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Note S1: Verifying the formation of CuSCN layer

The elemental compositions of the optimal sample conditions, n-Si/SiOx/Cu-200s and n-Si/SiOx/Cu/CuSCN-5s,
were analyzed by X-ray photoelectron spectroscopy (XPS). The XPS survey spectra confirmed the presence of
all expected elements: Si, Cu, and O for n-Si/SiOx/Cu-200s with additional N and S for n-Si/SiOx/Cu/CuSCN-5s
(Figure S2a). From the high-resolution XPS spectra, the Cu 2ps2 and Cu 2p12 peaks for both electrodes were
located at 932.5 and 952.4 eV (Figure S2b), respectively, agreeing with reported values.'? The absence of a
strong satellite suggests that Cu are either in the Cu(0) or Cu(l) states. For the thiocyanate-treated surface, the
signals of S 2p and N 1s were clearly found at 163.4 and 398.6 eV, respectively (Figure S2c and d), indicating the
formation of CuSCN. The O 1s peak (Figure S2e) can be attributed to SiOx and the thin native copper oxide (CuOx)

that spontaneously forms over the Cu surface under ambient conditions.?

We note that the S 2p peak shows a complex structure compared to the general feature of S 2p12and S 2pa3r2
doublet.2# This can be attributed to the possible formation of native defects, such as M-NCS.5 Indeed, the two
types of M-SCN and M-NCS bonding would result in different S 2p binding energies.® The S 2p region was thus
deconvoluted into two pairs of doublets having a 2p12 — 2ps2 doublet separation value of 1.2 eV (Figure S2f).
Indeed, the two deconvoluted S 2ps2 peaks at 163.5 and 162.0 eV are comparable to the literature values of the

sulfur binding energies in M-SCN and M-NCS, respectively.*?

The presence of the CN group was also confirmed by Raman spectroscopy. In Figure S3a, the Raman signal of
FTO/Cu/CuSCN was detected at 2175 cm-', consistent with the stretching vibrations of the C=N bond in Cu-SCN.8
Furthermore, the ultraviolet-visible (UV-Vis) reflectance spectra (Figure S3b) showed that n-Si/SiOx/Cu/
CuSCN-5s exhibited notably reduced reflectance in the UV region (30-45% below 400 nm), compared to those of
n-Si and n-Si/SiOx/Cu-200s (>60%). The reflectivity loss can be attributed to the absorption of CuSCN, which
occurs in the UV due to its large band gap.# The data from XPS, Raman spectroscopy, and UV-Vis spectroscopy

collectively confirm the formation of CuSCN.
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Note S2: Stability of Cu-modified Si photoanodes

To investigate the stability of our photoanodes during the oxygen evolution reaction (OER), chronopotentiometry
was performed under simulated sunlight at a current density of 2 mA cm~2. The n-Si/SiOx/Cu/CuSCN photoanode
initially required a smaller applied potential than n-Si/SiOx/Cu (Figure S11a). However, at longer times, the
potentials of both photoanodes increased rapidly (Figure S11b) approximately after 100 and 200 s for
n-Si/SiOx/Cu/CuSCN and n-Si/SiO«/Cu, respectively. The issue with stability during OER was also observed in
cyclic voltammetry (CV) measurements; after nine cycles, the photocurrents of both n-Si/SiOx/Cu and
n-Si/SiOx/Cu/CuSCN dropped to ~70% of their initial current values (Figure S12).

The n-Si/SiOx/Cu/CuSCN photoanode after nine CV cycles (designation: 9cy) under simulated sunlight was also
studied with XPS and compared with the results of the sample before the CV measurements (designation: Ocy) as
shown in Figure S13. The XPS wide scans (Figure S13a) show significant changes in the chemical states and
composition after the OER runs. The relative intensities of Cu peaks decreased which is possibly due to the loss
of Cu (also corroborated by the experiment on FTO/Cu discussed in the next paragraph). We also note that Si
signals appeared drastically more prominent, substantiating that the substrate became more exposed. The
oscillations following Si 2s and Si 2p peaks can be assigned to plasmon losses.® For the remaining Cu, the
oxidation of Cu(l) to Cu(ll) can be clearly seen as the satellite feature appeared (Figure S13b). Considering the
Cu 2ps2 state in more detail, the data of the Ocy sample was identified as a single peak of Cu(l) at a binding energy
of 932.5 eV (Figure S13c). After the OER, the 9cy sample could be fitted with two states at 932.5 eV and 933.9
eV (Figure S13d), assigned to Cu(l) and Cu(ll), respectively.’® The chemical states of the thiocyanate ligand could
no longer be found. Both the S 2p and N 1s peaks disappeared following nine cycles of PEC runs (Figure S13e-
f). The O 1s signal also changed although specific assignments were complicated by the possibility of various O-

containing species. The remaining Cu species likely existed as CuOx.

We also checked the stability of a non-photoactive FTO/Cu electrode by running CV in the dark. After 20 cycles,
the current gradually decreased to ~85% of the initial photocurrent (Figure S14a). SEM images before and after
20-cycle CV show that the particle amount and size of the OER-tested FTO/Cu apparently decreased when
compared to those of the fresh FTO/Cu (Figure S14b and c). This evidence strongly indicates that the instability

of our photoelectrodes is likely resulted from Cu corrosion.!
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Note S3: XPS characterization of as-sputtered and photoelectrochemically dissolved Cu

The as-sputtered n-Si/SiOx/Cu samples before and after the PEC dissolution were also investigated by XPS
(Figure S17a). For the modified electrode, the O 1s region (Figure S17b) featured an additional component at
529.7 eV, which could be assigned CuOx.'2 In the Cu 2p binding energy region (Figure S17¢), the presence of the
satellite in the PEC-dissolved sample also indicated the presence of Cu(ll) due to CuOx. Performing peak fitting of
the Cu 2pss2, the as-sputtered sample yielded two peaks at 932.7 eV and 933.5 eV, belonging to Cu and CuOx
(Figure S17d),"'2 respectively. The modified electrode also featured two states (Figure S17e), but the CuOx peak

became significantly more prominent compared to the as-sputtered sample.
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Figure S1. Chronoamperometry curve of Cu electrodeposition on freshly etched n-Si. The inset shows the data in

the first 5 seconds.
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Figure S2. (a) XPS survey and core-level scans of (b) Cu 2p, (c) S 2p, (d) N 1s, (e) and O 1s recorded for
n-Si/SiOx/Cu-200s (red) and n-Si/SiOx/Cu/CuSCN-5s (blue). (f) Deconvoluted S 2p core-level spectrum of
n-Si/SiOx/Cu/CuSCN-5s. The scattered points are the collected data, the shaded areas the fitted peaks, and the

solid lines the reconstructed spectrum.
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Figure S3. (a) Raman spectra of FTO/Cu (red) and FTO/Cu/CuSCN (blue). (b) UV-Vis-NIR diffuse reflectance

spectra of n-Si (black dashed line), n-Si/SiOx/Cu-200s (red solid line), and n-Si/SiOx/Cu/CuSCN-5s (blue solid
line).
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Figure S4. SEM images of n-Si with different Cu electrodeposition times (fel) of (a) 50 s, (b) 100 s, (c) 200 s and
(d) 300 s. All images were converted into binary data for calculating the surface coverage using ImageJ software.
The mean diameter of Cu NPs was slightly changed from 2416 nm for fe = 50 s to 30£5 nm for fe = 200 s. At
ta = 300 s, the NPs coalesced. Accordingly, the geometrical surface coverage dramatically increased from 27%
for ter= 50 s to 91% for te = 300 s.
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Figure S5. SEM image of n-Si/SiOx/Cu/CuSCN-60s.
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Figure S6. Dark/light open-circuit potential (OCP) measurements of n-Si/SiOx/Cu/CuSCN-tn in a solution
containing of 5/5 mM ferri/ferrocyanide and 1 M KCI.

Figure S7. SEM image of n-Si/SiOx/Cu/CuSCN-5s after soaking in diethyl sulfide (DES).
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Figure S8. Dark/light open-circuit potential (OCP) measurements of n-Si/SiOx/Cu/CuSCN-0s (Cu only) and 5s
(Cu/CuSCN) before (solid lines) and after (dashed lines) soaking in DES for 5 min. The electrolyte solution

contained of 5/5 mM ferri/ferrocyanide and 1 M KCI.

10
——FTO/Cu
sl —— FTO / CuSCN (spin-cast)
) FTO / CuSCN (drop-cast)

|E 6 4
(8]
<
E 44
=

21 /7

O T T T T T

14 1.6 1.8 2.0 2.2
E (V vs RHE)

Figure S9. Cyclic voltammograms at 100 mV s' of FTO/Cu, FTO/CuSCN (spin-cast), and FTO/CuSCN (drop-
cast) recorded in Li-borate/K-borate buffer in the dark. The comparison of phase-pure Cu and CuSCN on non-
photoactive FTO allowed the identification of the active species for OER electrocatalysis. Cu was deposited on an
FTO substrate by the same electrodeposition method. CuSCN was spin-coated or drop-cast using our previous

protocols reported elsewhere.? Only the FTO/Cu electrode showed OER activity under applied bias, indicating that

Cu is the active OER electrocatalyst in our electrode system.
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Figure S10. (a) Contact potential difference (CPD) recorded by Kelvin Probe measurements of an Au reference,
n-Si/SiOx/Cu, and n-Si/SiOx/CuSCN. (b) Photoelectron yield spectrum of the Au reference for the determination of
Au work function. The surface work functions of n-Si/SiOx/Cu and n-Si/SiOx¥CuSCN can then be calculated from
the differential CPD values with respect to the Au reference and found to be 4.96 and 5.23 eV, respectively. The

measurements were performed in ambient conditions.
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Figure S11. Chronopotentiograms shown for (a) short and (b) long time windows during the electrolysis of (red)
n-Si/SiOx/Cu and (blue) n-Si/SiOx/Cu/CuSCN in Li-borate/K-borate buffer at a current density of 2 mA cm-2under

simulated sunlight.
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Figure S12. Cyclic voltammograms recorded at 100 mV s=' under simulated sunlight of (a) n-Si/SiOx/Cu and
(b) n-Si/SiOx/Cu/CuSCN in Li-borate/K-borate buffer. We note that the data from the 3™ cycle (marked with *) was

chosen to report in the main text.
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Figure S13. (a) XPS survey and core-level scans of (b)-(d) Cu 2p, (e) S 2p, (f) N 1s, (g) and O 1s recorded for
n-Si/SiOx/Cu/CuSCN before (Ocy) and after nine cycles (9cy) of cyclic voltammetry under simulated sunlight. The
fitting of the Cu 2pas.2 state is shown in (c) and (d). The scattered points are the collected data, the shaded areas

the fitted peaks, and the solid lines the reconstructed spectrum.
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Figure S14. (a) Cyclic voltammograms recorded at 100 mV s~' of FTO/Cu. SEM images of FTO/Cu (b) before and

(c) after 20 cycles.
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Figure S15. Cyclic voltammograms recorded at 100 mV s~! under simulated sunlight of the sputtered n-Si/SiOx/Cu

in Li-borate/K-borate buffer.

Figure $16. SEM images of the sputtered n-Si/SiOx/Cu electrodes (a) before and (b) after modification by the PEC

dissolution method.
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Figure $17. (a) XPS survey and core-level scans of (b) O 1s and (c) Cu 2p states of the sputtered n-Si/SiOx/Cu
electrodes before and after modification by the PEC dissolution method. Deconvoluted Cu 2ps2 peak (d) before
and (e) after the PEC dissolution. The scattered points are the collected data, the shaded areas the fitted peaks,

and the solid lines the reconstructed spectra.
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