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Figure S1. Dielectric Function of CuZnO.
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Figure S2. Elemental mapping of the samples after being anodized.

S2



100Cu

Cu

70Cu-30Zn

=
&

@)

Counts

85Cu-15Zn

=
o

A
——= 95Cu-5Zn !
Q & ¥
o e
o S e =
(]
it
L | " 1 1 1
0 1 2 8

3 4 &5 6 7 9 10
Energy (keV)

Figure S3. Elemental mapping of the samples after being annealed.
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Figure S4. (a) Top-view SEM images of the as-anodized (a) 95Cu-5Zn, (b) 85Cu-15Zn, (c)
70Cu-30Zn, and (d) 100Cu samples.
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Figure S5. Crystallite size and microstrain vs Zinc content.

S5

Microstrain ()



——2zn2pP A
f \\ 018
I
[
[
Zn? j § \
Plasmon Peak =) {
(&)
Adsorbed Water  / g\
J o\
: : : : _ 3\
965 960 955 950 945 940 935 930 925 1050 1040 1030 1020 1010 T T T T T T T
_— o 544 542 540 538 536 534 532 530 528 526
Binding Energy (eV) Binding Energy (eV)

Binding Energy (eV)

d e | .
A
Cuzp) an2p ; | 018
\
[
Satellite Peaks of Cu?’ | i
Vs
I~
Iy-\:-
Iy - Ve
Adsorbed Water / N ©|
S 8
W \
. g P — |
\ 2 i Pl Ve WA o 4 s
965 960 955 050 945 940 935 930 9251055 1050 1045 1040 1035 1030 1025 1020 1015 544 542 540 538 536 534 532 530 528 526
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

Figure S6. High-Resolution XPS results for as-anodized (a,b,c), and as-annealed (d,e,f) 85Cu-
15Zn sample.
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Figure S7. High Resolution XPS results for as-anodized (a,b,c), and as-annealed (d,e,f) 70Cu-
30Zn sample.
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Figure S8. High-Resolution XPS results for as-anodized (a,b), and as-annealed (c,d) 100Cu
sample.
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Figure S9. Band gap calculations for the (a) 95Cu-5Zn sample, (b) 85Cu-15Zn sample, (c)
70Cu-30Zn sample, and (d) 100 Cu samples.
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Figure S10. Linear sweep voltammetry (LSV) graphs for (a) 95Cu-5Zn, (b) 85Cu-15Zn, (c)

70Cu-30Zn, (d) 100Cu.
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Figure S11. Open circuit potential (OCP) measurements while chopping illumination.
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Figure S12. Equivalent circuit for electrochemical impedance spectroscopy data fitting.

Figure S12 shows the equivalent circuit used to fit the EIS data, where Ry is the solution
resistance and the resistance related to the wires and connections, Cyy 1S the capacitance of the
bulk, C, is the capacitance of the space charge layer inside the semiconductor, and Cy is the
capacitance of the Helmholtz layer inside the electrolyte ( Cpuk! = Cse! + Cyr!), Rirapping 18 related
to the charge trapping and detrapping at the surface states, R ap 15 associated with the charge
transfer resistance from the surface states to the electrolyte, and C,prelated to the capacitive
effect induced by charge accumulation in surface states. This equivalent circuit was used to fit

the data in dark and under illumination, as shown in Figure S13.
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Figure S13. EIS Data under illumination at 0.62 V vs RHE.

To get more insight into the trapping of charges on the surface and to prove the existence of
surface states, Cy,, values at low frequencies are shown in Figure S12 and Figure S 13. The
low frequency guarantees the low contribution of Cy,. Therefore, we have chosen the frequency

of 50 mHz to get the value of Ci,, versus applied potential. In the dark and under illumination,
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Cirap shows a Gaussian peak for all samples shown through the fitting of the sample to a

Gaussian function, which is a proof of the existence of surface states at around 0.8 V vs RHE.
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Figure S14. Capacitance versus applied potential graph in the dark.
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Figure S15. Capacitance versus applied potential graph under illumination.

o
~

° o o
- N w
T T T

Moles of Hydrogen (umoles)
=
©

10 20 30 40 50 60 70
Time (min)

N
o
o

Figure S16. Amount of hydrogen produced within 60 minutes of continuous illumination by
95Cu-5Zn sample.
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Table S1. The amount of hydrogen obtained upon the use of Cu-based photocathodes under
close conditions to the ones used in our study.

Photocathode Experimental Amount of Hydrogen evolved
Conditions
CuFe,Oy Applying constant current | 4.8 nmol cm (after one hour of

Green Chemistry, 2020, 22, 3141-3149

of 10pA

continuous illumination)

Carbon coated Cu,O nanowires At0V vs RHE ~ 6 umol cm (after 16.6 min of
continuous illumination)
Appl Surf Sci, 2015, 358, 404411
Li incorporated in CuAl,O4 Applying a constant ~ 0.27 umol cm (after one hour
voltage of 0.4V vs RHE of continuous illumination)
J Catal, 2021, 400, 218-227
Li doped CuO Applying a constant ~ 0.2 nmol L-! (after 15 minutes

Nanoscale, 2020, 12, 77667775

voltage of 0.3 V vs RHE

of continuous illumination)

Cu-Zn

This work

Applying a constant
voltage of 0.6 V vs RHE

1.06 pmol cm2 (after one hour
of continuous illumination)
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