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Figure S1 Grain size distribution of Bij+FeOs films measured from SEM top-view

images.
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Figure S2 XPS Fe2p narrowed scan of Bi+xFeOs films, fitted with 3 main peaks of

Fe?*, Fe** and Fe*" and associated satellite peaks.



—— Experiment: BFO
— Fitted curve Bidf,,

/158.45 eV

Bi4f;,
163.76 eV

N

Counts

T T T T T T T T T T T T T
168 166 164 162 160 158 156 154
Binding Energy / eV

Figure S3 XPS Bi4f narrowed scan of Bij+xFeOs films.

Figure S4 Cross-sectional SEM images which shows that BFO_10 film have a
thickness of around 170 nm. Ten points were measured which give the mean thickness

of 170.0 nm, the maximum thickness of 197.4 nm and the minimum thickness of 143.3

nm.
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Figure S5 LSV measurements of Bij+xFeO; thin films under dark and 1.5G AM

illumination in 0.2 M NaxSO4 electrolyte with onset potential presented.
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Figure S6 LSV measurements of all Bii+xFeO; thin films under chopped illumination
in 0.2 M NaxSOy electrolyte.
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Figure S7 C-AFM photocurrent images of BFO 0, 10 and 20 by subtracting current
images under dark from those under 391 nm illumination. A DC bias of -3V was applied

at the tip.
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Figure S8 LSV curve of BFO 20 measured under illumination over 1 hour.
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Figure S9 (a) Photocurrent density measured at 0.2 V vs. RHE (red line) and surface
voltage (black line) calculated by the difference between CPD under dark and light
illumination condition of Bii+xFeOs films. (b-h) KPFM measurements of Bii+xFeO3
under dark and 391 nm illumination. The range of scale bars is fixed at 400 mV so
that the contrast in different samples can be easily compared with each other. The
SPV was measured by the difference of CPD between dark and light.
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Figure S10 The relationship between onset potential and SPV results.
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Figure S11 The Mott Schottky plots of (a) BFO 0 Bi-deficient BFO, (b) BFO 10
stoichiometric BFO and (c) BFO_20 Bi-excess BFO measured with different frequency
from 1 Hz to 10 kHz. The comparison of Mott Schottky plots of these 3 films at 1 Hz

(d) and 100 Hz (e).



Electrochemical Energy
potential /my eV vs. vacuum
=25 =20

a je— CB
o \/\/F|
201 25 | VB
=1.54 3.0 e—
—
-10 -35
-0.5 -4.0
00 -45
-—
o
054 -50
10 -55
—
154 6.0 —

T T
BFO-00 BFO-05

T
BFO-10

T T T
BFO-15 BFO-20 BFO-25

Erecor

Bo.10]

Flat band potential in vacuum / V

-0.45

0.05
0.00

-0.05 4
-0.10 4
-0.15 4
-0.20 4
-0.25 4
-0.30 4
-0.35 4
-0.40 4

N\

T T T T T T T
BFO-00 BFO-05 BFO-10 BFO-15 BFO-20 BFO-25 BFO-30

Figure S12 (a) Band diagram of Bii+xFeO; films. Vg, Vi and Vyp represents the

energy level of conduction band, Fermi level and valence band, respectively. The green

dash lines represents the energy level of water reduction and oxidation half reaction at

pH=6.5. (b) Estimated flat band potential in vacuum calculated from the band bending

after equilibrium is reached between the Fermi level of the photoelectrode and the

average redox potential of the electrolyte.

Figure S13 PFM phase images BFO 0, BFO_10 and BFO_20 thin film. Images were
taken in 8 x 8 um? after +/-8 V poling in the 4 x 4 and 2 x 2 um? areas, respectively.
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Figure S14 (a)LSV measurements of BFO 0, BFO 10 and BFO 20 thin films under
chopped illumination in 0.2 M NaxSOy4 electrolyte with the forward scanning direction
from -0.6 to 0.6 V vs. Ag/AgCl; The comparison between forward (negative to positive
potential) and backward (positive to negative potential) scan in BFO_0 (a), BFO 10 (b)

and BFO_20 (c) films
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