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Figure S1. Schematic diagram of the hydrothermal synthesis for the samples.

Table S1. The ICP-OES data of Cr** doped CNIC DPs. The feeding ratios are
determined based on the equation of [Cr]/[In]x100% and the actual doping

concentrations are [Cr]/([In]+[Cr])*100%.

Samples Feeding ratio [%] Actual content [%]
Cr3t Cr3*
10 0.21
20 0.34
CNIC: Cr**
30 0.58
40 1.15
50 2.90
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Figure S2. Absorption spectra of CNIC: Cr** with different Cr** doping concentrations.



Table S2. A summary of the NIR emission performance of different materials.

Samples [3;;"1] [ﬁemm] FE{E}\/I PF)E]Y Themal stability Ref.
K,LiGaF: Cr* 430 766 133 82.5 Lok = 85% !
Céiﬁ%ﬁlg@ 350 1000 188 493 / 2
Cs,NaScClg: Cr* 300 950 162 100 Lixs k20 = 91.9% 3
CszAgIélSk: Cr/ 362/15583/ 11 % 11 (())/ 16 575 Lo kogon = 85% .
MgTiO;:Cr* 514 866 154 31.55 Lsox = 40% s
Cs,TeClg:Cr* 380 590 ~100 81.5 EZ EE _ 247122 6
Ca0sCTPON 470 832 165  46.63 Ty = 43.48% 7
SeSCTaOc 537 954 1797 863 Tk = 54% 8
Cs,SnClg: W 365 965  ~130 / Lok = 64% 9
CaLaMgSbOg: NiZ* 440 1546 229 32.94 Ty k = 40% 10
Sr,ScTaOg: Ni2* 420 1441 254 49.23 L3k = 45.65% n
ZnALO,: Mn?* 450 830 135 85.8 Lipsk = 60% 12
LisLa;Sb,0pp: Mn#* 341 709 ~50 56.3 Lipsk = 54.7% 13
Ca3s“2§e§iGeO”: 278/406 760 ~80 54.1 Liosk = 72% 14
Cs;NaLuClg: Fe* 395 1265 309 17.29 Lk =23.35% 15
NaBaScSi,07: Fe?* 301 815 116 16.2 Lins k = 46% 16

CsoNaInClg: Cr* 290 960 160 9241 142;3]::18:”’ . 008/3% his

Note: 17 refers to the ratio of the emission intensity at a certain temperature T to that at the initial

temperature.



Table S3. The ICP-OES data of Cr’**/Ho*" doped CNIC DPs. The feeding ratios are

determined based on the equation of [Cr]/[In]*x100% and [Ho]/[In]x100%, while the

actual doping contents are determined by [Cr]/([In]+[Cr]+[Ho])x100% and

[Hol/([In]+[Cr]+[Ho])*100%.

Sample Feeding ratio [%] Actual content [%]

Cr¥ Ho3* Cr¥ Ho**

40 20 0.99 0.61

CNIC: 40 40 1.12 1.77
Cr¥*/Ho** 40 80 0.89 2.99
40 100 0.71 4.0

40 120 0.34 7.78

Table S4. The ICP-OES data of Cr**/Tm3" doped CNIC DPs. The feeding ratios are

determined based on the equation of [Cr]/[In]*x100% and [Tm]/[In]*100%, while the

actual doping contents are determined by [Cr]/([In]+[Cr]+[Tm])*x100% and

[Tm]/([In]+[Cr]+[Tm])* 100%.

Sample Feeding ratio [%] Actual content [%]
Cr3+ Tm3+ Cr3+ Tm3+

40 20 0.90 0.58

CNIC: 40 40 1.32 0.99
Cr3*/Tm3* 40 80 1.18 1.52
40 100 0.87 1.88

40 120 0.43 2.93




Table S5. The ICP-OES data of Cr**/Er** doped CNIC DPs. The feeding ratios are
determined based on the equation of [Cr]/[In]*x100% and [Er]/[In]x100%, while the
actual doping contents are determined by [Cr]/([In]+[Cr]+[Er])x100% and
[Er]/([In]+[Cr]+[Er])*x100%.

Sample Feeding ratio [%] Actual content [%]
Cr¥* Er?* Cr¥* Er’*

40 20 1.02 0.32

CNIC: 40 40 1.16 0.89
Cr3*/Er¥* 40 80 0.98 1.86
40 100 0.81 2.69

40 120 0.44 4.16
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Figure S3. PLE spectra of CNIC (A= 445 nm), CNIC: Cr** (Aey= 960 nm), CNIC:
Ho** (Aem= 1180 nm), CNIC: Ho*" (A¢,= 1180 nm), CNIC: Tm** (A= 1220 nm),
CNIC: Cr¥*, Tm?*" (Aep= 1220 nm), CNIC: Er** (Ae,= 1540 nm) and CNIC: Cr3*, Er3*
(Aem= 1540 nm).
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Figure S4. The absorption spectra of CNIC: Cr?*, Ln*" (Ln*" = Ho*", Tm?, Er**) and

the emission of CNIC: Cr3* under 290 nm excitation.
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Figure S5. NIR PL decay curves at 960 nm of Cs,Nalnggsg.yCl: 0.012 Cr**, y Ln?*

(Ln3* = Ho3*, Tm**, Er3*) under 290 nm excitation.

0 E 0 0
(a)1ﬂ Cs;Nalng ggq.,Cl: 0.012 Cr; 1 (b) 10 Cs;Nalng gq ,Clg: 0.012 Cr; (C)ﬂ] Cs;Nalng gg4.,Clg: 0.012 Cr;
—_

0.006
0.018 0.040
0.030 0.078

0.006
0.010 0.019
0.015 0.030

0.003

i
=

Intensity (norm.)
3
Intensity (norm
Intensity (norm.)

-
(=]
R

0.009 0.027
0.019 0.042

a
<
%o

400 600 800 0 20 40 60 80 100 0 100 200 300
Time (us) Time (ms) Time (ms)

=]
n
=3
=3

Figure S6. NIR PL decay curves of Cs;Nalng ggg.yClg: 0.012 Cr?*, y Ho*" (Aep= 1180
nm), Cs,NalngggsyClg: 0.012 Cr¥*, y Tm* (A= 1220 nm), Cs,Naln g5 ,Clg: 0.012

Cr*', y Er¥* (Aem= 1540 nm) under 290 nm excitation.
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Table S6. Decay lifetimes (r) and energy-transfer efficiency (17z7) of Cs;Nalng 9g.yCle:

0.012 Cr3*, y Ho*" under 290 nm excitation.

Samples el rlul ner [%0]
(Aen=960 nm) (Aer=1180 nm)
0% 56.01

20% 53.58 55.71 4.3%
40% 50.15 53.05 10.5%
80% 49.06 52.33 12.4%
100% 48.55 51.45 13.3%
120% 47.8 48.89 14.7%

Table S7. Decay lifetimes (7) and energy-transfer efficiency (#z7) of Cs;Nalng 9g5.,Clg:

0.012 Cr?**, y Tm*" under 290 nm excitation.

Samples 7 lLbs] 7 Lus] ner [%]
(Aen=960 nm) (Aem=1220 nm)

0% 56.01 - -
20% 51.62 9.74 7.8%
40% 49.66 9.99 11.3%
80% 47.51 9.24 15.1%
100% 47.20 9.09 15.7%
120% 46.77 8.34 16.5%




Table S8. Decay lifetimes (r) and energy-transfer efficiency (17z7) of Cs;Nalng 9gg.yCle:

0.012 Cr3*, y Er** under 290 nm excitation.

Samples 7 Lus] 7 Lus] ner [%]
(Aem=960 nm) (Aem=1540 nm)

0% 56.01 - -
20% 54.77 23.46 2.2%
40% 51.61 29.89 7.9%
80% 49.10 32.15 12.3%
100% 48.79 31.64 12.9%
120% 46.62 30.13 16.8%

Note: the equation of ET efficiency (#g7) is as follow:

% (1)

where 7y and 7, are the decay lifetimes monitored at 960 nm in the Cr3* singly-doped

DPs and the Cr3*/Ln** co-doped DPs, respectively.

201
e Energy transfer
p—
< 16- 5F s
E 5 = 3F2 3 FQIZ
T) —_— 3
(3] 12- ,,;z.;:'”:/:':':i_s_kﬁ":::‘\"!-I‘t 4|9’2
) o s Ty
: 2 e, L sz
> o Py
‘q_, 3, T s
c i
7
w41
0 — 4, —Ty H, =
Ho3* Im** Ers*

Figure S7. Schematic diagram of the photophysical process of energy transfer from

Cr¥* to Ln*" in CNIC: Cr**/Ln*" (Ln?* = Ho*", Tm3*, Er*").
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Figure S8. XRD patterns of CNIC: Cr3" after heating at 150 °C for 20 days.
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Figure S9. EL spectra of the fabricated NIR pc-LED measured under a voltage of 24V
and varying driving currents from 10 mA to 100 mA.
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Figure S10. Emission spectrum of the LED fabricated by CNIC: Cr3* /Ho*" DPs under

310 nm chip excitation.
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