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1. Experimental section

1.1 Materials

Bismuth nitrate pentahydrate (Bi(NO3)3·5H2O), ammonium metavanadate 

(NH4VO3), sodium dodecyl benzene sulphonate (SDBS), methanol and ferric nitrate 

nonahydrate (Fe(NO3)3·9H2O) were all purchased from Sinopharm Chemical Reagent 

Co., Ltd. All of the reagents were directly used without further purification. Solutions 

were prepared using high purity water (Millipore Milli-Q purification system, 

resistivity > 18 MΩ·cm).

1.2 The calculation of apparent quantum efficiency (AQE)

The AQE was calculated using the following equation:

               (S1)
𝐴𝑄𝐸 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑛𝑠

× 100%

Herein, the number of reacted electrons is obtained by the maximum photocatalytic 

activity under the optimized photocatalyst mass.

Generally, a photocatalytic water oxidation reaction takes place in a cascade of 

elementary steps, including charge carrier generation, separation and migration, and 

then surface catalytic reaction. The overall efficiency of solar energy conversion is 

directly determined by the multiplication of the efficiencies of three major processes.

                     (S2)𝜂 = 𝜂𝐿𝐻 × 𝜂𝑠𝑒𝑝 × 𝜂𝐶𝑈

( , efficiency of light harvesting; , efficiency of charge separation; , 𝜂𝐿𝐻 𝜂𝑠𝑒𝑝 𝜂𝐶𝑈

efficiency of charge utilization).

When a photocatalytic reaction is carried out in an aqueous solution including Fe3+ 

and methanol, Fe3+ and methanol would serve as electron scavengers and electron 

donors and rapidly consume the photogenerated charges, thus inhibiting the 

recombination of electrons and holes on the BiVO4 surface. Since the reaction rates of 

both the methanol oxidation and Fe3+ reduction are fast enough, the effect of surface 

reaction kinetics is minimized. Photocatalyst mass is optimized in order that almost all 

the incident photons can be absorbed. Therefore, considering that  and  are both 𝜂𝐿𝐻 𝜂𝐶𝑈



close to one, the obtained apparent quantum efficiency could be well approximate to 

the charge separation efficiency.

1.3 The measurements of the reaction rate of Fe3+ reduction

The measurements of charge separation efficiencies were conducted simultaneously 

using Fe3+ ions as electron acceptors and methanol as hole acceptors. The 

photocatalysts were dispersed in the mixture solution (100 mL) of Fe(NO3)3 aqueous 

solution (5.0 mM) and CH3OH (20 vol%). The reaction rate of Fe3+ reduction to Fe2+ 

was determined via a phenanthroline method by UV-vis absorption.1 The solution after 

reaction was diluted five times so that the concentration of Fe2+ is less than 1.0 mM. 

Then 1.0 mL diluted solution was mixed with 4.0 mL NaAc-HAc buffer solution (0.2 

M, pH = 4.0) and 3.0 mL 0.1 wt% 1,10-phenanthroline solution (50 vol% ethanol 

solution). Then the UV-visible absorption spectrum was measured. According to the 

calibration equation (Equation S3), the concentration of Fe2+ could be obtained based 

on the absorbance at 510 nm, as shown in Fig. S4-S7: 

                      (S3)𝐶 = 0.709 × 𝐴 + 0.007

where C is the concentration of Fe2+ in the diluted solution, A is the absorbance at 510 

nm.



2. Figures

Fig. S1 Schematic illustration of BiVO4 crystal exposed with {120} and {021} facets.



Fig. S2 Raman spectra for octahedral BiVO4 crystals with different sizes.



Fig. S3 XPS valance band spectra of octahedral BiVO4 crystals with different sizes.



Fig. S4 Mass optimization and charge separation efficiency calculation for BiVO4-7.0.



Fig. S5 Mass optimization and charge separation efficiency calculation for BiVO4-3.8.



Fig. S6 Mass optimization and charge separation efficiency calculation for BiVO4-1.0.



Fig. S7 Mass optimization and charge separation efficiency calculation for BiVO4-0.1.



Fig. S8 (a) Electrochemical impedance spectra (EIS) of octahedral BiVO4 crystals with 

different sizes (solid line: fitted results) measured at 1.2 V versus RHE under light 

irradiation. (b) Equivalent circuit used for fitting the data; entries in the table are fitted 

from EIS results in (a).



Fig. S9 The random deposition of Au nanoparticles on BiVO4-5.5 by traditional 

impregnation method.



Fig. S10 KPFM images of octahedral BiVO4 crystal under (a) dark and (b) light 

irradiation.



Fig. S11 (a) TA spectra of photogenerated holes for octahedral BiVO4 crystals with 

varying sizes at 1000 ps delay following the excitation by a 400 nm pulse. (b) TA 

kinetics of photogenerated holes for octahedral BiVO4 crystals with varying sizes 

probed at 800 nm.



Table S1. Charge separation efficiency over octahedral BiVO4 with different sizes.

Sample BiVO4-7.0 BiVO4-3.8 BiVO4-1.0 BiVO4-0.1

SBET (m2 g-1) 0.359 0.683 1.582 6.118

Optimized mass (mg) 275 250 100 80

Activity, r (μmol h-1) 76 150 254 471

AQE at 420 nm (%) 5.4 10.4 17.6 33.6

 (μmol h-1 m-

𝑟
𝑀𝑎𝑠𝑠 × 𝑆𝐵𝐸𝑇

2)

706 878 1604 791

Bandgap (eV) 2.38 2.42 2.46 2.53
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