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550 4%

1% H PE 24 ) B FS F-4500 %¢ 66 A OB U8 150 W
AT, A 15 nm/min, % KSEH 200~750 nm,
WOk HoeHkgE 2.5 nm, AR R ITEREE 1.0 nm)x R
176 1% 73 M1 (PL, photoluminescence spectrum)dll il . K
FH FI-427ALTL Wl S A (AE A E T ), BL 1 KYs 1Y
TR 2 AR G T (TL, thermoluminescence spectra,
300~675 K)o

FH ThermoFisher 24 H K-Alpha(Al Ka ¥,
0~1486.6 eV, C 1s JWAR)RFEM AT X 4l 7
WM E (XPS, X-ray photoelectron spectroscopy). K
HI JEOL JES-FA200 %Y Hi ¥ [ Jig LR 5 AR AT %
i CGRZ 100 KD HL-F I AL R 35 (ESR, electron spin
resonance, X-J¥B, ISR 9.081 GHz )% 1 mW,
HEJEH Y 0~500 mT).

2 HR5WR

2.1 phikE
2.1.1 XRD 4#7

Kl 1. 2 1 J(Sri.Mey); 05S104:0.05Eu 286 H 9 X
SFERRTH TS5 5. 1173.15 ~1373.15 K (B 54 6.
7) 153 Sry058i04:0.05Eu ¥} K4 a-Sr,Si04+p-Sr,Si0,
WAEY, HiEBK g-SrnSio, M £ ; 1373.15 K
(Sr;..Bay);.05sS104:0.05Eu #3448 (rgee+=0.135 nm>rgp-),
L 0<x<<0.1 W48 — a-Sr,Si04, 0.1<x<0.8 I} 4
a-S1,Si0,4+Ba,Si0, (PDF#26-1403, Pnam, ¢=0.5805 nm,
b=0.7499 nm, ¢=1.0214 nm, Z=4""YR &), x=0.8 I
JOH — [ BaSiOy AH ;5 1373.15 K (St~
Mg,)1.955104:0.05Eu (ryg2+=0.072 nm<rgp.), x<0.05 I}
M a-Sr,Si04+p-Sr,Si0, R A W) H 5 K B % 1 M
a-StySi04 A Fr 4 i, x=0.1 1 24 a-Sr,Si04+8-Mg,Si0y
WA B K. NP3 L&
0-Sr,Si0y AR E M, HRT# ROR 4T .
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Fig.1 XRD patterns of (Sr;.,Me,);95S104:0.05Eu phosphors

Bl K12 Ba® 524 SroSi0y, Yo ARG M Kk 4
a-Sr,S104+4-Sr,S104—a-Sr,S104—a-Sr,S104+Ba,Si0,
—Ba,Si0, HIF4AE, B-Sr,Si04. a-Sr2Si04. Ba,SiOy i
WEERIE 2 Fros. mE 2 i =F gL, 1
FH & 78 10 BCAZ)F 9 FAL D), B-SrSi0s—
0-St,Si04 I (47 18] #F A [7])Si0, U [f 44 Jig % A 73 11
S-S1,8i0,4 TR ZE K Me—O #E7E a-Sr,Si0, 48 Ny 25K IF
A b B B Si-0O-Me(1)-O-Me(I1) H 8 14 1 55 1k
M, 0-S1,810,—Ba,Si0, I (35 [ BEAH [H]), H4h
&AW S, HE Me-O HEK WAL,
Si—O-Me(1)-O-Me(ID)FE Y A K A A8 4k . 9 FeAv A i I
LB/ T 10 BEfr, HPBEF B-SrSi0s—a-SrSi0s—
Ba,SiO4 H 9 WL A7 A7 E i A4 17 26 14 5 A sk 55 170 10 FE A7
BB SR % Wik g
2.12  FT-IR #= Raman 5 #7

I 3a (Sri..Me,).05S104:0.05Eu %% Y Hh A i HL v
LEANGREN BT, JEr 507 em” XN T Si—O 25 RS
O4F Si-O B A1 i AZ AL AR U 145 835 em™ X W O-Si-O
P, 906 ecm™ XY Si-O MRS 1460 cm™ X

R 1 (SriMey)1.958i04:0.05Eu 5 ¥ FHLE B B & 5 ik €

Table 1 Phase constitution and green emission wavelength of (Sri..\Me,);.955i04:0.05Eu phosphors

Emission wavelength/nm

Sample Composition Phase constitution Jex=254 nm Aex=365 nm
Main Eu(1)/Eu(1l) Main Eu(1)/Eu(1l)

1 (Sro.2Bag.8)1.95S104:0.05Eu Ba,Si0, 498 475/530 492 489/526
2 (Sro7Bag3)1.955104:0.05Eu Ba,Si04, a-Sr;Si04(main)
3 (Sro.sBag.2)1.95S104:0.05Eu a-S1,S104
4 (Sro.9Bag.1)1.95S104:0.05Eu a-S128104 513 485/545 493 491/547
5 Sr1.95S104:0.05Eu a-S1,S104(main), -Sr,Si04 515 485/544 495 496/547
6 Sr1.95S104:0.05Eu(1273.15 K) P-S128104, a-Sr2S104
7 Sr1.05S104:0.05Eu(1173.15 K) S-S1,Si04(main), a-Sr,SiO4 519 490/540 496 497/542
8 (Sr0.0sMg0.05)1.95S104:0.05Eu S-Sr2Si04, a-Sr2S104(main)
9 (Sro.9Mg.1)1.95S104:0.05Eu P-Mg,Si04, a-Sr,Si04(main)
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Fig.2 Crystal structures (a~c) and projections along [100] (d~f),
[010] (g~i) of B-Sr2Si04(a, d, g), a-Sr2Si0y4 (b, e, h), and
Ba,SiOy4 (¢, f, 1)

I T Me—O 4 4Rsh">1%), 4¢ B-Sr,Si04— a-Sr,Si04—
Ba,SiO, #AFH Si—O-Me(I)— O-Me(IT)/54E 2 HT 1 4% A
AR RSV EAE, IO RR Mt R T s, LR S A by
BT B R (B 3b Fiox, BEE B-SrSi0—
0-S1,8i10,—Ba,Si0, ¥ AF HLAE 1765, 1904 cm™ 12 T
#5iR); H Me—O K47 K (L0 40 1460 em™ By, +7%
1487 cm™— 1513 em™), X W Me—O WA BE 1 7] /N BT
.
2.2 RGO
22.1 PLiEHF

4c,4d FZE 1 K (St Me,); 5S104:0.05Eu 7 )t H}
RG34 A, FESLAE 254 nm (365 nm)UK T
BT 4f7'5d—af” SO R S MBS I Eu’T i
Do—'Fu(n=1, 2) 4 ¢ K& 4, B & p-Sr.Si0y —
0-S1,Si04—Ba,Si0, A8 H 45 0 i J5 1 i H 48 A4 K fall
W Eu'™fE B-S1SiO4. a-SroSiO4. Ba,SiO, AT 7E
254 nm (365 nm) K OGIELIA 2 AN KOG, A oxt
MY %5 2H 490 nm/540 nm (497 nm/542 nm). 485 nm/544
nm (491 nm/547 nm). 475 nm/530 nm (489 nm/526 nm)
Abs H B-SrySi04—a-Sr,Si04 # AR H Eu(l) & A6 itk i

¥ Bu(I)& 408, 1 a-Sr,Si0,—Ba,SiO, I Eu(l).
Eu(ID¥RAEWER, WK 4 f% 1 Fix. LL515 fl 615
nm A WAL K I AR (S1.eMey) 1 05S104:0.05Eu 1 4 it (1]
4a, 4b), WK NALE 250~470 nm I (FIETEAE 365
nm P D R N LA 4 B W O ER T (charge transfer band,
CTB), HAE 415 nm &4 /N, XY Eu’" ) "Fo— °Lg
BRIE (K 4a, 4b).

it 2.1 &M 3N, B-SraSi04—a-SrSi0, AR
Si—O-Me(I)-O-Me(11) HH 8 47 B i 1 4 ~F- 4% H. Me-O %
K, Bu()f A H A& Sr—O 4 K BC A7 37 5 5 5L 55
SEOCE R, i Bu(l) A FE U AERE Sr-O KA1
Si—O-Sr(I)-O—Sr(IT) B ff1 42 14 I A7 37 5 FE 1 it 3 SOk
TR, Ba,Si0, 45K 55 a-Sr,Sio, A 4EL, {H Ba—O
b Sr—0 # K, BE# a-Sr,Si0,—Ba,SiO, #4748, Eu(l).
Eu(I)¥ KB .
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Fig.3 FT-IR spectra (a) and Raman spectra (b) of (Sri.xMey);.95-
Si04:0.05Eu phosphors
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T I e (I B — R R A R R R R SRR
HH R LA 428 K PN AT BB e (E=0.846 eV, H
E=T,/500 TFHEAFH, Jor T, S RE U6 BT 0 I 1) 4 )
WRE, Ay Sk KUY SN & S BEAE 515 nm BT,
XV Bu S AR 1 4 i 2

AHLE = 4B el , 4 BOG IR L BE I S AR
W 3 FEE TR e B2 A S )Xo VR WU L R R T i B A R
i, X1, 4, 5, 7 SRES FRUEAT 4R SORE e 1 I =
K Sb i BRI, B Eu (428 K BRI ) B B BE 2
SMEAT 473 K BT Eo® Bepafie ! (E=0.948 eV,
SRIEIEAR T Eu ' BkFafeglg) , HBi#E B-SraSiO—
a-S1,Si0,—Ba,Si0, A% Eu B AE 0% #i ik /s , HAA
TR U 30 2 W T A
2.3 Mo
2.3.1 XPS b7

(Sro.9Bag.1)1.958104:0.05Eu ff] XPS 4= n] i Eu
3ds;~ Ba 3p;n~ Ba 3dsn. Ba 3dsps O 1s, C 1s. Sr 3ps3p-s
Sr3dsn Eu4d. Si2p W4 %M 1136, 1062, 795,

Experimental lines

780, 532, 287, 268, 135, 135, 92 eV, WA 6a).
H T Sr3d 5 Eu 4d fig % 5 & (Eu™ \Eu’ i F 1 4dsn(3k
4ds ) ) IR &5 45 B HL 7 U6 43 il O 135.3, 127.0 eV (8
140.5, 131.5 eV)!"™'9Sr 3d %F A 135.7 eV, Kt
135 eV PRI RS 4 0% A A %500 Bu & 7 &K 6b.
AIHI A Eu 3d @R 40 5% 73 T 6c~6e, 1R ILAT 1168
eV(Eu’" 3d;,). 1136 eV(Eu’" 3ds;). 1158 eV(Eu** 3ds5)-
1128 eV (Eu™ 3dsp)*" 4 Mg, X W (SreoBag.i).0s-
Si0,4:0.05Eu [ Eu"4MNEAFELE Eu’', Bi% -Sr,Si0,—
a-S1,810,—Ba,Si0, 4 Eu®/Eu ) 3ds,, 58 5 B 43 T FR
PLZE i G, X i W FAH i AT R Eu® T EAE
2.3.2 ESR o #1

Eu’ WL FHCH A8, i B R T H O R
FRITNy Af7, B&R Syn), MIELTESS ¥ HA ESR
WP, But R DL A B AR, i S A A
WC A7 A ZH B At AR S, R AR 37 R RN RO R A
5 Z0 35 0 ESR B 200 R E R AF 3L g=2 IR A —
Gl (<-1/2>o<1/2>3L4), 0 FRPE AL I X i
LR 4 A B, AE 200~350 mT X-J Bty ] A8 U

[] Fit lines of Eu(I) A Fit lines of Eu(ll)
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™ 2T I
! i, 530 ok B
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Kl 4 (Sri.Mey)i05Si04:0.05Eu &6 58 6% (1) (Sro2Bag s)1.05Si04:0.05Eu", (4) (Sro.9Bag.1)1.95Si04:0.05Eu", (5) Sry.5Si04:0.05Eu*",

(7) Sr1.055i04:0.05Eu>"(1173.15 K)

Fig.4 Photoluminescence spectra of (Sr;.xMey);.95S104:0.05Eu phosphors: (a) Aem=515 nm, (b) Aem=615 nm, (c) Aex=254 nm, and

(d) Aex=365 nm
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Fig.5 3D (a) and 2D (b) thermoluminescence curves of (Sri.xMey)1.95S104:0.05Eu phosphors
a b Eu” 3d ,C
Sr3d (7)sr,, S10,:0.05Eu™'(1173.15K) Eu” 3d_,

Intensity/a.u.

Intensity/a.u.

S=
<
o | &

Sr3d Eudd

1160

1150 1140 1130

(@)(5r, By, ) S0 00E"  po 3d52Eu”3dﬂd | () (5, Ba,,),, SI0,0.05EK B34, © f 99_9_% % f

Binding Energy/eV

Bl 6 (Sri.Me,)05Si04:0.05Eu 7%

Binding Energy/eV

FeHr XPS i

Sample

i1 Eu 4d, Sr3d, Eu 3d &2 ¥ XPS i

Fig.6 XPS survey (a) and Eu 4d, Sr 3d (b), Eu 3d (c~e) high resolution XPS spectra for (Sri.xMe,)1.95S104:0.05Eu phosphors,
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Fig.7 X-band first derivative absorption ESR spectra of
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Eu”" ions
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a-S1,S104+6-Sr,S104(main)(x=0)—a-Sr,Si04(main)+4-
S1,8104(x=0.05)—a-S1,Si04(main)+A-Mg,Si04(0.05<x<
0.)AHEAS . B KK Ba® B A, K4t a-Sro-
Si04(x=0.1)—a-Sr,Si0,+Ba,Si04(0.1<x<0.8)—Ba,Si0,
(=0.8) M AHHEAZ; B AT WK /N PAR B B e n)
DAFE i o-SroSiO AR E T, B Ba™ B (it
B-S1,810,—a-Sr,Si0,—Ba,Si0, # 4% .

2) LLANGIE b 2Ok — P T R B, Si-O-
Me(I)-O-Me(Il) ¥ 7£  B-Sr,Si04,—a-Sr,Si04—~Ba,Si0,
20 v 3 T R 0 O AR O T LB (R 17651904 em™
P2 PR50) H Me—O HEK B T8 K (414 1460 em™, $7
g 1487 cm'—1513 cm™).

3) JG T W] BEELLE 254 nm (365 nm) HK
T Eu* B T 4 5d—4f" WL T ERIT SO kAT, L
¥) 10 Bo A Bu(DF 9 BEAL Eu(Il) 2 RGO, B
B-Sr28104—a-Sr,Si0,—Ba,Si0, A8 T G 5 5 1 5
HOGBEAR R . B-S1,8104,—a-Sr,S10,4 H AL Eu(l)
KENEEY Eu)EKELHM a-Sr,Si0,—~Ba,Si0,
i Eu(l)s Eu(ID¥F KAEERE, XEH B-SnSi0—
a-S1,8i04 I Si—O-Me(1)-O-Me(IT) H £ 5 T4 B b ~F
55 H. Me—O %t 47 K 1] a-Sr,Si04—Ba,Si0, & Me-0O
R L

4) FEE MR B Bu® A] B BB I BE 4 O Y
428 K Re il 0.846 eV), B %E S-SrSi0,—
a-Sr,S10,—Ba,SiO4 # 748 Eu Wk [ e 202 Wi jf /), He 4
TRV P W B AR s OB b CHMES G 595
615 nm, %N *Do—"F,(n=1, 2) ) o T8 IT ) FIHFE itk
ST (473 K BRI M (R B BIF RE 2R ()4 0.948 eV)
T DEM B0 3 4. XPS 2 HTH T Sr 3d
5 Bu 4d BERES, H A Eu 4d HE LU AT Bu & F
s, "M Eu 3d KRBT, BEA B-SraSiOs—
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Luminescent Spectra Regulation Mechanism of (Sr;..Me,); 955i104:0.05Eu Phosphor
Powders

Wang Yu, Luo Lan, Guo Rui, Zhang Pengpeng, Gao Mingyuan
(Key Laboratory of Lightweight and High Strength Structural Materials of Jiangxi Province, School of Materials Science and Engineering,
Nanchang University, Nanchang 330001, China)

Abstract: The (Sr;xMey)i.9sS104:0.05Eu phosphor powders were synthesized by high temperature solid-state reaction. The effects of solid
solution of large (Ba’") and small (Mg®") ions on the phase, the coordination crystal structure and the valence state of Eu ions were
investigated firstly, and then regulation mechanism in the photoluminescence spectra was discussed. Results show that with increasing the
temperature, a-Sr,SiOy increases and -Sr,SiO, phase decreases in Sr,SiO4 powder. Mg®* ion dopant can increase the stability of a-Sr,SiO4
phase. Ba®" ion dopant can lead the phase transformation of S-Sr,SiOs+a-Sr2Si04—a-Sr,Si04,—a-Sr,S104+Ba,Si0,—~Ba,Si0,, in the
sequence as B-Sr2Si04, a-Sr;Si04, BasSiOy4, the Si—-O-Me(1)-O—-Me(1l) chain changes from zigzag to straight chain, and the Me-O length
increases. Under the excitation of 254 nm (365 nm), Eu-activated f-Sr,SiOs, a-Sr,SiO4, and Ba,SiOs powders have bright green
fluorescence emission (in the same sequence, the intensity increases and the overall spectrum is slightly blue shifted) and weak red light
emission. For f-Sr;Si04 —a-Sr,Si04, Eu (1) emission peak is blue-shifted while Eu (II) is red-shifted (Si—-O—-Me(1)-O—Me(1l) chain
changes from zigzag to straight, Me—O bond length increases). For a-Sr,SiO4 —Ba;SiO4, both emission peaks of Eu (I) and Eu (II) are
blue-shifted (Me-O bond length increases). In the thermoluminescence spectra, Eu®" and Eu®" defect energy levels exit in all these
phosphors, and Eu*" concentration looks larger. The high resolution XPS spectrum of Eu3d indicates that there are higher possibilities for
Eu®’in the sequence as f-Sr,Si04,—a-Sr,Si0,—~Ba,Si0,, which is confirmed by Eu ion ESR spectra. By Ba®" ions solid solution into
Sr,Si104 crystal, phase transformation as of f-Sr,Si04—a-Sr,Si04—Ba,Si04 occurs, achieving the adjustments in Si—O-Me(1)-O—-Me(1l)
chain type and Me—O bond length, and thus leading to the regulation in the coordination environment and valence state (Eu”*/ Eu®" ratio)
of Eu ion, and emission wavelength and intensity.

Key word: crystal structure; photoluminescence spectra; X-ray photoelectron spectroscopy; electron spin resonance
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