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Characterization

To investigate the crystalline phase of the different nickel species, multipurpose attachment X-
ray diffraction (XRD; SmartLab, RIGAKU) was used. The XRD measurements were taken at
a 20 scan range of 10-90°, scan speed of 2.4°/min, and step size of 0.01 A using CuK, radiation
to identify the phases. The exterior morphology was inspected using a Magellan 400 scanning
electron microscope (SEM). To investigate the morphological characteristics, including the
phase, transmission electron microscopy (TEM) was carried out using field emission
transmission electron microscopy (FE-TEM; Tecnai TF30 ST). The TEM samples were
prepared by drop casting the acetone suspension of each respective catalyst on a 300-mesh
copper grid. X-ray photoelectron spectroscopy (XPS) was carried out using a Thermo VG
Scientific Sigma Probe system equipped with an Al-Ka X-ray source (1486.3 e¢V) with an
energy resolution of 0.47 eV full width at half maximum under ultrahigh vacuum conditions of
107! Torr. An ultraviolet—visible-near-infrared (UV-Vis—NIR) spectrometer (Shimadzu,
UV3600) was used to characterize the optical properties of the FeS;-deposited quartz film.
Atomic force microscopy (AFM) analysis was performed using an Agilent 5500 model using a

Si tip, which worked at a resonant frequency of 331 kHz and 42 N/m force constant.
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Fig. S1. Non-contact mode AFM topography and height profiles extracted from line scanning
at different positions of the sheet-like FeS; structure prepared using 2.5 mmol of S?~ dispersed
on a Si substrate. The inset shows the phase imaging of the FeSz, which shows the different
chemical nature of the FeS> compared with that of the Si substrate. From the height profile, the
typical height of the FeS> nanostructure is 3—4 nm. The scale bar represents 2 pm.

Fig. S2 (a) Top and (b) side views of the FS2.5 nanosheets deposited on p-type Si.
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Fig. S3 (a) UV-Vis diffuse reflection spectroscopy of the different FeS; catalysts measured with

the catalysts deposited on a quartz slide. (b) Estimated band gap of the FeS; catalysts using the
Tauc plot.
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Fig. S4 TEM images of the different Au-FeS: heterostructures synthesized with (a) 0.5 mmol
of S*” (AFS0.5), (b) 1.5 mmol of S* (AFS1.5), and (c) 2.5 mmol of S* (AFS2.5). Inset shows
the selected area of the HAADF-STEM images with the corresponding nanostructures; size
distribution curves of the Au nanoparticles in the Au-FeS; heterostructures synthesized using

(d) 0.5 mmol of S*” (AFS0.5), (¢) 1.5 mmol of S* (AFS1.5), and (f) 2.5 mmol of S* (AFS2.5).
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Fig. S5 Powder XRD pattern of the Au-FeS: heterojunction (AFS1.5).
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Fig. S6 Elemental mapping images of the Au, Fe, and S in the selected area HADDF-STEM
image of AFS1.5.
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Fig. S7 (a) HRTEM of the Au-FeS: prepared using 2.5 mmol of S*” (AFS2.5). The TEM was
collected where FeS» is very thin on the Au. (b) Simulated HRTEM obtained from the selected
area (red box in (a)) of the HRTEM shows the characteristic plane of pyrite FeS, and Si. (c)
FFT pattern collected from the displayed HRTEM shows the epitaxial relationship between the
Au and the FeS,.
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Fig. S8 Fe 2p XPS profiles of (a) FeS, (FS1.5) and (¢) Au-FeS: (AFS1.5) where Fe is
predominantly present as Fe?* (red and blue curves) in the pyrite FeS,, which is coordinated to
disulfide. The Fe** peak in the Fe 2ps» region did not show any shift before or after the
heterojunction formation. S 2p XPS profiles of (b) FeS, (FS1.5) and (d) Au-FeS, (AFS1.5)
showing the intrinsic bulk-like (red curves) outer surface (green curves) disulfides with the

presence of satellite peaks (blue curves) and surface sulfates (SO4>").
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Fig. S9 Typical I-V curves for the different photocathodes at the specified experimental
conditions.
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Fig. S10 Four consecutive CV scans of the Au-FeS>(AFS1.5)/Si photoelectrode indicate the

reproducibility of the current density value versus potential.
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Fig. S11 TEM image of the Au-deposited FeS>. The Au precursor was injected 15 min after the

formation of the FeS. The FeS> was prepared using the procedure described in the experimental

section using a 2.5 mmol concentration of S*".
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Fig. S12 Temporal plot for the quantitative yield of H> and O» gases. The calculated faradaic
efficiency for the AFS1.5/Si electrode is 95.3%. A slight deviation from 100% faradaic
efficiency might be caused by dissolved oxygen participating in the reverse reaction and
inevitable gas leaks from the experimental apparatus. The faradaic efficiency was measured
using a sealed three-electrode electrochemical reactor in presence of a 0.5 M H>SO4 solution.
The reactor was first purged and backfilled with ultrapure argon (5 kPa). The evolved gases
were analyzed using an online gas chromatography system (DS Science with a thermal
conductivity detector, MS-5A column, and argon as the carrier gas) The hydrogen generation
yield was measured by auto-sampling every 15 minutes. The faradaic efficiency was

determined using the equation

faradaic efficiency (%) = [z (experimental)/fy2 (theoretical)] x 100.
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Fig. S13 TEM images of the Au-FeS: heterostructures (AFS1.5) collected after different
annealing times. The UV-Vis spectra showed a change in the plasmonic properties of the Au

after different annealing times.
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Fig. S14 IPCE plot for the different Si/Au photocathodes measured at the chronoamperometric
condition of 0 V.
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Fig. S15 (a) Equivalent circuit considered for fitting the Nyquist plot. (b) EIS Nyquist plot of
the Si/Au-FeS> (AFS1.5) photocathode in the dark and with light.
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Fig. S16 (a) Stability of the optimized FeS; and Au-FeS; catalysts measured at 0.08 and 0.22

V, respectively, under illumination. TEM images of the (b) FeS, (FS2.5) and (c) Au-FeS»
(AFS1.5) catalysts collected after the stability test.
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Fig. S17 Full scan survey and Pt 4f XPS profile of the Au-FeS: catalyst after the electrochemical

reaction. This indicates no Pt contamination of the working electrode during the reaction.
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Fig. S18 Mott-Schottky plot of the p-type Si recorded under light irradiation.
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Fig. S19 (a) Image of the 650 nm laser irradiation on the Au-FeS>/FTO (AFS1.5) photodevice.

The illumination intensity was 100 mW cm 2. (b) The chronoamperometric current density

value recorded at 0 V potential with chopped illumination.

Table S1 Comparison of the activities for the different Si-based photocathodes. Each
experiment was carried out at the same light intensity of 100 mW c¢m 2.

Photocathode Cathodic Applied | Electrolyte Reference
photocurrent | potential
V) vs
RHE
Au nanorod on MoS; | 10 mAcm? | —0.26 0.1 M KCI 1
sheet
MoS,/n'P Si 10mAcm? | —04 1.0 M HC104 2
Graphite/exfoliated 40mAcm? | —-0.3 1.0 M KOH 3
graphene/Co9Sg/NizSer
in two electrode cell
system
Metallic  1T-MoSz and | 17.5 mA cm™ | 0.0 0.5 M H2SOq4 4
planar p-type Si
Ni3Ss surface modified | 5 mA cm ™ 0.0 0.5 M NaxSO4, 0255
with S*" and Ni** M Na,HPO4, and 0.25
M NaH;POq4
Plasmonic Cu2S with | 0.6 mA cm > | 0.0 1.0 M KClI 6
defects (without any
semiconductor)
a-CoMoSx on Si 17.5mA cm2 | 0.0 Acidic phosphate | 7
buffered to pH 4.5
WS: on Si nanowire 18.8 mA cm 2 | 0.0 0.05 M H>SO4 8
Cu0/g-C3N4/WS; 9.5mAcm? | —0.55 1.0 M NaxSOq4 9
triple-layer
photocathode (in visible
light)
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Cobalt sulfide | 6.43mAcm™2 | 0 0.5 M NaxSO4 10
nanoparticle implanted
porous organic polymer
CuS thin layers on |5.05mAcm? |0 1 M NaxSO4 | 11
Cu20 nanowires (supporting
electrolyte + 0.1 M
KH>POy4); pH 4.5

Ultrathin Pt layer on Au- | 10mA cm™? | —1.0 0.1 M H>SO4 | 12
nanoisland modified Si electrolyte

photocathode

Photoassisted 10mAcm? |—0.18 1 M H2SOq4 13

electrochemically Pt
deposited p-Si

Pt /Ti/Si0,/Si 10mAcm2 | —0.12 0.5 M HxSO4 14

Si microwire with doped | 10 mA cm ™2 | 0.07 0.5 M H2SO4 15
heterometal MoS»

Au-FeS, co-axial | 10 mAcm? | 0.22 0.2 M H2SO4 This work
heterostructure

Table S2 Charge transfer resistance values evaluated from the electrochemical impedance
spectra that were fitted on equivalent circuits having different constant phase elements.

Catalyst Ret,si (Q cm?) Rect,cat (2 cm?)
FSO0.5 27.11 1171
FS1.5 24.54 1108.7
FS2.5 15.8 932.5

AFS0.5 13.72 769.8

AFS1.5 12.4 418.3

AFS2.5 10.6 506.8

Table S3 Photoluminescence decay parameters and average lifetimes for the different FeS;
catalysts.

Catalyst T, T, a, a, T,
FS0.5 0.2677ns | 0.8253 ns | 10787.228 506.124 0.292 ns
FS1.5 0.2980ns | 0.9125ns | 10639.514 | 488.945 0.325 ns

FS2.5 0.3976ns | 0.8941ns | 11253.061 332.194 0.412 ns
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