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Fig. S1

Fig. S1 The luminescence intensity of Eu2+ emission at 402 nm and Eu3+ emission at 612 nm for the 
CaBPO5:x%Eu (x = 0.1, 0.3, 0.5, 0.7) samples.
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Fig. S2

Fig. S2 (a-c) The emission intensity of Eu2+ and Eu3+ at different temperatures for the CaBPO5:x%Eu (x = 
0.1, 0.3, 0.7) samples.



Fig. S3 
Fig. S3 (a-c) Experimentally measured and Eq. 4 fitted plots of FIR (I402/I612) versus temperature for the 
CaBPO5:x%Eu (x = 0.1, 0.3, 0.7) samples.



To convert the HRBE-scheme into a VRBE-scheme, the ground state of Eu2+ 

 in VRBE was calculated by the following equation:1 𝐸4𝑓(7,2 + ,𝐴)

 Equation S1
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where  is the Coulomb repulsion energy between a 4f-electron in Eu2+ and in 𝑈(6,𝐴)

Eu3+. The value of  was estimated by the centroid shift  of Ce3+ according the 𝑈(6,𝐴) 𝜀𝑐

following equation:2

 Equation S2   /2.2(6, ) 5.44 2.834 cU A e

The centroid shift was calculated according to the Equation S3:3

 Equation S3
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Where  is the distance between Ce3+ and the coordinating ions O2- based on DFT 𝑅𝑂

structural relaxation,  is the radii difference between Ce3+ and the replaced ion ∆𝑅

(Ca2+ in this case),  is the polarizability of O2-.  can be calculated using the 𝛼𝑂
𝑠𝑝 𝛼 0

𝑠𝑝

average electronegativity  of cations in the host:𝑥𝑎𝑣

 Equation S4  
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