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[bookmark: _Toc47884193]S1. BiVO4 powder synthesis, titration, and modification

[bookmark: _Toc47884194][bookmark: _Toc529749250]S1.1 Materials
For the synthesis of the BiVO4 powder, bismuth (III) nitrate pentahydrate (Bi(NO3)3.5H2O,98%) was utilized as received from Strem Chemicals. Ammonium metavanadate (NH4VO3,99%), ammonium carbonate ((NH4)2CO3, ACS reagent), absolute ethanol (CH3CH2OH, ≥99.8%), and nitric acid (HNO3,70%) were utilized as-received from Sigma-Aldrich.
Trimethylaluminum (AlMe3, 2M in toluene) was obtained from Sigma-Aldrich and degassed prior to use. Degassed demineralized water (~15 MΩ cm), were used for all the grafting and ALD-like processes in the experiments while ultrapure water (~18 MΩ cm) were used for all other water requirements. 
[bookmark: _Toc47884195]S1.2 Synthesis of BiVO4 powder
The BiVO4 powder was synthesized via a hydrothermal method. Bi(NO3)3•5H2O (1.81g) was dissolved in 75 mL of 1 M HNO3. Then, 1.16 g of (NH4)2CO3 was slowly added to the Bi solution, after which 0.439g of NH4VO3 was dissolved into the solution. The resulting solution was then loaded to the autoclave, where it was heated at 180oC for 12 hours at a ramp rate of 5oC/min. The procedure, actual solution, and the actual product obtained are shown in Figure S1. The precipitates were alternately washed with water and ethanol thrice, and then dried in the oven. Calcination of the dried precipitates was done for 2 hours at 400oC and a ramp rate of 5oC/min.
 [image: ]
[bookmark: _Ref47869842]Figure S1. Hydrothermal synthesis of BiVO4 powder

[bookmark: _Toc47884196]S1.3 Chemical titration with n-BuLi
The hydrothermally-synthesized BiVO4 powder was treated under ultra-high vacuum (UHV, ~ 10-5 mbar) at 400oC for 12 hours. A 1.001 mg sample was placed in one compartment of a double Schlenk tube while the n-BuLi was placed on the other compartment.  Degassed pentane was used as a solvent for the BiVO4 powder.  The chemical titration process was performed by adding an excess of the n-BuLi to the degassed pentane containing the BiVO4 powder. 
[bookmark: _Toc47884197]S1.4 Addition of Al2O3 overlayer on BiVO4 powder
The hydrothermally-synthesized BiVO4 powder was dehydroxylated under an ultra-high vacuum (UHV, ~ 10-5 mbar) at 400oC for 12 hours. A 5.885 mol of dehydroxylated sample was placed in one compartment of a double Schlenk tube while 1.2 mmol of AlMe3 (2.0 M in toluene) was placed on the other compartment.  Degassed pentane was used as a solvent for the BiVO4 powder. The system was connected to an ultra-high vacuum line which is used to manipulate the transfer of liquids with the aid of liquid nitrogen, via pressure gradients. The first pulse was performed by adding the AlMe3 to the degassed pentane containing the BiVO4 powder. The reaction time used was 1 hour. The evolved gas was then collected in a 10 L gas balloon for gas chromatographic (GC) analysis. 
After the  reaction for the 1st pulse, all the unreacted AlMe3 was removed using the UHV. The AlMe3-BiVO4 sample was then placed in a 200 mL glass reactor for the 2nd pulse. Degassed water was introduced into the reactor and all unreacted H2O was then removed from the system. 
[bookmark: _Toc529749252]
[bookmark: _Toc47884198]S2. BiVO4 thin-film electrode preparation and modification

[bookmark: _Toc47884199]S2.1 Materials
For the synthesis of the BiVO4 thin-film electrodes, bismuth (III) nitrate pentahydrate (Bi(NO3)3.5H2O, ≥98%), vanadyl acetylacetonate (VO(acac)2, ≥98%), potassium iodide (KI, ≥99%), p-benzoquinone (C6H4(=O)2, ≥98%), absolute ethanol (CH3CH2OH, ETOH,≥99.8%), dimethyl sulfoxide/DMSO (CH3)2SO, ≥99.9%), nitric acid (HNO3,70%) and sodium hydroxide (NaOH pellets, ≥97%), were utilized as-received from Sigma-Aldrich. Fluorine-doped tin oxide (FTO) conductive glasses with a sheet resistance of 7 /cm2 were obtained from Solaronix Inc. The FTO glasses were cleaned by sonicating in acetone, ethanol and water, respectively, for 10 minutes each, prior their use.

[bookmark: _Toc47884200]S2.2 Preparation of bare BiVO4 thin-film electrodes
[bookmark: _Hlk47365331][image: ]The BiVO4 synthesis procedure was based on a method employed by Kim and Choi1 with the optimized conditions that we recently find.2 This method involves the electrodeposition of BiOI on FTO as the first step. The whole procedure is outlined in Figure S2, which also shows the actual solutions and electrodes that were obtained. The electrodeposition solution was prepared by mixing 0.04 M of Bi(NO3)35H2O dissolved in acidified 0.4 M KI aqueous solution (pH 1.7), with 0.23 M p-benzoquinone in absolute ethanol (Step 1). For this, potentiostatic cathodic deposition was performed by using a 3-electrode system. An FTO glass served as the working electrode, Ag/AgCl (3 M KCl) served as the reference electrode, and a Pt wire was used as the counter electrode to close the circuit. Electrodeposition was performed at an applied potential of -0.1 V vs Ag/AgCl for 5.25 minutes (Step 2). The geometric area was kept constant at 1 cm2. [bookmark: _Ref531567118][bookmark: _Toc529749361]Figure S2. Synthesis of pristine BiVO4 thin-film electrodes

[bookmark: _Hlk47369322]After the deposition of BiOI, Vanadium was introduced on the BiOI film by a dropwise addition of 180 L of a 0.2 M vanadyl acetylacetonate in dimethyl sulfoxide (DMSO). In order to induce the formation of crystalline BiVO4, the samples were calcined using a  ramping rate of 2 oC/min,  at a temperature of 425 oC for 2 h (Step 3).The calcined FTOs were then gently stirred in 1 M NaOH solution for 30 minutes to dissolve the excess V2O5 (Step 4). Finally, pristine BiVO4 electrodes were obtained after washing the electrodes with ultrapure H2O and then dried gently using N2.

[bookmark: _Toc47884201]S2.3 Addition of Al2O3 overlayer on the BiVO4 thin-film electrode
The modification of the BiVO4 electrodes with Al2O3 and TiO2 were done using a glass reactor with 2 ball compartments separating the precursors. The whole system was connected to an UHV line which was used to manipulate the transfer of liquids with the aid of liquid nitrogen, using pressure gradients.
For the Al2O3 overlayer, the first pulse was the AlMe3. A reaction time of 30 minutes at a temperature of 60oC was used.  All the unreacted AlMe3 was removed. Then, the 2nd pulse (degassed H2O) was introduced. The reaction time was kept constant at 30 minutes using a temperature of 60oC. All the unreacted H2O was then removed after the reaction. The samples were calcined under air at 380oC for 30 minutes at 2oC/min ramp rate. One cycle consists of 1 pulse of each precursor. Various cycles of Al2O3 were investigated.

[bookmark: _Toc47884202]S3. GC Calculations for n-BuLi titration
Given quantities:
Volume of gas balloon (Vballoon): 6000 mL
Volume of gas sample injected (Vgas): 0.5 mL
GC peak area: 2098.9
Surface area of BiVO4: 3.4792 m2/g
GC constant: 1.39 x 10-12
Amount of BiVO4 powder sample: 1.001 g 


Calculation of amount of C4H10:





Calculation of amount of reactive sites (maximum OH):




[bookmark: _Toc47884203]S4. UV-Vis spectra
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Figure S3.  (A) UV-Vis absorption spectra of bare and Al-modified BiVO4 electrodes. The Tauc plots for (B) direct and (C) indirect bandgap analysis are also shown, indicating only very minor changes in the bandgap of the different electrodes (± 0.01 eV)

[bookmark: _Toc47884204]S5. Mott-Schottky plots
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 Figure S4.  Mott-Schottky plots of bare and Al-modified BiVO4 electrodes.
[bookmark: _Toc47884205]
S6. BiVO4 electrodes characterizations before/after testing

[image: ]
Figure S5. FESEM images of bare BiVO4 electrode before (A, B) and after (C, D, E) the photo-electrochemical water oxidation tests in 0.1M NaPi buffer.
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Figure S6. (A-C) XPS spectra (Bi 4f, V 2p, and Al 2p) of bare BiVO4 and 2 cycles Al-modified BiVO4 electrode.

[image: ]
Figure S7. (A) Bi 4f core-level spectra of bare BiVO4 before and after PEC measurement. (B) Bi 4f and (C) Al 2p core level spectra of 2 cycles Al-modified BiVO4 before and after PEC measurement.
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