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Supplementary Discussion: The D, parameter is obtained from the peak energy of the
4A,—>*T, transition, while Racah parameters B and C can be estimated by the following
equations:?!

E(*T,-*A) =10D, (1)

(AE/p ) - 10(AE/D )

2= @)
Dy 15(AE/D, - 8)

3.05C = E(’E) - 7.9B + 1.8B/AE (3)

where AE = [E(*T) - E(*T,)] is the difference between the energies of the T, and “T, states and
E(’E) is the energy of the 2E state. The value of 4T,, 4T, and 2E are estimated to be 20810, 14010
and 14780 cm™ from the excitation and emission bands, respectively. Based on equations (1)
—(3), the values of B, C and D,/B were calculated to be 741 cm, 3157 cm™ and 1.89,

respectively.
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Fig. S1. (a) The diffuse reflectance spectra of the AlP;04:xCr3* (x = 0—11.0 at.%) samples. (b) The band
gap simulation of the AIP;0, crystal. The plot of (ahv)? vs (hv - E;) is used to estimate the bandgap scale,

a originates from the Kubelka-Munk function and a = (1 - R)?/(2R), where R is the reflectivity value, hv
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Fig. S2. (a) Excitation (A, = 780 nm) and (b) emission (A.,= 450 nm) spectra of the AlP304:6%Cr3* sample
measured at 8-300 K. (c) PL decay curves of the AlP;04:6%Cr3* sample measured by monitoring

emission at 780 nm at 300—473 K. (d) The functional relationship of In[(lo/l7)-1] versus 1/kT of
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Fig. S3 Configurational coordinate diagram of Cr3* ions in AlP30q
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Fig. S4. The in-situ variable-temperature XRD patterns of the AlP;04:6%Cr3* sample at 300—423 K.



Table S1. Several key optical parameters of Cr3*-activated phosphors.

Formula AlIP304:6%Cr
Crystal system Cubic
Space group 43d
a=b=c(A) 13.73(6)
V(A3) 2591.86
a=68=y(°) 90
Ro(%) 8.45
Rup(%) 6.86
)G 1.47

Table S2. The atom positions, fraction factors and thermal vibration parameters of the AlP;04:6%Cr3*

sample.

Atom X y z Occupancy Uiso (*100)
All 0.10560(6) 0.10560(6) 0.10560(6) 0.9400 0.452
Crl 0.07132(7) 0.07132(7) 0.07132(7) 0.0600 4.594
P1 0.33037(3) 0.04785(2) 0.11910(6) 1.0000 2.130
01 0.09114(2) 0.10094(5) 0.81502(4) 1.0000 2.535
01 0.07518(1) 0.15059(0) 0.23271(3) 1.0000 2.310
01 0.13658(9) 0.05964(9) 0.98029(3) 1.0000 2.228




Table S3. Internal and external PL QY and absorption efficiency at room temperature for AlP;04:Cr3*

samples with different Cr3* doping concentrations.

Cr3* (at.%) 1 2 3 4 5 6 7 8 10 11
1Qy (%) 74 73 75 76 74 75 70 66 60 52
EQY (%) 25 26 29 32 33 3 35 34 32 29
Abs. (%) 34 3 39 42 45 48 50 51 54 56

Table S4. Several key optical parameters of Cr3*-activated phosphors (Peak position > 780 nm).

Phosphor Emis(sri‘?:) rang Pea'?rﬁ’r?sitio” pLIQY (%) 42 (kfﬁl)m k Ref.
AlP5;0q4:Cr3* 650-1000 780 76 91 This work
ScBO;:Cr3* 680-1000 780 72 ~50 3,4
Li2MgZrQ,:Cr3* 650-1200 805 56 30 5
Ga,,In(Sc)x0;:Cr3* 650-1100 800 88-99 77 67
SroM o (PO,),: Cr3* 700-1100 850 74 15 8
GaTa0,: Cr3* 700-1100 825 57 50 s
ScFg:Cr3* 700-1100 853 45 86 10
LilnSi,Og¢:Cr3* 700-1100 840 75 77 n
Liln,SbOg:Cr3+ 700-1300 960 7 ~8 12,13
Liln,GeOg:Cr3* 700-1200 880 81 ~25 14
LiGaP,05: Cr3* 700-1200 846 ~47 ~15 15
LiScP,0,: Cr3* 750-1100 880 74 20 16
NaScGe,0g: Cr3* 700-1300 895 40 ~50 17
Mg,GeOQ,: Cr3* 700-1100 900 ~48 ~20 18
LaSc,B,0,,: Cr3* 700-1150 870 52 ~55 19
Cs,AgInClg: Cr3* 800-1400 1010 ~22 ~10 20
CasHf,AlSiO4,: Cr3* 650-1100 785 ~75 ~40 21
La;GasGeO,,:Cr3t 700-1300 850 35 ~60 22,23
La,MgZrOg:Cr3* 650-1200 825 ~58 ~30 24
BaZrGe;0q4:Cr3* 650-1200 830 - 53 25




Table S5. Interatomic distances and bond angles for AIP;04:6%Cr3* samples at 300 K and 423 K.

) Variation  Bond angle Variation
Distances (A) 300K 423 K _ 300 K 423K _

ratio (%) () ratio (%)
Al1-02 1.812(7) 1.818(1) 0.29 02-Al1-02  88.56(6) 88.91(2) 0.39
Al1-03 1.801(5) 1.807(4) 0.32 03-Al1-03  88.62(4) 88.95(2) 0.37
Cr1-02 1.899(2)  1.904(8) 0.29 02-Cr1-02  90.91(3) 91.19(7) 0.31
Cr1-03 1.882(6) 1.888(2) 0.30 03-Cr1-03  91.92(1) 92.24(5) 0.35
P1-01 1.611(7) 1.612(7) 0.06 Al1-02-P1 158.71(3) 162.65(6) 2.48
P1-02 1.585(4)  1.587(4) 0.12 Al1-03-P1  172.13(4) 166.84(3) -3.07
P1-03 1.448(5)  1.450(5) 0.14 01-P1-01  103.57(3) 103.60(6) 0.03
Al1-(02)-P1  3.124(1) 3.324(8) 6.45 O1-P1-02  104.86(2) 104.89(5)  0.03

Al1-(03)-P1  3.421(5) 3.021(2) -11.70  O1-P1-03  108.65(2) 108.88(1)  0.02
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