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Persistent Luminescence Mechanism of SroMgSi,O7:Eu?*,Dy** Long Afterglow Material
Based on First-Principles Calculations
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Abstract: Long afterglow materials are widely used, but their luminescence mechanism is difficult to be universally explained. For
Sr,MgSi,O7:Eu** Dy*" silicate long afterglow material with good luminescence—afterglow properties, the molecular models of
Sr,MgSi,O; substrate, Eu doped and (Eu,Dy) co-doped Sr,MgSi,O; were constructed, and the first-principles calculations were
carried out. From the perspective of electronic structure, the electron transition trapping path is revealed to explain the persistent
luminescence mechanism of Sr,MgSi,O7:Eu*,Dy>". The results showed that the doping of Eu and Dy ions changed Sr,MgSi,O; from
an indirect band gap semiconductor to a direct band gap semiconductor. The Dy 5d state was mainly located between the Fermi level
and the Eu 5d state, and it had energy overlap with the Eu 5d state, which confirmed the rationality of Dy** as an electron trap. The
luminescence process of Sr,MgSi,O7:Eu?*,Dy*" was revealed, which is helpful for the subsequent regulation and improvement of
optical properties.

Keywords: magnesium strontium silicate long afterglow material; first-principles calculation; luminescence mechanism; electron
transition capture
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Fig. 1 Primitive cell structure of Sr,MgSi,O; (abbreviated as
SMSO0) and [Si,0;]% double tetrahedral structure

SroMgSi,O7EU™ [fiiit Ny SMSO:(Eu)] /2 4§ 78
SMSO i B ATt Eu B3I A KL,
RN B S B S ET R A, B EVH
A42(0.117 nm)5 SR 42(0.118 nm) AR, B LA
N EUPFEIS I B AR T LR AR R B Sr
P RS AR T R SR LASRAS 545 24 R IR 1Y)
AR, 456 SRR N U d MR, R K ALK
IR S5 2R T B BE FT o T S 4 AN SR
F g Eu* BE/REE N 0.06 FEE MR, i Eu 1R
T8N 0.5% (BE/R 4 %K)

Sk JFE Y2y 2x2x2 #if, 14 Eu R T
BAR LA T8 0 B OV B 1 S R T LA NI A
RS FEE, 435] SMSO:(Eu)iHE B . 78Uk
JG ) SMSO:(Eu) BRI 3L Rl - #y%E Eu. Dy L5 4%
SMSO A AHAE Y . K 45 SCHk [31-32] , A B FL 1)
SMSO:(Eu,Dy)+ Eu. Dy &L A 1:2; 4 Eu &
N 0.06 I, HBIRERTID TN SrieMgSiOr:
(EUg.06,DY012). DY*" 2424 0.0912nm, 5 Ev**. S*
PERMZEAKR, NS A Dy FREBAR T 5



5 51 %5 30 mme

BT — M E I SroMgSi07 Eu? Dy K 2 b RH 2 J S LB . 777 -

Sr?*, fEEEST. SMSO:(Eu,Dy) Iy, HFEH 24 Dy
JRFEBE G SMSO:(Eu)R R 2 A S J7 7Rl
Al BEIRR SRR A 2 Frow s

K FH CASTEP #ibext SMSO H:Jfif7 . Eu ¥
%24 F1(Eu,Dy)3L#54 SMSO 2R Y 34T % B V2 bR
FIBTHE ., %3 GGA-PBE 12 Hi45 &Ikl 3 7 i
AT USSR FH T T RE . 2 5T R & T =
HL TR Sr(4s%4p®5s?). Mg(2p®3s). Si(3s%3p?).
0O(25%2p"). Eu(4f'55%5p%6s?) Fil Dy(4f'%55%5p%6s%).

T Eu. Dy 1) d. fHUE SIEAFETERRZIN 5 67 FEAS HE
J&, FBINNET 4L Coulomb HE 7 TSR KL 1E 58 5%
B 23 M B K 1 el A, TR b SR 51N T LDA+U
Jiid, HWE T Ak, P E N AN 350eV,
A SEFRIAEE A 0.03 AT SR E k SEE, A
USSR FE Ay 2.0x10°° eV/atom.  JLART45 A4 Bt 74 Ui
SHHAEN Ay : AR TR 32 HERAEFH 71<<0.05eV/A
KR /<0.1GPa. i KA Z A4 <0.002 A H.fE
B A 2<2.0x10°eV/atom.

SMSO: (Eu, D\)

‘. ”.’-““?.‘"’;-"? ..... ’----- .....’... Q ‘ i ;
:“00 '50‘0"'{ ELIT..“’:':.;"?'_ U‘l:. ':;‘L:. i
7 10! g [ G : E w}o\':\)_. o“? Eu | *:-}k o,Q;

e_{o_{o i 5 4 e ° : ‘ ] = o o
Py B ep | o v o L2 : ™ '] g &

‘}’0"“;.0"‘ ':‘E’o‘:('{ :{Ogj Fu—:{’l’,-:‘}":-;.
c\:i 0"‘:4:5 | Bu ; .OQ" o % Dy k‘o':\:i

= ’ ’ ‘ doping il o ) “’ GGcmmlry 1._: % \ ‘doping ® R0 L8

Top view | — Top view — = ..{0 P -u. - Top view

# ,..,q..'w i i . _orz'l.'lgmaunn,‘\ . .A‘: A 4 .

) i ; . L ‘B : i POy TR, T e 1 VL R,
o: {.r-o iee ®o : ?‘?\%:ﬁfﬁtﬁ : 0"“-‘! :_m‘
i : # s : | o

(;i(. e P @0

: )
- . N B iy SR R i g
Side view -"_I il

? " : : e%e® gfe u‘-.
Sr Mg Si O Eu Dy ,.f &P:.ﬁw

K2 SMSO:(Eu). SMSO:(Eu,Dy )k i) gt it 75
Fig. 2 Construction process of SMSO:(Eu) and SM SO:(Eu,Dy) models

2 HR53m

2.1 JLiarEmaiiik

3 A% SMSO. SMSO:(Eu) Al SMSO:(Eu,Dy)
BRI HEAT LT AL, 15 2k R e B BRI AR 451
Bt SR A% S 8 SEIG I 4 1 SroMgSi07:(Eu,
Dy)FE L RS S HAT L, 45 L% 1. ik 1
AT, N FES A, SMSO:(Eu)fl SMSO:
(Eu,Dy) & ¥ SMSO JFffi# a- by ¢ Y & 2 1ﬁ
JE L, HARMS S H Y SMSO JE R 2 5.
B, (Eu, Dy)HB A1 SMSO kifﬂ&iﬁ
(A WAL, 5 AR FR R OR T LT RE 2B Ak
W SR A BEAERFEW, BB gk
AR ik, JUARAL G158 5 SEEG R f I cfa

H¥ i, YRR NG A sbR, WTH TR
SRR
22 TWEAsth

AN [ 5 RO 2 B AT JR RT3 il s B s v
Tof A3 SR A D0 B I W A 2 0 - SR R I, (B
PR A BT 50146 IR T S 800 B % VA G,
P5 it Mulliken A Js (B A B8 FH T 7 SR A 34 0 #r

#* 25 SMSO 45ty & 5 7 1A Js 8. Bk 2
AIT, SMSO i A 5 iR 10 L af 250 O 25 1 A A
22T, 40 Mgs Sis Sr TR R e A N T 2,
O R T3 2l ¥t/ T 2, W Sy Mg, S 50
2 AfEE—E MM PE. SMSO A& O JHi 7 542 T
IMAFAME, HAMBEESNAH-112, -1.09e
f-117e, 5 Sr. Mg. S JRFIERL T AR,

*1 TEER, #RERESHERIL

Table1 Comparison of cell parameters of different models and samples

Type Cell parameters a/A b/A c/A al(°) BIC) () cla

SMSO Calculation 8.2366 8.2366 53119 90.00 90.00 90.00 0.6449
SMSO:(Eu) Calculation 16.4857 16.4857 10.6368 90.01 90.01 90.03 0.6452
SMSO:(Eu,Dy) Calculation 16.5196 16.5196 10.6631 89.99 89.99 89.93 0.6454
SMSO:(Eu,Dy) Experiment 8.0147 8.0147 5.1588 90.00 90.00 90.00 0.6437
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Table 2 Milliken atomic populations of SMSO
Element s orbital p orbital d orbital f orbital Tota chargele Effective charge/e

o1 1.83 5.28 0 0 7.12 -1.12
02 1.88 521 0 0 7.09 -1.09
03 1.89 5.28 0 0 7.17 -1.17
Mg 0.29 6.09 0 0 6.38 1.62
Si 0.70 141 0 0 211 1.89

2.16 6.00 0.54 0 8.70 1.30
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Table 3 Milliken bond populations and bond lengths of

A PEANF ) Eu—O B, Horb 3 bk 2 B 5 i 1m) T SMSO
;jiﬁl\‘rio é’MZIS/% ;j\:?;)\ Dy %%Eﬂ‘ ’ %‘E%%fﬂ E@ Chemical bond Population Bond length/A
AN ST M2 1. 528 Eu 5 Dy 2 [MANEH 2 5 Si—o1 0.44 168381
B, {H Dy & FHIBURAL B IE BEu & 7. xR S—02 0.67 161463
MK, EufFElT 0.37e B FLMRIEREMEAR R S—03 0.60 163963
HffE. 534k, SMSO:(Eu,Dy)if i 5 il Eb—O Mg—03 106 2.00666
AN 8 i Dy—O B, Fr AT A SLANVE LL B8 7] 2 . S—01 0.03 2.78127
23 BFABE S—02 0.17 2.55368
K 3y SMSO. SMSO:(Eu)f SMSO:(Eu,Dy) S8 0.10 260485
#F 4 SMSO:(Eu). SMSO:(Eu,Dy)H#2ZJEF Eu. Dy B EH
Table 4 Milliken populations of doped atoms Eu and Dy in SMSO:(Eu) and SMSO:(Eu,Dy)

Element s orbital p orbital d orbital f orbital Total chargele Effective chargele

Eu-SMSO:(Eu) 2.19 6.12 0.70 6.97 15.99 1.01

Eu-SMSO:(Eu,Dy) 223 6.15 0.67 8.32 17.37 -0.37

Dy-SMSO:(Eu,Dy) 223 6.16 0.62 9.20 18.22 1.78
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Table 5 Milliken bond populations and bond lengths about
Eu, Dy in SMSO:(Eu) and SMSO:(Eu,Dy)

Type Bond Population Bond length/A
SMSO:(Eu) Eu—O 0.22 2.56449
SMSO:(Eu) Eu—O 0.06 2.74983
SMSO:(Eu) Eu—O 0.16 2.83832
SMSO:(Eu) Eu—O 0.19 2.90974
SMSO:(Eu,Dy) Eu—0 0.20 2.92835
SMSO:(Eu,Dy) Eu—0 0.17 2.89262
SMSO:(Eu,Dy) Eu—O 0.06 276739
SMSO:(Eu,Dy) Eu—O 0.21 2.63666
SMSO:(Eu,Dy) Eu—O 0.29 255476
SMSO:(Eu,Dy) Dy—O 0.35 2.455 47
SMSO:(Eu,Dy) Dy—O 0.22 2.59189
SMSO:(Eu,Dy) Dy—O 0.23 2.504.94
SMSO:(Eu,Dy) Dy—O 0.07 273885
SMSO:(Eu,Dy) Dy—O 0.14 2.86835
SMSO:(Eu,Dy) Dy—O 0.16 2.87491
SMSO:(Eu,Dy) Dy—O 0.17 2.90350
SMSO:(Eu,Dy) Dy—O 0.13 2.90325
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Process 1 is light energy excitation; Process 2 is the luminescence caused by
the recombination of electron-hole; Process 3 is electron capture; Processes
4 and 6 represent electron transfer; Process 5 is the release of electrons.AE
refers to the energy required for the trapped electron to transition back to the
conduction band from the traps introduced by Dy**, namely the trap
potentia energy.
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Fig. 5 Schematic diagram of persstent luminescence mechanism
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