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Supporting Information

Figure Captions

Fig. S1. Digital photographs of CSO:xMn (x = 0.01-0.05) phosphor samples irradiated with 254 nm and 365 nm UV
lamps, respectively, as well as afterglow photographs after stopping irradiation with the 254 nm UV lamp.

Fig. S2. Emission spectra of the CaSb206:xMn samples under 310 nm excitation.

Fig. S3. XRD patterns of phosphor samples CSO:0.01Mn (different Mn sources), CSO:0.04Mn and
CS0:0.04Mn,0.06La’".

Fig. S4. XPS spectrum of CSO:0.04Mn,0.06La*" phosphor sample.

Fig. S5. EDS spectrum of CSO:0.01Mn,0.01La*" samples.

Fig. S6. Sa values of CS0:0.01Mn,0.02La*" samples excited at different wavelengths.

Fig. S7. Sr values of CSO:0.01Mn,0.02La*" samples excited at different wavelengths.

Fig. S8. Photographs of CSO under daylight, 254 nm and 365 nm UV irradiation, and at different times after
stopping 254 nm UV irradiation.

Fig. S9. Afterglow decay curves of CSO matrix.

Fig. S10. Fitted TL spectra for CS0:0.01Mn,xLa*" (x = 0.02-0.06). The red, green, blue and cyan lines correspond
to peak 1 (trap 1), peak (trap 2), peak (trap 3) and peak (trap 4), respectively.

Fig. S11. Fitted TL spectra of the CSO. The red and blue lines correspond to peak 1 (trap 1) and peak 2 (trap 2),
respectively.

Fig. S12. Pictures of CSO:0.01Mn phosphor under continuous irradiation with a 365 nm UV lamp (5 W) for different
times. The phosphor was first irradiated with a 254 nm UV lamp for 3 minutes and then placed in a dark environment

for different periods of time (1 day, 10 days, 30 days).

Fig S13. Thermogravimetric curves of CSO:0.01Mn,0.02La*" samples.



Table. S1. /and dy values of Ca%*-0%, Sb5"-0?%, La3*-0%, Mn*"-0%, Mn?*-O7%.

Ton pair J(Kcal/mol) dy (A)
Ca?"-0* 126.6 1.967
Sb3*-0* 65.64 1.912
La3*-O% 135.56 2.172
Mn**-0? 77.6 1.753
Mn?*-0? 109.3 1.790

Table. S2. Ca?*-0%, Sb>*-0%, Mn*"-0?%-, Mn?"-O% Key parameters and bond energy values (E m-o,

... AE 4+m 2 AE 2+m 2-
Emn*" 0%, Emn?".0%), Bond energy deviation ( Mn™ " -0 Mn® T -0 ), m represents the Ca,
Sb bond energy is the unit of kcal/mol.
Central Coordination d. Evn*"  Ema?'
Count En_o AEMn4 +m_ 0%- AEan +m_ 0%-
atom atom o(A) o” o
Cal Ol 3x 2437 35.524 6.106 19.009
Ol 3x 2437 35.515 6.104 19.004
Averag 35.520 6.105 19.006 29.415 16.513
e
Central Coordination dp. Emu*"  Ema2™
Count En o AE 44" 2= BE 24" 5.
atom atom o(A) oF or
Sbl Ol 2x 1.961 57.576 55.362 172.358
01 1x 1.961 57.545 55.332 172.265
01 1x 1.961 57.529 55.318 172.219
Ol 2x 1.961 57.467 55.258 172.033
Averag 57.529 55318 172.219 2212 114.690




Table. S3. Ca?*-0%, Sb>"-0%, La*"-0?- Key parameters and bond energy values (E m-o, E,3" 0%),

AE m
Bond energy deviation ( a3t - 0%" ), m represents the Ca, Sb bond energy is the unit of kcal/mol.

Central Coordination
Count dmo(A) Ep_o Er*.o* AELa3 +ni 0%~
atom atom
Cal 01 3x 2.437 35.524 44.132
01 3x 2.437 35.515 44.120
Average 35.520 44.126 8.607
Central Coordination
Count dm-o(A) Em -0 ELaer-Oz— AELa?’ +Tri ()2 -
atom atom
Sbl 01 2x 1.961 57.576 400.159
01 1x 1.961 57.545 399.943
01 1x 1.961 57.529 399.835
01 2x 1.961 57.467 399.403
Average 57.529 399.835 342.305

Table. S4. Rietveld refinement lattice parameters of CSO:0.01Mn,0.01La3" phosphor as well as

the standard CSO (PDF#46-1496).

Parameters CSO CS0:0.01Mn,0.01La3"

Crystal system trigonal trigonal

Space-group P-31m P-31m



a () 5.2405 5.2399

b (A) 5.2405 5.2399
c(A) 5.0221 5.0309
V(A3) 119.44 119.62
Z 1 6

Rwp 10.10%
Rp 7.64%
x 1.32

Table. S5. The refined positions of all atoms for CSO:0.01Mn,0.01La3*.

Atomic parameters

Atom Wyck. x/a y/b zlc U [AZ]
Cal la 0 0 0 0.0232(19)
Sbl 2d 1/3 2/3 1/2 0.0156(15)
01 6k 0.3644(10) 0 0.2692(9) 0.01

Table. S6. Relative parameters for temperature measurements of partial phosphors based on double

light emission.

Hosts Doped ions ~ Temperature Sr(%K: 1) Sa(K1) Ref.
range(K)
Ca,LaSbOg¢ Eu?* Mn** 273-473 2.60 0.098 1

La,LiSbOq Eu¥* Mn* 303-523 0.89 0.000264 2



La,Mg; 33Tag 6,0

NaLaMgWOq
Ca,LuSbOg
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Ba;MgSb,0q
ZnGa,-yAlO4
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LaM,;All;-yOy9
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