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Text S1. Chemicals 

Titanium (Ti, 99.9%) was purchased from Xingtai Shengshida Metal Materials Co., 
Ltd. Ammonium fluoride (NH4F, A.R.), ethylene glycol (C2H6O2, A.R.), sodium 
dihydrogen phosphate (NaH2PO4·12H2O, A.R.), disodium hydrogen phosphate 
(Na2HPO4·2H2O, A.R.), nickel(II) chloride hexahydrate (NiCl2·6H2O, A.R.), ethanol 
(C2H5OH, A.R.), cobalt(II) nitrate hexahydrate (Co(NO3)2·6H2O, A.R.), potassium 
chloride (KCl, A.R.), sodium hydroxide (NaOH, A.R.), and Boric acid (H3BO3, A.R.) 
were purchased from Sinopharm Chemical Reagent Co., Ltd. Phosphoric acid (H3PO4, 
A.R.), nickel(II) sulfate hexahydrate (NiSO4·6H2O, A.R.), and hydrochloric acid (HCl, 
A.R.) were purchased from Tianjin Tianli Chemical Reagent Co., Ltd.  

Text S2. Characterization methods 

The morphology of the as-fabricated electrodes was investigated using a field-
emission scanning electron microscope (SEM, JSM-7610F Plus, JEOL, Tokyo, Japan) at 
an accelerating voltage of 5–15 kV, and the elemental composition and distribution were 
analyzed using an attached energy-dispersive X-ray spectroscopy (EDS) system (JEOL, 
Tokyo, Japan). Transmission electron microscopy (TEM) images, high-resolution TEM 
(HRTEM) images, high-angle annular dark-field scanning transmission electron 
microscopy (HAADF-STEM) images and EDS elemental mapping were recorded on a 
JEM-F200 transmission electron microscope (JEM-F200, JEOL., Tokyo, Japan) operated 
at 300 kV. The crystalline phases were characterized by an X-ray powder diffractometer 
(XRD, SmartLab SE, Rigaku Corporation, Tokyo, Japan) with Cu Kα radiation (λ = 
0.15418 nm) in the 2θ range of 10–90° with a scan step of 1° min–1. The surface 
elementary composition and chemical state were analyzed by X-ray photoelectron 
spectroscopy (XPS, PHI 5000, ULVAC-PHI, Chigasaki, Japan), and all binding energies 
were calibrated using the C 1s peak at 284.6 eV as a reference. The diffuse reflectance 
spectra (DRS) were recorded on a UV-2550 spectrophotometer (UV-2550, Shimadzu 
Corporation, Kyoto, Japan) equipped with an integrating sphere using BaSO4 as a 
reference, over the wavelength range of 200–800 nm with a slit width of 5 nm. 



 

Figure S1. High-resolution XPS spectra of TN electrode: (a) Ti 2p, (b) Ni 2p, (c) O 1s, 
(d) P 2p and (e) Co 2p.  

 

 

Figure S2. (a) SEM image of TNC photoanode, and the corresponding EDS elemental 
mapping of (b) O, (c) Ti, (d) Ni, (e) Co and (f) P. 
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Figure S3. (a) TEM and (b) HRTEM images of TNC electrode. 

 

 

Figure S4. Photocurrent responses of T and TC electrodes. 
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Figure S5. Photocurrent of TNC photoanode recorded at bias voltage of 0.6 V vs. 
Ag/AgCl under continuous illumination over 7200 s. 

 

Table S1: Comparison of photocurrent enhancement of various photoanodes modified 

with different cocatalysts under AM 1.5G illumination 

Photocatalyst Cocatalyst Electrolyte 
Irradiance 

(mW cm⁻2) 

Bias Voltage 

(V vs. RHE) 

Photocurrent 

Enhancement 
Ref. 

NiO/TiO2 CoPi 0.1 M Na2SO4 100 1.21 2.4-fold 
This 

work 

TiO2/Fe2O3 CoPi 0.1 M KOH 100 1.23 1.2-fold [1] 

Au/TiO2 CoOx 0.2 M K3PO4 180 1.07 3-fold [2] 

BiVO4 CoPi 1.0 M K3BO3 100 1.2 1.7-fold [3] 

P-Fe2O3 CoPi 1 M NaOH 100 1.23 1.2-fold [4] 

N-TiO2 MnO2 1 M NaOH 100 1.23 1.3-fold [5] 

CdS/Ti3⁺-SrTiO3 MnOx 0.1 M Na2SO4 100 1.23 1.5-fold [6] 

Ta:Fe2O3 Ni2P 0.1 M KOH 100 1.23 1.4-fold [7] 

NiO/BiVO4 
RuCoV-

LDH 
0.2 M KPi 100 1.23 1.2-fold [8] 

BiVO4/TiO2 Co2P2O7 1 M KBi 100 1.23 2-fold [9] 

 

  

0 2400 4800 7200

0.00

0.05

0.10

0.15

0.20

 TNC

P
ho

to
cu

rr
e

nt
 D

en
si

ty
 (

m
A

 c
m

−
2
)

Time (s)

light on



References 

1. Jeon, T. H.; Moon, G.-h.; Park, H.; Choi, W. Ultra-efficient and durable photoelectrochemical water 
oxidation using elaborately designed hematite nanorod arrays. Nano Energy (2017), 39, 211–218. DOI: 
10.1016/j.nanoen.2017.06.049. 

2. Okazaki, M.; Suganami, Y.; Hirayama, N.; Nakata, H.; Oshikiri, T.; Yokoi, T.; Misawa, H.; Maeda, K. 
Site-selective deposition of a cobalt cocatalyst onto a plasmonic Au/TiO2 photoanode for improved 
water oxidation. ACS Appl. Energy Mater. (2020), 3 (6), 5142–5146. DOI: 10.1021/acsaem.0c00857. 

3. Mujtaba, S.; Li, C.; Quan, J.; Yasmin, A.; Xu, L.; Ning, X.; Chen, P.; An, Z.; Chen, X. Insight into 
CoPi-mediated heterointerfaces for highly efficient photoelectrochemical water splitting. Nano Res. 
(2026), 19 (1), 94907793. DOI: 10.26599/NR.2025.94907793. 

4. Wu, D.; Zhang, Z. Simultaneous non-metal doping and cocatalyst decoration for efficient 
photoelectrochemical water splitting on hematite photoanodes. Electrochim. Acta (2018), 282, 48–55. 
DOI: 10.1016/j.electacta.2018.06.045. 

5. Cheng, X.; Dong, G.; Zhang, Y.; Feng, C.; Bi, Y. Dual-bonding interactions between MnO2 cocatalyst 
and TiO2 photoanodes for efficient solar water splitting. Appl. Catal. B Environ. (2020), 267, 118723. 
DOI: 10.1016/j.apcatb.2020.118723. 

6. Pan, J.; Chen, Z.; Wang, P.; Wang, P.; Yu, Q.; Zhao, W.; Wang, J.; Zhu, M.; Zheng, Y.; Li, C. The 
overall water splitting of CdS/Ti3+-SrTiO3 core–shell heterojunction via OER enhancement of MnOx 
nanoparticles. Chem. Eng. J. (2021), 424, 130357. DOI: 10.1016/j.cej.2021.130357. 

7. Cao, X.; Wen, P.; Ma, R.; Liu, Y.; Sun, S.; Ma, Q.; Zhang, P.; Qiu, Y. Ni2P nanocrystals modification 
on Ta:α-Fe2O3 photoanode for efficient photoelectrochemical water splitting: In situ formation and 
synergistic catalysis of Ni2P@NiOOH cocatalyst. Chem. Eng. J. (2022), 449, 137792. DOI: 
10.1016/j.cej.2022.137792. 

8. Peng, J.; He, G.; Gan, L.; Qiu, X.; Liu, Y.; Liu, M.; Li, W. Ru–Co Dual-site activation and NiO hole 
extraction for efficient and stable photoelectrochemical water oxidation on BiVO4. Ind. Eng. Chem. 
Res. (2026), 65 (32), 17055–17062. DOI: 10.1021/acs.iecr.6c01866. 

9. Hu, Y.; Chen, P.; Zhou, Y.; Zhou, G.; Liu, J. An oxygen-vacancy-rich BiVO4/TiO2/Co2P2O7 
heterojunction photoanode with Ti3C2Tx-derived TiO2 for enhanced photoelectrochemical water 
oxidation. Renew. Energy (2025), 254, 123702. DOI: 10.1016/j.renene.2025.123702. 

 


