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β-TaON Photocatalysts for Enhanced Photoelectrochemical Water 
Splitting via Phase control and Vanadium doping

β-TaON is a promising photocatalyst for solar water splitting; however, its PEC performance still limited by phase impurity, stoichiometric deviation, poor crystallinity, insufficient visible-light

absorption, low carrier mobility, and severe charge recombination. In this study, phase-pure β-TaON was synthesized by regulating the oxygen partial pressure during ammonolysis, identifying

an optimized O2 flow of 0.25 L h-1 as a favorable condition for controlling phase formation and crystallinity. Subsequently, moderate V doping up to 10 at.% was employed to tune the electronic

structure and improve the optical properties of β-TaON. Finally, photoelectrochemical measurements demonstrated improved solar water-splitting performance, highlighting the synergy

between controlled phase formation and V-induced optoelectronic modulation for advancing high-performance β-TaON photocatalysts.

Background 

Experimental design

Selective synthesis of phase-

pure β-TaON
V-doping optimization

Characterization and PEC 
evaluation

❖ Ta2O5 → β-TaON 

❖ O2 flow: 0-0.35 L h-1

❖ Ta2O5/V2O5 → V-doped β-TaON

❖ V content: 0-25 at.% 

❖ Under optimized O₂ flow

❖ XRD / SEM / TEM / UV-vis/ 

XPS / DFT 

❖ PEC measurements: LSV / 

OCP / ABPE / stability

3. Electronic and Optical Enhancement

Results & discussion

➢ O2 flow rate of 0.25 L h-1 enabled phase-pure β-TaON 

formation

1. Selective Synthesis of β-TaON

2. Optimal Doping Concentration

➢ Minor decrease in Ta 4f peak intensity → a partial substitution 

of Ta5+ by V5+ → the successful incorporation of V into the β-

TaON lattice 

XPS spectra of Ta 4f, N 1s, O 1s, and V 2p for (a) pristine and (b) 10 at.% V-doped β-TaON sample  

➢ A red-shifted absorption edge with increasing V content 

→ band gap narrowing

➢ >10 at.% of V contents: an additional absorption 

shoulder → the formation of secondary phases.

➢ V doping narrowed the optical bandgap from 2.72 

(pristine) to 2.38 eV 

4. Photoelectrochemical water splitting capability 

➢ (a) Negative OCP shifts → photogenerated electron 

accumulation

➢ (b, c, d) TVON5-TVON10 show the highest photocurrent 

density and ABPE, excessive V doping reduced PEC 

activity → 5-10 at.% V as the optimal range.

➢ (e) V-doped samples maintained higher and more stable 

photocurrent than pristine TVON0 → improved operational 

stability.

➢ (f) The enhanced photocurrent in the presence of 

K4Fe(CN)6 suggests improved charge separation and 

suppressed surface recombination.

Conclusions
Controlled O2 flow enabled phase-pure β-TaON formation, while moderate V doping up to 10 at.% preserved phase purity, 

enhanced visible-light absorption, and improved charge separation. As a result, TVON5-TVON10 showed improved 

photocurrent density, ABPE, and stability, whereas excessive V doping induced phase segregation and performance 

degradation. These results demonstrate that controlling phase purity and modulating the optoelectronic properties are 

effective strategies for improving β-TaON-based photoelectrochemical water-splitting performance.
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➢ Phase-pure β-TaON 

was retained up to 10 

at.% V, beyond which 

secondary phases 

began to form. 
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Absorption coefficientEnergy loss function

V doping induced:

➢ (a) Redshifted absorption edge → visible-light absorption 

extension

➢ (b) Lowered plasmon energies + enhanced in 

polarizability + increased electrical conductivity + higher 

free carrier concentration

DFT-PDOS show

➢ O/N 2p-dominated valence band

➢ V enriched conduction band

➢ Enhanced optical transitions

Note: (e) supporting

electrolyte and (f)

supporting electrolyte

with K4[Fe(CN)6].

Relative errors were

~3% for OCP and ~4%

for photocurrent density.

Data in (b-f) were

recorded at 100 mW

cm-2.
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