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Abstract: The Eu’* doped calcium bismuth borate glasses were prepared by a rapid melt quenching technique.
The general physical properties including density, molar volume , refractive index and so on were studied. Furthermore,
the structure, optical properties and thermal stability of glasses with different ng/ny and CaO concentration were
also investigated. The experimental results demonstrate that Eu’*is melted homogeneously in glass samples and
acts as a well activator. An intense emission peak at 613 nm appears in the emission spectra under 465 nm
excilation. The excited and emitted spectra intensities have no obvious variation as ny/ny gradually decreasing,
but that decrease with CaO concentration increasing. All glass samples present amorphous states and relative low
symmetric structure. The tightness and symmetries of glass structure decrease totally as ny/ny decreasing and
increase as CaO concentration increasing. The [BO;], [BO,], [BiO;] and [BiOg] units are identified in glass samples,
however, six member rings consisting of [BO;] are not observed. The glass samples possess red light under
matching blue light chip, and exhibit many virtues such as well thermal stability, low melting temperature and

appropriate refractive index.
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Table 1 Some physical parameters of Eu* doped calcium bismuth borate glasses

Sample Density / Refractive M/ V.l L T.IC T AT/ C
(grem™) index (n) (g+mol™) (cm®+mol™)
BBCE1 5.721 1.846 222.02 38.812 458 — — —
BBCE2 5.968 1.895 240.45 40.290 444 — — —
BBCE3 6.156 1.924 258.88 42.056 422 — — —
BBCE4 6.471 1.997 277.31 42.856 400 472 520 120
BBCES 6.745 2.037 295.74 43.848 387 458 492 105
BBCE6 6.707 2.011 288.89 43.071 394 470 518 124
BBCE7 6.471 1.997 277.31 42.856 400 472 520 120
BBCES 6.358 1.963 271.52 42.704 403 474 521 118
BBCE9 6.239 1.934 265.74 42.593 405 480 525 120
BBCE10 6.118 1.906 259.95 42.491 409 486 530 121

AT=T-T,



756 kMl otk

45.0

43.5
42.04
40.5

39.0 1
2.1

v, / (cm*mol™)

422

BBCE3

444

1.8 = BBCE2 -
ST I T T T W
T 650 458
S 6259 BBCEI
3 6.00-
575
T T T T T T T T T
BBCEI BBCE2 BBCE3 BBCE4 350 400 450 500 550 600
Sample Temperature / 'C
_#20 0
5 43.024 @ 409 e 5
C,
ME 42.84 4 © BBCE10 525
8 405 ¢ g
= 4266 )
g BBGES 480 / 521
42.48 4 s .
2044 T T T 403
] 474
2,01 BBCES 520
L 198 . =
1.95] 400
1.92 BBCE7 - wmn/ T=518
1.89 T=394 L ¢
675 - T T T  § g
BBCE6 T, =470
= 660 z
8 645
o
630
S 615
6. T T T T T T T T T T
BBCE6 BBCE7 BBCES BBCE9 BBCE10 350 400 450 500 550 600

Sample

Temperature / 'C

(a, ¢) Density, refractive index and molar volume of glasses; (b, d) 7, and 7. of glasses
FEL B 45 2 B0 00 0 S 11— 6 DL 4 B 2 00 A L3 R

Fig.1  General physical properties of Eu** doped calcium bismuth borate glasses

2 M U Y 18 3% 35 P s o IR URCRE A R T
TRAE YAG AR TP iU GV R R A7 1 (9 6R)
T B e B0
22 EEMR

L 2 R SR 45 2 B0 B 45 D 3 T8 1 2 ' B B 1 I
KR FHCTE L 7 BIFE 613 1 465 nm A | PN
378 &1 R A G I Ak B S IO TR i 5 7 2 o 3
TE H AR OGBS 2 465 nm WEOGIL S g SE il 3
Firs . PR G 2a Fl 20 1 A 7 ARV 2y
AL F 363,383,394 414,465 485 1 533 nm 4t
XN 30 R Eut A TF—'D, °L, Le °D; D,
D, VA KCTF—SD, B BE KT | L TF—SD,(465 nm)
R AT AR 6 T At BE P BR AT 5iR B i | 2 I HLRE A
RO LED S8Rk, RS El 2b Fil 2d
o, 5 ARSI SR T 579 592,613 651
A1 702 nm &b, %R Eu* G R SDe—F, F,F,
T, R, B REERGE , AH LT A REYERAE S Dy—
TFy(613 nm)ib A B R L1 0 & 5T

Kl 2a F1 2b PAF G B 7R 465 nm 2R
1613 nm Ab 1 & G615 JL-FE A, 11 394 nm
Ak () i A o B 2 BN BBCEL & BBCES T F# Y i
B UL ng/ng MBS XT 465 nm b B S AN
KM% 394 nm Kb 52 M 58 203X 0] g S i T 38
SEM S | A5 Eu® i TR L, S 2 BRAT HE R 0
I TE—SD, B R AR G R AN AR Pravinraj
SELoOR] FEAE B R AL W R AR AR BB AL B AT J-
O R IT5 DL K H O F i o S IR B T Bl % R 4
J& PbO 5 SN, Eu™E AH S RE LR M A& |
R P T AL, B 2¢ A 2d ASDGIE
578,465 nm A 19 & F 613 nm 4b 1Y & G165
5%, M BBCE6 £ BBCE10 I F %, £
Ca® e JE 7R ST Eu® i &R ek,

Eu* P A RRIR Y 4f T2 450 41 ik
T O &SR H SD—TF, (613 nm) BRI R T L
W BRAT 3% BC A 377 1 52 ) 55, R 2R 6 R P 8 | Ikt
Ab K SR 5 LSS 1T D F,(593 5K 597 nm)EKiE )R



NNy Ny M2, 2|
%5 H AW B0 LED FEH15 2% 00 56 515 1% 38 1 45 4 5 06 2% Pk g 757
3.5%X10°
1 @ ——— BBCE5 at465 nm_ 1.6X10°
‘L, ———BBCE4 D 1
—— BBCE3 : 1.4X10° ——
—— BBCE2 at 394 nm 1
» —— BBCE1 5 12%10°
g g
s G BRGE B BRCER B S 1.0%10° Es
st
g g 8.0x10'
E E |
6.0x 10|
B, 4.0%10°
2.0X 104
SDl ]
T T 0.0 T T T
450 500 550 550 600 650 700 750
‘Wavelength / nm Wavelength / nm
2.0X 106
© - D, @ &
BBCE6 : 1.0X 10° \
—— BBCE7
— BBCES | = e
1.5%10° — BBCE9 805101 585
—— BBCEI0 BBCE8
§ § { —— BBCE9Y
e BBCE TGRS BRCEY DG
3 I e 3 60101 BECELQ nGes moGEn DO BBCRS BRCEI0
2 1.0Xx10° =
3 2
B B
E E
= = 4.0%x10°
5.0X10°
"F,—°D,
2.0X10°
D, JK
0.0 : - - T T 0.0 T T T
350 400 450 500 550 550 600 650 700 750
‘Wavelength / nm Wavelength / nm

(a, ¢) Excitation spectrum; (b, d) Emission spectrum; (a, ¢) A.,=613 nm, (b, d) A.,=465 nm; Inset: spectral intensity at different

wavenumber: (a) 465, 394 nm; (b, d) 613 nm; (c) 465 nm

P2 BB 2 B B B 3

Fig.2 Different spectra of Eu* doped calcium bismuth borate glasses
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Fig.3 Photographs of Eu* doped calcium bismuth borate glasses excited by different light sources
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Fig.5 IR spectra of Eu* doped calcium bismuth borate glasses
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Table 2 IR spectra analysis of Eu* doped calcium bismuth borate glasses

Wavenumber / ¢cm™

Assignment

498~512, 510~517
691~705, 698~708

880, 891~875

1 036~1 004, 1 016
1192, 1195

1 382~1 273, 1 295~1 305
>1 528

808 (non existence)

Vibrations of Bi-O or Bi-O-Bi bond in [BiOg] octahedral units

Bending vibrations of B-O-B linkages in [BO;units

Symmetrical stretching vibrations of Bi-O bonds of [BiO;]units

B-O stretching vibrations in [BO,] units from tri-, tetra-, and penta-borate groups
Asymmetrical stretching vibrations of the B-O bonds in the trigonal [BO;|units

B-O stretching vibrations of [BO;| units in penta-borate, pyro-borate and ortho-borate groups
Stretching vibrations of [OH] group or hydrogen bonds in [OH] group

Characteristic frequency of boroxal ring (consist of six member [BOs])
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Fig.6 X-ray diffraction patterns of Eu** doped calcium bismuth borate glasses
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