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Fig. $1 Tauc plots of the g-C3N, (blue) and WO; (green).
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Fig. S2 XPS survey spectra of g-C3N4 and g-C3N4,/WO;
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Fig. S3 TEM images of g-C3N4/WO; Areas of low contrast crrespond to g-C3N4. Whilst areas
of high contrast correspond to WO; some of which are highlighted (red dashed shapes) for
clarity.
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Fig. S4 EDX analysis of g-C3;N4/WO; hybrid material and the peaks for Au and Cu result from
the TEM analysis.

S2



(US-450 °C) (US-UV-0,) (RCA)

Fig. S5 Photographs of the g-C3N4/WOj3 film deposited using EPD onto FTO substrates, which
was pre-treated using i) ultrasonic cleaning in DI water, and IPA (15 minutes each), followed
by heating to 450 °C for 1 hour (US-450 °C), ii) ultrasonic cleaning in DI water, and IPA
followed by 30 minutes UV-ozone treatment (US-UV-0O3), and iii) cleaning in a mixture of
20 mL NH4OH (25%):10 mL H,0: 5 mL H,0, (30%) solution at 75 °C for 30 minutes (RCA).

5%PTFE CP

Fig. S6 Photograph shows a water droplet on 5%PTFE carbon paper and flame-treated
carbon paper. The water droplet disperses completely and passes through the porous nature
of the carbon paper, indicating a zero-contact angle. This suggests that the flame-annealed
carbon paper has a high degree of hydrophilicity.
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Fig. S7 a) Photographs of the C3N,/WO; suspension prepared in DI water, Isopropy! alcohol
(IPA), and acetone, and b) Photographs of the EPD-coated thin film of C3N4/WO; on CP
electrodes using the suspension prepared in (a) under 60 V for 1 minute.
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Fig. $8: a) Photographs of the C3;N4/WO; suspension prepared in the presence of 10 mg I, in
DI water, Isopropyl alcohol (IPA), and acetone, and b) Photographs of the EPD-coated thin
film of C3N4/WO3; on CP electrodes using the suspension prepared in (a) under 60 V for 1
minute.
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Fig. S9: Photocurrent responses of the g-C3;N4,/WOj thin film prepared from the suspension
using various ultrasonication times from 1 hour to 3 hours, while adding I, at the end, followed
by an additional minute of ultrasonication. All EPD coating was performed at 60 V for 1 minute.
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Fig. $S10 Photograph of the C3N4/WO; thin films obtained by EPD coating under different
voltages from 3 mg mL-! suspension in acetone + |, at a constant deposition time of 1 minute.
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Fig. $11 Photograph of the C3;N4/WO; thin film obtained by EPD coating under different

deposition times ranging from 5 minutes to 6 seconds in 3 mg mL-" suspension in acetone +
I, at a constant deposition voltage of 60 V.
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Fig. $S12 Open circuit voltage of the g-C3N,/WO; hybrid photoanode under dark and irradiation
conditions.

S7



Do
n
<

Photocurrent density (nA cm-2)

S

[\
)
o

150

100

n
o

[ B

150

300

Post-annealing temperature (°C)

Fig. S13 Photocurrent responses of the g-C3N,/WO3/CP photoanode post-annealed at 150 °C

and 300 °C.
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Fig. S14 Reproducibility test: Photocurrent responses of the three different g-C3;N,/WO3/CP

photoanodes obtained in 0.1 M KOH solution containing 10% TEOA as a hole scavenger.
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Fig. 815 Photocurrent responses of the g-C3N4/CP, WO3/CP and g-C3N,/WO3/CP

electrodes.
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Table S1. Experimental parameters used for the XPS measurements.

Region Zavs)s Energy Dwell time (s) ls\l;amntsjer of (Set\(j? energy
Survey 160 150 2 0.2
C1s 20 60 20 0.1
O1s 20 60 20 0.1
N 1s 20 60 20 0.1
W 4f 20 150 2 0.1

Table S2: Atomic percentage of surface composition from the g-C;N4and g-C3N4,/WO;

junction samples.

Sample C% N % 0% W %
g-C3Ny 49.5 49.9 0.6 -
g-C3N, /'WO;3 49.3 42.8 6.1 1.8
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Peak model

The peak model for the carbon Nitride (g-CsN,) follows the previous work from David Morgan.3
A two-parameter Touggard (U2) background was used to determine fitting parameters for the
satellite structure to the higher binding energy. The C 1 s spectra (Fig. 2a) were deconvoluted
into six peaks ascribed to adventitious carbon (284.8 eV), C—OH, C—N-C and four satellite
peaks. For the N 1s core level spectra, we use the three characteristic peaks for g-C3Ny4
ascribed to the sp? hybridized pyridine nitrogen in triazine rings (C=N-C), tertiary nitrogen N—
(C)3, and sp® terminal N (C—N-H), respectively. Also, the bulk material presents 4 satellite
peaks observed at higher binding energies. A Lorentzian asymmetric (LA) Voigt type line
shapes were used for the analysis of general form LA (a, B, m), where a and B define the
spread of the tail on either side of the Lorentzian components and m is an integer between 0
and 499 specifying the width of the Gaussian used to convolute the Lorentzian peak (note the
B parameter may be omitted). The fitting parameters used are as follows: LA(1.3, 243) for all
peaks, including the satellite structure with the exception of C(1s) and N(1s) peaks at 288.1
and 398.7 eV, respectively, where LA(1.03,1.24,243) was used. Finally, a simple double
separation was attributed to the W 4f spectra. We summarised the peak model and the fitting
outcome in Tables S2 and S3.

Table S3: Peak model of C 1s spectra for the g-C3N, and g-C3N4/WO; junction.

Assignment Positions Constraints c FWHM Line shape
onstraints
A | Adventitious C 284.8 1.4 £0.2 LA(1.3, 243)
B C-OH A+ 1.7 (x0.2) 0.8,1.5 LA(1.3, 243))
C Cin C-N-C A+ 3.3 (x0.2) B*1 LA(1.03,1.24,243)
D Satellite C+5.1(x0.2) 20,27 LA(1.3, 243)
E Satellite D+ 3.1 C*1 LA(1.3, 243)
F Satellite D+57 C*1 LA(1.3, 243)
G Satellite D+79 C*1 LA(1.3, 243)

Table S4: Peak model of N 1s spectra for the g-C3N4 and g-C3N4/WO5 junction.

Assignment Positions Constraints c FWHM Line shape
onstraints
A N in C-N-C 398.8 , 398.3 0.8,1.2 LA(1.03,1.24,243)
B N in N-[C]; A+ 1.34 (x0.2) 0.8,1.5 LA(1.3, 243)
C N in C-N-H A+ 243 (x0.2) B*1 LA(1.3, 243)
D Satellite 418.9, 391.8 (£0.2) 20,27 LA(1.3, 243)
E Satellite D+ 3.1 C*1 LA(1.3, 243)
F Satellite D+57 C*1 LA(1.3, 243)
G Satellite D+79 C*1 LA(1.3, 243)
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Table S5: Peak position, FWHM and percentage of different components from the W 4f 1s
for WO3; and g-C3N4/WOj3; junction.

Component WO, g-CN/WQO,
Position (eV) 36.0 35.8
W 4f7/2 FWHM (eV) 1.3 0.9
Area (%) 55.2 544
Position (eV) 37.9 37.8
W 4f 5/2 FWHM (eV) 1.3 0.9
Area (%) 41.4 41.7
Position (eV) 41.6 415
W 3p FWHM (eV) 1.8 1.7
Area (%) 3.4 3.9

Table S6: Peak position, FWHM and percentage of components from the O 1s for WO; and
g-CN/WOg3; junction.

Component WO, g-CsN4/ WO,
Position (eV) 530.8 530.6
W-O-Lattice FWHM (eV) 1.2 1.4
Area (%) 80 57.7
Position (eV) 531.8 531.5
W-0 (H,0) FWHM (eV) 2.0 1.9
Area (%) 20.0 35.1
Position (eV) - 533.1
g-CN-O FWHM (eV) - 1.5
Area (%) - 7.2
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Table S7: Peak position, FWHM and percentage of different components from the C 1s for
the g-C3N,4 and g-C3N4/WOj; heterojunction.

Component g-CsN, g-CN/WO,

Position (eV) 284.8 284.8
Adventitious C FWHM (eV) 1.08 1.36
Area (%) 5.0 40.7

Position (eV) 286.5 286.3
C-OH FWHM (eV) 1.5 1.28
Area (%) 1.9 1.7

Position (eV) 288.1 288.3
CinC-N-C FWHM (eV) 0.97 1.16
Area (%) 81.2 53.3

Position (eV) 293.1 293.5
Satellite FWHM (eV) 1.74 1.31
Area (%) 3.9 1.6

Position (eV) 294.3 294.66

Satellite FWHM (eV) 1.74 1.32
Area (%) 3.3 1.1

Position (eV) 296.10 296.10

Satellite FWHM (eV) 1.74 1.36
Area (%) 1.4 0.3

Position (eV) 2994 2994

Satellite FWHM (eV) 2.75 2.15
Area (%) 3.2 1.2
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Table S8: Peak position, FWHM and percentage of different components from the N 1s for
the g-C3N,4 and g-C3N4/WO; junction.

Component g-CsN,4 g-C3N4,/WO,

N in C-N-C Position (eV) 398.6 398.8
FWHM (eV) 1.08 1.25

Area (%) 63.6 65.0

N in N-[C]; Position (eV) 399.93 400.1
FWHM (eV) 1.30 1.35

Area (%) 10.8 13.40

N in C-N-H Position (eV) 401.03 401.2
FWHM (eV) 1.30 1.35

Area (%) 11.1 10.70

Satellite Position (eV) 404.24 404.5
FWHM (eV) 2.6 2.69
Area (%) 9.1 7.1

Satellite Position (eV) 407.34 407.55
FWHM (eV) 2.7 2.7
Area (%) 3.3 2.2

Satellite Position (eV) 409.94 410.15
FWHM (eV) 2.3 2.3
Area (%) 0.7 0.2

Satellite Position (eV) 412.14 412.35
FWHM (eV) 2.4 2.7
Area (%) 1.6 14

Table $9: EPD-coated film of C3N4,/WO3; on CP under various deposition times at a constant
electric potential of 60 V and their corresponding weight loading averaged from the triplicate
samples. The photocurrent density was also obtained from three samples of each deposition
time and reported as the average.

EPD deposition time | Amount of C;N,/WO; material | Average Photocurrent
(seconds) deposited (mg cm?) (mg cm=2) | density
S1 S2 S3 (MA cm??)
6 0.04 0.050 0.040 0.043 145.50
8 0.07 0.078 0.073 0.073 171.60
10 0.104 0.100 0.105 0.103 200.00
20 0.23 0.21 0.190 0.210 132.00
30 0.37 0.35 0.290 0.336 118.80
45 0.62 0.58 0.56 0.586 40.90
60 0.98 0.90 0.93 0.930 35.60
180 2.45 2.31 2.37 2.376 18.50
300 4.38 4.03 4.20 4.203 14.50
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Statistical analysis:

A one-way ANOVA was performed for each independent variable to assess its impact on the
dependent variable of photocurrent density. The analysis included F-values, F-critical values,
P-values, and effect size (n?). Statistical significance was determined based on a predefined

significance threshold (typically a = 0.05).

Table S10: The results of the ANOVA tests are summarized below:

temperature

Independent variable F-value F-crit | P-value effect size | Significant
value (n?) (yes/no)
Substrate pre-treatment 812.07 5.14 4.98E-08 | 0.996 yes
Suspension solvent 11075.70 | 5.14 1.98E-11 | 0.999 yes
Suspension concentration | 7736.80 3.1 1.30E-20 | 0.998 yes
Deposition time 18259.69 | 2.5 1.43E-33 | 0.999 yes
Post-annealing 1726295 | 7.7 2.01E-08 | 0.997 yes
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Table $11: Comparison of the PEC activities of present g-C3N, and g-C3N4/WO; photoanodes
with earlier reports fabricated photoelectrodes using EPD.

Photoanode Suspension | Applied | Deposition | Photocurrent | Ref.
medium voltage time density (MA
V) cm?)
g-C3N4/Al plate Water 2 24 hours - 4
m-C3N,/SST wire Water 20 1 hour - 5
g-C3N4/SnO,/FTO IPA + 30 5 minutes 150 6
Mg(NOs),
g-C3N4/FTO Toluene 200 60 minutes | 65 7
g-C3Ny/ITO Acetone + I, | 25 10 seconds | 25 8
g-C3N,4/C dots/PET/ITO | Acetone + 1, | 10 10 minutes | 38 9
Ni3S,/g-C3N4/FTO Acetone + 1, | 20 5 minutes 18 10
g-C3N,/CP Acetone + 1, | 60 10 seconds | 50 This
work
WO,/CP Acetone + 1, | 60 10 seconds | 80 This
work
g-CsN4/WO,/CP Acetone + [, | 60 10 seconds | 200 This
work
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Table S$12: The photoanode current density comparison of the present EPD method with the
earlier reports prepared photoanode using various methods.

Deposition method Photoanodes Photocurrent density Ref.
(MA cm??)
Thermal vapour g-C3N4/FTO 50 L
condensation
Thermal vapour g-C3N4/FTO 120 12
condensation
Microcontact-printing g-C3N4/FTO 30.2 13
Direct growth g-C3N4/FTO 22 14
Solvothermal method g-C3N4/FTO 3.6 15
Electrospinning CPVP/g-C3N4/ITO 6.6 16
Liquid-based growth S-g-C3N4/FTO 100 17
Doctor-blade g-C3N4/FTO 3 18
Seed growth g-C3N4/FTO 116 19
EPD g-C3N4/WO3/CP 200 This work
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