Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2019

Supplementary Information for

Directed Synthesis of SnO,@BiVO,/Co-Pi Photoanode for Highly Efficient
Photoelectrochemical Water Splitting and Urea Oxidation
Jingchao Liu 2, Jianming Li b, Mingfei Shao*? and Min Wei 2
@ State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical
Technology, Beijing 100029, China

b Petroleum Geology Research and Laboratory Center, Research Institute of Petroleum Exploration

& Development (RIPED), PetroChina, Beijing 100083, China

*Corresponding author. E-mail: shaomfl@mail buct.edu.cn


mailto:shaomf@mail.buct.edu.cn

Weight%
OK 2112 66.54

PK 0.09 0.14
VK 2.62 2.59

CoK 0.36 0.31
Sn L 66.18 28.10
BiM 9.63 2.32

ull Scale 2366 cts Cursor: 0.000 keV|

Fig. S1 EDX spectra and corresponding elemental contents of SnO,@BiVO4/Co-Pi NRAs.
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Fig. S2 XPS spectra of BiVO, and SnO,@BiVO,/Co-Pi photoanode: the survey spectrum (a) and

high resolution XPS spectrum of Sn 3d (b), Bi 4f (¢), V 2p (d). XPS spectra of SnO,@BiVO,/Co-Pi

Photoanode: Co 2p (e) and P 2p ().
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Fig. S3 Top-view SEM images of (a) 25-SnO,, (b) 50-SnO,, (¢) 100-SnO,, (d) 100*-SnO, and (e)
150-Sn0,, respectively. Cross-sectional SEM images and EDX mappings of (f) 25-SnO,@Bi1VO,, (g)
50-SnO,@BiVO,, (h) 100-SnO,@BiVO,, (i) 100*-SnO,@BiVO, and (j) 150-SnO,@BiVO,,

respectively.
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Fig. S4 (a) Current—potential curves of the photoanodes under AM 1.5 G illumination in 0.1M PBS.
(b) EIS measured at 1.23 V vs. RHE under illumination. Inset: Corresponding equivalent circuit. Ry
is the charge-transfer resistance across the electrode/electrolyte interface, R, is the solution resistance,
and CPE is the constant phase component. (c) Charge separation efficiency and (d) Charge injection
efficiency vs. potential curves for the samples of BiVOy, 25-SnO,@BiVO,, 50-SnO,@BiVO,, 100-

SnO,@Bi1VO,, 150-SnO,@BiVO, and 100*-SnO,@Bi1VO,, respectively.
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Fig. S5 (a) Charge separation efficiency and (b) Charge injection efficiency vs. potential curves for

the samples of BiVO,, 100-SnO,@BiVO, and 100-SnO,@BiV0,/Co-Pi, respectively.



0
=

] 1004 @ e g i &
14 R i i e o mg ]
Xperimenta ) b
- ] . =2 DB g gD
—g 121 Theoretical °; B D MR e T S
3 104 2 1
b | ) 60
5 8 ©
— 1 U=
S 6- S D
o 1 (3] ]
> 4 =
o ] 20+
o~ 24 E
o ] ]
0 g
0 600 1200 1800 2400 3000 3600 0 600 1200 1800 2400 3000 3600
Time (s) Time (s)
C 2 d
—— Experimental =
’—o"‘ 161 Theoretical 3; 80+
E )
= 12 q:’ 60-
5 K :
- — -
s B i (D oS e i o e e e 55
o 1 0
> = & 5999 & g
o 41 Q 2058 --C_- = RS & Boso-pgH----
o 'ci
0- =
0 600 1200 1800 2400 3000 3600 0 600 1200 1800 2400 3000 3600
Time (s) Time (s)

Fig. S6 (a) O, evolution (black curve) on SnO,@BiVO,/Co-Pi photoanode at bias of 1.23 V vs. RHE.
Red line is the theoretical result based on the number of transferred electrons. (b) Faradaic efficiency
of the triadic photoanode for water oxidation. Symbols represent the data calculated from the
experimental results. Solution, 0.1 M PBS (pH 7); scan rate, 20 mV s !; and AM1.5G (intensity: 100

mW cm2), back-side illumination. (c¢) and (d) are obtained in 0.1M PBS + 2% urea.
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Fig. S7 Mott-Schottky curves of (a) SnO, and (b) BiVO,. (c) Schematic illustration of the band

alignment of SnO, and BiVO,. (d) The ultraviolet photoelectron spectroscopy (UPS) for determining

the valence band edge positions of SnO, and BiVOj,.



Table S1. Summary of recent key advances in BiVO4-based photoanodes for PEC water splitting
under AM 1.5G illumination.

Photoanode Photocurrent Efficiency
materials Electrolyte density (1.23 V. (IPCE value Stability Ref
vs. RHE) at 400 nm)
Mo:BiVO, 0.5 M PBS . ~75%
/Sn0,/Si (pH 7) 291 35% (30h) I
. 05M Na2804 +
BiVO/WO, 0.1 M NaPi 1.50 30% Not given 2
Sb:Sn0,/ 0.5 M PBS . ~95%
BiVO, NRAs (pH 7) 170 Not given (1800s) 3
0.5M NaZSO4 +
Sn0,/BiVO, 0.1 M KP1 0.95 Not given Not given 4
(pH7)
. 02M ~95%
BiVO,/Sn0O, sodium borate 0.60 13.47% (300s) 5
(pH 9)
BiVO4/SnO, 0.5 M PBS . 88.6%
WO, (pH 7) 2.38 40% (900s) 6
05M NaZSO4 + ~60%
Sn0,/BiVO, 0.1 M NaPi 1.60 30% a ooo:) 7
(pPH7)
. 03 M Na2804 + 0 .
BiVO,/Sn0O, KPi (pH 7.5) 0.60 15% Not given 8
C-QDs/ 0.5 M Na,SO, . ~75%
BiVO,/SnO, (pH 6.6) 2.20 10% (3600s) ?
FeNiOOH- 02 M RasSu 5.79 80% 97% 0
Mo:BiVO,/WO; ' (H 73 3 (Jsuifite) (sulfite ) (7200s)
Oxygen Vacancies 0.5 M KPi1 ) ~90%
‘BiVO,/CoPi (pH 7) 342 Not given (10h) H
. 0.5 M KPi . .
WO3/BiVO, (pH 7.2) 1.35 35% Not given 12
. . 0.2 M PBS . ~60%
W-Doped 0.1 M PBS . ~95%
BiVO,/Co-Pi (pH 7) 4.0 Not given (3600s) 14
Mo-Doped 0.5 M PBS 0 ~100%
BiVO,/Fe(Ni)OOH (pH 7) 6.0 0% (6h) 15
SnO,@BiVO, 0.1 M PBS . 90.2% This
/Co-Pi (PH 7) 263 474% (3600s)  work

* Jeuifite means photocurrent for sulfite oxidation.



Table S2. Summary of electrochemical and PEC oxidation of urea in recent three years.

Electrode materials Electrolyte Onset oxidation potential ~ Year  Ref
Ni catalyst 0.1 M urea + 1.0 M KOH 0.35 Vvs. Ag/AgCl 2016 16
Ni nanowire arrays 1.0 M urea + 6.0 M KOH -0.2 Vvs. Ag/AgCl 2016 17
NICkelol\:f‘;ganese 0.33 M urea + 1.0 M KOH 029 Vvs. Ag/AgCl 2016 18
Ni(OH), nanosheets 0.33 M urea + 1.0 M KOH 0.34 V vs. Ag/AgCl 2016 19
2D ultrathin MnO, 0.5 M urea + 1.0 M KOH 0.32 V vs. Ag/AgCl 2016 20
Nickel phosphates 0.1 M urea + 1.0 M KOH 0.33 Vvs. Ag/AgCl 2017 21
Se-Ni(OH),@NiSe 0.33 M urea + 1.0 M KOH 0.30 V vs. SCE 2017 22
Ni-Mo/graphene 0.33 M urea + 1.0 M KOH 036 Vvs. Ag/AgCl 2017 23
nanocatalysts
2D Ni-MOF 0.33 M urea + 1.0 M KOH 1.36 V vs. RHE 2017 24
MHOQ/MHC0204/Ni
core—shell 0.5 M urea + 1.0 M KOH 1.33 V vs. RHE 2017 25
heterostructure
B Ni(OH), 0.33 M urea + 1.0 M KOH 1.36 V vs. RHE 2018 26
Ni-WC/C catalyst 0.33 M urea + 1.0 M KOH 0.40V vs. Hg/HgO 2018 27
Ni,P@Ni foam 0.6 M urea + 5.0 M KOH 0.24 V vs. Ag/AgCl 2018 28
NiCo,04 0.33 M urea + 1.0 M KOH 0.38 V vs. Hg/HgO 2018 29
NiMoOy4 nanosheets 0.5 M urea + 1.0 M KOH 0.34 V vs. Ag/AgCl 2018 30
o-Ni(OH), 0.33 M urea + 1.0 M KOH 0.35 V vs. Ag/AgCl 2018 31
nanosheets
- 1.37 V vs. RHE (dark)
Ni-Ti0O, 0.33 M urea + 1.0 M NaOH 0.10 V vs. RHE (light) 2012 32
. . Not given (dark)
Ni(OH),/Ti-Fe,04 0.1 Murea+ 1.0 M KOH 0.50 V vs. RHE (light) 2015 33
. . 1.60 V vs. RHE (dark) This
SnO,@Bi1VO,/Co-P1 0.33 M urea + 0.1 M PBS 0.20 V vs. RHE (light) work
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