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Understanding of doping mechanism of Zr in BiV04 has academic interest for the enhancement of
photo-catalytic performance. Development of BiV04 photocatalyst will pave way to reduce dependence
of carbon-di-oxide-emitting fossil fuels, and open path for the establishment of hydrogen society.

We have studied BiV0O4 oxygen (02) evolution photocatalyst in aiming for the
production of hydrogen, which is considered as future source of energy. In particular we have
studied effect of zirconium (Zr), molybdenum (Mo) and titanium doping in BiVO4 materials on the
optical properties, crystal structure and photocatalytic performance. We have confirmed that Zr is
substituted on Bi site in BiV0O4 enhancing n-type conductivity. Optimized doping of Zr in BiV04
results in better performance by generating more 02 comparing to Mo-doped samples. In addition, We
have confirmed and made a model for the recombination mechanism in the BiV04 crystals. Furthermore,
we have successfully used sputtering methods to fabricate Zr and Mo-doped BiVO4 thin films from a
single BiV0O4 target. Thus scalable production of BiVO4 in industry level should be possible for
photocatalytic application.
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Bismuth vanadate (BiVOs), an n-type metal oxide semiconductor is a potential
photoanode for oxygen (O2) production through water splitting due to its suitable
band-gap of ~ 2.4 eV. However, actual solar-to-hydrogen (STH) conversion of BiVOa4
is below the theoretical limit. This is mainly due to recombination losses, poor
electron transport properties, and slow hole transfer kinetics in this material, which
result in lower extraction of photo-generated electron-hole pairs in the BiVO4 based
system. Doping with group 1V element, e.g., with zirconium (Zr), thereby, enhancing
conductivity are among some options to enhance performance.

In our study we aim to understand photocarrier dynamics and recombination
mechanism in BiVO4 (BVO). We also have investigated the doping mechanism of Zr
in BiVO4 host crystals as well as_mechanism of how Zr enhance photocatalytic
activities in BVO. Results were compared with other dopant like molybdenum (Mo).
In addition, to reduce photo corrosion, and also to make hetero structure, we have
fabricated vacuum deposited BVO in thin films doped with Zr. Finally, to complete
Z-scheme photocatalyst structure with BVO we also deposited suitable p-type thin
films like Cu(In,Ga)Se:.

BVO powders were prepared via liquid—solid reaction, whereas BVO thin films were
deposited through electrodeposition as well as sputtering methods. Crystal structure
was studied by x-ray diffraction method (XRD). Photo-carrier recombination in BVO
was studied using steady-state photoluminescence (PL) and time-resolved
photoluminescence measurements (TRPL) using a femtosecond Ti: sapphire laser
with 400 nm of wavelength in continuous wave and pulsed wave with width of ~80
fs, respectively. X-ray absorption spectra (XANES) around the Zr K-edge (~17,998
eV) and extended X-ray absorption fine structure (EXAFS) were conducted using at
12C beamline at Photon Factory (PF) in Tsukuba, Japan.
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order of nanoseconds, which is far behind the ideal radiative lifetime of 6 ps,
calculated theoretically. This phenomenon suggests that the photocarrier
recombination in BVO occurs predominantly through multiphonon nonradiative
recombination, via deep level defects [3].
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Fig. 3. (right):, (@) Zr k-edge XANES spectra; (b) Fourier
transformed K< Zr EXAFS of Zr(1.0)BVO and Zr(1V) oxynitrate
reference samples. EXAFS of Zr(5.0)BVO is also shown for
comparison. The data were fit to a model derived from the
monoclinicscheelite structure of BVO with Zr substitutes for Bi.
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e) Sputtering of BVO from single target: 100
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Fig. 5. Chopped LSV of BVO film deposited on FTO
at 200 W in an electrolyte containing 0.02 mol/L
NazS and 0.02 mol/L Na2SOs hole scavengers under
References: simulated sunlight (AM 1.5G).
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