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Fig. S1 Gaussian deconvolution of CGSO:0.5%Ce3".
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Fig. S2 Energy level diagrams and ET processes of Ce>*—Tb3".



Intensity (a.u.)
=
—
1

0.01

CGSO: 4 %Ce™, y %Tb™

T
10 20
Time (ms)

T (ms)
A =325nm ——y=1 3533
= —y=30 479
A =5430m o906 458

30

Fig. S3 Fluorescence decay curves of Tb3* in CGSO: 4%Ce’*, y%Tb>* (y = 0, 30, 96) phosphors

(excited at 325 nm, monitored at 543 nm).
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Fig. S4 Emission spectra inside the integrating sphere without (black line) and with (red line) the

sample CGSO: 4%Ce*", y Tb3* (y =0, 10, 30, 50) upon 325 nm excitation.

Table S1 The IQE, EQE, the excitation wavelength and the luminescence intensity at 150°C

compared with that at room temperature (LI150) of the selected results from reported references.

samples IQE EQE A LII50 Refs.

(%) (%) nm (%)
CGSO: 4%Ce*, 50%Tb** 90.1 724 325 92 This work
GdBOs;: 0.02Ce*, 0.12Tb3* 50.1 361 [1]
La3SigN;04: 0.01Ce3", 0.05Tb** 76.3 46.7 360 90 [2]




Li;Scy(POL)s: 0.04Ce™, 0.005Tb* 9% 285 47 [3]

Ba, Y 74(Si04)5F: 2%Ce3", 40%Tb3* 83.12 355 82 [4]

CaScAlSiOg: 0.02 Ce**, 0.12Tb3* 79.5 330 [5]

NaBaScSi,07: 0.04Ce3", 0.04Tb3* 36 349 30 [6]

Ba,YsBsO,7: 1%Ce3", 20%Tb3* 76 55 345 92 [7]

MgY,4Si3043: 0.2Ce3, 0.4Tb3* 49 330 [8]

BaY 19Si30,0:0.05Ce3",0.85Tb3 81.6 337 [9]

Ca,NaSiO4F: 0.03Ce3*, 0.15Tb3* 39.3 365 60 [10]
Lus(Si04);N: 0.03Ce3* 42.13 359 80 [11]
Na3Scy(PO,);: 0.03Ce3, 0.1Tb3* 65 320 85.6 [12]
Ca3;Gd(Ga0);(B0O3)4: 0.05Ce3", 0.3Tb3* 75.5 344 [13]
Li,CasSizO13: 0.04Ce3", 0.08Tb3* 67.3 330 [14]
Y;5Si301,N: 0.18Ce3*, 0.4Tb3* 85 358 80 [15]
Sr3Gdy(Si309),: 0.26Ce3", 0.1Tb3* 80.2 348 [16]
KSrScy(PO,);: 0.03Ce3, 0.09Tb3* 66.8 310 88 [17]
Na,Ca3Si,Og: 0.04Ce3", 0.16Tb3* 85.5 330 [18]
Ca3Y5(Si309),: 15%Ce3*, 40%Tb3* 77 329 [19]
Sr3Y2(Si309),: 0.15Ce3, 0.7Tb3* 90.4 340 [20]
Ba,LusBsO,7: 1%Ce3", 15%Tb3* 86 348 90 [21]
Sr;Lu(POy)s: 0.04Ce3, 0.2TH3* 67.2 310 [22]
Y0.82Ce0.03Tbo.1sBO3 76.7 361 87 [23]
(Lags6Ce004Tbo 1)POs 84.67 275 [24]
Ba3;Lu,B05:0.03Ce3",0.2Tb3* 51 373 54 [25]
[Mag; 25Si1 25Al s]03N3:0.03Ce™,0.2Th 41.14 335 65 [26]
CagBa(P0,),0: 0.03Ce3",0.01Tb3* 79.6 365 82 [27]
BaLu,SiOj3: 0.06Ce?*,0.02Tb3* 71.0 365 97 [28]
BaGd,Siz04¢: 0.04Ce3*,0.4Tb3* 62 336 44 [29]
La;,Si,07: 0.05Ce3*,0.6Tb>* 96 332 89 [30]
Sr3Luy(BO3),: 3%Cet, 8% Th3* 77.5 348 340 70 [31]
Ba3Y,Bc0;5: 0.03Ce3",0.3Tb3* 49 365 22 [32]
LagBay(SisP202,N3)0,:0.005Ce3*,0.1Tb3* 89 290 91.2 [33]
Lag soAl 03B4010.54: 0.06Ce>*, 0.35 Tb3* 40.9 310 56 [34]
NaBay(Al1B40y),Cl5:0.09Ce3*, 0.13Tb3* 4338 323 9522 [35]
Sr;MgB,04:0.05 Ce3*,0.05 Tb3* 66.39 4892 323 753 [36]
Ca(MggsAly2)(Si; gAly2)06:0.03Ce3*,0.03Tb* 36.81 340 70.5 [37]
Ca,YHE,A1;04,: 0.03Ce?*,0.6Tb>* 78.5 56 408 43.3 [38]
AlsOgN: 0.003Eu?*, 0.01Tb** 11.1 330 51 [39]
Sr;NaSc(PO,)sF: 0.03Eu?, 0.5Tb* 9.4 365 67 [40]

Table S2 Rietveld refinement, crystallographic and structure parameters of the representative

samples CGSO: 4%Ce3".

Compound x=0

Space group P6s/m




a(A) 13.4025(1)
b (A) 7.7878(1)
c(A) 14.8698(5)

o (deg) 90
F(deg) 90.25
7 (deg) 90
v (A3) 1552.049
VA 4
R, (%) 5.45
Ryp (%) 8.02
Rexp (%) 3.55
b 5.10

According to Dexter’s ET expressions of multipolar interactions and Reisfeld’s approximation,
the following relation can be obtained [4!1:

@:C"ﬁ

n (SD)

where C is the total doping concentration of Ce** and Tb3*, 79 and # are the quantum efficiencies
of Ce3* in the absence and presence of Tb3*, n = 6, 8, and 10 corresponding to dipole—dipole,
dipole—quadrupole and quadrupole—quadrupole interactions, respectively. The value #¢/# can be
approximately estimated by the ratio of related emission intensities as [271;

1_0 = c"/3
I (52)

where Iy and 7 are the emission intensities of Ce*" in the absence and presence of Tb**. The plots
of Iy/I versus C"? are presented in Fig. S5. The best linear relationship can be achieved at n = 8,

implying that the dipole—quadrupole interaction governs the ET process from Ce3* to Tb>*.
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Fig. S5 Dependence of Iy/I of Ce*" on C®3, C¥3 and C'%73,

The ET efficiency 5y from Ce>" to Tb3 can be calculated based on the effective lifetime by

using the following equation:

L T
Ngr=1-—
o (S3)

where 7 and 7y are the lifetimes of Ce>" in the presence and in the absence of Tb?*, respectively.
The calculated ET efficiencies from Ce3* to Tb3* using Eq. S1 were given in Table S3.

The energy transfer efficiency from Ce*' to Tb*", 'z can be calculated based on the Tb3*
concentration dependence of the emission intensity of Ce3* shown in Fig. 4, by using the

following Equation:

lo (S4)

where Iy and I are the emission intensities of Ce?* in the absence and in the presence of Tb3*,
respectively. The calculated ET efficiencies from Ce>" to Tb*" using Eq. S2 were given in Table

S3.

Table S3 Calculated energy transfer efficiencies of CGSO: 4%Ce3*, y%Tb3* (x=0-96).

y ner =1-1/1y (%) n'er=1-1/79 (%)
0 0 0
1 0.07 0.09




5 0.08 0.13

10 0.15 0.41
30 0.32 0.55
40 0.43 0.71
50 0.54 0.77
60 0.57 0.83
96 0.63 0.96

].0_=‘u\£§\:\
2084
£ o oTh"
= =0.252 eV
E 0.64 E“ 0252 ¢
g O 5%Tb”
s E =0.259% eV
£ 0.44 T
= 50% Th

E =0.262 eV
0.2

4 T ¥ T 4 1 4 1 Y T T T T
100 200 300 400 500 600 700 800
Temperature (K)

Fig. S6 Plots of normalized total emission intensities versus temperatures for CGSO: 4%Ce’",

1%Tb* (y =0, 5, 50).

The activation energy AE, was calculated using the Arrhenius equation given as [421;

10

C AE, /kBT)

where /0 is the initial total emission intensity of the phosphor at absolute zero, /(T) is the total

I(T) =

1+ Ae

emission intensity at a given temperature T, A is a constant, AE, is the activation energy for

thermal quenching, and kg is the Boltzmann constant (8.617X 1073 eVK™!). Fig. S6 depicts the

plots of normalized total emission intensities versus temperatures for CGSO: 4%Ce3*, y%Tb3* (y
=0, 5, 50). Through the best fit using the Arrhenius equation, AE, were obtained to be 0.252 eV,

0.259 eV, and 0.262 eV for CGSO: 4%Ce**, y%Tb3* (y =0, 5, 50), respectively.
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