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The luminescence of Cr3+ ions is highly dependent on crystal field strength provided by matrix. Generally, Cr3+ ion emits broadband NIR light from 4T2 → 4A2 transition in a weak coordination field with Dq/B < 2.3, whereas produces sharp line or narrowband emission from 2E → 4A2 transition in a strong crystal field with Dq/B > 2.3. The parameters of Dq and B were calculated by the following equations [S1]:
                      (S1)
                            (S2)
where ΔE denotes the energy difference determined by the PLE peak values of 4A2 → 4T1 (435 nm) and 4A2 → 4T2 (657 nm) transitions. The Dq/B value is calculated as 1.74 in this case, revealing Cr3+ ions experience a weak crystal field in the Cs2KScF6 host.
All decay curves of Cs2KScF6:Cr3+ phosphor comply with a single-exponential equation [S2]:
                              (S3)
where It represents the luminescence intensity, I0 denotes initial luminescence intensity. A and τ mean constant and the decay time, respectively.
[bookmark: _Hlk165552480]In order to illustrate the concentration quenching mode of phosphor, the critical distance (Rc) between Cr3+ ions was estimated via the following formula established by Blass [S3,S4]:
                                (S4)
where N is the substitution number in a unit cell, V represents the unit cell volume. In this case, N = 4, V = 776.96 Å, xc = 0.05, Rc is then calculated to be 19.51 Å, suggesting multipolar interaction is the main reason for non-radiative energy transfer in Cs2KScF6 host.
According to Dexter theory, the main type of multipolar interaction was evaluated using the following equation [S5]:
                           (S5)
Here, I and x stand for integral emission intensity and activator concentration, respectively. k and β are constants under the same excitation condition. By fitting log(I/x) versus log(x), a linear relationship with a slope of -0.801 was obtained, indicating the θ value is equal to 2.403. 
For evaluating the electron-phonon coupling strength of Cs2KScF6:Cr3+ phosphor, we calculated the Huang-Rhys factor (S) with the following formula [S6]:
                 (S6)
Here,  means the maximum phonon energy, k is the Boltzmann constant. Based on the temperature-dependent PL spectra, a linear relationship with reliable correlation coefficient of 0.987 is obtained by taking FWHM2 as a function of 2kT, indicating  and S are 0.043 eV and 1.68, respectively. 
The thermal quenching activation energy (ΔE) of Cs2KScF6:Cr3+ phosphor could be calculated by the modified Arrhenius formula [S7]:
                           (S7)
Here, I0 symbolizes the initial PL intensity, IT is luminescent intensity at temperature T, A represents a refined constant and k is the Boltzmann constant. By employing ln[(I0/IT)-1] as a function of 1/kT, ∆E is fitted to be 0.340 eV.
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Fig. S1. XRD pattern of (NH4)3CrF6.
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Fig. S2. SEM, EDS and elemental mapping results of Cs2KScF6:Cr3+ sample.
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Fig. S3. Tanabe-Sugano diagram of Cr3+ in octahedral crystal field.
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[bookmark: _Hlk169445369]Fig. S4. PL spectra and relative PL intensity of Cs2KScF6:0.05Cr3+ phosphor aged for 132 h at a high temperature (85 ℃) and high humidity (85%) conditions.
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Fig. S5 Normalized temperature-dependent PL spectra of Cs2KScF6:0.05Cr3+ phosphor.
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Fig. S6 Thermographs of NIR pc-LED device operating at 200 mA for 10, 20, 30, 40, 50, 60 minutes.









Table S1. The crystallographic parameters of Cs2KScF6 host and Cs2KScF6:0.05Cr3+ sample.
	Formula
	Cs2KScF6
	Cs2KScF6:0.05Cr3+

	Crystal system
	Cubic
	Cubic

	Space group
	Fmm(225)
	Fmm(225)

	a (Å)
	9.33
	9.19

	b (Å)
	9.33
	9.19

	c (Å)
	9.33
	9.19

	α
	90.0000
	90.0000

	β
	90.0000
	90.0000

	γ
	90.0000
	90.0000

	V (Å3)
	812.21
	776.96

	Z
	4
	4

	Rwp (%)
	-
	9.60%

	Rp(%)
	-
	8.91%

	χ2
	-
	2.321




Table S2. Photoelectric properties of LED devices prepared by Cr3+-activated NIR phosphors.
	Phosphor
	Wavelength (nm)
	Dq/B
	NIR output power (mW)
	Conversion efficiency
	Reference

	LiMgGaF6:Cr3+
	803
	2.137
	60.78@360 mA
	5.7%@360 mA
	[S8]

	LiMgAlF6:Cr3+
	734
	2.03
	24.3@320 mA
	6.3%@20 mA
	[S9]

	LiScP2O7:Cr3+
	880
	1.84
	~ 19@100 mA
	~ 12%@100 mA
	[S10]

	K3AlF6:Cr3+
	763
	-
	5.5@150 mA
	-
	[S11]

	Na3GaxAl1-xF6:Cr3+
	756
	2.04
	78.45@400 mA
	6.53%@350 mA
	[S12]

	Na3Al2Li3F12:Cr3+
	750
	1.95
	14.3@60 mA
	-
	[S13]

	ScBO3:Cr3+
	800
	2.88
	39.11@350 mA
	-
	[S14]

	BaMgAl10O17:Cr3+
	762
	2.47
	3.4@100 mA
	-
	[S15]

	NaInGe2O6:Cr3+
	900
	1.89
	25.2@120 mA
	4.8%@120 mA
	[S16]

	Cs2KScF6:Cr3+
	778
	1.74
	72.28@320 mA
	6.83%@120 mA
	This work
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