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GDL teflonated carbon  

Polymer membrane fuel cell: Pt-Ru anode 

GDL+PtRu 
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Preparation of Pt-CeO2 catalyst by rf  co-sputtering 

G. Vayssilov, …V. M. et al., Support nanostructure boosts oxygen transfer to 

catalytically active platinum nanoparticles, Nature Materials, 10 (2011) 310 

 

Pt-CeOx interaction: New catalytic properties 



Pt-ceria/CNTs on GDL                                      

PD = 40 – 80 mW 
SP = 40 – 80 W/mgPt 

R. Fiala,.., V.M. J Nanosci. Nanotechnol. 11 (2011) 
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PES spectra of the Pt-CeO2 catalyst  

Ce 3d 

Pt 4f 

Binding energy 

Pt4+ 

Pt2+ 

Pt 4f 

Pt0 



HAXPES 

hn= 6 keV 
XPS 

hn=1487 eV 

C 1s Ce 4s 

Air exposed Cerium oxide – C contamination 

(normalized to peak maximum)  

HAXPES 

XPS 

Relative Surface Sensitivity 

hn 

hn 

e 

e 

d 

d 



HAXPES 

Co-sputtering – growth of mixed oxides (solid solution) 
Substrate: SiO2, normal deposition 
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Increase of the Ce4+ peak width 
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PES study - rf sputtered thin films: 

Pt-CeO2/SiO2/Si 
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S-X→H-X 

Surface is Pt2+ rich 



d 

d 
Higher contribution of top surface 

Higher contribution of lateral surface 

Hard X-ray Photoelectron Spectroscopy 
High information depth, suitable for porous structures 
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Catalytic activity of 

top and side sites 

might be different 

due to growth 
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HAXPES makes possible to 

investigate catal. properties 

of in-pore catalytic sites  



Co-sputtering – growth of mixed oxides (solid solution) 

Substrate: SiO2, ND x GLAD conditions,  

AFM 
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In the case of porous structures surface 
contribution increases, we observe an 
increase of Pt2+ and Ce3+ intensity in 
HAXPES 
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Morpholgy-substrate determined chemical state of Pt 

WHY POROUS FILMS ARE GROWN ON C??? 



CeO2 growth on 5 nm sputtered carbon film 

prepared by electron beam lithography 
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HRTEM: CeC2 zone axes 
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analysis: C 1s 
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Future prospects: use of associated „volume“ techniques  

XAS and Ce L3 RPES, PRB 62 (2000) 7970 
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