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§tud¥ on the photoelectrochemical process for the conversion of small molecules
in the gas phase by controlling the active species

Amano, Fumiaki
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We investigated methane conversion reactions using a photoelectrochemical
cell with a gas-diffusion tungsten trioxide (WO3) photoanode and a proton exchange membrane as a
solid polymer electrolyte. When irradiated with blue light (with a wavelength of approximately 453
nm) in the presence of a humidified methane stream, ethane was produced with selectivity exceeding
60%, and the production rate increased with increasing incident light intensity. In contrast, under
UV light irradiation, carbon dioxide production was dominant, and the selectivity for ethane
production was reduced to be 30%. Electrolyte flow-type electron spin resonance measurements were
performed to determine the Faradaic efficiency (current efficiency) of hydroxyl radical based on the
photocurrent density value, and it was found that hydroxyl radicals as an active species are
generated more efficiently under visible light irradiation compared to ultraviolet light
irradiation.
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7 (a, b) Current—potential curve of the surface-functionalized porous WOs photoanode in the gas-phase

photoel ectrochemical cell under blue LED, which was turned on and off with a periodicity of 2 s. The
applied voltage was swept in the positive (a) and negative (b) directions at arate of 20 mV s™. (c, d)
Effect of the applied voltage on the photocurrent responses with the rate of H, produced on the cathode
(c) and the rate of products formed on the WO3; photoanode in humidified methane flow (d). (e, f) Effect
of methane pressure on incident photon-to-current conversion efficiency (IPCE) and H; production rate
(e) and the production rate on the photoanode (f) at 1.2 V (vs cathode). Irradiation conditions were a
wavelength of 453 nm, an irradiance of 7 mW cm™, and an irradiation area of 16 cm?.
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8 (a, b) Impact of water vapor pressure on the |PCE (@) and production rate on the WO3; photoanode
(b) in methane flow under 453 nm blue LED (7 mW cm™2). Water vapor pressure was controlled only on
the photoanode side while maintaining the cathode pressure at 3 kPa. When water vapor pressure on both
sides was controlled at the same time, | PCE significantly varied with relative humidity. (c, d) Effect of
PFSA ionomer loading on the WO3 photoanode on IPCE and Ha production rate (c) and the production
rates under humidified methane with 3 kPa water vapor (d) and 453 nm blue LED (7 mW cm2). (g, f)
Production rates as a function of the irradiance of (€) 365 nm UV and (f) 453 nm blue LED illuminations.
The gas-phase photoel ectrochemical reactions were performed at 1.2 V, an irradiation area of 16 cm?, and

atotal pressure of 0.10 MPa.
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9 (a) Photocurrent response of the WOz photoanode at 1.2 V (vs RHE) under 365 nm UV and 453 nm
blue light in aqueous 0.5 mol L™ Na;SO. (pH 5.9) with 8.8 mmol L™ DMPO, flowing at 25 mL h™.
Effect of incident light intensity on (b) the photocurrent density and (c) IPCE at 1.2 V under UV and blue
light. (d) ESR spectra of the electrolyte through the photoel ectrochemical cell before illumination and
during photocurrent generation. Effect of incident light intensity on (e) *DMPO—OH spin adduct
formation and (f) Faradaic efficiency of *OH formation during the photoelectrochemical reaction. Inset in
(e) shows the time course of the ®DMPO—OH concentration in the continuous flow ESR measurement.
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