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Fig. S1 Detailed schematic illustration for the synthesis of MoP NRs/Gr/p-Si photocathode
(a) (b)

.
Cu foil

Fig. S2 SEM images of graphene (a) grown on copper foil and (b) transferred to p-Si
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Fig. S3 Photographic images of (a) graphene/p-Si wafer and (b) MoP NRs/graphene/p-Si

wafer
(b)

Fig. S4 SEM images of (a) MoP nanoparticles grown on p-Si and (b) MoP film grown on
graphene/p-Si

(a)

Fig. S5 Zoom-in cross-sectional HR-TEM image of MoP NRs/graphene/SiOx/p-Si showing a
graphene interlayer
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Fig. S6 (a) XPS wide scans of MoP film/Gr/p-Si and MoP NRs/Gr/p-Si. XPS core-level
spectra of (b) Mo 3d, and (c) P 2p
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Fig. S7 (a) Absorbance vs. wavelength spectra of bare p-Si, MoP film/Gr/p-Si, and MoP
NRs/Gr/p-Si (b) Reflectance vs. wavelength spectra of MoP film/Gr/p-Si and MoP NPs/p-Si
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Fig. S8 Raman spectra of (a) Gr/p-Si and (b) MoOs NRs/Gr/p-Si after annealing at 900 °C in
H>/N2 atmosphere
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Fig. S9 The energy band diagram of p-Si/graphene contact in three cases. (a) before
equilibrium (b) in equilibrium (c) in steady-state illumination

Before equilibrium, p-type silicon and graphene have the work function of 4.65 eV and 4.2
eV, respectively, which have been derived from UPS. By forming a Schottky junction
between p-Si and graphene, electrons will flow until equilibrium, which leads to the
occurrence of an interfacial electric field [S1, S2]. qVui is the built-in potential, g is the
Schottky barrier, and W is the depletion width. As a result, energetically favorable band
bending is formed at the interface. Under steady-state illumination, electron-hole pairs are
generated and the movement of photogenerated electrons is accelerated by band bending.
Moreover, the charge carrier lifetime increases as the band bending enhances the charge
separation and retards carrier recombination.

(a) (b)
&g 0 'Dk &0 ey
ark current -~ | £ r .

2 § o ’

L Dark current /
5-10 £ -10 K
P 151 > -15F K
-a _20 -a R L ’
o MoP/p-Si & 20 ;' MoP/p-Si
..-D_- -25¢ (250°C phosphorization) O -25F ’ (900°C phosphorization)

b — 1
@ 30} o 30 '
— t ]
3 -35¢ 3 -35F !
o @) !
-40 0

-14 1.2 -1.0 -0.8 -0.6 -04 -02 00 02 04 A0 472 10 -08 0.6 04 02 00 02 04
Potential vs. RHE (V) Potential vs. RHE (V)

Fig. S10 LSV curves of MoP/p-Si photocathodes at (a) 250 °C phosphorization and (b)
900 °C phosphorization for the leakage current dependence on the synthesis temperature
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Fig. S11 I-V plots for surface resistance of MoP NPs/p-Si, MoP film/Gr/p-Si and MoP
NRs/Gr/p-Si

The resistance analysis is conducted by measuring the current flowing on the surface of
silicon photocathodes depending on the applied voltage to prove that the graphene interlayer
can suppress the leakage current. As for MoP NPs/p-Si, the surface of device shows a certain
amount of current with the resistance of 4.15 kQ. On the other hand, negligible electric
current was exhibited by MoP film/Gr/p-Si and MoP NRs/Gr/p-Si with 4.47 MQ and 6.20
MQ, respectively. From this result, it is confirmed that the graphene between p-Si and MoP

can effectively prevent the formation of conducting silicide layer and suppress the leakage
current.
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Fig. S12 LSVs of 70nm, 100nm, and 130nm-thickness MoP nanorods synthesized on
graphene-passivated p-type silicon photocathodes
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Fig. S13 SEM image of MoP NRs/Gr/p-Si after 10 hours long-term stability test and total
amount of hydrogen generated in 10 hours compared to the total amount of hydrogen required
for the synthesis

<Total amount of hydrogen generated in 10 hours>

* Total amount of charges obtained by integrating the time on the x-axis and current density
on the y-axis in I-t graph (Fig. 6)

= Q =724.334 Clcm?
* Total number of moles per square centimeter
=n=Q/Fz =724.334 C/cm?/ (96485 C/mol * 2) = 0.00375361 mol/cm?

* Total volume per square centimeter =V = nRT/P = (0.003754 mol/cm? * 0.082 L atm/mol *
298 K) / 1 atm = 91.733 mL/cm?

* Total volume per 4-inch (100 mm) silicon wafer = 91.733 mL/cm? * (5 * 5 * 3.14 cm?) =
7201 mL

<Total amount of hydrogen required for the synthesis>

- Graphene synthesis

* Hydrogen flux = 70 sccm = 70 mL/min

* Time of synthesis = 8 hours = 480 min

* Total volume of hydrogen = 70 mL/min * 480 min = 33600 mL
- MoP nanorods synthesis

* Hydrogen flux = 100 sccm = 100 mL/min

* Time of synthesis = 30 min

* Total volume of hydrogen = 100 mL/min * 30 min = 3000 mL
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Fig. S14 Characterization and PEC performance of MoS; nanorods(100nm)/Gr/p-Si

photocathode. (a) Raman spectrum of MoS> nanorods(100nm) (b) XRD spectrum (c) LSVs of

MoS; nanorods(100nm)/Gr/p-Si compared to that of MoS; film/Gr/p-Si photocathode. (d)
Long-term stability tests at OV vs. RHE
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Fig. S15 Electrochemical (EC) characterizations of the fabricated photocathodes with IR-
correction. (a) LSVs of the bare n**-Si, MoP film/Gr/n**-Si, MoP NRs/Gr/n**-Si, and Pt

film/n**-Si cathodes (b) Tafel plots of each sample plotted as logarithmic (j) vs. potential
RHE
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Table S1 Comparison of the characterizations between our MoP NRs/Gr/p-Si and previously
reported state-of-the-art photocathodes fabricated by the direct method with the vacuum process

Current

densit Stability
No. Catalysts Synthesis method Photocathode enstty (@O0V  Refs.
@ 0V vs
RHE ' vs. RHE)
PLD . , 12h@-
1 MoS,/WS,/WSe; film (MoS», WS,, WSe) p-Si 11.5 mA/cm 02V [S3]
Thermolysis 135
2 MoS; film (MoOs + -Si ) 45h [S4]
P mA/cm?
(NH4)2MOSz, S)
Sulfurization i a )
3 MoS; film (Mo, S) n*p-Si 17 mA/cm 100 h [S5]
CVD . 17.6
4 1T-MoS; film (MoCls, S) p-Si mA/em? 2h [S6]
Phosphorization o« 19.8
5 CoP film (Co, P) n*p-Si mA/em? 25h [S7]
6 NbS; (NbC(X?S\) p-Si NWs 28 mA/cm? 10000 s [S8]
CVvD - )
7 MoSCl, film (MoCls, S) n'pp™-SiMPs 43 mA/cm 2h [S9]
Our Phosphorization . 19.5
work MoP NRs/Gr (MoOs, P) p-Si mA /em? 10h -

Table S2 Electrochemical performance of MoP film/Gr/n**-Si, MoP NRs/Gr/n**-Si, and Pt/n**-

Si cathodes
MoP film/Gr -0.41 -0.56 108.99
MoP NRs/Gr -0.33 -0.45 97.19
Pt -0.02 -0.03 31.43
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