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SI SECTION I: ADDITIONAL FIGURES 

 

Figure SI-1: H2 production of the photocatalyst sheet with time for increasing illumination. 

Legend is in units of  1019 photons·cm-2·hr-1. 

 

 
Figure SI-2: a) Arrhenius fitting of four increasing light intensities for temperatures ranging 

from 23120 C. Light intensities are in units of 1019 photons·cm2·hr1. Inset includes 

standard errors for 1.751019 photons·cm2·hr1 b) Apparent activation energies calculated 

for each light intensity depicted in a). 

  



 
Figure SI-3: Plot of logKw vs temperature for saturated water. For temperatures above 

100 °C pressure equal to the saturated pressure of water is applied to maintain liquid water. 

Reproduced using: Bandura, A. V. & Lvov, S. N. The Ionization Constant of Water over 

Wide Ranges of Temperature and Density. J. Phys. Chem. Ref. Data 35, 15-30, 

doi:10.1063/1.1928231 (2006). 

 

  



 

Table SI-1: Ion concentrations at temperatures for saturated water and the ratio of the 

increase in ion concentration relative to ambient.  

Temperature °C [H+]/[OH-] 
Ratio increase in  

ion concentration 

23 9.260E-08 1 

35 1.416E-07 1.529 

50 2.344E-07 2.532 

75 4.467E-07 4.824 

90 6.095E-07 6.583 

120 9.931E-07 10.73 
 

 

 

  



SI SECTION II: ONE SUN EQUIVALENTS 

Equating concentrated solar equivalents for photocatalyst performance under any light source 

requires three key data sets: 

1) The absorbance of the photocatalyst as a function of wavelength (absorbance profile) 

2) The spectral power density of the source of light used in the investigation 

3) The spectral power density of the standard solar reference (Figure SI-4). 

UV-visible DRS measurements of CoOy/RhCrOx/Al:SrTiO3 nanoparticles were interpreted to 

give the Kubelka-Munk absorbance of the photocatalyst as a function of photon energy (Figure 

SI-5).  

  



 
Figure SI-4: Standard reference spectra of ASTM G-173-03. Black line represents AM 1.5 

G, global total spectral irradiance at 1000 W·m-2, and the red line represents AM 1.5 D, 

direct normal spectral irradiance at 900 W·m-2. Reproduced using: ASTM, A., 2008. G173: 

Standard Tables for Reference Solar Spectral Irradiance at Air Mass 1.5: Direct Normal and 

Hemispherical for a 37 Degree Tilted Surface 

 
 

 
Figure SI-5: Normalised Kubelka-Munk function of UV-Vis DRS measurements of 

CoOy/RhCrOx/Al:SrTiO3 nanoparticles (blue) and absorption fitting (black). 

 
This KM-function shows an absorption tail, where absorption decreases as the photon energy 

decreases below the bandgap. This KM-function has been normalized and a fit function 



applied. Assuming that the material absorbs all photons with energy above the bandgap, and 

that the absorption tail is due to the decreasing density of electron states as the photon energy 

falls below the bandgap, the KM-function has been approximated as the integral of a Gaussian 

function, or a cumulative normal distribution function, Eq. 1. 
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Eq. 1 

 

Where μ represents the photon energy, x, at which the material’s absorption is at half-maximum 

(the band gap edge), and σ is the standard deviation of the normal distribution, representing 

homogeneous and inhomogeneous line broadening, or the slope of the absorption tail. The 

fitting of the KM function in Figure SI-3 was performed using a least squares method. The 

fitted KM function provides a well-defined, analytical expression of the absorption profile 

which can then be applied to the spectra of the light source used in the investigation, as well as 

the reference solar spectra. Note that for convenience, the KM function can be transformed 

from a photon energy to a wavelength axis to match the reference spectral data. 

In order to count the number of absorbable photons in the reference spectrum, the vertical axis 

is transformed from spectral power density (W·m2·nm1) to spectral photon density 

(photons.hr1·cm-2·nm1) by dividing through by the photon energy. The KM function is then 

applied to determine the number of photons, Eq. 2 
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Eq. 2  

Where 𝑃௥௘௙(𝜆) is the photon flux of the reference solar spectra as a function of wavelength.  



For the purposes of this investigation, the standard solar equivalent used is ASTM G-173, AM 

1.5D (Figure SI-4). AM 1.5D is the reference spectra most similar to that of concentrated 

sunlight, as this reference includes only direct normal spectral irradiance. Applying the 

absorption profile to the AM 1.5D reference spectra gives the number of absorbable photons 

for the Al:SrTiO3 catalyst under one standard concentrated solar equivalent as 

8.32×1018 photons·hr1·cm-2, as shown in Figure SI-6. The authors refer to this as a Solar 

Equivalent. 

 
Figure SI-6  Spectral photon density of reference spectra ASTM G-173-03, AM 1.5D (red), 

with usable photons based on the absorption function overlayed (green). 

The Solar Equivalent can then be used to standardize the concentrated solar equivalent of the 

light source used, Eq. 3 
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Eq. 3 

 

Where 𝑃s(𝜆) is the photon flux of the light source used as a function of wavelength. For a 

monochromatic light source, such as that used in this investigation, Eq. 2 simplifies to  
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Eq. 4 

Where 𝑃s  is the photon flux from the monochromatic source. 

  



SI SECTION III: GIBBS FREE ENERGY OF WATER SPLITTING 

Determining Gibbs free energy for water splitting at arbitrary temperatures and pressures has 

been explored extensively in literature, including by Wang and colleagues in their article 

“Efficiency Accreditation and Testing Protocols for Particulate Photocatalysts toward Solar 

Fuel Production”.1 A limitation of the body of work, and aforementioned article, is that it only 

considers pressure ranges between 0.05 and 1 bar. Using the same methodology expressed in 

literature, the Gibbs free energy for water splitting can be represented as a function of elevated 

temperature and pressures. To determine the Gibbs free energy of water splitting at elevated 

temperatures and pressures, ∆𝐺
ுమை→ுమା

భ

మ
ைమ

(𝑇, 𝑃) the equation is given by Eq. 5.1.1,5 
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Eq. 5 

 

Here, 𝐺௜(𝑇, 𝑃) is the absolute molar Gibbs of species 𝑖 at an arbitrary temperature 𝑇 and total 

pressure 𝑃. Note that since the system is a mixture of chemicals, the total pressure 𝑃 is the sum 

the partial pressures each species in the reaction for this case 𝑝ுమ
, 𝑝ைమ

 and 𝑝ுమை.6 

The overall 3-dimensional plot over a wide range of pressures and temperatures is shown in 

Figure SI-5. For example, the ∆𝐺
ுమை→ுమା
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(𝑇, 𝑃) at 90 C and 1.000 bar is 218.45 kJ·mol1 

while at 120 C and 1.985 bar the Gibbs free energy reduces to 193.40 kJ·mol1. The 

corresponding Gibbs free energy for the temperatures investigated within this paper can be 

found below in Table SI-1. 

  



 
Figure SI-7: 3-dimensional plot of the calculated Gibbs free energy of water splitting in terms 

of total system pressure between 0.00610 bar and temperatures between 273.15450 K. 

Table SI-2: Gibbs free energy values calculated at the temperatures and pressures 
investigated 

Temperature  
(C and K) 

Total Pressure 
(bar) 

∆𝐺
ுమை→ுమା

ଵ
ଶ

ைమ
 

(kJ.mol1) 

23  (296.15)  1.000 235.1 

35  (308.15)  1.000 232.9 

50  (323.15)  1.000 230.1 

90  (363.15) 1.000 218.5 

120  (393.15)  1.985 193.4 
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