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Table S1. Parameters for the deposition of WO; film for the growth of WO3 thin film using AP-

SCVD in this work.
PROCESS PARAMETER PARAMETER RANGE
Ar carrier gas flow rate through 100-350
precursor (sccm)

Substrate oscillation speed (mm/s) 10-90
Head-to-substrate spacing (um) 200-1200
Oscillation cycles 100-3000

Deposition time (min) 3-60
Film thickness (nm) 10-200

Oxidant H,0, O,, Air




Table S2. Summary of growth rate for different conditions as shown in Figure 2b.

Condition No. Growth rate per Oscillation speed Growth rate
cycle (g., nm/cycle) (mm/s) (nm/min)
1 0.135 10 5.4
2 0.027 50 5.4
3 0.068 10 2.7
4 0.015 90 5.4
5 0.0135 50 2.7
6 0.034 10 1.35
7 0.0075 90 2.7
8 0.00675 50 1.35
9 0.00375 90 1.35
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Figure S1. a) XRD pattern at 20 from 20° to 30° of 200 nm film on SiO,/Si substrate, b) Raman
spectra for 200 nm film on Si0,/Si substrate. LM indicates lattice mode. The peaks relating only

to the WO; film are labeled O-W-O.

X-ray diffraction and Raman analysis were used to explore a 200 nm thick film, thick enough to
obtain a sufficient signal. The film was deposited at 50 mm/s oscillation speed, 200 sccm gas flow
rate through the precursor and 1000 um spacing. Figure Sla shows a narrow part of an X-ray
diffraction pattern from 20° to 30°, which shows the only peaks that are visible over a range of 10°
to 80°. The three peaks observed at 23.1°, 23.6°, and 24.4°, correspond to the three most intense
peaks of monoclinic WOs3, i.e. (0 0 2), (0 2 0), and (2 0 0) (JCPDS-01-083-0950). No other
orientations were observed. Figure S2b shows the Raman spectrum of the same film, along with a
bare SiO,/Si substrate with the reference monoclinic WOj; peaks shown in dashed lines.!! Silicon
peaks were observed at 301 cm!, 510 cm and 950 cm!, with the peak at 510 cm! being a one-
phonon peak and the broad peak at 950 cm-! being the most intense two-phonon peak.[!! For WOs,
peaks are observed at 61 and 132 cm™! (lattice modes of monoclinic WOs), 270 cm™! (bending

mode of (O-W-0)), 325 cm! (stretching mode of (W-OH,) from surface hydrates), 691 and 804



cm! (stretching modes of (O-W-0).[2! This result further confirms the monoclinic phase of the as-

deposited WO; films.
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Figure S2. Effect of film thickness with the change of W:O ratio adapted from Figure 1 from the

main text. It should be noted the oscillation speed remains at 50 mm/s in this case.
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Figure S3. Overlay of normalized W-4f spectra of 30 nm (2 0 0) dominant, ‘(2 0 0) + (0 0 2)’

mixture and (0 0 2) dominant WOj; film.

Figure S3 shows the overlay of intensity normalized W-4f spectra for the samples from
Figure 4c. The W-4f peaks are observed with approximately 2.14 eV splitting between W-4£52 and
W-4{72 peaks. While the peak splitting remains constant between films, a variation in relative
intensity between 452 and 4{7 is observed, marked by a black arrow. This suggests the presence

of an additional component within the 4f spectra.

Additionally, Figure S4 compares XPS spectra from two films grown under the same
growth conditions (condition 9). The film characterized in this work is shown on the left. Under
condition 9, this film is (0 0 2) oriented and gives a W>* atomic ratio of 0.9%. The second film
grown for comparison under condition 9 is shown on the right. This film also shows an (0 0 2)

orientation and gives a W3" atomic ratio of 0.7%. This 0.2% difference in W>" percent between



the two films of the same condition shows that the concentration change between growth

conditions (0.9%, 2.4%, and 3.2% for conditions 9, 5, and 1 respectively) is significant.
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Figure S4. Comparison of XPS spectra from two films grown under the same growth conditions
(condition 9). The film characterized in this work is shown on the left. The second film grown for

comparison at condition 9 is shown on the right. Both films are (0 0 2) oriented.
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Figure S5. 20 pum x 20 um AFM images of a) (2 0 0) dominant, and b) (0 0 2) dominant WO;

films with 30 nm thickness

20 um by 20 um AFM images were taken to analyze the surface roughness of as-deposited
WO; films. Figure S5a is the image of 30 nm (2 0 0) dominant orientation thin film and Figure
S5b is an image of a 30 nm (0 0 2) dominant orientation thin film. NanoScope Analysis Software

was used to analyze and obtain the film roughness.



-15 nm

Figure S6. AFM characterization of surface morphology of WO; film at random locations on the
Si substrates with the dominant orientation of a) (2 0 0) and b) (0 0 2), respectively. Consistent
surface morphology over different locations on the Si substrate could be observed, confirming the

uniformity of the as-deposited WO; film.
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Figure S7. a-c) CV scans under chopped, continuous, and no artificial sunlight irradiation (1 sun)
of the (a) WO3-[002], (b) WO;-[002]+[200] and (c) WO3-[200] photoanodes. d-f) CV scans under
chopped, continuous and no artificial concentrated sunlight irradiation (3 suns) of the (d) WOs-
[002], () WO;-[002]+[200] and (f) WO5-[200] photoanodes. Conditions: AM 1.5G, 0.5 M

aqueous NaCl (pH ~6), room temperature.
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Figure S8. a-c) Absorption spectra of aqueous MB solution at different time intervals in presence
of (a) WO;-[002], (b) WO5-[002]+[200], and (c) WO;-[200] films under simulated sunlight (AM

1.5G, 1 sun). d-e) Control experiments in the absence of d) WO; film and e) light. The peak at
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~664 nm is the characteristic peak of MB used for monitoring the degradation process.
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Figure S9. The band gap of 30 nm as-deposited WOj; films on SiO,/Si substrate with different

orientations.
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