ga alloy and contacting with a Cu wire. The exposed
areas of all the photoanodes were measured using ImageJ software and were 0.15-0.3 cm?
unless specified otherwise.

The NiFe-layered double hydroxide (LDH) was electrodeposited in a three-electrode
configuration, by using the as-prepared Si/Al203/Ni/NiFeOx, Pt net and a saturated calomel
electrode (SCE) as the working, counter, and reference electrodes. The electrolyte was
prepared by dissolving Ni(NO3)2:6H20 (0.15 M) and FeSO4-7H20 (0.15 M) in 70 mL water
under stirring in inert Ar gas atmosphere, to prevent the self-oxidation of Fe?* into Fe3*. The
applied potential was -1 V vs. SCE and the electrodeposition time was 30 s.
Characterization

Scanning electron microscopy (SEM) images were obtained using an ultrahigh
resolution cold field emission scanning electron microscope (Hitachi-SU8220) at the
accelerating voltage of 10 kV. Atomic force microscopy (AFM) images were collected with a
Bruker Dimension Icon operating in lateral force microscopy mode using Bruker ScanAsyst-
Air probes (silicon tip; silicon nitride cantilever, spring constant: 0.4 N m-, frequency: 70
KHz) and analyzed using NanoScope Analyst software (version 1.40). The ultraviolet-visible
(UV-vis) transmittance (T) and reflectance (R) spectra were obtained using a UV-vis
spectrophotometer (UV-2600) equipped with an integrating sphere. The absorptance (A) was
calculated by the formula A = 1 — T — R. X-ray photoelectron spectroscopy (XPS) was
performed in an ultrahigh vacuum system equipped with a monochromatic Al K. (1486.6 eV)
source (ESCALAB250Xi). High-resolution transmission electron microscopy (HRTEM)
images and energy-dispersive spectroscopy (EDS) mapping were carried out in a field-
emission transmission electron microscope (Titan Cubed Themis G2 300) operated at 200 kV

and equipped with a high-brightness field emission gun (X-FEG), a monochromator unit, a
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probe and image spherical aberration (Cs) corrector, and a super-X EDXS system. The solid-
state experiments measurements were carried out in the dark on a probe station (Lakeshore,
TTP4) equipped with a semiconductor characterization system (Keithley 4200) in air. As for
the tested Si/Al203/Ni/NiFeOx and Si/Al203/NiFeOx samples, one side was connected to the
lead wire and another side was connected with probe.
Electrochemical measurements

Electrochemical measurements were performed using a standard three-electrode system
on a Zahner Zennium electrochemical workstation with the prepared photoanode as the
working electrode, a Pt sheet as the counter electrode, and an SCE as the reference electrode
under simulated AM 1.5G sunlight (100 mW cm-) irradiation generated from a 500 W
Xenon lamp equipped with an AM 1.5G filter (CEL-S500, Aulight, Beijing, China). The light
was illuminated from the front side (the side of electrocatalyst deposition) for all
measurements under light irradiation. The ferri/ferrocyanide solution concentration was
adjusted to be 5 mM of both KsFe(CN)s and KsFe(CN)s-:3H20 in 1 M aqueous KCI. 1 M
KOH was the electrolyte with stirred and unsaturated with oxygen in photoelectrochemical
water oxidation tests. Cyclic voltammetry (C-V) curves were recorded after 30 cycles of
activation at the scan rate of 100 mV s1. The current density-time dependent stability test was
performed at 0.66 V vs. SCE in 1 M KOH under simulated AM 1.5G solar irradiation.

The measured potential vs. SCE was converted to that with reference to a reversible
hydrogen electrode (RHE) using the following equation:

Epue = Eqee +0.244 +0.059 x pH (S1)

where Erwe is the potential vs. RHE, Esce is the potential vs. SCE, and 0.244 is the standard

potential of the SCE.
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Applied bias photon-to-current efficiency (ABPE)
Assuming 100% Faradic efficiency for the oxidation of water to Oz, the ABPE of the
Si/Al203/Ni/NiFeOx was calculated from the current density vs. potential curves using the

following equation:

napp X123~ Ey)

x100% (S2)

in

where J is the current density (mA cm-), Ebias is the externally applied bias vs. RHE, and Pin
is the irradiance intensity, which is 100 W cm-2.
Photovoltage test

The magnitude of photovoltage was confirmed from the difference in the
electrochemical open-circuit potential (OCP) values measured in the dark and under
irradiation. The OCP was measured in 1M KOH electrolyte in the three-electrode system in
the dark and under AM 1.5G simulated sunlight irradiation at zero current density. All the
OCP readings were obtained after half an hour of stabilization. The photovoltage (Vph) was

calculated according to the following equation:
Vph = OCPIight _OCPdark (S3)

where OCPiight is the OCP measured under AM1.5G simulated sunlight irradiation, and
OCPdark is the OCP measured in the dark.
Electrochemical impedance spectroscopy (EIS)

EIS was performed at the potential of 1.03 Vrred for Si/Al203/Ni/NiFeOx and
Si/Al203/NiFeOx photoanodes in the frequency range from 1 Hz to 1 MHz with an AC
amplitude of 10 mV under AM 1.5G irradiation. The EIS plot was analyzed by fitting with
the equivalent circuit diagrams using ZsimpWin software. Due to the geometrical factors of
the electrode surface (porous, rough, etc.) and the presence of adsorption, the part of the

electrode process that represents the nature of the pure capacitance will deviate from the pure
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capacitance in the actual process. In this case, it is difficult to give a satisfactory fitting result
with pure capacitance in the equivalent circuit, and thus a constant phase element (CPE) is
provided to replace purely capacitive components to fit the required settings. The equivalent
circuit model includes the system resistance Rs, the bulk charge transfer resistance (R1), the
Si photoanode-electrolyte interface charge transfer resistance (Rz2), and the two constant
phase elements (CPE1 and CPE2).*> The semicircle in the high-frequency region
corresponds to the charge transfer process in the bulk and the semicircle in the low-frequency
region corresponds to the charge transfer process at the interface between the electrodes and
the electrolyte. For the Si/Al203/Ni/NiFeOx photoanode, R1 and Rz are 11 and 39 Q,
respectively, which are smaller than those of the photoanode without Ni film.
Mott-Schottky (MS) analysis

To calculate the flat-band potential of the photoanode, we tested the EIS over a range of
frequencies at different potentials and fitting to an appropriate circuit. MS plots were traced
in the dark in contact with 10 mM KsFe(CN)s, 10 mM KaFe(CN)s-3H20 and 1 M KCI.16 The
three electrode measurement was used with a Pt wire as the reference electrode and a Pt coil
as the counter electrode. The fluctuation voltage was set to 5 mV rms. The potentiostatic EIS
measurements were performed at 0.1 V intervals between 0.5 — 0.8 V versus Fe(CN)g3/4 with
a frequency range of 3000-200000 Hz.” The equivalent circuit model is same as that used in
Figure 5a.The reverse-bias-dependent differential capacitance-potential in the depletion layer

of Si/Al203/Ni/NiFeOx (and of Si/Al203/NiFeOy) is related to the Mott-Schottky relation:

iz= 2 : V_Efb_kB_T (S4)
C A gogquD q

where A is the area of the photoanode, C is the differential capacitance, o is the permittivity

of vacuum, er is the relative permittivity, q is the charge of an electron (1.6x10%° C), Npb is

the donor concentration of the semiconductor, V is the external bias, ks is the Boltzmann
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constant (1.38x10-2% J/K), T is the room temperature (298 K), and Ex is the flat band potential
estimated from the MS plot. For the Si/Al203/Ni/NiFeOx and Si/Al203/NiFeOx photoanodes,
the Em values were calculated to be, respectively, -0.88 and -0.5 V vs. Fe(CN)g/-.

The barrier height ¢» can then be calculated using the following formula:
0, =Ep+V, (S5)

V. = kgT In (”—C) (S6)

Np

Vn is the difference between the potential of the Fermi level and the conduction band edge,
and Nc is the density of conduction band states. The Mott-Schottky plots of the
Si/Al203/Ni/NiFeOx and Si/Al203/NiFeOx photoanode (Figure 6a) display that their slope is
(1.6 = 0.2) x 10 According to the equation S4, the donor concentration of the
semiconductor (Np) was calculated to be (7.5 £ 1) x 10 cm-3, corresponding a resistivity of
about 0.1 Q cm for the n-Si wafer, which is in accordance with the range of 0.1-0.9 Q cm
provided by the manufacturer.! On the basis of the Np, equation S5 and S6, the Vn was
calculated to be 0.15 eV, and the barrier height values for the Si/Al20s/Ni/NiFeOx and
Si/Al203/NiFeOx photoanodes, were calculated to be, 1.03 and 0.65 eV vs. Fe(CN)e/*,
respectively. In Figure 6a, the measured 4 data points for the Mott Schottky plots show a
favorable linear relationship with a fitted correlation coefficient R? of more than 0.99.8 It thus
can be sure that the Mott Schottky plots based on the 4 data points are also credible.

The Relationship between photovoltage (Vph) and barrier height (o)

The js can be calculated from the dark saturation current using the following formula®1t:
j,=AT?exp (%j exp(—ﬁ&) (S7)
KT
The Vph can be described using the following formula®®:

v, :”k_ﬂn[L] (s9)
q Js
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Combining Equation (S7) and (S8), the following relationship is given as:

V,, = kT [In( ) j+ iﬁb ﬂ/}é} (S9)

q AT?

where n is the is the diode quality factor, k is the Boltzmann constant (1.38x10-2% J/K), T is
the room temperature (298 K), q is the charge of an electron (1.6x10%° C), Jv is the light-
limited current density (A cm?), A*is the effective Richardson’s constant, y (in eV) is the
mean barrier height presented by the tunnel oxide and 9 is the thickness of the tunnel oxide.
According to Equation S9, the Vpn is positively related to n, Ju and ¢b as all the other
parameters are constants for our n-Si based photoanode.
Charge separation and injection efficiency

H202, a hole scavenger (assuming 100% injection efficiency) was introduced into the
electrolyte.>® The current density-voltage curves in 1M KOH and 1M KOH + 0.5 M H202

were used to determine #sep and #inj according to the following equation®?:

J
My = — 2 (S10)
'Jabs
J
Ty =2 (S11)
J HZOZ

where j,  is the photocurrent density in 1 M KOH + 0.5 M H20z, 5, is the photocurrent

density for water oxidation in 1M KOH, and Jabs is the calculated photocurrent density when
the absorbed photons are completely transformed to current.
Width of space charge region

The width of the space charge region (W) can be described by the following equation:

W= /22%"&: (512)
D

where q is the electron charge, er is the dielectric constant of Si, «o is the permittivity of

vacuum, Nbp is the carrier density, and Vui is the built-in potential. As depicted in equation
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S12, W is directly related to Vui as all the other parameters are constants for an n-Si based
photoanode. Since the built-in potential increases as the barrier height increases from 0.65 to
1.03 eV following the inclusion of a Ni film, there is a corresponding increase in the width of

the space charge region.

Results and Discussion
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Figure S1. PEC performance optimization of the anodes. (a) J-V curves of the Si/Al203/Ni anodes
with different Al20s thicknesses. (b) J-V curves of the Si/Al20s/Ni/NiOx with different thickness
of Ni film. (c) J-V curves of the Si/Al203/Ni/NiFeOx deposited using the sputtering target with
different Ni/Fe ratios. (d) J-V curves of the Si/Al20s/Ni/NiFeOxwith different sputtering times for

NiFeOx.
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To optimize PEC performance, the thickness of Al203, Ni, NiFeOx and the content of Fe
in NiFeOx were optimized. First, to optimize the thickness of Al2O3, Si/Al203/Ni photoanodes
with 5 nm Ni and different thickness of Al20s were prepared. The thickness of Al203 was
controlled by changing the number of ALD cycles. It is clearly seen from Figure Sla that the
photoanode with 25 cycles of Al203 shows the lowest onset potential among the three samples.
Next, the thickness of the Ni interlayer was adjusted by fixing the thickness of Al20s film at the
optimal value (25 cycles) and that of the NiOx film to be ~50 nm in the Si/Al203/Ni/NiOx
photoanodes (Figure S1b). With increasing thickness of Ni, the saturation photocurrents of the
photoanodes decrease due to reduced light transmission and Si/Al203/Ni/NiOxwith 2 nm Ni shows
the best PEC performance. Subsequently, we adjusted the content of Fe in the Si/Al203/Ni/NiFeOx
with a fixed thickness of Al20s3 film (25 cycles), Ni film (2 nm) and NiFeOx (55 = 5 nm) by
changing the ratio of Ni and Fe in the sputtering target. The content of Fe in NiFeOx was
confirmed by XPS analysis (Figure S2). As depicted in Figure Sic, the Si/Al203/Ni/NiFeOx
photoanode with 7.79% Fe shows the best PEC performance among the different samples. Finally,
the thickness of NiFeOx was optimized by changing the sputtering time from 5 to 25 min at 10 min
intervals and keeping other parameters constant at their optimal values. As the thickness of the
electrocatalyst increases, both of the depletion layer of Si and series resistance loss of the
electrocatalyst increase!. The increased depletion layer of Si is conducive to the charge
separation, which is beneficial to the PEC performance; while the series resistance loss
causes the PEC performance degradation. Therefore, there is a trade-off between increased
depletion of Si and series resistance loss for thick electrocatalysts. To acquire high PEC
performance, an optimum thickness configuration should be expected to balance this trade-
off. Therefore, we deposited NiFeOx with different thicknesses by changing the deposition
time and investigated its effect for PEC performance. As shown in Figure S1d, the onset

potential decreased and then increased with the deposition time increased from 5 to 25 min. In the
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case of 5-min deposition for thin NiFeOx, an inferior PEC performance was observed due to the
increased charge recombination caused by narrow depletion layer, although the series resistance
loss is low. In the case of 25-min deposition for thick NiFeOx, the large series resistance 1oss is
harmful to the PEC performance. Therefore, an optimum thickness of 15-min deposition is
expected to balance the trade-off between depletion of Si and series resistance, thus leading to the

best PEC performance.
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Figure S2. XPS survey spectrum of Si/Al203/Ni/NiFeOxphotoanode with the Fe mass percentage

of (a) 5.03%, (b) 7.79% and (c) 9.02%.

The content of Fe in the NiFeOx film was altered by simply changing the Ni/Fe ratio in the
sputtering target. The final content was confirmed by calculating the mass percentage of Fe in all
elements from XPS spectral data. As for the NiFeOxfilm prepared by using the sputtering targets
with the Ni/Fe atomic ratio of 8:2, the mass percentages of Ni, Fe and O are 35.74%, 7.79% and
56.47%. Since the bombarding degree of difficulty of each element in the alloy target are different,
the element ratio in the product is usually different from that in the target. In our prepared NiFeOx
film, Ni element is more likely to be bombarded out to participate in the reaction, while Fe element
is more likely to remain in the target material because it is more difficult to be bombarded.

Therefore, the ratio of Fe in the NiFeOx film is lower than that in the NiFe alloy target.
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Figure S3. (a) SEM and (b) AFM images of the Si/Al203/Ni/NiFeOx. (c) AFM image of the

Si/Al203/NiFeOx.

The surface roughness of these two electrodes are 0.235 and 0.257 nm respectively and
the difference between them is negligible, indicating that the NiFeOx exhibits similar
roughness for these two electrodes. This result proves that the surface roughness is not the

main cause of the overpotential change for these two electrodes.
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Figure S4. (a) UV-vis reflectance spectra of the Si/Al203/Ni/NiFeOx and Si/Al203/Ni

photoanodes. (b) UV-vis absorptance spectrum of the NiFeOx film deposited on a quartz

glass substrate.

The UV-vis reflectance spectra of the Si/Al203/Ni/NiFeOx and bare Si photoanodes
were traced (Figure S4a). Compared to the Si/Al203/Ni photoanode, the Si/Al203/Ni/NiFeOx
photoanode shows reduced light reflection in the entire wavelength range, demonstrating the

effective anti-reflection property of the NiFeOx film.1* The absorption of the NiFeOx film is
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in the spectral range of wavelength <600 nm (Figure S4b). For the spectral range of
wavelength >600 nm, the absorption of the NiFeOx film is near zero, indicating thereby, good

light transmission. This result shows that the NiFeOx film has high transmittance.

98 =025 nm
Figure S5. (a) Cross-sectional HRTEM image of the Si/Al20s/Ni/NiFeOx photoanode after
30 C-V cycles of activation. (b) the zoomed-in HRTEM images of selected areas of Ni film.

(c,d,e) the zoomed-in HRTEM images of selected areas of NiFeOx film (Scale bars: 1 nm).

Figure S6. The raw images of the (a) Figure 2a and (b) Figure 2c.
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Figure S7. (a) Ni 2p and (b) Fe 2p XPS spectra of the Si/Al203/Ni/NiFeOx photoanode.

XPS was performed to reveal the chemical states of the different elements in sputtered
NiFeOx. As shown in Figure S7a, both Ni" (pink color) and the Ni(") (blue color)
corresponding to NiO and Ni20s, respectively, are present in the Ni XPS spectrum.'516 The
peaks at 711.0 and 724.5 eV in the Fe 2p spectrum (Figure S7b) are assigned to Fe (2psr2) and
Fe (2p12) of Fe(!16-17 and the peak at 713.4 eV is assigned to the Auger peak of Ni.1820
These results indicate that both Ni and Fe are in their oxidized form, confirming the

formation of NiFe oxide film.
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Figure S8. The magnification of the J-V curves for the Si/Al203/NiFeOx,

Si/Al203/Ni/NiFeOxand Si/Al203/Ni/NiFeOx-LDH photoanodes.
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Figure S9. The J-V curves of the 5 Si/Al203/Ni/NiFeOx photoanodes.
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Figure S10. ABPE of the Si/Al203/Ni/NiFeOx photoanode.
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Figure S11. The J-V curves of the Si/Al203/Ni/NiFeOx photoanode before and after stability

test.

As shown in Figure S11, the saturated photocurrent densities of the Si/Al203s/Ni/NiFeOx
photoanode at 1.7 Vrue before and after the stability test show no obvious change, suggesting
no catastrophic failure.?! However, the fill factor shows a decrease after the stability test
compared to that before the stability test.?? The decrease of the fill factor might be caused by
the formation of a SiOx layer on the Si surface due to the pinholes generated in the NiFeOx
film during the long-term operation, causing an increase in tunneling resistivity arising from

the increase of the thickness of the SiOx layer at the interface. 123
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Figure S12. Chronoamperometric curve of the Si/Al20s/Ni photoanode measured at 1.7

VrHE in 1 M KOH under simulated AM 1.5G solar irradiation.

As shown in Figure S12, the photocurrent density of Si/Al20s/Ni photoanode drops
sharply in a few hundred seconds, which is much lower than the 330 hours of the photoanode
with NiFeOx film, indicating that the NiFeOx film is essential for obtaining high stability
electrodes. Therefore, we can reasonably conclude that the NiFeOx film could effectively

protect Si from corrosion during long operation.
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Figure S13. The J-V curves of the n-Si/Al203/Ni/NiFeOx, p*-Si/Al203/Ni/NiFeOx , n-

Si/Al203/NiFeOx and p*-Si/Al203/Ni/NiFeOx photoanodes.

The photovoltages of the n-Si/Al203/Ni/NiFeOx and Si/Al203/ NiFeOx photoanodes also
were estimated by comparing the potential at 1 mA cm? of the photoanode under
illumination and the non-photoactive p*-Si/Al203/Ni/NiFeOx and p*-Si/Al203/NiFeOx (here
the degenerate p*-Si simply acted as a conductive substrate),?* and were measured to be 530

and 410 mV respectively, which is consistent with the measured photovoltage from OCP.
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Figure S14. UV-visible absorptance spectra of the Si/Al203/Ni/NiFeOx and Si/Al203/NiFeOx
photoanodes.

To evaluate the possible contribution of light absorption on the enhancement of the
photocurrent density, UV-visible absorptance spectra of the two photoanodes were studied
(Figure S14). The theoretical photocurrent densities of the photoanode with and without Ni
film were calculated (by integrating the light absorptance for the solar spectrum), to be ~37.5
and ~37.2 mA cm-?, respectively.?® This result indicates that the difference in light absorption

between the two photoanodes is negligible.
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Figure S15. The solid-state device measurement of the Si/Al203/Ni/NiFeOx and
Si/Al203/NiFeOx.
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To analyze the reverse saturation current quantitatively as the reviewer suggested, the data
fitting was performed using a single-diode model as shown in equation S13°:

q(V —Ry) V —Ryj
nkT |+ R

J = Jo|exp(
P

where j is the dark current density, jo is the dark saturation current density, q is the
elementary charge (1.6 x 101° C), V is the gate bias, Rs is the series resistance, n is the
ideality factor, k is the Boltzmann’s constant (1.38 x10-2% J K1), T is the temperature (293 K)
and Rp is the parallel resistance. By fitting the measured dark current density-gate bias plot
with equation S13, the obtained jo of the Si/Al203s/Ni/NiFeOx and Si/Al203/NiFeOx solid
samples are 3.4 x 10 and 5.5 x 10° mA cm- respectively. The lower reverse saturation
current density of the Si/Al203/Ni/NiFeOx electrode implies the decrease in the surface state

densities on the Si surface.
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Table S1.

The parameters with deviations extracted from the EIS measurements

Si/Al203/Ni/NiFeOx

Si/Al203/ NiFeOx

values deviations values deviations

Rs 15.7 1.4% 16.4 3.6%

R1 11.1 3.5% 220.7 5.7%
CPEL-T 7.6x10°7 40.4% 2.3x10°7 17.0%
CPE1-R 0.89 3.6% 1.1 1.9%

R2 39.1 1.7% 176.9 5.7%
CPE2-T 6.8x10° 11.1% 3.4x10* 45.6%
CPE2-R 0.88 1.8% 0.4 8.4%

Table S2. Comparision of PEC performances n-Si photoanodes
(electrolyte is 1 M KOH unless otherwise specified)
Current Saturated
Onset density at current
Photoanode potential 23y densi Stability Reference
(VrHe) 1.23V ensity
(mAcm?)  (mAcm??)

- 1.03 8.89 8h(1M
n-Si/TiO2/Ir (1M NaOH) (1 M NaOH) Null NaOH) 26
n-Si/SiO2/Ni 1.07 11.76 54.7 12 h 27

(2 sun)
n-Si/TiO2/Ni 1.2 1 28.5 60 h 28
n-Si/NiOx 1.25 Null 30.7 686 h 14
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n-Si/SiOx/

vy 0.98 28 30.8 1700 h 1
n-Si/NiSix/
NiOx -annealed/Au 0.88 34 37.03 10 29
NPs
N-Si/SiOx/CoOx 1.02 23.2 30.2 2500 h 30
n-Si/ITiON 6.7h (1M
ITO/NiOOH 0.9 18 40 LiOH) 3
N-Si/SiOW
i 1.0 19.2 28.5 200 h 6
N-Si/SiOy 300 h (KCI,
NIBNI(OH): 1.03 15.5 36.4 o) 32
Si/SiOWNi@Co 1.02 10.65 36.7 1OOpE|(s;<)CI' 33
o 6.9h (1M
n-Si/Ni/NiOx 1.08 14.7 31.7 NaOH) 3
n-Si/ALO3/Ni/
A 0.85 28 32 80 h 34
n-Si/ZrO2/NiFe 0.96 26.6 36.4 100 h 35
N-Si/SiON/SnOXNi 0.91 30.8 315 25 36
n-SI/AL0s/NI/ 0.92 31 33.5 330 h our work

NiFeOx/NiFe-LDH
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