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Introduction |

Light-driven reactions, such as those utilized in photoelectrosynthetic applications,

focus on capturing and transferring light energy to drive chemical reactions. For this
purpose, light-active metal oxide semiconductor materials are used, such as BiVO,, a-
Fe,03, and WO3 to list a few. Previous work demonstrated the use of BiVO, electrodes
to drive the oxidation of benzyl alcohol to benzaldehyde in the presence of a TEMPO
(2,2,6,6-tetramethylpiperidine) mediator.! This study seeks to improve the
photoelectrochemical performance of this reaction by using a heterojunction WO;-
BiVO, electrode. We hypothesize that the heterojunction would decrease charge carrier
recombination and improve the photochemical yield of the reaction compared to a
BiVO, electrode.>® The WO0;-BiVO, interface forms a type I band alignment allowing
electrons from photoexcited BiVO, to transfer into W03 and holes to accumulate at the
BiVO,-electrolyte interface.* Two techniques, UV-visible spectroscopy and incident
photon-to-current efficiency (IPCE) measurements, were applied to better understand
why the heterojunction improved the photocurrent density in the presence of reaction
components in solution. UV-visible spectroscopy was used to determine the band gaps
of the materials. Information about the efficiency of light energy conversion to
chemical energy was obtained by IPCE measurements. [PCE values are determined by
relating the proportion of incident light power to the current produced by illuminating
the WO;-BiVO, photoanode over a small wavelength range. Photoanodes exhibiting
higher IPCE % are more effective at driving photoelectrosynthetic reactions.! To test
the effect of W03 on the energy conversion efficiency, IPCE experiments were run for
the WOs-only, BiVO,-only, and WO03-BiVO, samples. Comparing IPCE values for WO3-
BiVO, samples shows a clear increase compared to BiVO,4-only photoanodes. These
results demonstrate how coupled materials (W03-BiVO,) can generate higher current

densities upon illumination for driving photoelectrosynthetic reactions.

Net Reaction

hv, TEMPO
o pyrldme
Benzaldehyde

+ 2H*
RT AV

Benzyl alcohol

Benzaldehyde

o
H
+2H*

TEMPO+

[}
=
X
v =}
£
=
o
53
=y
o
o
Q
=
=
=]
=
£}

Benzyl alcohol

Platinum Cathode (Counter electrode

Figure 1. A general scheme of our photoelectrochemical cell with the type Il band-
allgned WO03-BiVO, heterojunction used to drive the dehydrogenation of benzyl alcohojl,
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1. Characterization of Electrodes
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Figure 2. FESEM images of electrodes on FTO. (Left) Cross-section and top views of W03 with one layer (1L).
(Middle) Top view of WO3-BiVO, (2L). (Right) Cross-section of WO3-BiVO, (2L)
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Figure 3. UV-visible absorption spectra of FTO|WOj3 (grey), FTO|BiVO, (2L) (blue), and FTO|WO3-BiVO, (2L)
@reen) electrodes . The insets show corresponding Tauc plots with the indicated band gaps (Egap).
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2. Photoelectrochemical Measurements
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Figure 4. Transient photocurrent measurements of FTO|WO; (grey), FTO|BiVO, (2L) (blue), and FTO|WO03-BiV0O, (2L)
(green) electrodes taken at a range of wavelengths with the light on and off.
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6. Incident Photon-to-Current Efficienc?

Figure 5. A) photoelectrochemical measurements occurred at visible light wavelengths from 700 - 350 nm.’
B) Photodiode measurements of incident light power taken at a range of wavelengths with the light on and off.
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Figure 6. Incident photon to current efficiency (IPCE) measured with
the FTO|WOjs (grey), FTO|BiVO, (2L) (blue), and FTO|WO03-BiVO, (2L)
(green) electrodes in an acetonitrile solution with 0.1 M TBAPF¢, 5 mM
TEMPO, 25 mM benzyl alcohol, and 100 mM pyridine at 0.6 V vs. SCE

plied potential.
f—{ Conclusion }—\

* WO0s-BiVO, electrodes are easily produced at low cost via a liquid-
phase deposition method.

* The band gap of WO3-BiVO, electrodes is in between the Eg,,, for
WOj3 and BiVO, alone.

« IPCE is an effective technique to measure the light-to-energy
conversion of BiVO4-based semiconductors.

* The WO03-BiVO, heterojunction exhibited the highest IPCE of 28% at
450 nm light exposure.

* WO03-BiVO, heterojunctions exhibit a higher photocurrent density
upon illumination than W03 and BiVO4 semiconductors.
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