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Fig. S1 Linear sweep voltammetry (LSV) curve of Ti foil in NiCo precursor.
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Fig. S2 LSV curves in IM KOH depending on the deposition (a) potential and (b) time of NiCo

catalyst for hydrogen evolution reaction (HER).
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Fig. S3 Field-emission scanning electron microscopy (FE-SEM) images of (a) Ni and (b) Co.

The inserts show higher-magnification images.
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Fig. S4 Evaluation of electric double layer capacitance (Cq4;) for Ni, Co and NiCo catalysts

estimated from CV curves at scan rates of 20, 40, 60, 80, 100 mV s!.
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Fig. S5 Chronopotentiometry at 10 mA c¢cm= of NiCo in 1 M KOH (red) and 1 M KOH + 0.5

M hydrazine (blue).
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Fig. S6 X-ray photoelectron spectroscopy (XPS) spectra for O 1s of Ni, Co, and NiCo.
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Fig. S7 LSV curves of Ni foam in 1 M KOH + 0.5 M hydrazine depending on the deposition

time of NiCo catalyst for HZOR.

0 200
HER HzOR
—NiCo —NiCo
50+ NiGo(iR) __ 150+ NiGo(iR)
T E
E
© g0l S ]
< -100 < 100
E E
= 150 = 50
-200 . r . : . : 0 r .
14 12 10 08 06 04 02 00 04 0.0 0.4 0.8 12
Potential (Vpyg) Potential (Vgue)

Fig. S8 LSV curves of the NiCo catalyst for HER and HzOR before and after iR correction.
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Fig. S9 Faradaic efficiency of NiCo/NF for HzOR over cycling

o v '  500nm

Fig. S10 Cross-sectional SEM image of the perovskite/NiCo photocathode.



(a) Fabrication of perovskite photocathode (c) Metal encapsulation of photocathode
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Fig. S11 Schematic illustration of the fabrication process for the perovskite photocathode and

NiCo catalyst.
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Fig. S12 Optical images of perovskite photocathode (a) without and (b) with encapsulation.
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Fig. S13 (a) Tauc plots showing the optical bandgaps. (b) Top-view SEM image and (c) grazing
incidence wide-angle X-ray scattering (GIWAXS) patterns of the perovskite film (d) External
quantum efficiency (EQE) spectra of perovskite solar cells with different ETLs and integrated

Jsc calculated from EQE.
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Fig. S14 LSV curves of lead halide perovskite (PVK) photocathode depending on the

deposition time of Pt.
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Fig. S15 (a) Operational stability test of perovskite solar cells under maximum power point
tracking (MPPT) conditions under ambient conditions. (b) J- curve at 0 Vgryg of PVK/Pt and

PVK/NiCo photocathode for 6 h.
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Fig. S16 (a) LSV curves depending on hydrazine and (b) chronoamperometry of PVK/NiCo

photocathode in 1 M KOH + 0.5 M hydrazine.



Table S1 The composition of electrodeposited NiCo catalyst measured by inductively coupled
plasma mass spectrometry (ICP-MS).

Method Ni Co Ni/Co ratio

ICP-MS (total, mol) 1.28 X 104 1.41 X 104 0.91

Table S2 EIS fitting parameters for Ni, Co, and NiCo.

Rs Rct
Catalyst
! (@) (@)
Ni 3.22 £0.29 2.29 +0.18
Co 3.88 £0.30 2.23 £0.15
NiCo 3.53 £0.18 1.59 +£0.11

Table S3 Faradaic efficiency distribution(%) of N, and NH; during HzOR.

N, NH;

Cycle number (%) (%)
1 87.22 15.61
2 85.62 14.59
3 81.44 22.14
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Table S4 The comparison of the overpotential at 10 mA ¢m (1) for HZOR and HER.
HER HzOR

Catalyst o (mV) Mo (mV) Reference

Ni 218.4 285.2 This work

Co 286.8 274.6 This work

NiCo 191.2 267.9 This work
NiS,/TiM 220 390 1
CoSe/CFP 204 321 2
Pd/NiCo,04 294 324 3

Table S5 Photovoltaic parameters of Cqo- and PCBM-based perovskite solar cells

ETL Scan Voc Jsc FF PCE
direction V) (mA cm?) (%) (%)
C Reverse 1.155 24.36 81.41 2291
60 Forward 1.157 24.24 81.03 22.72
Reverse 1.132 23.38 79.77 21.12

PCBM
Forward 1.13 23.39 79.61 21.05
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Table S6 Time-resolved photoluminescence (TRPL) fitting parameters for PVK,

PVK/Cg,BCP, and PVK/PCBM/BCP films. Time constants were calculated from the TRPL

spectra. Lifetime decay components were fitted using a bi-exponential decay model (Fit

-t/t -t/t
function = A41€  +4Aze 2).
Ay T A, T TAVG
Sample (%) (ns) (%) (ns) (ns)
PVK 11.83 50.31 88.17 1632.01 1625.49
PVK/Cg,/BCP 64.63 49.47 35.37 249 .80 196.58
PVK/PCBM/BCP 34.60 63.53 65.40 342.07 317.15

2
Tyye = (A77 + A2T§)/(A1T1 + A;1y)
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Table S7 The comparison of the PEC HER performance with the reported perovskite-based

photocathode.
Catalyst ‘I‘I’Ihlf Oc‘l;ll“zl)E (5‘;‘;:) Electrolyte H(zull);::;i llll_clt icOI:ll_l;;l: ¢ Ref.
NiCo -24.00 0.99 1.0 M KOH 447.7 This work

Pt -22.00 1.06  0.5M H,SO, 410.4 4

NiPCoP -21.98 1.06 1.0 M KOH 410.1 5

Pt -21.70 1.10 0.5 M H,SO, 404.8 6

NiMo -21.00 1.03 1.0 M KOH 391.8 7

MoS, -20.60 1.02  0.5M H,SO, 3843 8

Au—Pt-Ni -20.13 0.95  0.5MH,SO, 375.5 9
Pt -18.10 0.95  0.5MH,SO, 337.7 10

Pt -14.30 0.95 0.1 M KPi 266.8 11

Pt -12.10 0.60 0.1 M KBi 225.7 12

Pt -9.80 0.95 0.1 M KBi 182.8 13

Pt -10.50 0.68  0.5M H,SO,4 195.9 14

Pt -21.00 1.1 0.1 M H,SO, 391.8 15

Pt -20.40 1.15 0.5 M H,SO, 380.6 16

*IF faradaic efficiency=100%, H, production rate = J,,*103*3600/(2*96485)
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Table S8 The comparison of the bias-free HER performance with reported PEC cell.

*
Jop

Photocathode Photoanode PV STH (mA em?) Ref.
PVK - - 7.62 24.00 This work
CIGS BiVO, - 1.01 1.05 17
Cu,0 BiVO, - 3.00 245 18
CIGS BiVO, - 3.70 3.00 19

Sb,Se; BiVO, - 1.50 1.20 20
Si BiVO, - 3.50 2.85 21
Cu,O BiVO, - 3.24 2.95 22
SnS BiVO, - 1.70 1.40 23
Cu;BiS; BiVO, - 2.04 1.66 24
Si BiVO, - 3.70 3.03 25
Cu,ZnSnSy BiVO, - 3.17 2.58 26
Si Sb,S; - 5.24 4.30 27
Cu;BiS; BiVO, - 2.33 1.89 28
Si In,S3/CdTe 5.10 4.15 29
CIGS - PVK 9.04 7.75 30
Sb,Se; - Dual PVK 10.2 8.30 31
- TazNs5 Dual CulnSe, 11.07 9.50 32

- TasNs Dual CIS 8.20 6.70 33

- BiVO, PVK/Si 9.02 7.33 34

*Current density of the operating point for PEC cell without external bias.
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