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Fig. S1. SEM images and elemental mappings of (a) LLGO:Bi,Pr and (b) LLGO:B1,Yb

phosphors.
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Fig. S2. The effect of Bi** doping concentration or trace doping Sm** (10”7 mmol) on
the luminescence characteristics of LLGO:Bi phosphors. (a) PL spectra, (b) PLE

spectra, (c) PersL spectra, and (d) PersL decay curves.
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Fig. S3. The effect of Eu** doping concentration on the luminescence characteristics of

LLGO:Bi phosphors. (a) PL spectra, (b) PersL spectra, and (c) TL spectra.



a b c
LYGO 0.16 - LGGO
| Acharge= 254 nm Acharge™ 254 nm PL
= A= ~ A=
“we,, ST @ | | | |
et = 358 nm Bi+Sm - —— 350 nm Bi+Sm
£ ——350nmBiEu | & —— 622 nm BiEu
o —— 442 nm Bi,Tb g 0081 ——549nm Bi,Tb | 5min
£ ——— 552 nm Bi,Tb £ 583 nm Bi,Dy
530 Bi‘Dy / ‘. e ... ..-
580 nm Bi,Dy 0041 _
M_ﬂ 1500C... ..-
0.00F ‘ —

300 350 400 450 500 550 300 350 400 450 500 550 LYGO: LYGO: LYGO: LGGO: LGGO: LGGO:

Temperature (K) Temperature (K) Bi  BiTb BiEu B BiTb BiEu
d e f
Bi,Tb Bi.Tb wl T Amon™
06 A= 20l Acrarge= 254 nm Acharge™ 254 0M  _ cea 1 1GO
312 nm LLGO ’ LLGO . ——553nm LYGO
5 —3120mLlYGO | 3 ——LYGO 31 —— 548 M LGGO
A 0.4 - — 272 nm LGGO 8 15 —LGGO i —— 383 nm LGGO
2z > 2z 10
2 = B
g S S
£ £ 101 £ 10
0.2
| o \
A
00 0,0..&4&\10\..\\..
400 500 600 700 800 300 400 500 600 700 800 0 50 100 150 200 250 300 350
Wavelength (nm) Wavelength (nm) Time (s)

Fig. S4. The effect of matrix lattice and Ln** doping on the fluorescence characteristics
of Bi doped germanate based phosphors. (a,b) TL spectra of LYGO/LGGO:Bi,Ln
(Ln=Eu, Tb, Dy, and trace Sm). (c) Comparison of multimode fluorescence photos of
LYGO/LGGO:Bi,Ln phosphors. (d-f) The comparison of PL, PersL spectra and PersL
decay curves of LLGO:Bi,Tb, LYGO:Bi,Tb and LGGO:Bi,Tb samples.



o
o
(7]

30 LGGO:Bi,Tb LGGO:Bi,Dy LGGO
A= Aex= 8 Agx= 273 nm
= —aaom | = O 2730m | b
S a0 Amon™ s il s s} ——l
= 546 nm > 488 nm =
3 B 201 —— 576 nm s
[ c [=4
2 L2 L2 4F
£ £ £
10
10+
2 L——A
0 L y 0 h 0
200 300 400 500 600 700 800 200 300 400 500 600 700 800 400 500 800 700 800
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Q.
(1]
-

LGGO 16k LGGO
03 Menarge= 254 nm LGGO 08 Acnarge™ 254 nm
To Acharge= 254 nm & Bi
; Bi.Tb 5 12k Amon= 548 nm 5 Bi+Sm
s o —Tb L0686 ——BiEu
= = —Bi = ;
E g 08 Bi,Tb g B!.Tb
$ ke Soaf —BiDy
k= = E
0.4
i 0.0k . A L .
300 400 500 600 700 300 350 400 450 500 300 400 500 600 700 800
Wavelength (nm) Temperature (K) Wavelength (nm)
g
LGGO Aeaam
5 Acharge™ 254 NM 350 nm Bi
—— 350 nm Bi+Sm
—— 622 nm Bi,Eu
—— 549 nm Bi,Tb

Intensity (a.u.)
3

=]
o

—— 583 nm Bi,Dy

0 50 100 150 200 250 300 350
Time (s)

o
S

Fig. S5. The effect of Ln*" (Ln=Eu, Tb, Dy and trace Sm) doping on the luminescence
characteristics of LGGO:Bi phosphors. (a,b) PLE and PL spectra of LGGO:Bi,Tb and
LGGO:Bi1,Dy, respectively. (c) Comparison of PL spectra of LGGO:Bi, Tb and
LGGO:Tb. (d) Comparison of PersL spectra of LGGO:Bi,Tb and LGGO:Tb. (e)
Comparison of TL spectra of LGGO:B1,Tb and LGGO:Tb. (f,g) Comparison of PersL
spectra and PersL decay curves of LGGO:Bi,Ln (Ln=Eu, trace Sm, Tb and Dy)

phosphors, respectively.
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Fig. S6. The effect of Ln** (Ln=Eu and Tb) doping on the luminescence characteristics

of LYGO:Bi phosphors. (a,b) PLE and PL spectra of LYGO:Bi and LYGO:Bi,Eu,
respectively. (c,d) PLE and PL spectra of LYGO:Tb and LYGO:B1,Tb, respectively.



Q
T
(2]

LYGO LYGO
6 A= 312 nm Acharge= 254 M 32t
— b 247
——Bi,Tb

>
:
=
(2]
:

Intensity (a.u.)
S

Intensity (a.u.)

Intensity (a.u.)

o
o
T

. A/L\\‘«a

0 .0
400 500 600 700 800 300 400 500 600 700 800 0 300 350 400 450
Wavelength (nm) Wavelength (nm) Temperature (K)
d e f _
15 LYGO:Bi,Dy LYGO LYGO  Agparge= 254 nm
A= Acharge= 254 nm 107 —
— ——312nm —_ Bi —_
El A= 5 4r Bi+Sm Elpp
© mon— © . @ 10°F
Ly 374 nm > —BiEu S A=
g ——580 nm g —BiTb & mon  —a42nmBiTb
< S —— Bi,Dy g 10°; ——358 nm Bi —— 552 nm Bi,Tb
£ £ 5l = —— 358 nm Bi+Sm —— 360 nm Bi,Dy
5 ——350 nm Bi,Eu —— 580 nm Bi,Dy
104
LVA‘ 10° \M
0 . h h ]
200 300 400 500 600 700 800 300 400 500 600 700 800 0 50 100 150 200 250 300 350
Wavelength (nm) Wavelength (nm) Time (s)

Fig. S7. The effect of Ln** doping on the luminescence characteristics of LYGO:Bi
phosphors. (a-c) PL, PersL and TL spectra of LYGO:Tb and LYGO:Bi,Tb,
respectively. (d) PLE and PL spectra of LYGO:Bi,Dy. (e,f) Comparison of PersL
spectra and PersL. decay curves of LYGO:Bi,Ln (Ln=Eu, trace Sm, Tb and Dy).
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Fig. S8. The effect of Ln*" (Ln=Eu, Tb, Pr and Dy) doping on the luminescence
characteristics of LLGO:Bi phosphors. (a) PL spectra of LLGO:Bi,Eu under selective
excitation. (b) Comparison of PLE and PL spectra of LLGO:B1i,Eu. (c) PL spectra of
LLGO:Bi,Tb under selective excitation. (d) Comparison of PLE and PL spectra of
LLGO:Bi1,Tb. (e) PL spectra of LLGO:B1,Prunder selective excitation. (f) PLE and PL
spectra of LLGO:Bi,Pr. (g) PL spectra of LLGO:Bi,Dy under selective excitation. (h)
PLE and PL spectra of LLGO:Bi,Dy.
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Fig. S9. The comparison of fluorescence characteristics for LLGO:Tb and LLGO:Bi,Tb
phosphors. (a,b) PL and PersL spectra of LLGO:Bi,Tb and LLGO:Tb. (c) PL and PLE
spectra of LLGO:Bi. (d) TL spectra of LLGO:B1,Tb and LLGO:Tb.
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Fig. S10. The effect of temperature on the fluorescence characteristics of LLGO:Bi,Ln
(Ln=Eu, Tb and Yb) phosphors, with the spectra of LLGO:Bi phosphor as a reference.
Temperature-dependent PL and PersL spectra of LLGO:Bi (a,b), LLGO:Bi,Eu (c,d),
LLGO:Bi,Tb (e,f), and LLGO:Bi,Yb (g,h). (i) Temperature-dependent PL spectra of
LLGO:Bi,Tm.
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Fig. S11. The effect of temperature on the fluorescence characteristics of LLGO:Bi,Ln
(Ln=Pr, Dy and Sm) phosphors, with the spectra of LLGO:Bi phosphor as reference.
Temperature-dependent PL and PersL spectra of LLGO:Bi,Pr (a,b), LLGO:Bi,Dy (c,d),
and LLGO:Bi,Sm (e,f).
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Fig. S12. Comparison of afterglow characteristics and TL curves characteristics of
LLGO:Bi,Ln phosphors. (a-c) PersL, PersL decay curves and TL spectra of
LLGO:Bi,Ln (Ln=Eu, Tb, Dy and Pr). (d) Temperature-dependent TL spectra of
LLGO:Bi,Dy.
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Fig. S13. Temperature-dependent PL intensity as a function of temperature of

LLGO:Bi,Ln (Ln=Eu, Tb, Dy, Tm and Pr) phosphors. (a) LLGO:Bi, (b) LLGO:Bi,Tb,

(c) LLGO:Bi,Eu, (d) LLGO:Bi,Dy, (e) LLGO:Bi,Tm, and (f) LLGO:Bi,Pr.
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Fig. S14. Temperature-dependent PL intensity as a function of temperature of
LLGO:Bi,Ln (Ln=Yb, Er, Ce and Sm) phosphors. (a) LLGO:Bi,Yb, (b) LLGO:Bi,Er,
(c) LLGO:Bi,Ce, and (d) LLGO:Bi,Sm.
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Fig. S15. Excited wavelength-dependent PL emission spectra of LLGO:Bi,Ln (Ln=Eu,

Tb, Pr and Yb) phosphors. Therein, (a) LLGO:Bi,Eu, (b) LLGO:Bi,Tb, (c)

LLGO:Bi,Pr, and (d) LLGO:Bi,Yb.
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Fig. S16. Temperature-dependent PL spectra of (a) LLGO:Bi,Eu, (b) LLGO:Bi,Tb, (c)
LLGO:Bi,Pr and (d) LLGO:Bi,Yb.
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Fig. S17. Temperature-dependent PersL decay curves. (a) LLGO:Bi,Eu, (b)
LLGO:Bi,Tb, (c) LLGO:Bi,Pr, and (d) LLGO:Bi1,Yb. Before measuring the afterglow

decay curve, the sample was pre-charged at the measurement temperature for 6 min.



A,,=350 nm 340 nm

310 nm
2r 270 nm
. L — 263 nm
5 0
S _/\ 250 nm
2
2
S 1} 240 nm
£

J\ cES

M
MZ nm
0 : 1 : 1 : 1 :

300 350 400 450 500 550 600
Temperature (K)

Fig. S18. Charging wavelength-dependent TL curves of LLGO:Bi, Eu phosphors.



