Flux Growth and Photocatalytic Water Oxidation Activity of TaSubstituted BaNbO2N Crystals
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(Oxy)nitrides are regarded as an emerging class of inorganic materials for photocatalytic water
splitting due to their smaller band gap, suitable band structure, stability, and nontoxicity [1]. As
BaTaO2N can harvest visible light up to 660 nm and showed an IPCE value of 10% [2] and
generated a current density of 25 mA cm−2 [3] at 1.2 VRHE, the effect of substitutional tantalum on
photocatalytic water oxidation activity of BaNbO2N crystals was investigated in this study. The
BaNb1-xTax(O,N)3 (x = 0.00, 0.25, 0.50, 0.75, and 1.0) crystals were directly grown by an NH3assisted flux method at 900°C for 7 h  2 times. The diffraction peaks of Ta-substituted BaNbO2N
crystals became slightly broader and their positions shifted to higher angle than that of BaNbO2N
crystals, indicating the overall lattice contraction. Compared with that of BaNbO2N crystals with
more-faceted morphology (d50 = 0.38 μm), an average size of Ta-substituted BaNbO2N crystals
exponentially decreased (d50 = 0.31, 0.28, 0.24, and 0. 17 μm) and the crystals became less faceted
with increased tantalum content. It is thought that the decrease
in the tantalum content tends to minimize the surface Gibbs
(e)
energy of those faces that became the most
thermodynamically stable. The BaTaO2N crystals showed an
(d)
onset of light absorption at λ ≈ 660 nm, whereas the
decrement in the tantalum content shifted an absorption edge
(c)
toward longer wavelength (λ ≈ 680 nm). However, the
intensity of background absorption monotonically increased
(b)
with decreasing the tantalum content due to the presence of
(a)
considerable amount of reduced niobium species and anion
deficiency. The BaNb1-xTax(O,N)3 (x = 0.25, 0.50, 0.75, and
1.0) crystals loaded with CoOx showed higher photocatalytic 200 300 400 500 600 700 800
activity for O2 evolution compared with CoOx-loaded
Wavelength / nm
BaNbO2N crystals due to the shift of valence band to more Figure 1. UV-Vis diffuse reflectance spectra of
BaNbO2N (a), BaNb0.75Ta0.25O2N (b),
positive side and the lowered densities of mid-gap states
BaNb0.50Ta0.50O2N (c), BaNb0.25Ta0.75O2N (d),
associated with defects.
and BaTaO2N (e) crystals.
References
[1] K. Maeda and K. Domen, “New non-oxide photocatalysts designed for overall water splitting under visible light,” J.
Phys. Chem. C, 2007, 111, 7851–7861.
[2] M. Higashi, K. Domen, and R. Abe, “Fabrication of an efficient BaTaO2N photoanode harvesting a wide range of
visible light for water splitting,” J. Am. Chem. Soc., 2013, 135, 10238–10241.
[3] K. Ueda, T. Minegishi, J. Clune, M. Nakabayashi, T. Hisatomi, H. Nishiyama, M. Katayama, N. Shibata, J. Kubota,
T. Yamada, and K. Domen, “Photoelectrochemical oxidation of water using BaTaO2N photoanodes prepared by
particle transfer method,” J. Am. Chem. Soc., 2015, 137, 2227−2230.

