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Figure S1. (a) Linkage of BaO6 octahedra along [001] direction and (b) network of (Ba/La)O8 
polyhedra.
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Figure S2. Powder pattern fitting of Rietveld refinement for Ba6La2(1-x-y)Ce2xTb2yAl3ScO15. The 
species of Ce and Tb were not included in the refinement because their atomic numbers are close to 
that of Ba, providing no accurate occupancy factors. 

The reliable factors in the Rietveld refinement
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Where  is the number of steps in the step-scan measurement,  and  theobserved 𝑚 𝐼𝑜𝑏𝑠(ℎ𝐾) 𝐼𝑐𝑎𝑙(ℎ𝐾)

and calculated integral intensity for Blagg reflection , respectively, and  and  the 𝐾 𝐹𝑜𝑏𝑠(ℎ𝐾) 𝐹𝑐𝑎𝑙(ℎ𝐾)

observed and calculated structure factures, repectively.

Figure S3. The actual deconvolution in the cm-1 unit for (a) excitation (b) emission curves. The index 
of FOM is the Figure-of-merit defined in equation S7.
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Figure S4. (a) Excitation (dashed line) and emission (solid) spectra of BLASO:Ce3+(x = 0.015) and 
Gaussian fitting of (b) excitation and (c) emission of BLASO:Ce3+ by two components.

Index of FOM 
 It is defined as,
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where  is the intensity at ith data,  the intensity at ith data calculated from the model 𝑦𝑜𝑏𝑠
𝑖 𝑦𝑐𝑎𝑙

𝑖

Gaussian function and  the weighting factor at ith data, usually all factors set to 1.𝑤𝑖
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Calculation of Dorenbos model

The total energy shift from the lowest 5d level edge in a compound , , can be 𝐴 𝐸𝑡𝑜𝑡𝑎𝑙(𝐶𝑒3 + ,𝐴)

described as equation 1,1-2

𝐸𝑡𝑜𝑡𝑎𝑙(𝐶𝑒3 + ,𝐴) = 49,340 𝑐𝑚 ‒ 1 ‒ 𝜀𝐶 ‒ 𝜀𝑐𝑓𝑠 ‒ Δ𝑆(𝐴)       (𝑆8)

where the value of  is the energy of free Ce3+,  means the centroid shift,  is the 49340 𝑐𝑚 ‒ 1 𝜀𝐶 𝜀𝑐𝑓𝑠

crystal field splitting,  is the Stokes shift estimated from the excitation and emission spectra of Δ𝑆(𝐴)

compound A. The centroid shift  is estimated from the following equation,3-4𝜀𝐶

𝜀𝐶 = 1.79 × 1013
𝑁

∑
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(𝑅𝑖 ‒ 0.6Δ𝑅)6
    (𝑆9)

where  represents the bond distance of the Ce3+-O2- ions in the host lattice,  is the difference in 𝑅𝑖 Δ𝑅
the ionic radii between Ce3+ and the host cation replaced by Ce3+ (Ba2+ and La3+ in this case),  is the 𝑁

number of anions coordinated with Ce3+, and  the spectroscopic polarizability, which is described 𝛼 𝑖
𝑠𝑝

as,4 
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where  is the weighted average of the cation electronegativity in s host lattice. The strength of the 𝜒𝑎𝑣

crystal field splitting, , for a polyhedron can be estimated from the following equation,4𝜀𝑐𝑓𝑠

𝜀𝑐𝑓𝑠 = 𝛽 𝑄
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where  has a constant dependent on the shape and coordination number, and  the average bond 𝛽 𝑄
𝑝𝑜𝑙𝑦 𝑅𝑎𝑣

distance of the polyhedron, which is defined as,4
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where  is the bond distance between Ce3+ and N number of coordinating anions, and  the 𝑅𝑖 Δ𝑅
difference in ionic radii between the central cation and Ce3+. The experimentally determined Stokes 
shift value of 4100 cm-1, estimated from the single component fitting in Figure S4, is used in the 
calculation. The value are comparable to that of γ-Ca2SiO4:Ce3+ (4560 cm-1)5 and a little larger than 
those of YAG: Ce3+ (~2700 cm-1),6 Sr3GaO4F:Ce3+ (2762 cm-1)7 and Lu2CaMg2Si3O12: Ce3+ (2550 
cm-1)8 phosphors.
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Figure S5. Concentration dependence of (a) emission and (b) excitation wave numbers on Ce in 
BLASO:Ce3+.
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Figure S6. Deconvolution of emission band of BLASO:Ce3+(x = 0.015),Tb3+(y = 0.05) using 
Gaussian Function.
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Figure S7. Overlap between excitation of Tb3+ (green dashed line) and emission of Ce3+ (blue solid 
line) in BLASO.
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Figure S8. (a) Dependence of Ce3+ lifetimes on emission wavelength and (b) concentration of Ce3+
.
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Table S2. The values of , and  in Martin model 𝑎1, 𝑎2 𝑏1

equation.

𝑠 𝑎1 𝑎2 𝑏1

6 10.866 15.500 8.743

8 17.072 35.860 13.882

10 24.524 67.909 20.290

Figure S9. Results of decay curve fitting to Yokota-Tanimoto equation for BLASO:Ce3+(x = 
0.015),Tb3+(y = 0.05 - 0.30).
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