


sorbed SO2 molecule. One must 
introduce O vacancies in CeO2(111) 
and Ce0.7Zr0.3O2(111) to see the 
interaction of SO2 with the metal 
cations and the subsequent dis-
sociation of the molecule.

Figure 2 also shows S K-edge 
XANES spectra taken after exposing 
nanoparticles of CeO2, Ce0.66Zr0.33O2 
and Ce0.66Ca0.33O2-y to SO2 at 25 oC. 
Again, we found that SO4 is the 
main sulfur-containing species 

present on the oxides, but, in ad-
dition, we saw features at photon 
energies between 2470 and 2472 
eV that denote the existence of 
metal-S bonds as a consequence 
of full SO2 dissociation. Thus, the 
nanoparticles have metal cations at 
corner or edge sites that can inter-
act well with the SO2 molecule. In 
addition, there may be O vacancies 
in the surface of the Ce0.66Zr0.33O2 
and Ce0.66Ca0.33O2-y nanoparticles 
that facilitate S-O bond cleavage.

Figure 3 shows the effect of tem-
perature on the SO4 signal for the 
CeO2 and Ce1-xZrxO2 systems in 
Figure 2. As the temperature is 
raised, SO4 decomposes. The SO4 
adsorbed on the nanoparticles is 
somewhat more stable than that 
present on the (111) surfaces. For 
both types of systems, the pres-
ence of Zr seems to induce an 
increase in the thermal stability of 
the adsorbed sulfate.

Figure 1. Top and side views of an oxygen-terminated Ce1-xZrxO2(111) surface (x < 0.4). The large 
spheres represent O atoms, and the small spheres correspond to Ce or Zr atoms in a solid solution.

Figure 2. S K-edge spectra taken after dosing 
SO2 to CeO2(111) and Ce0.7Zr0.3O2(111) surfaces, 
and nanoparticles of CeO2, Ce0.66O0.33O2 and 
Ce0.66Ca0.33O2-y. The samples were exposed to 
0.1 Torr of SO2 for five minutes at 25 oC.

Figure 3. Effect of temperature on the 
XANES signal for the SO4 formed on the 
CeO2 and Ce1-xZrxO2 systems shown in Figure 
2. The top panel shows the results for the 
(111) surfaces, while the bottom panel 
contains the corresponding results for the 
nanoparticles.


