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Fig. S1 SEM images of the sample prepared under ice bath (IB) condition, with the 

concentration of etching solution and reaction time of a) K2S2O8 (0.05 M), NaOH 

(1.0 M), 50 min; b) K2S2O8 (0.05 M), NaOH (1.0 M), 10 min; c) K2S2O8 (0.01 M), 

NaOH (0.2 M), 50 min; d) (0.01 M), NaOH (0.2 M), 2 h.



Fig. S2 SEM images of the sample prepared at room temperature (RT) condition, 

with the concentration of etching solution and reaction time of a) K2S2O8 (0.01 M), 

NaOH (0.2 M), 6 h; b) K2S2O8 (0.05 M), NaOH (1.0 M), 20 min; c) K2S2O8 (0.05 M), 

NaOH (1.0 M), 1 h; d) (0.15 M), NaOH (3.0 M), 20 min.



Fig. S3 SEM images of the sample prepared with different concentration of 

etching solution and temperature of water bath (WB) for 20 min, a) K2S2O8 (0.01 

M), NaOH (0.2 M), 50 ℃; b) K2S2O8 (0.01 M), NaOH (0.2 M), 80 ℃; c) K2S2O8 (0.05 

M), NaOH (1.0 M), 50 ℃; d) (0.05 M), NaOH (1.0 M), 80 ℃.



Fig. S4 XRD diffraction pattern of the samples.

    Fig. S5 Raman spectra of the samples.



Fig. S6 High-resolution XPS Cu 2p and O 1s spectra of the samples.



Fig. S7 Photocurrent response of the samples prepared in ice bath.

Fig. S8 Photocurrent response of the samples prepared at room temperature.



Fig. S9 Photocurrent response of the samples prepared in water bath.

Fig. S10 XRD patterns of the samples after long-term stability testing in 0.5 M 

Na2SO4.



Fig. S11 Photocurrent i-t curve of NWs and BR-2 under AM 1.5G illumination (100 

mW·cm-2) at 0.2 V vs RHE in 0.5 M Na2SO4, from which we can see the both 

positive and negative transient photocurrent in two samples.



Fig. S12 Steady-state photoluminescence (PL) spectra of the samples, excited at 

495 nm.

   Fig. S13 Open circuit voltage (Voc) decay of the samples.



Fig. S14 Photocurrent of the samples obtained in the 0.5 M Na2SO4 with 

and without K2S2O8 (0.02 M). These data are used to calculate the charge 

injection and separation efficiency.



Table S1 PEC performance of reported CuO and corresponding experimental conditions

Composition of
photoelectrode

Photocurrent 

density（mA·c

m-2）
Potential electrolyte

Illumination condition 
Light intensity

Year 
Published

Referenc
e

NWs
BR-1
BR-2

1.3
2.0
3.6

0.2 V (vs. RHE) 0.5 M Na2SO4
Xe lamp with AM 1.5 

filter
Our work

CuO thin film -1.8
-0.55 V (vs. 

Ag/AgCl)
0.1 M Na2SO4 150 W solar simulator 2014 1

CuO thin film -1.8 0 V (vs. RHE) 0.1 M KOH 150 W Xe lamp 2012 2

Ni-doped CuO 
nanorods

-1.75 -0.55 V (vs. SCE) 1 M KOH 300 W arc Xe-lamp 2018 3

CuO thin film -0.55 0.05 V (vs. RHE) 0.5 M Na2SO4
1 sun (AM1.5G) 

illumination
2009 4



CuO thin film
Au−Pd decorated 

CuO thin film

-3.1
-3.88

0 V (vs. RHE) 0.1 M Na2SO4
1 sun (AM1.5G) 

illumination
2017 5

CuO nanowire −0.25 −0.5 V (vs. Ag/AgCl) 0.1 M Na2SO4 500 W Xe lamp 2014 6

CuO 
nanoparticles 

films
-1.2 -0.7 V (vs. Ag/AgCl) 0.1 M Na2SO4 150 W Xenon arc lamp 2012 7

CuO thin film -2.5 0 V (vs. RHE) 0.1 M Na2SO4 300 W Xe lamp 2011 8

heterojunction 
CuO

nanowire
-0.65

-0.45 V (vs. 
Ag/AgCl)

0.1 M Na2SO4 150 W Xe lamp 2016 9

CuO thin film -1.5 0.6 V (vs. RHE) 0.1 M KOH 300 W Xe arc lamp 2017 10

CuO nanoparticle -1.2
-0.55 V (vs. 

Ag/AgCl)
0.5 M Na2SO4

1 sun (AM1.5G) 
illumination

2013 11



Li-doped CuO
nanoparticles

-1.7
-0.55 V (vs. 

Ag/AgCl)
0.1 M Na2SO4 150 W Xe lamp 2009 12

FTO/CuONSs
mpATO@CuONSs
FTO/mpATO@Cu

ONSs

-1.9
-3.0

-4.5

0 V (vs. RHE) 0.5 M Na2SO4 150 W Xe lamp 2016 13

CuO film
CuO NR

-0.85
-1.13

-0.5 V (vs. Ag/AgCl) 0.1 M KOH 1 kW Xenon lamp 2016 14

CAL CuO 
HMA CuO

-1.44
-4.4

0 V (vs. RHE) 0.5 M Na2SO4
1.5 G filter (1 sun 100 

Mw cm−2)
2015 15

nanostructured 
CuO film

-1.5 -0.5 V (vs. SCE) 0.5 M Na2SO4 150 W Xenon arc lamp 2006 16

Cu2O-CuO thin 
films

-0.35 0.05 V(vs. RHE) 0.1 M Na2SO4 150 W Xenon arc lamp 2014 17

doped CuO film -1.52
-0.55 V (vs. 

Ag/AgCl)
1M KOH 150 W Xenon arc lamp 2014 18



W doped CuO 
film

-0.25 −0.5 V (vs. Ag/AgCl)
NaOH electrolyte solution 

(pH=11)
Tungsten–halogen 

lamp (125 mW cm-2)
2010 19

Ti-alloyed CuO -0.09 -0.5 V (vs. Ag/AgCl) 1 M Na2SO4
250-W quartz tungsten 

lamp
2012 20

CuO thin film -0.1 -0.2 V (vs. Ag/AgCl) 0.5 M Na2SO4

500 W xenon

Lamp (λ＞420 nm)
2004 21
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