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Introduction 

 

Oxide-support metal catalysts, where metal nanoparticles are 

highly dispersed on an oxide surface, are practically 

important and widely used in chemical industry. The size, 

shape and oxidation state of the metal species and their 

interaction with the oxide support are crucial factors that 

affect catalytic performances. Our group has developed ultra-

high vacuum (UHV) polarization-dependent total reflection 

fluorescence (PTRF)-XAFS technique which provides 

information on electronic state (XANES) and 3D structure 

(EXAFS) of metal species deposited on an oxide-single 

crystal surface in order to obtain fundamental aspects of 

metal/oxide-support interaction in oxide-supported metal 

catalysts1. Recently, we have constructed a new operando 

PTRF-XAFS apparatus that can investigate electronic state 

and 3D structure of active metal species on an oxide-single 

crystal surface under reaction conditions (high temperatures 

and the presence of reactant gases). I applied this operando 

PTRF-XAFS technique to the Pt/𝛼-Al2O3(0001) model 

catalyst surface during CO oxidation reaction. 

 

EXPERIMENTAL SECTION 
 

Pt was deposited on an atomically flat 𝛼-Al2O3(0001) surface 

by vacuum evaporation in an UHV chamber at room 

temperature (RT). The total amount of Pt on the surface was 

determined from the ratio of Pt 4d3/2 to Al 2s peak intensities 

in the XPS measurements. The sample was then transferred to 

the operando PTRF-XAFS cell from the UHV chamber 

without exposure to air and the operando PTRF-XAFS 

measurements were performed after optimizing total-

reflection conditions for the incident X-rays using 5-axis 

goniometer (BL9A of the Photon Factory in the Institute of 

Materials Structure Science).  

REX2000 and FEFF8 were used to analyze XAFS spectra.  

RESULTS AND DISCUSSION 
 
Firstly, the PTRF-XAFS spectra of the Pt species just after 

vacuum evaporation of Pt on an 𝛼-Al2O3(0001) surface were 

measured in order to know the initial Pt structure. The XAFS 

analysis showed that Pt13 icosahedral clusters with average 

Pt-Pt bond distance at 0.267 nm were formed on the surface. 

The reactant gases (CO : O2 : Ar = 0.3 : 1.0 : 0.1, 100 Pa in 

total) were then introduced into the cell and the temperature-

dependent PTRF-XANES measurements (RT, 353 K, 393 K, 

433 K, 473 K) were conducted in the presence of the reactant 

gases. The white line intensity of Pt L3-edge decreased as the 

temperature increase in both s- (parallel to the oxide surface) 

and p- (perpendicular to the oxide surface) polarizations, 

which is probably due to the aggregation of the Pt atoms and 

partial desorption of CO from the Pt cluster surfaces. CO2 

production was confirmed at 473 K by quadrupole mass 

spectrometer (QMS) during the XANES measurements. 

Operando PTRF-EXAFS measurements of the Pt/𝛼-

Al2O3(0001) surface were also conducted during CO 

oxidation reaction. Figure 1 shows the Pt L3-edge operando 

PTRF-EXAFS spectra of the Pt/𝛼-Al2O3(0001) measured at 

493 K in the reactant gases (CO : O2 : Ar = 0.3 : 1.0 : 0.1, 

100 Pa in total) as well as the simulated spectra by FEFF. The 

tentative 3D structure model obtained by the XAFS analysis 

is shown in Figure 2. Formation of the Pt55 cuboctahedral 

clusters with the Pt-Pt bond distance at 0.270 nm were 

assumed. I am currently optimizing the 3D structure model to 

obtain a better fitting between the experimental and FEFF-

simulated spectra.  
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Figure 1. Pt L3-edge operando PTRF-EXAFS spectra of the 

Pt/𝛼-Al2O3(0001) surface measured at 493 K in the reactant 

gases (CO : O2 : Ar = 0.3 : 1.0 : 0.1, 100 Pa in total). 

Figure 2.  Tentative 3D structure model of the Pt/𝛼-

Al2O3(0001) surface obtained by FEFF simulation in 

Figure 1. 


