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1   Introduction 

Carbon dioxide is one of the major greenhouse gases. 
Catalysts for converting CO2 to CO have been widely 
investigated [1]. We reported that the synthesis rates of 
dimethyl carbonate (DMC) from CO2 and methanol was 
dependent on the ratio of Ce3+/Ce4+ sites in Ce-based 
catalysts [2]. CO2 adsorbed at the surface defect sites, and 
the neighboring Ce3+ sites to the defects were oxidized to 
Ce4+. 

In this study, we synthesized Ce3+ catalysts supported 
on HY-zeolite by changing the Ce amount and synthesis 
method. The local structure and valence of Ce were 
investigated using Ce L3-edge XANES. 

 
2   Experiments 

Ce-doped HY zeolites were prepared by impregnation 
method (0.3, 4.3, 16 wt% of Ce; imp Ce-HY) and ion-
exchange method (11 wt% of Ce; IE Ce-HY) using 
Ce(NO3)3·H2O. CO2 adsorption and CO desorption 
reaction were investigated using an online gas 
chromatograph. The samples were evacuated at 290 K for 
1 h as pretreatment. 3.3 kPa of CO2 was introduced and 
circulated for 1 h. Then it was evacuated for 30 s. Then, 
the samples was heated up to 573 K at a ramping rate of 2 
K min−1.  

Ce L3-edge XAFS spectra were measured on a 
beamline 7C and 9C in a transmission mode. 
 
3   Results and Discussion 

Ce L3-edge XANES spectra taken for Ce-doped HY 
zeolites and standard Ce compounds are shown in Fig. 1. 
Twin peaks appeared at 5731 and 5738 eV in the XANES 
spectrum for CeO2 (a), indicating that valence state of 
Ce4+. An intense whiteline peak was appeared at 5727 eV 
in the spectrum for Ce(NO3)3·H2O (b). This peak is 
specific for the Ce3+ valence state. Spectra a and b were 
used as models of Ce4+ and Ce3+ sites, respectively. As the 
result of spectrum fit by changing the mixing ratio of the 
two spectra, IE Ce-HY 11 wt% and imp Ce-HY 0.3 wt% 
(spectra c and d) were found to contain more than 95% of 
Ce3+. The valence composition for imp Ce-HY 4.3 wt% 
and 16 wt% (spectra e and f) were also investigated based 
on the fits with spectra a and b. The best fits were with 
the mixing ratio were Ce3+/Ce4+ = 30/70 (e) and 5/95 (f). 

The CO2 desorption was monitored up to 573 K (Table 
1). The amount of CO desorbed was 7.90 µmol g−1 in IE 
Ce-HY 11 wt%. The Ce3+ sites for imp Ce-HY 0.3 wt%, 
4.3 wt%, and 16 wt% were 2.6%, 11.7%, and 7.3% of 
that for IE Ce-HY 11 wt%. The CO amounts desorbed 
were 4.4%, 10.1%, and <0.4%, respectively. Bulk CeO2 
negligibly desorbed CO (Table 1). Thus, Ce3+ sites and 
CO2 reduction to CO were closely correlated. 

The photocatalytic reduction of CO2 and CO2 reaction 
with methanol into DMC are reported elsewhere. 
 

 
Fig. 1: Ce L3-edge XANES spectra for CeO2 (a), 
Ce(NO3)3·H2O (b), Ce-HY IE 11 wt% (c), imp 0.3 wt% 
(d), imp 4.3 wt% (e), and imp 16 wt% (f). 
 

Table 1: Amount of CO desorption 

Samples Molar ratio 
Ce3+/Ce4+ 

Ce3+ 
amount 

(µmol/gcat) 

CO 
desorption 

(µmolCO/gcat) 
IE Ce-HY 11 wt% ~ 100 / ~ 0 785 7.90 

imp Ce-HY 0.3 wt% 95 / 5 20.3 0.349 

imp Ce-HY 4.3 wt% 30 / 70 92 0.08 

imp Ce-HY 16 wt% 5 / 95 57 <0.030 

Bulk CeO2 ~ 0 / ~ 100 <291 0.04 
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