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Fig. S1 FT-IR spectra of hexanoic acid/hexylamine-capped Sr0.4F2:Ce
3+ 

0.1 , Tb
3+ 

0.2 , Na
1+ 

0.3  

nanocrystals and free hexanoic acid/hexylamine ligands. 
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Fig. S2 EDS spectra of (a) Ca0.8-2xF2:Ce
3+ 

0.1, Tb
3+ 

x , Na
1+ 

0.1+x and (b) Sr0.8-2xF2:Ce
3+ 

0.1, Tb
3+ 

x , Na

1+ 

0.1+x nanocrystals. Curves of the actual doping concentrations of Tb3+ ions in (c) Ca0.8-

2xF2:Ce
3+ 

0.1 , Tb
3+ 

x , Na
1+ 

0.1+x and (d) Sr0.8-2xF2:Ce
3+ 

0.1 , Tb
3+ 

x , Na
1+ 

0.1+x nanocrystals versus the 

feeding concentrations of Tb3+ ions. 
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Fig. S3 XPS spectra of Sr0.4F2:Ce
3+ 

0.1, Tb
3+ 

0.2, Na
1+ 

0.3; (a) Ce3d, (b) Tb3d, (c) Sr3d, (d) Na1s, 

(e) F1s. 
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Fig. S4 PL spectra of (a) Tb-free samples (CaF₂:10%Ce3+ and SrF₂:10%Ce3+) and (b) 

Ce/Tb co-doped samples (CaF₂:10%Ce3+, 20%Tb3+ and SrF₂:10%Ce3+, 20%Tb3+). 
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Fig. S5 The effects of Na+ ion doping on the photoluminescence properties of Ce/Tb 

codoped (a) CaF2 and (b) SrF2 nanoparticles. 
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Figure S6. (a) The comparison of PLQYs of nanocrystal powders and nanocrystal 

chloroform solutions. The raw absorption and emission data for measuring PLQYs of 

(b) nanocrystal powders and (c) nanocrystal chloroform solutions. 
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Fig. S7 (a-e) Fluorescence lifetime plots of Ca0.8-2xF2:Ce
3+ 

0.1 , Tb
3+ 

x , Na
1+ 

0.1+x (x=0.1, 0.15, 

0.2, 0.25, 0.3) nanocrystals with different Tb doping concentrations. 

 

 

 

 

 

 

0 5 10 15 20 25 30 35 40

In
te

n
si

ty
 (

a
.u

.)

Time (ms)

(b)
1(ms) A1% 2(ms) A2%  (ms)

1.54 1.5412.11 87.89 1.54

Ca0.5F4:Na0.25Ce0.1Tb0.15

0 5 10 15 20 25 30 35 40

In
te

n
si

ty
 (

a
.u

.)

Time (ms)

1(ms) A1% 2(ms) A2%  (ms)

0.72 97.37 6.12 2.63 1.73

(a)

Ca0.6F4:Na0.2Ce0.1Tb0.1

0 5 10 15 20 25 30 35 40

In
te

n
si

ty
 (

a
.u

.)

Ca0.3F4:Na0.35Ce0.1Tb0.25

1(ms) A1% 2(ms) A2%  (ms)

0.85 98.98 9.25 0.941.02

(d)

Time (ms)
0 5 10 15 20 25 30 35 40

In
te

n
si

ty
 (

a
.u

.)

Time (ms)

1(ms) A1% 2(ms) A2%  (ms)

1.13 76.53 1.13 23.47 1.13

(c)

Ca0.4F4:Na0.3Ce0.1Tb0.2

0 5 10 15 20 25 30 35 40

In
te

n
si

ty
 (

a
.u

.)

Time (ms)

Ca0.2F4:Na0.4Ce0.1Tb0.3

1(ms) A1% 2(ms) A2%  (ms)

0.91 47.22 0.91 52.78 0.91

(d)



9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S8 (a-e) Fluorescence lifetime plots of Sr0.8-2xF2:Ce
3+ 

0.1, Tb
3+ 

x , Na
1+ 

0.1+x (x=0.1, 0.15, 

0.2, 0.25, 0.3) nanocrystals with different Tb doping concentrations. 
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Fig. S9 Thermogravimetric profiles of (a) Ca0.4F2:Ce
3+ 

0.1, Tb
3+ 

0.2, Na
1+ 

0.3 and (b) Sr0.4F2:Ce
3+ 

0.1, 

Tb
3+ 

0.2, Na
1+ 

0.3 nanocrystals. 
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