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Fig. S1 (a) SEM images of KLNCSBO:0.02Cr3+. (b) Elemental mapping of a 

representative particle of KLNCSBO:0.02Cr3+.

Fig. S2 (a) Local magnification PDOS of KLCSBO, (b) Local magnification PDOS of 

KNCSBO.



XRD results show that all the samples correspond well to the standard peaks, and 

no redundant heteropeak appeared, indicating that all the samples are pure phase (Fig. 

8a). Besides, the range of 2θ from 27.7° to 29.5° is locally magnified to analyze the 

subtle structural changes, as shown in Fig. 8b. With the concentration of Na+ ion (x) 

increased from 0 to 1, the (2 2 0) and (0 2 4) diffraction peaks gradually separated 

from 28.2° and 28.6° to 27.9° and 28.7°, respectively. According to Bragg's Law, 2θ 

is related to the interplanar spacing. It indicates that by increasing the proportion of 

Na atom from 0 (KLCSBO) to 1 (KNCSBO), the interplanar spacing will be increased 

for (2 2 0) plane from 3.1753 to 3.1905 Å and reduced for (0 2 4) plane from 3.1272 

to 3.1076 Å.

Fig. S3 (a) XRD patterns of K6Li1-xNaxCaSc2(B5O10)3:0.01Cr3+ (x = 0-1) samples and 

the calculated XRD pattern of KLCSBO and KNCSBO. (b) Magnified XRD patterns 

from 28° to 29°.



Fig. S4 (a) The spectra of the KLNCSBO:0.02Cr3+ phosphor and the reference sample 

(λex = 456 nm) in quantum efficiency measurements. (b) The integral area of the PL 

emission spectrum of the KLNCSBO:0.02Cr3+ phosphor in the range of 650–960 nm 

and 960–1200 nm, respectively
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Fig. S5 The emission intensities of KLNCSBO:0.02Cr3+ versus temperature (λex = 

465 nm).



Fig. S6 (a) The PL spectra of KLNCSBO:0.02Cr3+ at 24 °C in 10 cycles (λex = 465 

nm), (b) The PL spectra of KLNCSBO:0.02Cr3+ at 150 °C in 10 cycles (λex = 465 nm), 

(c) The relative emission intensity of KLNCSBO:0.02Cr3+ phosphor in 10 cycles, (d) 

The PL spectra of KLNCSBO:0.02Cr3+ under different conditions (λex = 465 nm).
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Fig. S7 (a) The EL spectra of KLNCSBO:0.02Cr3+ NIR pc-LED at various forward 

bias currents.



Table S1 Valences and effective ionic radius for related ions1

CN: Coordination number; IR: Effective ionic radius.

Table S2 Atomic positions of KLNCSBO

atom x y z Occupancy Uiso

Li1 0.3333 0.6667 0.1667 1.000 0.0135

K1 0.2069 0.8735 0.3333 1.000 0.0095

K2 0.4947 0.4947 0.5 1.000 0.0096

Ca1 0.3333 0.6667 0.6667 1.000 0.0184

Sc1 0.3333 0.6667 0.4553 1.000 0.0145

B1 0.2169 0.4028 0.5579 1.000 0.0059

B2 0.218 0.218 0.5 1.000 0.0323

B3 0.1184 0.211 0.6438 1.000 0.0117

O1 0.2568 0.5213 0.5526 1.000 0.0120

O2 0.2321 0.3398 0.4893 1.000 0.0212

O3 0.157 0.336 0.6336 1.000 0.0012

O4 0.1536 0.144 0.423 1.000 0.0302

O5 0.059 0.1571 0.7171 1.000 0.0051



Table S3 Bond length of KLNCSBO (Å)



Table S4 Bond length of KLNCSBO:0.06Cr3+ (Å)



Table S5 Decay times of KLNCSBO:0.02Cr3+ under various temperatures

Table S6 Luminescent properties of KLNCSBO:0.02Cr3+ phosphor and some 

reported Cr3+-doped broadband NIR phosphors in recent years



Table S7 The properties of NIR-LEDs prepared using KLNCSBO:0.02Cr3+ phosphor
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