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Table S1. Summary of photocurrent densities of pristine BiVO4 photoelectrodes (in the 

absence of dopant and cocatalyst) prepared by spin-coating method. Note: backside 

illumination was used unless otherwise noted. 

Temperature (oC ) Duration time Reference 
# dry Inter-

mediate
final dry 

(min)
Inter-

mediate
(min)

final
(hour)

Film 
thickness

Light 
source

Illuminated 
area (cm2)

Photocurrent density 
(mA/cm2 at 1.23 V 

vs. RHE)

Aqueous solution

 1 150 - 550 5 - 1 5 layers >420nm - 0.02 at 1.0 V vs. 
Ag/AgCl

0.5 M Na2SO4

2 - 500 - - 30 - 6 layers AM 1.5G 0.28 0.2 1.0 M Na2SO4
3 - 500 500 - 10 2 9 layers AM 1.5G 0.635 0.25 0.1 M KPi, pH 7.0
4 RT 500 500 - 10 2 8 layers AM 1.5G - 0.3 0.1 M KBi, pH 9.2
5 - 450 450 - 20 3 180 nm AM 1.5G - 0.76 0.1 M KPi, pH 7.0
6 - 350 460 - 10 2 80 nm AM 1.5G - 0.12 0.5 M K2SO4 

pH 5.9
7 - 440 470 - 60 5 1 um AM 1.5G 1.0 0.42 0.5 M Na2SO4 

pH 6.6
8 RT 500 - - 30 - 6 layers 0.9 Wcm-2 - 0.17 0.5 M Na2SO4 

pH 5.44
9 - 500 500 - 10 8 16 layers AM 1.5G - 1.0 at 1.52 

       V vs. RHE
KPi  pH 7

10 - - 500 - - 2 7 layers AM 1.5G Front side 1.0 0.1 M Na2SO4 
11 - 500 500 - 10 2 4 layers AM 1.5G - 0.75 0.1M KPi  pH 7
12 - 450 450 - 30 10 15 layers AM 1.5G - 0.86 0.1M KPi  pH 6.7

This 
work

100 500 500 2 5 0.6 6 layers AM 1.5G 1.0 cm 1.23 0.1M KPi  pH 7



Figure S1. UV-vis absorption spectra of BiVO4 precursor and fresh VO(acac)2 solution. 

All the solutions are diluted in acetylacetone (1:10).  Inset is the photos of (a) fresh 

VO(acac)2 solution (0.22 g of VO(acac)2 in 10 ml acetylacetone) and BiVO4 precursor 

(0.4 g of Bi(NO3)3∙5H2O) and 0.22 g of VO(acac)2 in 10 ml acetylacetone): (b) freshly 

prepared, (c) after continuously stirring for 10 days, (d) sonication with gentle heating for 

10 hours. 



Figure S2. UV-vis absorption spectra of BiVO4 photoelectrode annealed at 500oC with 
different coating layers.



Figure S3. SEM image of cross-section of BiVO4-500. The top layer of BiVO4 thin film 
is ~93 nm thick. 



Figure S4. Thermal gravimetric analysis (TGA) of BiVO4 precursor solution. The weight 

loss was monitored up to 600 oC with a temperature step of 5 oC min-1.



Figure S5. XRD spectra of BiVO-540 with different annealing duration time.



Figure S6. XPS spectra of BiVO4-540 with different annealing duration time: (a) full 
range survey scan of sample BiVO4-540, (b) individual spectra of Bi 4f,  (c) V 2p spectra 
(d) O 1s spectra, (e) Sn 3d spectra and (f) C 1s spectra. 



XPS analysis was carried out to gain addition insights (Figure S6). The wide scan spectra 
of the sample in Figure S6a indicate the presence of element Bi, V and O. The binding 
energies of Bi 4f7/2 (159.2 eV), V 2p3/2 (516.8 eV) and O 1s (529.9 eV) in BiVO4 are well 
in accordance with reported BiVO4 literature.13 The splitting peaks of Bi 4f7/2 (159.2 eV) 
and Bi 4f5/2 (164.5 eV) are shown in Figure S6b, which are characteristics of Bi3+. At the 
same time, the splitting peaks of V 2p are observed at 524.5 (V 2p1/2) and 516.8 eV (V 
2p3/2), that occur due to the surface V5+ species (shown in Figure S6c). For comparison, 
BiVO4-500 annealed at 2h is also presented in Figure S6. The additional peaks of Sn 3d3/2 
(495.0 eV) and Sn3d5/2 (486.7 eV) are observed, due to the Sn diffusion from FTO 
substrate during the longer period of annealing. In order to remove the interference from 
other affects rather than the annealing temperature affect on the BiVO4 material, the 0.6 h 
annealing duration is chosen based on such Sn diffusion, which has been reported to have 
uncertain effects on the photocurrent density. 14-17



Table S2. Grain size information for BiVO4-n photoelectrodes; i.e., range, average grain 

size, and coefficient of variation.

Samples Size range (nm) Average size (nm) Coefficient of variation

BiVO4-400 10-50 29 0.24

BiVO4-450 10-80 45 0.24

BiVO4-500 20-220 107 0.31

BiVO4-540 30-360 138 0.50

Table S3. XRD crystallite size calculation based on (013) (112) peaks. 

Peak 
position

Annealing
Temperature

Peak position (FWHM)
Peak Width

Crystallite 
size

400oC 28.91 0.41 25

450oC 28.93 0.31 35

500oC 28.94 0.23 52

(013) (112)

540oC 28.96 0.22 53



Figure S7. UV-Vis diffuse reflection spectra BiVO4-400, BiVO4-450, BiVO4-500 and 
BiVO4-540 photoelectrodes with 6 coating layers. 



Figure S8. Topographic AFM images of (a1-a2) BiVO4-400 (Rms = 12.9 nm), (b1-b2) 

BiVO4-450 (Rms = 13.8 nm), (c1-c2) BiVO4-500 (Rms = 13.8 nm), and (d1-d2) BiVO4-

540 (Rms = 13.5 nm).  The scanned areas was 2.0 × 2.0 μm in all cases.



Figure S9. Topographic AFM images of the sample (a1-a2) BiVO4-400 (Rms = 13.8 

nm), (b1-b2) BiVO4-450 (Rms = 14.5 nm), (c1-c2) BiVO4-500 (Rms = 13.7 nm) and (d1-

d2) BiVO4-540 (Rms = 13.6 nm).  The scanned area was 5.0 × 5.0 μm in all.



Figure S10. Amperometric I-t curves of BiVO4-n samples, measured at 1.23 V vs RHE 

in 0.1 M KPi buffer (a) and 0.1 M KPi containing 1 M Na2SO3 (b) under AM 1.5G 

illumination condition with a 50 s light on/off cycles. (c) and (d) are normalized 

photocurrent transient behaviors of BiVO4-n samples, based on the fourth cycle in (a) and 

(b) respectively. J0 is the photocurrent peak measured when t equals to 0.  



Figure S11 Nyquist plots (Zre vs. Zim) for (a) BiVO4-n samples under dark condition and 

(b) BiVO4-n samples under AM 1.5 illumination in 0.1M KPi buffer.  



Figure S12 Cyclic voltammetry (CV) potentiostatic curves of BiVO4-400 (a), BiVO4-450 

(b), BiVO4-500 (c) and BiVO4-540 (d) measured under light condition, in 0.1 M KPi 

buffer in the non-Faradaic region with different scan rates from 20 mV s-1 to 180 mV s-1. 



Figure S13 CV curves of BiVO4-400 (a), BiVO4-450 (b), BiVO4-500 (c) and BiVO4-540 

(d) measured under dark condition, in 0.1 M KPi buffer in the non-Faradaic region with 

different scan rates from 20 mV s-1 to 180 mV s-1.



Figure S14 Time dependence of Voc curves measured in 0.1 M KPi buffer in the dark 

and under AM 1.5G illumination. 



Calculation of bulk and surface charge separation efficiency 

The photocurrent density (JPEC, which can be retrieved from LSV) of a sample is 

determined by the following equation18: 

JPEC = Jabs × ηbulk × ηsurface

where Jabs is the photocurrent density when absorbed photons into current efficiency 

(APCE) is 100%, ηbulk is the charge separation efficiency in the bulk of sample, and 

ηsurface is the charge separation efficiency at the surface of the sample.  

Electrolyte buffered with 0.1 M KPi containing 1 M Na2SO3 is reasonably assumed to 

completely suppress the surface recombination of charge carriers without influencing the 

charge separation in bulk of the sample electrode, which means ηsurface is 100% in the case 

with 1 M Na2SO3 in the electrolyte. 

Therefore, ηbulk and ηsurface can be determined as follows: 

ηbulk = Jsulfite / Jabs

ηsurface = Jwater / Jsulfite

where Jwater and Jsulfite are the photocurrent density for PEC water oxidation and sulfite 

oxidation, respectively. By overlapping light absorption efficiency (Figure 4a in the 

manuscript) and AM 1.5G spectrum, the Jabs of BiVO4-n is calculated to be 6.03 mA cm-2 

for BiVO4-400, 5.94 mAcm-2 for BiVO4-450, 5.98 mAcm-2 for BiVO4-500 and 5.91 mA 

cm-2 for BiVO4-540. As a result, ηbulk and ηsurface of BiVO4-n are calculated and presented 

in Figure 7b and 7c. 
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