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Scheme S1. Schematic representation of (a) the electrochemical deposition of Bi via reduction of
Bi(111) EDTA complex (Bi3+(aq) + 3 e — Bi) and (b), sulfurization in a single zone tube furnace

by two step heat ramping (2 Bi + 3 S — Bi,S3).

Table S1. Photocurrent comparison with the previous literature based on Bi,S;3
photoelectrodes.

'Jmax
Synthesis Method Subs. Photoelectrode Electrolyte mAcm? | Ref.
1 Electrodeposition/ FTO, Mo, 9.3,6.1, | This
Sulfurization Au, ITO Bi,S; 0.5M Na,S 3.6,1.8 | work
2 In-situ (soaking in 0.2M glacial
Bi(NO3); solution FTO Bi,Ss/WO; acid 8 !
3 N FTO ZnS/Bi;S;/Zn0O | Na;S/Na;SOj; 10.7 2
Modified hydrothermal
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method

4 Hydrothermal
vulcanization of Bi,S;
sputtered Bi203 FTO nanostructures 0.2M Na,SO, 0.083 3
5 Electrochemical/
hydrothermal deposition FTO Bi,Ss/CdS 0.1M Na,SO4 9.48 4
6 SILAR method FTO BiVO,/Bi,S; 0.5M Na,SO, 2.25 >
7 Tungsten 01M
SILAR method sheet WO/ Bi,S;QDs | Na,S/Na,SO; 16.28 6
8 BiVO,/
lon exchange method FTO Bi,Ss/NiCo0O, 0.5M Na,SO, 3.8 !
9 Electrochemical/
Hydrothermal method ITO BiVO4/Bi,S;3 0.2M Na,SO, 1.1 8
10 0.25M Na,S
Bi,S4/TiO, /0.125 M
SILAR method Ti foil nanotubes Na,SO;4 2 o
11 Hydrothermal reaction V-rich Bi,S; 0.1 M Na,S/
with precursor film FTO nanowires 0.1M Na,SO; 10 10
12 0.1 M Na,S
Hydrothermal/ SILAR FTO TiO,/Bi,S; and Na,SO; 3.98 1
13 SILAR/ Hydrothermal Bi,Os/ BiVO,/ 0.1 M Na,S/
process FTO WO, 0.5M Na,SO0, 1.52 12
14 0.1 M Na,S/
Hydrothermal/ SILAR FTO WO,/ Bi,S; 0.1M Na,SO, 2.86 13
15 0.1 M Na,S/
SILAR/ hydrothermal ITO Bi,S3/Ag,S/Zn0O | 0.1M Na,SO; 12.95 "
16 Two step anodization/ TiO, NTs/Bi,Ss-
solvothermal method Ti foil BiOl 0.2M Na,SO, 2.42 15
17 Hydrothermal/ in situ 0.5M Na,SO,
synthesis of Bi,S; from WO/ BiVO,/ and 0.5M
BiVO, FTO Bi,S; Na,SO; 2.96 16
18
SILAR FTO Bi,S; Na,S 0.8 ol
19 0.25M
Chemical bath Tip-decorated Na,S/0.35M
deposition FTO ZnO/ Bi,S; Na,SO5 15.3 18
20 Electrodeposition/ BiVO,/ Bi,Ss-
solution deposition ITO FeOOH 0.1M Na,SO, 0.8 9
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Figure S1. I-V curves of the cleaned substrates. Substrates were contacted electrically with
two toothless clips placed 1.0 cm apart. Measurements were performed with Gamry
(Reference 600) potentiostat at a scan rate of 0.5 mV. From the slopes of these I-V curves,
the resistances were estimated as 1.1+0.1, 1.2+0.1, 33.3+0.3 and 238.1+8 Q, for Au, Mo,

FTO and ITO, respectively.

Figure S2. SEM images of (a) FTO, (b) ITO, (c) Au and (d) Mo substrates. Each substrate
presents a distinct morphology with FTO being the roughest of all.
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Figure S3. (a) Plain view, EDS mapping of FTO/BIi,S; film, showing uniform Bi and S
distribution. From the dark spot of the film, Sn signals were detected showing the pinholes
are the uncovered parts of FTO, (b) EDS mapping of FTO/BIi,S; film along the cross section
presenting uniform Bi and S distribution.
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Figure S4. XPS survey spectra of the Bi,S;3 films prepared on different substrates. Presence
of Bi, S, adventitious carbon and adsorbed O species can be observed. No other species were
detected in the survey spectra.
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Figure S5. UV-Vis diffused reflectance spectrophotometry of Bi,S; on different substrates.
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Figure S6. LSV curves (a) of FTO/Bi,S; prepared by double ramping and the other prepared
separately at 200°C for 3h and at 350°C for 1h and (b) in dark from Bi,S; films on different
substrates in 0.5 M Na,S.
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Figure S7. LSV curves of the bare substrates in 0.5 M Na,S (a) before and (b) after
sulfurization. The electrolyte was purged with N, flow prior to the measurements. The
electrodes potentials were corrected after ohmic drop by E = Applied potential — iR and the R
value for each substrate was taken from Figure S1 and S8a.
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Figure S8. (a) I-V curves of the same substrates measured under similar conditions as of
Figure S1. From the slopes of these I-V curves, the resistances were estimated as 5.8+0.7,
0.1+0.04, 28.6+0.4 and 200.3+10 Q, for Au, Mo, FTO and ITO, respectively. (b) XRD
patterns of the substrates sulfurized under the same heating conditions used to prepare Bi,Ss.
Miller indices are for Mo, Au, ITO, and FTO, respectively. Sulfurization does not affect the
bulk substrates.
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Figure S9. Photographs of the substrates before (a) and after sulfurization (b). While FTO
and ITO appear unchanged, the Mo and Au substrates change color to a grey-brown from the
presence of a sulfide overlayer. (c) Photographs of Bi,S3 films on different substrates.

To verify if there exists any substrate related sulfurized species, XRD was also performed
from the substrates sulfurized at the same heating conditions used for the preparation of Bi,S3
films (Figure S8b). The XRD patterns for Mo, Au and FTO substrates match well with
JCPDS# 421120, 4784 and 77448, respectively which correspond to their standard diffraction
peaks. For ITO, only a weak peak at 20 = 30.7° was observed which is its characteristic peak
in JCPDS# 6416, the reason to lower intensity may be the film thickness. No additional peaks
other than the substrate peaks were observed in the diffractograms after sulfurization.
Interestingly, the sulfurized substrates presented changes in their resistances (Figure S8a)
compared to their un-sulfurized counterparts (Figure S1) which confirms the substrate surface
reactivity with S. Photos are also displayed to compare the colour differences before and after
sulfurization (Figure S9). Some colour changes were observed; particularly, for Mo and Au.
However, FTO and ITO had remained transparent but slightly less as compared to un-
sulfurized FTO and ITO. These results collectively suggest that the surface of all substrates
might have been reacted with sulfur during sulfurization but in the bulk, they possess similar

crystal structure as that of un-sulfurized substrates.
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Figure S10. XPS VB spectra of Bi,S3 films on different substrates showing the VB edge was
not influenced by the substrate.

Table S2. Parameters obtained from the circuit fitting of the electrochemical impedance spectroscopy
for Bi,S; on different substrates.

Sample R (Q) Rp (Q) CPE C(F) R.(Q)
n Y, (10° x Q™)
FTO/BI,S; 21.7 191.1 0.82 3.2 - -
ITO/Bi,S; 194.6 316.2 0.64 2.2 - -
Mo/Bi,S;3 5.8 174.0 0.83 4.2 - -
AU/Bi,S; 24.6 38.0 0.88 6.9 0.38 x 10°° 56.8
1.0
0,8
E 0,6 -
.é 0,4
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Figure S11. PL spectra of Bi,S; as a function of different substrates. The dotted line
represents the main emission peak
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