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Figure S1: XRD patterns of SNGP:0.15Cr*",yYb3" (y = 0.10, 0.15, 0.20, 0.25), SNGP:0.15Cr** mNd** (m = 0.01,
g p

0.05, 0.10, 0.20, 0.30) and SNGP:0.15Cr** ,nEr** (n=0.1, 0.2, 0.3, 0.5, 0.7).
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Figure S2. The PL spectra of SNGP:0.15Cr*" at different temperatures.
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Figure S3. Integrated intensities of the total emission, Cr3*-emission, and Nd**-emission in SNGP:0.15Cr**,mNd3**

hosphors with various Nd3"-concentrations. The total emission is the sum of the Cr®"™-emission and Nd3'-
phosp

€mission.
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Figure S4 (a) Decay curves of Cr?* (a) in the SNGP:0.15Cr3",yYb3",and (b) in the SNGP:0.15Cr3",nEr*"; The
values of energy transfer efficiency (n) and decay times of (¢) Cr—Yb3" at various Yb**-concentration, and (d)
Cr—Er** at various Er’**-concentration; Values of ngr, Nr, and nug of (¢) SNGP:0.15Cr?*,yYb3*, and SNGP:0.15

Cr3*,nEr3".
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Figure S5, The PL spectra of (a) SNGP:0.15Cr3",0.15Yb*", and (b) SNGP:0.15Cr3%,0.10Nd*" at different

temperatures., The decay curves of (¢) SNGP:0.15Cr**,0.15Yb%, and (d) SNGP:0.15Cr3",0.10Nd*" at different

temperatures.
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Figure S6, The electroluminescence spectra of (a) SNGP:0.15Cr**, (b) SNGP:0.15Cr**,0.10Nd3", and (c)

SNGP:0.15Cr?*",0.15Yb" at different driving currents.
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Figure S7 The fruit imagines under the natural light, NIR pc-LEDs 1-3 light. And the fingers under the NIR pc-

LEDs 1-3 light.
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Figure S8 The PL spectra of SNGP:0.15Cr3*,0.03Nd3*,0.15Er*" at different temperatures.

Table S1 Refined distances of Cr3* and Ln’" corresponding to SNGP:0.15Cr3*,0.30Nd>",

SNGP:0.15Cr**,0.70Er** and SNGP:0.15Cr3*,0.25Yb*" phosphors

Name Distance (A)

Average Distance (A)




Ndl Cr 5.295
4.538
Nd2 Cr 3.781
Erl Cr 5.338
Er2 Cr 3.806
4.157
Er3 Cr 3.746
Erd Cr 3.738
Ybl Cr 5.324
Yb2 Cr 3.800
4.151
Yb3 Cr 3.744
Yb4 Cr 3.736
Supplementary Notel

When the critical distance exceeds 5 A, the energy transfer mechanism belongs to multipolar interaction. The

multipolar interaction type is calculated by the following equation:!

log (I/x) =A- (9/3)logx

Where x is the concentration of Cr3*, and A is a constant. Van Uitert defined 6 = 6, 8, 10 as corresponding to

dipole—dipole, dipole—quadrupole, and quadrupole—quadrupole interactions, respectively. As shown in Figure S9,

the slop is -1.72, thus the 0 is similar to 6 and the multipolar interaction belongs to d-d interaction.
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Figure S9 Dependence of log(I/x) versus log x for SNGP:xCr3".
Supplementary Note2

The IQEs of SNGP:0.15Cr3*,0.15Yb3", SNGP:0.15Cr?**,0.10Nd** and SNGP:0.15Cr3*,0.5Er?* can be calculated

by the following formula:?

Jis
Mo =
i Ep- ’ Eg

Where Lgrepresents the emission spectrum of sample, £ and Eg relate to the excitation spectra of sample and
BaSO, reference, respectively. Notably, the PL spectrum exceeding 960 nm of the sample is not detected due to
the instrument limitation, which caused the IQE of samples is lower than real IQE. The real IQE can be obtained

by the equation as follows:

N1k X fLS.
= * Mgk
i Lg

L. .. :
Where 0, represents the real IQE of the sample, sstands for the emission spectrum undetected by instrument.
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