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Figure S1. The digital photograph of PCN and KPCN.

Figure S2. Top view SEM images of (a) PCN and (b) KPCN.

Figure S3. Cross-sectional view SEM images of (a) PCN and (b) KPCN.
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Figure S4. (a) SEM image of the KPCN photoanode surface and the corresponding EDS 

elemental mapping: (b) C, (c) N, (d) K, (e) S and (f) Sn.

Figure S5. EDS results of the KPCN films.
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Table S1.  The detail of the elemental analysis of the KPCN films.

Element
Line 

Type

Apparent 

Concentration
k Ratio Wt%

Wt% 

Sigma
Atomic %

Standar

d Label

Factory 

Standar

d

C K series 17.49 0.17492 27.23 1.01 39.85 C Vit Yes

N K series 29.54 0.05260 32.11 2.16 40.29 BN Yes

O K series 2.79 0.00939 5.50 0.34 6.04 SiO2 Yes

F K series 0.00 0.00000 0.00 0.14 0.00 CaF2 Yes

S K series 6.30 0.05430 4.56 0.17 2.50 FeS2 Yes

K K series 30.74 0.26038 22.54 0.75 10.13 KBr Yes

Sn L series 7.85 0.07847 8.05 0.43 1.19 Sn Yes

Total: - - - 100.00 - 100.00 - -

Figure S6. SAED pattern of the KPCN films
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Figure S7. EPR spectra of the powder samples scraped from the PCN and KPCN photoanodes 

conducted in the dark at room temperature. 

Figure S8. High-resolution XPS spectra of PCN and KPCN: (a) S 2p and (b) Sn 3d.
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Table S2. Summary of PEC performance of this work and the reported PCN-based 

photoanodes.

Catalyst
Photocurrent 

density
(μA cm-2)

Potential vs 
RHE (V) Electrolyte Light source Corresponding 

Author (Ref.)

KPCN photoanode ca. 162 1.23 1.0 M NaOH 300 W Xe lamp, 
AM 1.5G This work

K-PHI photoanode ca. 800 1.23 1.0 M NaOH
100 mW cm-2, 

AM 1.5G 
(Newport)

1

CN-MR/NiFeOxHy 
electrode 472 ± 10 1.23 0.1 M KOH

100 mW cm-2, 
AM 1.5G 

(Newport)
2

CNTM photoanode 353 1.23 0.1 M KOH
100 mW cm-2, 

AM 1.5G 
(Newport)

3

CN-MSG0.75/M 
photoanode 270 1.23 0.1 M KOH

100 mW cm-2, 
AM 1.5G 

(Newport)
4

DPCN photoanode 242 1.23 0.5 M H2SO4
150 W Xe lamp, 

AM 1.5G
5

CNP films 230 1.23 0.5 M 
Na2SO4

Xe lamp, AM 
1.5G

6

CN films 228.2 1.23 0.2 M 
Na2SO4

150 W Xe lamp, 
AM 1.5G 

(Newport)
7

2CSCN films 200 1.23 1.0 M NaOH
100 mW cm-2, 

AM 1.5G 
(Newport)

8

P/B-layer-doping 
C3N4 photoanode 150 ± 10 1.23 0.1 M 

Na2SO4

300 W Xe lamp, 
AM 1.5G

9

CN-MeM/M0.20 133 1.23 0.1 M KOH
100 mW cm-2, 

AM 1.5G 
(Newport)

10

In situ grown 
porous CN/rGO 

films
124.5 1.23 0.1 M KOH

100 mW cm-2, 
AM 1.5G 

(Newport)
11

g-CN PNR array 
photoanode 120.5 1.23 0.1 M 

Na2SO4

500 W Xe lamp, 
AM 1.5G

12

5p-PCN films ca. 120 1.23 1.0 M NaOH
100 mW cm-2, 

AM 1.5G 
(Newport)

13

phosphorylated 
PCN films ca. 120 1.23 1.0 M NaOH 100 mW cm-2, 

AM 1.5G 
14
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(Newport)

SOCN-75 films 119.2 1.23 0.1 M 
Na2SO4

150 W Xe lamp, 
AM 1.5G 

(Newport)
15

CN films 116 1.23 0.1 M KOH
100 mW cm-2, 

AM 1.5G 
(Newport)

16

PCN photoanode ca. 110 1.23 1.0 M NaOH
100 mW cm-2, 

AM 1.5G 
(Newport)

17

CN-U10M0.5 
photoelectrode ca. 110 1.23 0.1 M KOH

100 mW cm-2, 
AM 1.5G 

(Newport)
18

Boron-doped CN 
films 103.2 1.23 0.1 M 

Na2SO4

150 W Xe lamp, 
AM 1.5G

19

PCN films 100 1.23 1.0 M NaOH
100 mW cm-2, 

AM 1.5G 
(Newport)

20

Thio-CA films 96.2 1.23 0.2 M 
Na2SO4

150 W Xe lamp, 
AM 1.5G 

(Newport)
21

CN-rGO0.5 films 72 1.23 0.1 M KOH
100 mW cm-2, 

AM 1.5G 
(Newport)

22

Figure S9. Chronoamperometric measurements of the KPCN photoanodes prepared in three 

individual synthetic batches in 1.0 M NaOH aqueous solution at 1.23 V vs. RHE, on/off cycling 

of AM 1.5G illumination.
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Figure S10. Chronoamperometric measurements of the KPCN photoanodes prepared using 

the precursor mixture with different KOH amounts in 1.0 M NaOH aqueous solution at 1.23 

V vs. RHE, on/off cycling of AM 1.5G illumination.

Figure S11. Chronoamperometric measurements of the PCN-NaOH photoanodes prepared 

using the precursor mixture with 2.5 g NH4SCN, 0.5 g M400 and 0.4 g NaOH in 1.0 M NaOH 

aqueous solution at 1.23 V vs. RHE, on/off cycling of AM 1.5G illumination.
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Figure S12. ABPE curves of PCN and KPCN calculated from LSV curves.

Figure S13. Stability measurements of the KPCN photoanode at 1.23 V vs. RHE in 1.0 M 

NaOH aqueous solution under AM 1.5G illumination.
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Figure S14. Cyclic voltammetry curves of (a) PCN and (b) KPCN in the region of 0.76~0.84 V 

vs. RHE under dark.

Figure S15. (a) Nyquist plots of PCN and KPCN without illumination. (b) the equivalent circuit, 

which can be fitted to result series resistance (Rs), the charge transfer resistance from the 

surface to solution (Rct, ss), the space charge capacitance (Cbulk), the trapping of holes in the 

surface states (Rtrap) and steady state concentration of trapped holes (Css). (c) Nyquist plots 

of PCN under AM 1.5G illumination and off. (d) Nyquist plots of KPCN under AM 1.5G 

illumination and off.
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Table S3. Fitted parameters for electrochemical impedance spectroscopy results.

Samples Rs (Ω) Rtrap 
(Ω) Cbulk (F) Rct, ss (Ω) Css (F)

PCN dark 17.46 53.13 12.61×10-6 822850 9.01×10-6

KPCN dark 12.25 41.63 76.39×10-6 1468 98.73×10-6

Figure S16. Mott-Schottky plots of PCN and KPCN at 1000 Hz without illumination.
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Figure S17. Energy density flux for the standard solar spectrum of AM 1.5G.

Figure S18. (a) The calculated current density fluxes and the integrated current densities (Jabs) 

of PCN and KPCN. (b) LSV curves of PCN and KPCN measured in the electrolytes of 1.0 M 

NaOH containing 0.5 M Na2SO3 under AM 1.5G illumination. (c) bulk charge separation 

efficiencies (ηbulk) of PCN and KPCN. (d) surface charge injection efficiencies (ηsurface) of PCN 

and KPCN.
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