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Abstract 

A series of different M/TiO2 catalysts are prepared, where M = Au, Pt, Pd and Ag, with a 0.2 

wt% loading, and tested for activity as catalysts and photocatalysts for the water gas shift 

reaction, WGSR, using a continuous flow, gas phase reactor.  For both the thermal (dark) and 

photocatalytic (UV irradiated) WGSR the best catalyst/photocatalyst is Au/TiO2.  The kinetics 

of the WGSR is studied as a function of reactor temperature, Au loading and concentrations 

of CO and H2O.  Langmuir-Hinshelwood kinetics are observed for the photocatalytic WGSR 

with non-competitive adsorption of the CO and H2O, whereas those for the thermal WGSR fit 

a slightly more complex, previously reported, reaction mechanism.  At 125 oC, with a 0.2 wt% 

loading, the Au/TiO2 photocatalysis of the WGSR is very efficient, with a formal quantum 

efficiency for 1/2H2 production of 57%.  The potential scale up of the relatively efficient 

photocatalytic WGSR is discussed briefly.   
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Table 1:  Brief details of previous studies of the WGSR photocatalysed by M/TiO2 

Fig. 1: Typical TEM micrographs of P25, 0.2 wt% Au/TiO2 and 1 wt% Au/TiO2 where the 

average Au particle sizes (radius) is revealed to be, N/A, 2.0 and 4 nm respectively.  Note: The 

average Au particle size was measured from various particles identified using many TEM 

micrographs. 

Fig. 2: (a) Digital images of various Au/TiO2 photocatalysts with 0 to  1 Wt% Au loading (from 

left to right; 0, 0.01, 0.1, 0.2, 0.5, and 1 wt%) and (b) Digital images for 0.2 wt% Pt, Pd and 

Ag/TiO2 photocatalysts (from left to right).   

Fig. 3: A typical example of light off, light on, light off cycle, carried out at 125oC using a 0.2 

wt% Au/TiO2 catalyst.  Here the production of H2 (white circles) and CO2 (black circles) with 

the average r(H2) reported for dark and UV conditions, 5.2 and 25.6 (10-5 mol h-1) respectively, 

are highlighted by broken horizontal lines.   

Fig. 4: Histogram plot of r(H2) vs metal type recorded using a series of different M/TiO2, 0.2 

wt% loading, in the WGSR reactor at 125 oC, with UV light off (grey shaded boxes) and on, 365 

nm, 9.5 mW cm-2 (unshaded boxes). 

Fig. 5: Plot of r(H2) vs temperature for the WGSR thermal (dark) catalysed reaction (open 

circles) and the photocatalysed reaction (closed circles) by Au/TiO2.  The broken lines 

represent kinetic model best fits to the data, see Table S2 in S5 in the ESI for fitting constants.   

Fig. 6: Plot of θ vs T, where the values of θ were calculated using eqn (13) and the optimised 

Ea (and A) values for in Table S2 (5 parameters). 

Fig. 7: Plot of rT vs T data points and optimised fits for rT (solid line), rUV (broken dot and dash 

line) and rD (dashed line) as a function of T.  These optimised fits were calculated using the 

optimised Arrhenius data for the rate constants kb, kUV’, kUV and kD, given in Table S2, in the 

ESI and eqns (13) and (14). 

Fig.8: (a) histogram plot of the measured variation in r(H2), = rT, for the thermal (filled 

columns; rT = rD) and photocatalysed WGSR (unfilled columns; rT = rD + rUV) as a function of 

wt% of Au and (b) subsequent plot of the r(H2), = rD, data in (a) vs wt% Au. 



Fig. 9: Plot of ∆r(H2), i.e. rUV, vs wt% Au constructed using the data illustrated in Fig. 8(a).  The 

solid line plot is the best fit to the data based on the EPAO model, using experimentally 

determined values of the wt% Au when r of 0.2 and 2 nm, respectively, and a and b optimised 

fit model constant values of 4 nm and 22.2, respectively.  See S6 in ESI for more model details. 

Fig. 10: Plot of ∆r(H2), = rT – rD = rUV for the photocatalysed WGSR, i.e. reaction (2) with M = 

0.2 wt% Au, as a function of [CO] (with [H2O] = 10 vol%) and, in the case of the insert diagram, 

[H2O], (with [CO] = 10 vol%).  As usual the total flow rate was 10 cm3 min-1, and reactor 

temperature 125 oC.   

Fig. 11: Plot of r(H2) = rD for the thermal WGSR, i.e. reaction (1) with M = 0.2 wt% Au, as a 

function of [CO] (with [H2O] = 10 vol%) and, in the case of the insert diagram, [H2O], (with 

[CO] = 10 vol%).  As usual the total flow rate was 10 cm3 min-1, and reactor temperature 125 
oC.   

Fig. S4:  A schematic diagram of the serpentine reactor cell, used to house the photocatalytic 

M/TiO2 powder and the main body of the continuous flow reactor in which the reactor cell 

was placed.  

Fig. S2:  A digital photograph of a typical serpentine photoreactor containing 2.4 g of 0.2 wt.% 

Pt/TiO2, held in place with glass wool plugs placed top and bottom.  Irradiation area: 8.9 cm2. 

Fig. S3:  A typical plot of [H2] (units; vol%) against time which is then converted to rH2 against 

time in the main text (Fig. 3) for the Au/TiO2 photocatalyst, with the reactor run at 125oC and 

I = 9.5 mW cm-2, 365 nm. The data point highlighted in red was used in an example calculation 

reported in this section. The horizontal broken lines represent the average [H2] for UV and 

non-UV conditions. Here the UV portion of the data is between 1 and 3 hours, i.e. data points 

at 1.5, 2 and 2.5 h. 

Fig. S4:  A typical plot of rH2 against time for a 0.2 wt% Au/TiO2 photocatalyst at 125 oC which 

has been produced from the plot of [H2] against time illustrated in Fig. S3 and is also illustrated 

in the main text (Fig. 3). In this section, the data point highlighted in red is the example 

calculated data point. The horizontal broken lines represent the average rH2 for UV and non-

UV conditions. Here the UV portion of the data, the rate for the photocatalytic WGSR, is 

between 1 and 3 hours, with data points at 1.5, 2 and 2.5 h. 



Table S1: Physical properties of metals, photocatalytic and catalytic rates and quantum 

efficiencies 

Fig. S5: Plot of r(H2) vs M-H bond strength for the photocatalytic (solid line) and thermal (dark) 

catalytic (broken line) WGSR; all data taken from Table S1. 

Table S2: Optimised Arrhenius parameters for the model rate constants 

Table S3: Key parameters and data used in the EPAO kinetic model [7] to fit the r(H2) vs 

log(wt% metal) data, illustrated in Fig. 9 

Table S4: Summary of results 

 

 


