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Figure 2 XRD patterns of BaSc, ,O,F:xCr®** and XRD refinements of BaSc, 4;0,F:0. 007Cr**
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(a)—SEM images of BaSc, 9;0,F :0. 007Cr*"; (b)—EDS elemental mapping images of BaSc; 4;0,F :
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Figure 3 SEM images and EDS elemental mapping images of BaSc, 4,;0,F:0.007Cr**
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(a)—diffuse reflectance spectra of BaSc, ,O,F :xCr’" (x=0. 001—0. 007) ; (b)—XPS spectra of BaSc, 4,0,F:

0.01Cr*" ; (¢)—EPR spectra of BaSc,, ,0,F:0. 01Cr*".
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Figure 4 Cr ion valence states of Cr** doped samples
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(a—b) PLE and PL spectra of BaSc, ,O,F :2Cr*" (x=0.001.0. 005.0. 01) ; (¢c)—gaussian fitting of the PL spectrum of
Bag 50sScO,F : 0. 001Cr*" 5 (d)—decay curves of emission at different wavelengths at 0. 001Cr** doping concentration ; (e )normali-
zed PL spectra of BaSc, ,0,F:xCr*" (2=0. 001—0. 007) ; ()—decay curves of BaSc, ,O,F:2Cr’" (x=0. 001—0. 007)

(Ay=1040 nm).

E5 BaSc, ,0,F:xCris %4k
Figure 5 Optical properties of BaSc, ,O,F: xCr*
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Table 2 Comparison of bond length or octahedral

volume between BaScO,F and scandium oxide
and scandium fluoride

fh2s Se-X K /A N IRIEE/AY ICSD | A
ScF, 2.005 5 10.754 9 77071

BaScO,F 2.085 3 12.091 1 150171
Sc,04 2.097 8 10.833 0 27948

BaSc,0, 2.1322 12.647 1 35592

5 H Al % Cr 6k ML, BaSc, (O.F:
xCr' A AE R /N Dg/BAE (0. 74) , JF H 9841 & 5F
NP AR AT LLAN T, 3 A 1o TR 3 PR R A
SR - AR R . BT B A R R T
T A Y L FRIOR BI) T R AL B AT 38 SR
IR Ji i 3 T B B BROE AR M B L3S . BaSc, O,F:
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TR B9 BE HE BE 22 (AE <AL, /NILIE 6(a)) ,ixAf
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(a)—configuration coordinate diagram of Cr*" ions in the weak crystal field ; (b)—the temperature-dependent PL

spectra of BaScy g9,0,F :0. 001Cr*" with color.
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Figure 6 Electron-phonon coupling of BaSc, ,0,F:xCr*
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Broadband Near-Infrared Phosphors Based on Cr**-Ddoped and Anionic
F~ Modified Perovskite BaScO,F

XIE Siyuan, MA Boxin,GUO Yue', YU Ting’
(School of Applied Physics and Materials, Wuyi University, Jiangmen 529020, China)

Abstract: Cr’ -doped near-infrared (NIR) luminescent materials have attracted significant attention due to their high quantum
efficiency, tunable broadband emission, and strong absorption in the blue spectral range. The emission range of Cr’" can be
adjusted through crystal field engineering, but conventional cation substitution limits this turning to the NIR I-region (<1 000
nm). In the field of biomedical imaging, the NIR II region offers lower absorption, tissue scattering, and autofluorescence,
allowing for deeper tissue penetration and minimally or non-invasive imaging. In this study, a series of Cr’" doped NIR
phosphor materials BaSc, ,0,F: xCr’" (z=0.001—0.01) , were synthesized by high-temperature solid-state reaction method
based on Ba,Sc,0; oxides with anionic F substitution. The synthesized samples exhibited a cubic perovskite structure as
confirmed by XRD patterns and tolerance factor calculations. The Cr ions were verified to be in the +3 valence state using
diffuse reflectance spectroscopy (DRS) and X-ray photoelectron spectroscopy (XPS). Electron paramagnetic resonance (EPR)
was employed to analyze the crystal environment around Cr’" . The samples displayed broadband NIR emission in the
wavelength range of 700—1400 nm, with a full width at half maximum (FWHM) of up to 250 nm and an emission center
around 1 040 nm, effectively covering the NIR II region. The study demonstrates the feasibility of modulating the crystal field
strength by anion doping based on the relationship between internal structure and optical properties. Due to the overlap
between the photoluminescence excitation (PLE) and photoluminescence (PL) spectra (700—850 nm) , increasing doping
concentration led to partial reabsorption and a significant redshift of the emission center. The absorption peaks of the phosphor
roughly match with blue LED chips, indicating commercial potential. This work provides excellent broadband near-infrared
light source materials for NIR II region phosphor-converted LEDs (pc-LEDs) in biomedical imaging applications.

Keywords: broadband NIR emission; high-temperature solid-state reaction; phosphor; Cr*" ;perovskite structure;anion F doping;

crystal field strength; NIR II region
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