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3. Results and Discussion 

3.1. Crystal phase structure analysis 

 

Figure S1. Raman spectra of (ZrO2)92(Y2O3)8-x(Tb4O7)x (x = 0.050–0.250) crystals before annealing. 

3.2. XPS 

The Zr 3d core energy level spectra at 184.8 and 182.4 eV (Figure S2) correspond to 

the Zr 3d3/2 and Zr 3d5/2 spin-orbit doublet states. These were shifted slightly to 184.7 and 

182.2 eV in the annealed sample. Similarly, the core energy level spectrum of Y3+ 3d con-

tains peaks from the Y 3d3/2 and Y 3d5/2 spin orbit states. The two peaks at 159.3 and 157.6 

eV resolved from Y3+ in the unannealed crystal shifted to 159.2 and 157.3 eV in the an-

nealed sample (Figure S3). These results confirm that the Zr and Y valence state were not 

changed by annealing. 
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Figure S2. XPS Zr 3d core energy level spectrum of (ZrO2)92(Y2O3)7.800(Tb4O7)0.200 single crystals before 

and after annealing at 1500 C in an H2/Ar atmosphere;. 

 

Figure S3. XPS Y 3d core energy level spectrum of (ZrO2)92(Y2O3)7.800(Tb4O7)0.200 single crystals before 

and after annealing at 1500 C in an H2/Ar atmosphere. 


