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Table S1. Tb*" ion content for Tb**-doped Cs,;Nalng¢sSbg¢sCls samples studied using inductively

coupled plasma emission spectrometry. Sb3* % and Tb*" % is calculated following the equation

([Sb]/[In+Sb]) x100% and ([Tb]/[In+Sb])x100%, respectively.

Precursor Product
Samples
Sb / mmol Tb / mmol Sb3* % Tb3* %

0.05 0 0.34 0
0.05 0.5 0.43 0.79
Tb3*-doped 0.05 1.0 0.37 1.76
CszNalng 95Sbo 0sCls 0.05 1.5 0.31 2.48
0.05 2.0 0.31 3.70
0.05 2.5 0.23 5.49

Table S2. Ho*" ion content for Ho3"-doped Cs,Naln,gsSbg¢sCls samples studied using inductively

coupled plasma emission spectrometry. Sb’" % and Ho*" % is calculated following the equation

([Sb)/[In+Sb]) x100% and ([Ho]/[In+Sb])*100%, respectively.

Precursor Product
Samples
Sb / mmol Ho / mmol Sb3* % Ho* %

0.05 0 0.34 0
0.05 0.5 0.24 0.29
Ho¥-doped 0.05 1.0 0.22 1.50
Cs;Nalng ¢sSbo,0sCls 0.05 1.5 0.18 3.60
0.05 2.0 0.20 7.25
0.05 2.5 0.21 11.13
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Table S3. The TRPL lifetimes monitored at 440 and 547 nm and energy transfer efficiency (ygr) for

Cs;Nalng 95Sby ¢sClg: yTb3" samples.

Samples Lifetime (440 nm) / ps Lifetime (547 nm) / ms ner/ %
Cs;Nalng 95Sbg 0sClg 1.02 — —
Cs;Nalng ¢5Sbg 05Clg: 0.5 mmol Tb3* 1.02 6.34 0.2%
Cs,Nalng 95Sbg osClg: 1.0 mmol Tb3* 1.00 6.35 2.3%
Cs,Nalng ¢sSbg 0sClg: 1.5 mmol Tb3* 0.95 6.60 7.0%
Cs,Nalng 9sSbg 0sClg: 2.0 mmol Tb3* 0.93 6.62 9.2%
Cs,Nalng 95Sbg 0sClg: 2.5 mmol Tb3* 091 6.64 11.0%

Table S4. The TRPL lifetimes monitored at 440 and 655 nm and energy transfer efficiency (#gr) for

Cs,Nalng 95Sby ¢sCls: zZHo*" samples.

Samples Lifetime (440 nm) / us  Lifetime (655 nm) / ms ner / %
Cs,Nalng 95Sbg o5sClg 1.02 — —
Cs,Nalng 95Sbg sClg: 0.5 mmol Ho3* 0.95 2.96 6.7%
Cs,Nalng 95Sbg sClg: 1.0 mmol Ho?* 0.92 4.24 10.3%
Cs,Nalng 95Sbg 0sClg: 1.5 mmol Ho3* 0.82 4.82 20.0%
Cs,Nalng 95Sbg sClg: 2.0 mmol Ho?* 0.77 5.20 24.6%
Cs,Nalng 95Sbg sClg: 2.5 mmol Ho?* 0.75 5.29 27.0%
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Figure S1. a) The PL spectra, b) TRPL decay curves, ¢c) PLQY curves, and d) PLE spectra monitored

at 440 nm of Cs,Naln,_Sb,Cls DPs.
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Figure S2. XRD patterns of the Cs,Naln,_,Sb,Cl¢ crystals with different Sb** ion concentration.
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Figure S3. XRD patterns of a) the Cs,NalngosSbgsCls: yTb3* crystals with different Tb?" ion

concentrations, b) the Cs,Nalng¢sSbg ¢sCls: zH0*" crystals with different Ho*" ion concentrations, and

¢) the Tb*" and Ho?*" co-doped Cs,Nalng ¢sSbg sClg crystals with different Ho** ion concentrations.

Tb** -doped Cs,Naln, ¢;Sb; ¢sClg

Cs;Nalng gsSby 45Clg

1200 1000 800 600 400 200
Binding energy (eV)

0

Tb** -dopelclj Cs,Nalng g5Sbg 4sClg

Cs,Nalng g5Sby ¢5Clg

a
—
S
©
SN
>
=
wn
c
(O]
a
=
C In 3d 0l
i
I
3
&
>
h
j<2] i
o
]
L
=
460 455

450 445 440

Binding energy (eV)

o

o

Intensity (a.u.)

Intensity (a.u.)

Tb 3d

Tb* -doped Cs,Naln 45Sby 4sClg

Cs,Nalng 45Sbg 05Cly

1290 1280 1270 1260 1250 1240
Binding energy (eV)

Cl2p

Tb** -doped Cs,Nalng g5Sby, 5Cl

Cs;Nalng g5Sby o5Clg

215 210

205

200 195 190

Binding energy (eV)

Figure S4. a) The XPS spectroscopy based on undoped and 1.5 mmol Tb**-doped Cs;Naln ¢5Sby ¢sCls

crystal. b) the XPS pattern for Tb 3d, ¢) In 3d, and d) CI 2p of the undoped and 1.5 mmol Tb**-doped

CSzNaIn0.95Sb0_O5C16 crystal.
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Figure S5. a) The XPS spectroscopy based on undoped and 2.0 mmol Ho**-doped Cs;Nalng ¢5Sby ¢sCls
crystal. b) the XPS pattern for Ho 3d, ¢) In 3d, and d) CI 2p of the undoped and 2.0 mmol Ho**-doped

CszNaIn0,95Sb0_05Cl6 crystal.
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Figure S6. The PLQY of a) 1.5 mmol Tb*"-doped Cs,Nalng ¢5Sby ¢sCls: crystal, and b) 2.0 mmol Ho**-

doped Cs;Nalng 95Sbg ¢sClg crystal.
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Figure S7. The near-infrared emission of 2.0 mmol Ho*"-doped Cs,Nalng ¢5Sb ¢sCls.
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Figure S8. PLE spectra of Cs,Nalng¢sSbgsCls:yTb3" a) emission wavelength at 440 nm, and b)

emission wavelength at 547 nm.
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Figure S9. PLE spectra of Cs,NalnggsSbgsClg:zHo*" a) emission wavelength at 440 nm, and b)

emission wavelength at 655 nm.
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Figure S10. The PL spectra of Cs,NalnggsSbg¢sClg:1.5 mmol Tb3" crystal at different excitation

wavelengths.
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Figure S11. The TRPL curves of a) Cs,;NalngosSbgosCls: yTb3" crystals at 547 nm, and b)

Cs;Nalng 95Sby ¢sClg: zZHO?* crystals at 655 nm.
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Figure S12. The PLQY curve of Tb*" and Ho*" co-doped Cs,Naln ¢5Sb ¢sCls sample.
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Fig S13. The luminescence thermal stability of 20 cold and hot cycles. The PL spectra of a)

CSzNaIn0.95Sb0_05C16, b) Tb3*—d0ped Cs2NaIn0,95$bo,05Cl6, C) H03+—d0ped CSzNaIno.gssbo_(ﬁClg, and d)
Tb*" and Ho** co-doped Cs,Nalng ¢5Sbg sCls samples.

S10



Q
(on

Cs,Nalng ¢5Sbg ¢5Clg:1.5 mmol Tb**
—— 9 months

—— Cs;Nalng 5Sby 4sClg
—— 9 months

PL Intensity (a.u.)
PL Intensity (a.u.)

400 450 500 550 600 400 500 600 700
Wavelength (nm) Wavelength (nm)

Cs,Nalng 45Sby 05Clg:2.0 mmol Ho** Cs,Nalng ¢5Sby osClg: Tb**1Ho*
——9 months ——9 months

PL Intensity (a.u.)
PL Intensity (a.u

200 500 600 700 200 500 600 700
Wavelength (nm) Wavelength (nm)
Figure S14. The humidity stability of the prepared phosphor storage in the air for 270 days.

The PL spectra of a) Cs,Nalng 95Sbg 0sCls, b) Tb**-doped Cs,Nalng ¢5Sby ¢sClg, ¢) Ho**-doped
Cs;Nalng 95Sbg ¢5Clg, and d) Tb3*/Ho** co-doped Cs,Nalng 95Sbg 0sClg samples.
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Figure S15. TGA curves of free-doped, Tb**-doped, and Ho*"-doped Cs,Naln, 9sSby ¢sClg crystals
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under N, atmosphere in the temperature range of 25-1000 °C at a heating rate of 10 °C min'.
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