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Luminescence mechanism studies on Mn’" /Eu’®"
co-doped Zn,GeO, long afterglow system
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Abstract; Using the first-principles method based on density functional theory, the luminescence mecha-
nism of Mn*" Eu’" co-doped Zn;GeO, long afterglow system was studied theoretically. The crystal
structure model of Mn*" Eu*" co-doped Zn, GeO, was constructed based on the experimental results of
related literatures. The results show that Mn®" doping makes the crystal structure of Zn, GeO, more sta-
ble, and at the same time, Mn®" doping causes the charge delocalization in the crystal, Mn?' ions be-
come the luminescence centers; Eu ions exist in the Zn,GeO, crystal with valence of +3 and become the
trap centers. On this basis above, the long afterglow luminescence mechanism model of Mn*" / Eu*" co-
doped Zn,GeO, crystal system was discussed.
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Tab. 1 Coordinates of atom within Zn, GeO, crystal

Atom  Oxidation state  X/nm Y/nm Z/nm
Ge +4 0. 465 0. 229 0. 056
Znl +2 0. 798 0. 562 0. 389
Zn2 +2 0.132 0. 896 0.723
01 —2 0. 317 0. 005 —0.034
02 —2 0. 625 0. 312 0. 272
03 —2 0.973 0. 641 0. 636
O4 —2 0.579 0. 249 —0.078

(C) an GeO4 :EU

(d) Zl’lz GEO4 :MI’I/EU

@ 1 an GeO4 %‘:’ Mn/ El.l %‘%‘7")15 Zl’lz Ge()4 Eﬁa@é}g%#ﬁﬁ
Fig. 1 Structures of Zn,GeO, and Mn/ Eu doped Zn, GeO, crystals
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Fig. 2 XRD spectra of optimized Mn/Eu doped Zn,GeO,
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Tab. 2  Optimization of Mn/Eu doped Zn, GeO, unit cell
structure parameters

Parameters  Zn:GeO;  ZnyGeOy:Mn Znz GeOy : Eu Z;‘il(;i;[);:
a/nm 0.908 8 0.908 4 0.877 6 0.875 6
b/nm 0.908 8 0.908 2 0.8817 0.884 1
¢/nm 0.908 8 0.908 1 0. 868 2 0.872 4
a/(*) 108. 72 108. 67 107. 72 107. 76
B/ 108. 72 108. 69 107. 69 107. 59
¥/ (") 108. 72 108. 70 107. 72 107. 59
V/nm? 0.593 0.592 0. 548 0. 552

Enthalpy/eV ~ —3.17 —3.06 —3.25 —3.15

3.2 Mn/Eui8% Zn,GeO, BRI B F &S
N T B4R 7R Mn/Eu 228%} Zn, GeO, iy

RESHIRREER IR, 3R 3 45 T REBARIE 2%

anGe()iEﬁiﬁiEﬁﬁjﬁEﬁ-

&3 Mn/EuisZ Zn, GeO, BB Mulliken B 1T [FEL
Tab. 3 The Mulliken Populations of Mn/Eu doped Zn, GeO,

Mulliken charge/e Zn Ge O Mn Eu
ZnzGeOy 0.85 1.81 —0.88
Zn;GeOy : Mn 0.86 1.83 —0.88 0.91
Zn; GeOy : Eu 0.87 1.75 —0.87 1.29

Zn; GeOy : Eu/Mn 0.86 1.78 —0.86 0.83 1.26

MR A FE RO SR A5 R T LA HY A T AR
Zn, GeOy i . Mn® " B 785X Zn® B 7L X
Zn, GeO fiby A FCA 2 5 FiL A 20 Al L B0A 520
[l N} Mn 85~ HUfp A3 F 205 Zn 87 L A SR UL
PARIED X LR R 7R T M R
X Zny GeO, A RZEF JLF- B R M (9 J5L A

P 3 R 22 0 BE A 2 Hh T TR R R 4R
SR AL 3 HE— 20 R B Mn® ' B 118 % fd v iy
3 B Ak X H A 2 AL 4 Ji PR R R T Min®
BT A BB A Mn B 10 i P e w1
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Fig. 3 The electron density difference of Mn/Eu doped Zn, GeO,
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Fig. 4  Schematic diagram of Mn/Eu doped Zn,GeO,

long-lasting luminescence mechanism
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Fig. 5 The densities of total state and partial states of
Mn/Eu doped Zn, GeO,
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