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Table S1 Rietveld Parameters

LMS host LMS:0.03Cr3*
a=b=c 4.2463 A 4.2457 A
A=B=y 90° 90°
Volume 76.57 A3 76.53 A3
Ryp 10.48 % 7.84 %
R, 7.63 % 5.73 %
e 1.711 2.04
Crystal Cubic Cubic
Space group Fm3m Fm3m
Table S2 Rietveld Parameters
LMS:0.03Cr3* After annealing
a=b=c 42457 A 4.2470A
A=B=y 90° 90°
Volume 76.53 A3 76.60 A3
Ryp 7.84 % 6.79 %
R, 5.73 % 5.34%
2 2.04 1.95
Crystal Cubic Cubic
Space group Fm3m Fm3m
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Fig. S1. Determination of the band gap of Li,Mg;SnOg.
The band gap of Li;Mg3zSnOg can be estimated according to Equation S1.[1, 2]
h=A(v-E)"
ahv=A(h—E, )
¢ (SD)

Where hv is the photon energy; E, is the value of the band gap; n = 1 for a direct band-gap; n
= 4 for an indirect band-gap. This Equation can be derived as:

Log (ahv)=(n/2)Log (hv—E, )+ Log (4) (S2)
The spectrum similar to the absorption spectrum is converted from the DR spectrum (Fig. S1a).
An approximate E, is estimated as 4.389 eV. According to the derived formula, the slope of
Log(ahv) vs. Log(hv-E,) is fitted with a liner equation to give the value of n. As shown in Fig.
S1b, n value is calculated to be 4. Thus, Li,Mg3;SnOg has an indirect band gap. From the linear
extrapolation of the function (ahv)"? = 0, as shown in Fig. Slc, the indirect optical band gap is

estimated to be 4.388 eV.



Estimation of Huang—Rhys factor S and phonon energy /@ .

The estimation of Huang—Rhys factor S and phonon energy /@ has been completed by the
method proposed by Zundu Luo.[3] For the point of Zundu Luo, the electron-phonon coupling
is in fact a multi-mode interaction, and the usual single-mode model is too simple to describe
physical reality. Meanwhile, at that time, most of the spectral data were obtained at room
temperature or 77 K, but almost all the estimations of S and %@ published are based on a
formula for 0 K. A model can take into account these two facts was proposed. Accroding to the
PLE and PL spectra, the FWHM and Stokes shift AS have been obtained. And ratio of
(FWHM)? and (AS/2) is calculated.

(FWHM ) , (FwHM )]
V= =

AS AS (S3)
2

And, the Stokes shift AS' is

AS=E(*4, > ‘T, - E('T, > ‘4, )=2She (S4)

The average phonon energy /@ can be defined as

o= X[ % i ) ($5)

35 -

For high temperature and under strong coupling condition,

FWHM = [8 In2x S(T)(ho) TZ =2.3548 [S(T)(ha))z T/z (S7)
where

S(T)= ; A%, (;"—;J coth (@j (S8)
and

(ho,) = %T) Zk: {A?ﬁk (;’—;J coth ( p hz"’k ﬂ (ho, Y (S9)
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Therefore, the formula of ratio between (FWHM)? and (AS/2) is given below:

oo (e o
- ;Aik (;);_lj (he,)

(S10)

r

A model consisting of five multi-frequency patterns is used here. Let their frequencies differ
by a fixed multiple factor. And the product S,/i®, (for k=1, 2, 3, 4, 5) can be described as
following equation, where 1@, = kliw, fork=1,2,3,4,5.

5, (10)= %[ 22| )= 1 30 [ 2 ) (s11)
At room temperature 3 = 1/kT = 0.005 cm™' (More precise values can also be taken here, B =
1/kT=0.0047965 cm™! at T = 300 K). Therefore, the ratio of (FWHM)? and (AS/2) is calculated

by the simplified formula.

r= 1.1092 [ coth (0.0025kha, ) (kha, ) | (S12)

k=1

Using the values of ratio obtained by spectral measurements and Equations (S3 and S4), it is

easy to determine 7@, by Equation (S10). Then S;, S and /i@ can be obtained by following

Equation.
S ho, —l(Sha))—LAS (S13)
s 10
S:Sl(1+1+l+l+lj:2.28S1 (S14)
2 3 4 5
— AS
w=— S15
28 (515)

For our phosphor LMS:0.03Cr3*, the 2E—*A, (R line) and *T,—*A, (broadband) transitions
coexist in the emission spectrum. Therefore, only approximate evaluations can be made here.
This method is based on the premise of strong electron-phonon coupling approximation, which
may not be suitable for phosphors with both R line and broadband transitions. The calculations

here are just to provide a reference. Through the method of deconvolution, an approximate
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value of E(*T,—*A;) is obtained, which is about 12502.4 cm'!.And FWHM is about 2886.6
cm!l. Accroding to excitation spectrum, the value of E(*A,—*T,) is about 16260.2 cm.

Therefore, at the condition of T = 300K (B = 1/kT = 0.0047965 cm™!), /iy and S, are calculated

to be 239.69 cm! and 1.5678. So, the Huang—Rhys factor S and average phonon energy 7@

of LMS:0.03Cr3" phosphor are evalucated to be 3.57 and 525.63 cm™!.
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Fig. S2. (a) PL spectra of LMS:0.03Cr3" sample with different annealing temperatures. (b)

Integrated intensity of LMS:0.03Cr3" sample with different annealing temperatures.
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Fig. S3. X-ray Photoelectron Spectroscopy (XPS) of LMS:0.03Cr** sample.
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Fig. S4. X-ray Photoelectron Spectroscopy (XPS) of optimized aLMS:0.03Cr3" sample.
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Fig. S5. X-ray Photoelectron Spectroscopy (XPS) of LMS:0.1Cr*" sample.
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Fig. S6. X-ray Photoelectron Spectroscopy (XPS) of optimized aLMS:0.1Cr3* sample.
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Fig. S7. X-ray Photoelectron Spectroscopy (XPS) of LMS:0.2Cr** sample.
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Fig. S8. X-ray Photoelectron Spectroscopy (XPS) of optimized aLMS:0.2Cr3* sample.
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Fig. S9. X-ray Photoelectron Spectroscopy (XPS) of LMS:0.3Cr3" sample.
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Fig. S10. X-ray Photoelectron Spectroscopy (XPS) of optimized aLMS:0.3Cr3" sample.
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Fig. S11. X-ray Photoelectron Spectroscopy (XPS) of Cr,O3 sample.
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Fig. S12. Peak Fitting of Cr element in XPS.
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Fig. S13. SEM graphs of optimized aLMS:0.03Cr** sample.
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(h)

Fig. S16. The photographs of banana taken with camera (ai under indoor lighting and (b) in a
dark environment. (c) A photograph of banana taken with NIR camera under NIR pc-LED
lighting. The photographs of mango taken with camera (d) under indoor lighting and (e) in a
dark environment. (f) A photograph of mango taken with NIR camera under NIR pc-LED
lighting. The photographs of CIAC logo (g) unblocked by 700 nm filter and (h) blocked by 700
nm filter taken with camera under indoor lighting. (i) A photograph of CIAC logo taken with

NIR camera under NIR pc-LED lighting.

The feasibility of NIR pc-LED prototype light source made of aLMS:0.03Cr3* sample has

been preliminarily verified through night vision and NIR imaging application.
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Annealing design applied to Cr3*—doped phosphors

Table S3 Annealing treatment in reducing atmosphere

Samples Improvement of integrated intensity (emission spectra)

Gaj3 93Ge0g:0.02Cr" 9.1%
Ga; 9Ge0g3:0.1Cr3* 8.0%
Lilng 9,Ge,04:0.08Cr3" 4.6%
Mg,Sn04:0.02Cr* 17.9%
Mg 4Zny 6Sn04:0.03Cr>* 4.1%
K,Ga, 97Sns014:0.03Cr3* 54.8%
Gag 994 Ta04:0.006Cr3* 10.0%
Ga, 57In 405:0.03Cr3* 24.1%
Li;Mg3Ti0g:0.03Cr3* 23.3%
Li,Mg;Sn04:0.03Cr>* 47.0%
Li,Mg;Sn04:0.06Cr3* 58.0%
Li;Mg3Sn0¢:0.1Cr3* 32.4%
Li;Mg3Sn04:0.3Cr3* 66.0%
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Fig. S17. PL spectra of different samples before and after annealing treatment.
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