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Fig. S1 The optical photograph of bare Si, p-SiNWs, and p-i-n SiNWs which have been further utilized
for the fabrication of Photocathodes having a dimension of ~ (1x1) cm?.

Fig. S2 FE-SEM images of (a)-(b) hexagonal honeycomb-like gold mesh arrays after removal of PS
beads by mild sonication in Chloroform medium on the planar p-Si surface under low (2 pm scale) and

high resolution (200 nm scale), respectively. The approximate size of these nanoholes are in the range
of 240-250 nm.
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Fig. S3 FE-SEM image p-SiNWs obtain via different HF etching times of (a) 20 minutes, (b) 15
minutes, (¢)10 minutes and (d) 1 minute, respectively. The 20 minutes etching results in the formation
of ~ 10 um long SiNWs which are collapsed with each other due to high capillary effect under solvent
drying condition, shown as an inset of (a).

_ (b) —462nm
= -~
s =
o S
&
= S
~
§ =
Excitation Wavelength
370 nm
300 350 400 450 500 350 400 450 500 550 600 65C
Wavelength (nm) Wavelength (nm)

Fig. S4 (a) Absorbance spectra and (b) PL Spectra of GQD at an excitation wavelength of 340
nm.
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Fig. S5 ATR-FTIR absorption spectrum of GQD and NGQD.
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Fig. S6 XPS survey spectrum of as-prepared NGQD.



Fig. S7 Atomic Force Microscopy (AFM) image of as-prepared NGQD.

Fig. S8 Selected area electron diffraction pattern (SAED) of p-i-n SINWs-NGQD.
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Fig. S9 (a) Top view of the graphene/SiNWSs heterostructure. The darker blanket is the graphene sheet
coated on the tip of SINWs whereas the rest part is uncoated. (b) Raman spectra of few-layer graphene
on SiNWs. The peak at 520 cm! is arising from the Si nanowires which corresponds to the scattering
of incident light with the first-order optical phonon of the Si. Inset shows the magnified region of the
rectangular box which refers to the characteristic peaks of the graphene floating on top of the vertical
Si nanowires.
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Fig. S10 (a) Top view of bare SiINWs. (b) Raman spectra of the corresponding SiINWs. The peak at 520
cm'! is arising from the Si nanowires which corresponds to the scattering of incident light with the first-
order optical phonon of the Si.



Fig. S11 Schematic illustration for the /-J measurement of SINWs-graphene heterostructure
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Fig. S12 (a) Optical photograph of the device under /-V characterization using two probe configuration
by Keithley source meter (b) /-V measurement plots of p-SiNWs/graphene and p-i-n SiNWs/ graphene
under light and dark condition.
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Fig. S13 LSV polarization curve (without iR correction) for p-SiNWs, p-SiNWs-NGQD and p-i-n
SiNWs-NGQD in 0.5 M H,SO, solution in dark condition.



Table S1. Shows comparison of PEC-HER performance in terms of onset, overpotential, photocurrent
density and ABPE of all as-grown samples in 0.5 M H,SO, solution under illuminated and dark
conditions, respectively.

Condition | Electrode Onset potential Overpotential Current density ABPE
(mV) @lmA/cm? | (mV)@10mA/cm? | (mA/cm?) @ -0.53V | (%)
(vs RHE)
p-SiNWs - - -0.01 -
Under
illumination | p-SiNWs- -411 - -3.75 2.5
NGQD
p-i-n SiNWs- | -280 -460 -22.69 16.4
NGQD
p-SiNWs - - -0.008 -
Under dark
p-SiNWs- -492 - -1.44 -
NGQD
p-i-n SiNWs- | -330 -505 -13.15 -
NGQD

Hydrogen evolution reaction mechanism in acid medium:

Hydrogen evolution reaction proceeds via in three steps which undergoes two different reaction
mechanisms where Volmer is the primary discharge step, common in both the mechanism. The
mechanisms are Volmer-Heyrovsky and Volmer-Tafel. The three steps for hydrogen evolution
are listed below.!

(1) H;0" + e + M & M-H,4 + H,O; Volmer reaction (discharge Step).
Here, electrons are moving towards the surface of the cathode and simultaneously hydronium
ions (H30") which are coming from the electrolyte to form M-H,4s intermediate state (Here M

is the active surface of the metal). In this step Tafel slope b ~ 120 mV.
(2) M-H,qs + H;0" + ¢ = H, + M + H,0; Heyrovsky reaction (desorption step).

When the density of H,4s on the metal surface is very less, the H,4s intermediates combine with
the new electron and hydronium ion and produce H, molecule; In this step Tafel slope, b ~ 40

mV.

(3) M-H,gs + Hags-M = H; + 2M; Tafel reaction (Recombination Step).




When the density of H,4 on the metal surface is high, the two nearby H,4 intermediates

combine together and produce H, molecule. Tafel slope b ~ 30 mV.
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Fig. S14 The exchange current density of p-i-n SINWs-NGQD are calculated to be 0.026, 0.015 mA/cm?
in p-i-n SINWs-NGQD in light and dark condition, respectively via extrapolating the Tafel plots to the
X-axis.
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Fig. S15 Nyquist plots of p-i-n SINWs-NGQD in light and dark conditions at an applied potential of -
300 mV in 0.5 H,SO, solution. Inset shows the fitted circuit diagram of the above Nyquist plots.



Table S2. The PEC-HER performance of the as-prepared p-i-n SINWs-NGQD heterostructure in

comparison with the recently reported Metal and Metal-Free Si-based photocathodes.

Si with Metal-Based HER

Sr. Material Electrolyte | Photocurrent | ABPE | Tafel Overpotential | Ref.
No. (mA/cm?) (%) | (mV/dec) (mV)
@10mA/cm?
1. Si-SrTiO; 0.5M H,S0,4 -35 4.9 - - 2
(Ti/Pt catalyst)
2. Si/ALO; (Pt | 0.5M H,SO, -26.2 - - - 3
catalyst)
3. Si/Au /Pt 0.5MH,SO4+ -24.4 - 56 -71 4
Si/Pt NP 0.5MK,S0O, -26.6 -78
Si/Au NF -24.5 -120
4. Si/ MoS, 0.5M H,SO, -17.6 - - 5
5. | Si/TiOy/ MoS, | 0.5 M H,SO, -37 1.8% 87.01 -255 6
6. | n'p-Si/MoSe, | 1 M HCIO, -29.3 3.8% - -195 7
7. Si/TaOy 1 M HCI -37.1 7.7% - - 8
8. Si/MoS,Cl 0.5MH,S0, -20.6 - 46 - 0
9. | p-Si/SiO,/Ti/Pt | 0.5 M H,SO, -22 2.9% - - 10
10. | n*p Si-Ti- IM HclO, -12 - - - 1
MoS,
11. | n'p-Si/TiOy/Pt | 1M HclOy -34.8 STH- 35 - 12
10.8
12. | n'p -10.9 - 13
Si/Mo/MoS,/Pt | 1.0 M HelO, 36 -
n"pSi/Mo/MoS -12 -
»/MoS,/Pt
n*p- 9 -
Si/W/WS,/Pt
13. | n'p-Si/Co-S 0.5M H,S0O, -11 - 104 -85 14
14. n- IM KOH -28.5 - - - 15
Si/S10, /AL O5/
Pt/Ni
15. | SiNW/Ni-B M -15.6 245 -54 16
SiNW/Co-B Phosphate -19.5 2.53 -
buffer
solution
16. | p-SiNW/Pt H,SO, + -20 - - - 17
0.5M K,S04
(pH=1)
17. p- 0.5M H,S0O, -30 - - - 18
SiNWs/TiO,/P
t
18. p- 1M Na,SO, -1 STH- - - 19
SiNWs/MoS, 0.03%




19. n- Im NaOH -3.5 0.47% - - 20
SiNWs/Ba,05
20. | SiNWs/CdSe | 0.25M Na,S -6.1 - - - 21
QD +0.35M
Na,SO;
21. Si/PEDOT IM KOH -2.5 - - - 2
hybrid
core/shell NW
array
22. Si/ZnO Na,S+Na,SO -1.64 0.55% - - 3
wires/IrOx 3
QDs
23. n" p-Si 0.1IM -15 5.8 - - 2
wires/Pt K,SO4+
H,SO,
24. | n' p-Sisingle H,SO, + =22 - - - %
NWs/Pt 0.1M K,SO,
(pH=2)
25. n'p Si KHP Buffer 9.1 1.9 - 26
microwire /Ni- (pH=4) (STH) -
Mo 2.7
n'p Si (STH)
microwire/Pt -13.2
26. SINW/ 0.1M H,SO, -17 - - - 2
Fe,S»(CO)g
27. Vertically 200mM -4.19 - - - 28
aligned SINWs | Me,FcB, +
(n-type) IM LiClO4
in Ethanol.
28.| Mo;Sy/p- Si IM HCIO, -9 STH- - -400 2
10%
29. Si 0.5M K,SO, -1.28 STH- 30
MWs/MoO,S, + H,SO4 0.05 - -
-10
Si
MWs/MoO,S, -7.35 0.63
-30
Si
MWs/MoO,S, -9.83 0.82
-50
30. | Si MWs/CoSe, 05M -9 STH- - - 31
Na,SO,4/ 0.93
H,S0,,
31. | SiNWs/Ni;Ps | 0.5 M H,SO, 21 STH- 63 -107 32
Si NWs/Ni,P -22.6 2.97
STH-

3.13




32.| SiNWs/Co-P | 0.5M K,SO, -15.6 STH- - - 3
/H,SO, 2.86
33.| SiNWs/FeP 0.5M K,SO, -13.9 STH- - - 34
/0.05M 2.64
H,SO,
34. | SiMWs/CoS, | 0.5M H,SO, -3.22 - 62.8 3
Si MWs/CoSe, | 1.0 M PBS -2.55 - 39.5 -
35. | SiNWs/MoS; | 0.5 M K,SO, -24.9 STH- - 36
+ H,SO, 2.28
36. | SiNWs/MoS; | 0.5 M K,SO, -1.5 - - 37
+ H,SO4
37.| Siwires/WSs 0.5M -19 STH-
Si wires/WS, K,S0,4/0.05 -7 2.02 - 38
M H,S0O, STH-
0.187
38. a-Si Mo,C 0.1 M H,SO, -11.2 - 56 -270 3
1 M KOH -11.4 - 54
39. p-i-n Si/ 1M KOH -12.03 33 40
Pt/Co504 1M KOH -7.3 0.93 -
n-i-p/ Si
Pt/CO3O4
Metal-Free Si based HER
1|  Graphene/Si IM HCIO, -31.1 0.32 - 4
2| SINW@N-doped | 1M HCIO, -35 2.29 45 - 42
GQS
3, N-doped IM HCIlO, -5.5 STH- - - 3
monolayer 3.05
Graphene/
Silicon
4/ rGO-SiNWs IM HCI1O, -23.152 STH- 45 - a4
3.16
5. Chl/CQDs- 0.5M H,SO, -26.36 7.86 - - 4
SiNWs
6. p-i-n 0.5 M H,S0, -26.2 16.4 46 -460 Our
SINWs/NGQD work

#*ABPE- Applied Bias Photon-to-Current Efficiency
#*STH- Solar to Hydrogen Conversion Efficiency
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Fig. S16 UV-Vis analysis of Planar Si, p-i-n SINWSs and the p-i-n SINWs-NGQD hetero-structure. The
result shows that p-i-n-SiNWs and the p-i-n SINWs-NGQD hetero-structure reflects 89.5% and 96.65%

less light as compared to planar Si substrate in the visible range of solar spectra.

Fig. S17 FE-SEM images of p-i-n SINWs-NGQD (a) before and (b) after stability test refer to no

significant change in morphology of catalyst has been observed.
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