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FIGURE CAPTION

 

 

Figure 1-SI: Powder XRD patterns of Ce1-x-yZrxLayO2-z complex oxides annealed at 600°C under air 

 

 

 

Figure 2-SI: Powder XRD patterns of Ce1-x-yZrxLayO2-z complex oxides annealed at 1200°C under air 

 



 

 

 

 

 
Figure 3-SI: Comparison of the best fit simulations of the 139La NMR spectra of Ce0.9La0.1O1.95 annealed at 600°C and using 

one- (left) and two- (right) Czjzek-like components. Simulations account simultaneously for the static (top) and spinning 
(bottom) experimental spectra. 

 

 

 

 
Figure 4-SI: Comparison of the best fit simulations of the 139La NMR spectra of Ce0.8Zr0.12La0.08O1.96 annealed at 600°C and 

using one- (left) and two- (right) Czjzek-like components. Simulations account simultaneously for the static (top) and spinning 
(bottom) experimental spectra. 

 

27%

diso = 267 ppm

Ddiso = 48.8 ppm

sC = 5.28 MHz

73%

diso = 288 ppm

Ddiso = 34.2 ppm

sC = 12.4 MHz

139La frequency (ppm)

-1500-1000-500050010001500

100%

diso = 279 ppm

Ddiso = 45.7 ppm

sC = 9.09 MHz

139La frequency (ppm)

-1500-1000-500050010001500

Ce0.9La0.101.95 Tcal = 600°C

static

MAS

40%

diso = 278 ppm

Ddiso = 25.7 ppm

sC = 5.51 MHz

60%

diso = 314 ppm

Ddiso = 48.4 ppm

sC = 11.9 MHz

139La frequency (ppm)

-1500-1000-500050010001500

100%

diso = 285 ppm

Ddiso = 49.8 ppm

sC = 7.06 MHz

139La frequency (ppm)

-1500-1000-500050010001500

Ce0.8Zr0.12La0.0801.96 Tcal = 600°C

static

MAS



 
Figure 5-SI: Comparison of the best fit simulations of the 139La NMR spectra of Ce0.9La0.1O1.95 annealed at 1200°C and using 

one- (left) and two- (right) Czjzek-like components. Simulations account simultaneously for the static (top) and spinning 

(bottom) experimental spectra. 

 

 

 
Figure 6-SI: Comparison of the best fit simulations of the 139La NMR spectra of Ce0.84Zr0.12La0.08O1.96 annealed at 1200°C and 

using one- (left) and two- (right) Czjzek-like components. Simulations account simultaneously for the static (top) and spinning 

(bottom) experimental spectra. 
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Figure 7-SI: Best fit simulations of the 139La NMR spectra of Ce0.70Zr0.15La0.15O1.95 annealed at 600°C (left) and 1200°C (right) 

and using two Czjzek-like components. Simulations account simultaneously for the static (top) and spinning (bottom) 

experimental spectra. 

 

 

 

 

 
Figure 8-SI: Best fit simulations of the 139La NMR spectra of Ce0.60Zr0.20La0.20O1.90 annealed at 600°C (left) and 1200°C (right) 

and using two Czjzek-like components. Simulations account simultaneously for the static (top) and spinning (bottom) 

experimental spectra. 
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Figure 9-SI : Schematic representation of various valence and deformation vibration mode of Td site, following the frequency 

order proposed by Nakamoto.45 

 New assignement proposal 

3 >1 >4 >2 (Nakamoto) 

 

T2 (3) 
Antisymmetric 

~ 600 cm-1 

 

polar, very sensitive to charge defects (coupled 

with 4) 

 

A1 (1) 
Symmetric 

~ 400-500 cm-1 

 
apolar, less sensitive to charge defects 

  

 

T2 (4) 
Deformation 

(« umbrella ») 
~ 200-300 cm-1 

 
polar, very sensitive to charge defects (coupled 

with 3) 

 

E (2) 
Shearing 

~ 100-200 cm-1 

 
apolar, less sensitive to charge defects 
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Figure 10-SI: Raman spectra deconvolution of Ce1-x-yZrxLayO2-z complex oxides annealed at 600°C 
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Figure 11-SI: Raman spectra deconvolution of Ce1-x-yZrxLayO2-z complex oxides annealed at 1200°C 
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Figure 12-SI: Raman spectra of Ce1-x-yZrxLayO2-z complex oxides annealed at 1200°C 

 

 

TABLE CAPTION 

 

Table 1-SI : Elemental analysis obtained by ICP-OES 
 

Theoretical 

compositions 
%at. Ce %at. Zr %at. La 

Ce0.9La0.1O1.95 89 - 11 

Ce0.8Zr0.2O2 80 20 - 

Ce0.8Zr0.12La0.08O1.96 80 11 90 

Ce0.7Zr0.15La0.15O1.92 71 14 15 

Ce0.6Zr0.20La0.20O1.90 60 20 20 

Ce0.62Zr0.30La0.08O1.96 60 32 8 

 

 



 

Table 2-SI: Structural and textural characteristics of Ce1-x-yZrxREyO2-z oxides annealed at 1200°C under air 

 

 

 

Compositions 

(Tcal = 1200°C) 

% site 1 diso 1 

(ppm) 

Ddiso 1 

(ppm) 

sC 1 

(MHz) 

% site 2 diso 2 

(ppm) 

Ddiso 2 

(ppm) 

sC 2 

(MHz) 

Ce0.9La0.1O1.95 - - - - 100 266 33 13.1 

Ce0.8Zr0.12 La0.08O1.96 19 284 40.7 4.62 81 296 54.9 11.6 

Ce0.7Zr0.15 La0.15O1.92 27 273 33.8 9.94 73 329 33.3 18.6 

Ce0.6Zr0.2 La0.2O1.90 25 275 18.0 12.1 75 346 26.9 20.1 

 

 

Table 4-SI:  Experimental 139La NMR Parameters of Ce1-x-yZrxREyO2-z complex oxides with error bars. 

 

 

 

 

 

 

 

 

 

 

Table 3-SI:  Experimental 139La NMR Parameters of Ce1-x-yZrxREyO2-z complex oxides annealed at 1200°C under air. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5-SI: Supplementary Experimental RAMAN Parameters extracted from spectra deconvolutions of Ce1-x-yZrxREyO2-z 
complex oxides annealed at 600°C under air. 

 

Table 7-SI: Supplementary Experimental RAMAN Parameters extracted from spectra deconvolutions of Ce1-x-yZrxREyO2-z 
complex oxides annealed at 1200°C under air. 

 

 

 

 

 

 

 

Table 6-SI: Experimental RAMAN Parameters extracted from spectra deconvolutions of Ce1-x-yZrxREyO2-z complex oxides 
annealed at 1200°C under air. 


