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Figure SO. (a) Measured and modelled diffraction patterns of AACVD Bi,WOg (b) magnified comparison of AACVD Bi,WOg in
comparison to standards for WO3 and Bi,0s. (c) and (d) show magnified regions of (b).
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Figure S1. C 1s (a) O1s (b) W 4f (c) Bi 4f (d) photoemission spectra of pristine Bi,WOgs. W 4f (e) and Bi 4f (f) spectra of used Bi,WOg

Figure S1 shows C 1s, O 1s, W 4f and Bi 4f of pristine Bi,WQg. The C 1s spectrum (S1a) show three
adventitious C environments typical of (C-C), (C-O) and (C=0).! Two adventitious oxygen environments
(S1b) are observed arising from adventitious carbon residues, with a larger peak attributable to 0%
anions in the lattice.? The W 4f spectrum (S1c) shows two doublets, attributable to W®* and W>*
respectively. This has previously been attributed the presence of oxygen deficiency leading to the
reduction of W®* states.3 A remarkably high W>* concentration of 13 % is observed. The Bi 4f spectrum
also shows two distinct environments (S1d), which we attribute to Bi** and Bi° states. During the first
few minutes of use, a drop in oxidative photocurrent is observed before steady water oxidation
current is observed (see stability test, S6). This effect is observed only once and appears to be
irreversible, as oxidation of W>* states are observed in used samples — with a W>* concentration nearly
10 times lower than in the pristine samples (S1e). In contrast the Bi® concentration appears to be
unaffected by use (S1f).



S2 Cross sectional SEM

Figure S1. Cross-sectional SEM image of a typical Bi,WOg film.

S3 EDX of Bi,WOq

Figure S2 EDX image of a nanoscale WO3 impurity (< 1%) in comparison to the Bi,WOg film
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S4 High magnification images SEM of Bi,WOq

Figure S3. High magnification SEM image of typical Bi,WOg film.

S5 Reflectance spectrum of Bi,WOg
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Figure S5. Diffuse reflectance spectrum of Bi,WOg

S5



S6

S6 Photoelectrochemical stability of Bi,WOg
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Figure S6. Photoelectrochemical chopped light stability test for a Bi,WOg photoanodes. (a) LED illumination was chopped for the 15 hours.
(b) The first 20 minutes of the stability test. Conditions: 0.1 M phosphate buffer (pH = 7) at 1.23 Vg under chopped light irradiation (375
nm; ~7.5 mW.cm2).

Figure S6 shows the results of photoelectrochemical stability testing of Bi,WOg using a high intensity
UV LED. A c.a. 19 % drop in photocurrent is observed within the first few minutes of continuous light
chopping, after which stable photocurrent is observed for over 14 hours. We attribute this loss to the
initial oxidation of reduced W>* states in the material.

Table S1: Summary of the synthesis, structure and key performance parameters towards
photoelectrochemical water splitting for Bi,WOs photoanodes in the literature.

Synthesis Structure Onset’ | Photocurrent® | Stability® Reference

Sol-gel Nanoscale ~0.7 ~0.12* ~7%; ~1200 mins | Bahnemann et
Inverse opals al.*»

Electrochemical | Micron-sized | ~0.7 ~0.30 ~50%; ~10 mins | Choi et al.®

and solid-state | mesopores

Hydrothermal Vertical ~0.5 ~0.22 ~5%; ~3 mins Bietal’
nanoplates

Drop-casting Nanoporous ~0.3 ~0.12 ~18%; ~7 mins Bietalt

Solvothermal Bi-pyramidal | nm ~0.020 ~30%; ~3 mins Lietal®
nanostructure

Hydrothermal Nano-needle | ~0.3 ~0.012 nm Joo et al.®
structures

AACVD Micron-sized | ~0.5 ~0.17 ~19%; ~900 mins | herein
mounds

Tonset potential of photocatalytic water oxidation (Vrye); *photocurrent at 1.23 Vg and 1 sun
irradiance (mA.cm); $the photocurrent drop (%) after a given time (mins);*15% of 1 sun irradiance in
terms of power; nm = not measured.
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S7 Ultra-fast transient absorption kinetics.
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Figure S7. Power dependence of ultra-fast recombination kinetics in Bi,WOg under an inert atmosphere at 600 nm.

Table S2. Comparison of transient recombination 50% decay times under an inert atmosphere

Figure S8. Ultra fast recombination kinetics of BiVO, under an inert atmosphere. Included to

complete the dataset in Table S2

Material tsoy (from 1 ps) Tso% (from 1 us) Reference
TiO, 1000-2000 100 11,12
Fe,0; 10-30 10 11,13
WO, 6-30 100 14,15
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Figure S9. Example of a transient decay fitted to the sum of a power law and exponential decay functions shown alongside the final
parameters resulted from fitting the transients in Figure 2c.
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Figure S10. Correlation of normalised amplitude of the exponential transient absorption
component (C in Fig. S9) against photocurrent.
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S11 Analysis of crystal growth.
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Figure S11. Comparison of predominant miller planes in Bi,WOg to a crystallographic standard (note: the long axis of the unit cell is defined as the b axis
herein).
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