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Figure S1. XRD Rietveld refinements

(x=0.25~1) phosphors.
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Figure S2. Peak positions of *A,—*T;, *A,—*T, and *T,—*A, transitions in (Ca,.

L) (Mg Scy)Si,06:0.5%Cr3*" (x=0~1) phosphors.
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Figure S3. Variation of average bond length of Mg?*/Sc3*-O% with x for (Ca;.Li,)(Mg;.

«S¢,)S1,06:0.5%Cr*" (x=0~1) phosphors.
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Figure S4. Photoluminescence spectra of (Ca;4Liyx)(Mg_,Scy)Si,04:0.5%Cr3" (x=0~1).
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Figure S5. Photoluminescence spectra of (Ca;_Liy)(Mg;Sc,)SipO4:Cr3* (x=0~1) with

different Cr3* doping concentration.
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Figure S6. Photoluminescence spectra of (Cag sLigs)(Mgo.5Sco5)Si206: Yb*" under

455nm excitation.
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Figure = S7. Luminescent spectra for the QY  measurement of

(Ca045Li0.5)(Mg0_5Scols)Si206:4%Cr3+,0.4%Yb3+

The value of internal QY is calculated from the following equation [11:

'[L jL x100%

el
where Lg and Ly are the luminescent spectrum of the sample and the BaSO, reference,
respectively; Eg and Er are the excitation light spectra of the sample and the BaSO,4

reference, respectively. Due to the spectral response of VIS PMT detector, the

measurement of QY was recorded spanning from 650nm to 900 nm. As shown in Fig



S6, the calculated QY of emission in orange area (S;) is 21.92%. The area ratio of S,
(integral area from 650 nm to 900 nm) to S, (integral area from 650 nm to 1100 nm) is
47.7%. Therefore, the QY of (CagsLig 5)(Mgo5Sco.5)Si,06:4%Cr3*,0.4%YDb*" phosphor

1s determined to be above 46%.



Table S1. The detailed refinement results of (Ca;Liyx)(Mg;.4Scy)Si;06:Cr3* (x=0~1)

phosphors
x=0 x=0.25 x=0.5 x=0.75 x=1
a(d) 9.7903 9.7722 9.7570 9.7445 9.7471
b(A) 8.9348 8.9433 8.9509 8.9416 8.9381
c(A) 5.3550 5.3468 5.3283 5.2946 5.2714
V(A3 439.379 439.860 440.727 440.547 440.612
a(°) 90.000 90.000 90.000 90.000 90.000
B () 105.917 106.378 107.262 108.719 110.284
v (°) 90.000 90.000 90.000 90.000 90.000
Ry\p(%) 7.69 6.55 8.64 9.76 8.47
Ry(%) 5.44 4.99 6.61 7.32 4.95
1 2.51 1.75 2.16 3.26 293




Table S2. The calculated values of crystal field splitting parameter (Dq) and Racah

parameter (B)

x=0 x=0.25 x=0.5 x=0.75 x=1
Dq (cm™) 1375 1355 1340 1329 1324
B (cm™) 886 854 845 842 831

The crystal field parameter (Dq) and the Racah parameter (B) are calculated from the
following equations [2I:
AE = E(4A2g _)4Tlg )_ E(4A2g _)4T2g )

AS = E(4A2g _)4ng } E(4T2g _)4A2g)
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where E(*A,; — 4T),) and E(*A,, — 4T,) are the energy values at the excitation peaks
of the *A, — “T; and *A, — 4T, transitions, respectively; E(*T,, — %A,,) is the energy

value at the emission peak of T, — A, transition.
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