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Table S1. Textural, chemical and crystallite properties of the TiO2 and m-TiO2 supports  

  

Support 
BET surface area 

(m2g-1) 

ICP-OES (%wt) Crystallite sizea) (nm) 
% r-TiO2

a) 
Na B a-TiO2 r-TiO2 

TiO2 59 - - 25 44 14.4 

m-TiO2 60 0.52 0.02 25 37 10.6 

a) From XRD. 
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Figure S1. Photograph of the sample holder with the two catalysts mounted on it 

 

 

Figure S2. The O 1s spectra of Co/TiO2 catalysts measured in 2.5 mbar CO2:H2 at 350 °C with 3 different 
excitation photon energies corresponding to 3 different analysis depths (a.d) (indicated in blue). Spectra are 

normalized to the same height to facilitate peak shape comparison.  

 

Relation between photon energy and analysis depth in photoemission measurements. 

The surface sensitivity of X-ray photoelectron spectroscopy is caused by the attenuation of low-energy 
photoelectrons due to inelastic scattering as they leave the solid sample. This attenuation is determined 
by the inelastic mean free path (IMFP or λ), which is the average distance an electron may travel through 
a material without losing energy due to inelastic scattering. In a first approximation, the Beer-Lambert 
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law describes the intensity Id of a photoelectron signal (i.e. the XPS peak area) coming from an analysis 
depth d: 

Id=Id=0 exp(-d/λ cosθ )     (1) 

where Id=0 is the intensity from a depth d=0, θ is the angle between the surface normal and the analyser 
direction (in our experiment θ=0, so cosθ=1), and λ is the IMFP. According to equation (1), 95% of 
electrons come from a depth within 3λ of the surface, therefore typically the analysis depth is 
approximated as 3λ.  

The IMFP is only weakly material dependent, but rather strongly dependent on the photoelectron 
kinetic energy. The most common approach for calculating the IMFP as a function of electron kinetic 
energy (Ek) is the TPP-2M formula [1]. To better understand the correlation between Ek and λ one can 
use the simplified aproximative formula given by Seah and Dench [2] :  

λ=c Ek
x      (2) 

where c is a constant and x usually varies between 0.4 and 0.9 depending of the material. 

For a specific core level with electron binding energy EB, the dependence of the emitted photoelectron 
EK with the incident X-ray energy (photon) as is given by Einstein’s photoelectric law  

EK=hv–EB      (3) 

here hv is the photon energy, while for simplicity the contribution of the work function was omitted in 
equation (3).  

By combining equations (2) and (3) we find:  

λ=c (hv–EB)x     (4) 

since the EB is characteristic of the atomic core levels and independent of the excitation photon energy, 
is evident from equation (4) that by increasing the photon energy, λ values and consequently the 
analysis depth d are also increased. 
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