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Fig. S1 EDS spectrum of SZC-1.0Bi0.6Eu2Yb zinc calcium silicate glass sample.

Fig. S2 Absorption spectra of SZC-1.0Bi, SZC-0.6Eu, and SZC-1.0Bi0.6Eu zinc calcium 

silicate glass samples. 
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Fig. S3 (a) Direct optical band gaps of SZC-1.0Bi, SZC-0.6Eu, and SZC-1.0Bi0.6Eu 

zinc calcium silicate glass samples.

Fig. S3 (b) Indirect optical band gaps of SZC-1.0Bi, SZC-0.6Eu, and SZC-1.0Bi0.6Eu 

zinc calcium silicate glass samples.



Fig. S4 VIS emission spectra of SZC-1.0Bi, SZC-0.6Eu, SACL-1.0Bi0.6Eu2Yb and 

SACL-1.8Bi0.6Eu2Yb zinc calcium silicate glass samples under 320 nm excitation.

Fig. S5 VIS emission spectra of SZC-xBi0.6Eu2Yb (x = 1.0, 1.2, 1.4, 1.6, and 1.8 mol. %) 

zinc calcium silicate glass samples under 320 nm excitation.



Fig. S6 CIE 1931 (x, y) color coordinates for VIS emission of SZC-0.6Eu and SZC-

xBi0.6Eu2Yb (x = 1.0, 1.2, 1.4, 1.6, and 1.8 mol. %) zinc calcium silicate glass samples under 320 

nm excitation.

Fig. S7 UC emission spectra of SZC-1.8BiyEu2Yb (y = 0.6, 0.7, 0.8, 0.9, and 1.0 mol. %) 

zinc calcium silicate glass samples. 



Fig. S8 CIE 1931 (x, y) for UC emission spectra of SZC-1.8BiyEu2Yb (y = 0.6, 0.7, 0.8, 

0.9, and 1.0 mol. %) zinc calcium silicate glass samples under 980 nm LD excitation.

Fig. S9 NIR emission spectra of SZC-1Bi0.6EuzYb (z = 2.0, 2.2, 2.4, 2.6, and 2.8 mol. %) 

zinc calcium silicate glass samples.



Fig. S10 Energy levels, VIS-, UC-, NIR- emissions and mechanism of CETI(I from 1 to 5), and 

ETJ (J from 1 to 4) processes between Bim+, Eun+, and Yb3+ in SZC zinc calcium silicate glasses.


