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Abstract 

P25 TiO2 photoanodes are used to photo-oxidise water in two different acid, 0.5 M 

H2SO4 and 1 M HClO4.  In the former acid, the linear sweep voltammogram, LSV, 

recorded under UV irradiation, appears to exhibit two waves, whilst the latter there 

appears only one.  In 0.5 M H2SO4, the recorded LSV coupled with a low faradaic 

efficiency (0.58) for the photooxidation of water to O2, fO2, and a significant level of 

persulfate, fS2O8= 0.12, shows that the electrochemical kinetics are not simply those 

for water oxidation.  In contrast, in 1 M HClO4, the LSV coupled with a high fO2 value 

(0.91) suggest that the photocurrent is due to water oxidation. In 1 M HClO4, open 

circuit potential measurements reveal a flat band potential of ca. -0.25 V vs Ag/AgCl 

and  IPCE measurements suggest a solar predicted photocurrent of  0.074 mA cm2, 

which is only ca. 5.4% compared to that of an ideal (i.e. IPCE = 1 from 300 to 400 nm) 

photoanode.  Photo-induced absorption spectroscopy, PIAS, measurements made 

using the P25 TiO2 photoanode reveal a steady state absorbance change, ∆Absss, 

associated with the steady-state concentration of surface accumulated holes, [h+]ss, 

which varies with: (i) monitoring wavelength, with a peak at ca. 500 nm, and (ii) 

applied potential, flattening off at ca. 0.7 V vs Ag/AgCl.  PIAS, coupled with 

concomitant transient photocurrent (TC) measurements, on the P25 TiO2 photoanode 

polarised at 1.3 v vs Ag/AgCl, in 1 M HClO4, show that the oxidation of water is second 

order with respect the concentration of the surface-accumulated, photogenerated 

holes, [h+]ss, with the latter having a calculated turnover frequency of 19 s-1, under 1 

sun irradiation.  The second reaction order is rationalised in terms of an 

‘Electrochemical oxide path’ mechanism, often used to interpret the electrochemical 

kinetics exhibited by metal oxide anodes.  This is the first reported example of the use 

of PIAS/TC to probe the photoelectrochemical kinetics exhibited by mesoporous 

semiconductor photoanode derived from a powder, for water oxidation and the 

significance of such is discussed briefly.    
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Figure Captions 

Fig. 1.  (a) Photograph of the P25 TiO2 film on FTO and (b) its UV/Vis absorption 

spectrum (blue line) along with that of the FTO/100 nm TiO2 blocking layer support 

substrate (black line) and the emission spectrum of the 365 nm UV LED (purple line). 

Scanning electron microscopy of the P25 TiO2 film revealed it to be mesoporous and 

comprised of a network of loosely packed interconnected particles ca. 30-40 nm in 

diameter, and very similar in appearance to the P25 TiO2 photoanodes reported by 

others (Ito et al., 2007; Zhang et al., 2011). 

 

Fig 2.  Open Circuit Potential, OCP, exhibited by the P25 TiO2 photoanode, as a 

function of irradiance, ρ.   

 

Fig. 3.  Linear sweep voltammograms recorded for a P25 TiO2 photoanode with (solid 

line) and without UVA illumination (40 mW cm-2), in (a) 1 M HClO4 and (b) 0.5 M H2SO4; 

sweep rate 5 mV s-1. 

 

Fig. 4 IPCE spectra for water oxidation measured for the P25 TiO2 on FTO (black) 

photoanode in 1 M HClO4 at a bias of 1.3 V vs Ag/AgCl. The broken red line illustrates 

a previously reported IPCE spectrum for a screen printed P25 TiO2 photoanode in an 

aqueous 0.5 M H2SO4 solution at a bias of 1 V vs. NHE. 

 

Fig. 5 Plots of the PIAS measured change in absorbance, ∆Absss exhibited by the P25 

TiO2 photoanode as a function of (a) monitoring wavelength, λm, with Eap = 1.3 V vs 

Ag/AgCl and (b) Eap, using a monitoring wavelength of 500 nm.  The open circles in (a) 

show the same plot reported by Kafizas et al (Kafizas et al., 2017a) for a dense, flat 

TiO2 film biased at 1.5 V vs RHE in 1 M NaOH and measured using transient absorbance 

spectroscopy. 

 

Fig 6  Plots of the measured (a) photocurrent, J, and (b) change in absorbance at 500 

nm, ∆Abs, as a function of time, exhibited by a P25 TiO2 photoanode poised at 1.3 V 

vs Ag/AgCl and in 1 M HClO4, before during and after steady state irradiation, using 
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different 365 nm UV irradiances.  In both plots the UV irradiances used were (from 

bottom to top): 112, 56, 22, 7.5 and 1.9 mW cm-2, respectively.  

 

Fig 7 (a) Plots of the steady state changes in absorbance, ∆Absss, and photocurrents, 

Jss, due to the photocatalysed oxidation of water by a P25 TiO2 polarised at 

photoanode 1.3 V vs Ag/AgCl in 1 M HClO4, as a function of UV irradiance, ρ;  and (b) 

plot of Jss vs (∆Absss)2, revealing a good straight line with zero intercept and a gradient 

of 11.1 mA cm-2/(mOD2). 

 


