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Platinum on cerium oxide is a supported noble-metal catalyst widely used in many chemical reactions, 

such as water-gas shift reaction, CO oxidation in the presence of hydrogen and methanol oxidation as 

fuel cells [1].  For this study, we used atomic layer deposition to disperse Pt (3% by weight) on CeO2 

nano-rods. Our preliminary data revealed that this catalyst is remarkably active in CO oxidation at room 

temperature [2].  

 

In order to understand catalytic activity and degradation mechanism involved, we used high angle 

annular dark field scanning transmission electron microscopy (HAADF-STEM) to observed the 

distribution of Pt atoms on CeO2 support. The TEM samples were prepared by suspending the Pt/CeO2 

in Alcohol 200 Proof (Ethyl Alcohol), and crushing the mixture using mortar and pestle, and then the 

suspension was dropped onto carbon/formvar coated 200µm mesh Cu TEM grid.  The microscope used 

is a probe-aberration-corrected JEOL JEM-ARM200cF with a cold-field emission electron gun at 200kV 

with a STEM resolution of 0.78 Å.  HAADF-STEM images were taken with a probe convergence semi-

angle of 12 mrad and collection angle of 76 to 174.6 mrad.   

 

The atomic number difference between Pt (Z= 78) and Ce (Z =58) is 20, which is large enough to 

distinguish them by their atomic column intensity, but smaller than the atomic number difference 

between Pt and TiO2 or Al2O3 support. Compared to the lighter TiO2 and Al2O3 supports, a single Pt 

atom is more difficult to observe on a 8 to 10 nm thick CeO2 rod.  

 

In this work, we show how to distinguish single Pt atoms from the underlying surface of the CeO2 rod. 

Pt atoms were imaged on the CeO2 surface by depth sectioning, using probe-aberration-corrected STEM 

[3], as shown in Figure 1.  When we brought the CeO2 crystal into focus, it clearly showed its 

underlying bulk structure with no obvious higher intensity atoms. When the probe was defocused, 

however, some brighter spots stood out from the underlying surface structure. These bright spots were 

individual Pt atoms that because of the electron beam, could be seen to move to  different locations on 

the underlying CeO2 lattice surface (compare Figures 1b and 1c). The intensity of the Pt atoms on CeO2 

are studied quantitatively and compared with surface atoms on pure CeO2 without Pt loading.   

 

In addition to single atoms, we also studied clusters of Pt atoms on CeO2 surface that had been subjected 

to a scanned electron probe of a 20 pA intensity.  The lattice orientation of the Pt nanoparticle changed 

with time under the electron beam, and eventually the Pt nanoparticle grew in size.  We speculated that 

scattered individual Pt atoms migrated from other locations into this particle. The cluster increased in 

size through Ostwald ripening.  This cluster growth is known to be a main impetus for catalyst 

degradation. Our study examined the particle aggregation at the atomic level.   
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Figure 1.  Individual Pt atoms on the surface of CeO2 nano-rod. (a) Underlying CeO2 lattice in focus; 

(b) and (c) Probe was defocused relative to the CeO2 surface with individual Pt atoms in focus. Both 

images have similar defocus. The Pt atoms move to different locations under the beam. 

 

 
Figure 2.  (a) to (e) Pt nanoparticle changed and grew in size under the electron beam; (f) EDS spectrum 

from this particle. 


