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bstract

CaSiO3:Eu0.08
3+Bi0.002

3+ and Sr2SiO4:Eu0.08
3+Bi0.002

3+ were synthesized by the sol–gel method, and their structure and luminescence characteris-
ics were investigated. The XRD results showed that the symmetry of Sr2SiO4:Eu0.08

3+Bi0.002
3+ structure, which is similar to the non-close-packing

rthogonal structure of K2SiO4 is higher than that of CaSiO3:Eu0.08
3+Bi0.002

3+ perovskite structure belonging to the monoclinic system. From the
xcitation spectra of CaSiO3:Eu0.08

3+Bi0.002
3+and Sr2SiO4:Eu0.08

3+Bi0.002
3+, it can be seen that the main peaks located at 267 nm, 383 nm, 395 nm,

37 nm, 457 nm and 359 nm, which correspond to the charge transfer band of Eu3+–O2−, absorption transition of 7F0.1–5GJ, 7F0.1–5L6, 7F1–5D3

nd 7F0.1–5D2 of Eu3+ ions and 3P1–1S0 of Bi3+ ions, respectively. When the CaSiO3:Eu0.08
3+Bi0.002

3+ samples were excited with wavelength of
59 nm, the emission intensity of electronic dipole transition at 609 nm originated from 5D0–7F2 of Eu3+ ions was stronger than magnetic dipole

5 7 3+
ransition at 587 nm originated from D0– F1 of Eu ions mainly due to the lower symmetry and the distortion of the structure. However, the
pposite situation appeared in the emission spectrum of Sr2SiO4:Eu0.08

3+Bi0.002
3+. In addition, the intensity comparison of each emission peaks

etween the emission spectra of CaSiO3:Eu0.08
3+Bi0.002

3+ and Sr2SiO4:Eu0.08
3+Bi0.002

3+ showed that the energy transfer efficiency between Bi3+

ons and Eu3+ ions in Sr2SiO4:Eu0.08
3+Bi0.002

3+ is apparently higher than that in CaSiO3:Eu0.08
3+Bi0.002

3+.
2007 Published by Elsevier B.V.
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. Introduction

A study of the luminescence of rare earth solid state mate-
ials is an interesting research field in both rare earth physics
nd chemistry. Europium is a special element in the lanthanides:
esides the common properties of rare earth elements, it exhibits
he property of valence fluctuation, i.e., the valence state is
ivalent or trivalent, and it has different luminescence character-
stics due to the different valences. The electron configuration
f Eu3+ ions is 4f6. The red light emission of Eu3+ ions has

een comprehensively applied in color television, panel display,
athode ray tube and many fluorescent powders of three primary
olors [1–3]. Thus, it is necessary to study the luminescence
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Optical spectroscopy

haracteristic of Eu3+ ions for application. It is well-known
hat optical properties of rare earth luminescence materials are
reatly influenced by the matrix. According to the free rare
arth ion, electric dipole transitions between 4f energy levels
re forbidden, which is the result of parity selection rules. How-
ver, when the rare earth ions are located in the lattices, parity
election rules is possibly out of work and then electric dipole
ransitions between 4f energy levels appear. It has been reported
hat Eu3+ ions exhibit favorable luminescent behavior in many
atrixes [4–8]. In order to obviously show the effect of matrixes

n the Eu3+, Sr2SiO4 and CaSiO3 were chosen as the matrices of
u3+, and Bi3+ played the role of sensitizer ions. The samples of
aSiO3:Eu0.08

3+Bi0.002
3+ and Sr2SiO4:Eu0.08

3+Bi0.002
3+ were
ynthesized by the sol–gel method. The structure and lumines-
ence characteristics of the samples were investigated, and the
elationship between the structure and luminescence properties
as also discussed in this article.

mailto:jhyang1@jlnu.edu.cn
dx.doi.org/10.1016/j.jallcom.2007.02.079
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Fig. 1. XRD pattern of CaSiO3:Eu0.08
3+Bi0.002

3+.

. Experimental

The initial materials in this experiment included Eu2O3(A.R.),
thanoic acid(A.R.), Bi(NO3)3(A.R.), Ca(NO3)2(A.R.)[Sr(NO3)2(A.R.)],
i(OC2H5)4(TEOS)(A.R.), HNO3(A.R.) and C2H5OH(A.R.). The appro-
riate stoichiometric proportions of CaSiO3:Eu0.08

3+Bi0.002
3+ or Sr2SiO4:

u0.08
3+Bi0.002

3+ were weighed and their solution were mixed. The pure
aSiO3:Eu0.08

3+Bi0.002
3+ and Sr2SiO4:Eu0.08

3+Bi0.002
3+ were synthesized

nder the following conditions: the mol ratio of acetic acid and TEOS was
.1; the bulk factor of H2O and TEOS was 0.5; the mixed solution were laid
n water bath at 65 ◦C; the precursors were presintered at 700 ◦C for 3 h and
intered at 900 ◦C for 4 h.

The structures of above samples were determined by a D/max-IIIC cop-
er rotating-anode X-ray diffractometer. The emission and excitation spectra
easurements were performed on the PE LS55 spectrometer.

. Results and discussion

.1. Crystal structure

.1.1. Crystal structure of CaSiO3:Eu0.08
3+Bi0.002

3+

The XRD pattern of CaSiO3:Eu0.08
3+Bi0.002

3+ was shown
n Fig. 1 indicated that CaSiO3:Eu0.08

3+Bi0.002
3+ sample has

erovskite structure belonging to monoclinic system, and its
pace group is P21/a. Calculated by the XRD data, the sizes
f the samples sintered at 900 ◦C are around 2 �m. In the unit
ell of perovskite CaSiO3, Si4+ ions locate at the center of
onoclinic cube; O2− ions locate at the six face centers of mon-

clinic cube; and Ca2+ ions located at the eight apex angles of
ube. Octahedrons are formed by the Si4+ ions and their nearest
eighbor O2− ions, and their coordination number is six. Icosa-
edrons are constructed by Ca2+ ions and their nearest neighbor
2− ions, and their coordination number is 12. The coordina-

ion numbers between Si4+ ions and Ca2+ ions are both eight.
ecause the doping content was low, the crystal structure did
ot change after doping the Eu3+ ions and Bi3+ ions. For the

3+ 3+ 3+
uminescence material of CaSiO3:Eu0.08 Bi0.002 , Eu acts
s the luminescence center and Bi3+ plays the role of sensi-
izer ions, which have been reported in our previous articles
9].

a
o
e
1

Fig. 2. XRD pattern of Sr2SiO4:Eu0.08
3+Bi0.002

3+.

.1.2. Crystal structure of Sr2SiO4:Eu0.08
3+Bi0.002

3+

The sample of Sr2SiO4:Eu0.08
3+Bi0.002

3+ has the same
tructure with Sr2SiO4 (Fig. 2), which is similar to the non-close-
acking orthogonal structure of K2SiO4 [10]. In this structure,
r2+ ions locate at two kinds of unequivalent lattice sites, and

heir coordination numbers are 9 and 10, respectively. O2+ ions
ocate at three kinds of unequivalent lattice sites, and its space
roup is D2h. Si4+ ions locate at the center of the oxygen tetra-
edron. Therefore, it can be seen that the structure of Sr2SiO4
as the higher symmetry compared with that of CaSiO3. When
he Eu3+and Bi3+ are introduced into the Sr2SiO4 structure,
hey take the place of the Sr2+. The crystal structure experi-
nced no changes due to the low doping content of the Eu3+

ons and Bi3+ ions, which can be seen from Fig. 2. For the
uminescence material of Sr2SiO4:Eu0.08

3+Bi0.002
3+, Eu3+ acts

s the luminescence center and Bi3+ plays the role of sensi-
izer ions, which have been reported in our previous articles
10].

.2. Luminescence characteristics

.2.1. Excitation spectra of Sr2SiO4:Eu0.08
3+Bi0.002

3+ and
aSiO3:Eu0.08

3+Bi0.002
3+

Excitation spectra of Sr2SiO4:Eu0.08
3+Bi0.002

3+ and
aSiO3:Eu0.08

3+Bi0.002
3+ were shown in Fig. 3. The monitor-

ng wavelengths were 587 nm for Sr2SiO4:Eu0.08
3+Bi0.002

3+

nd 609 nm for CaSiO3:Eu0.08
3+Bi0.002

3+, respectively. From
he excitation spectrum of Sr2SiO4:Eu0.08

3+Bi0.002
3+, Fig. 3(a),

t can be seen that the main peaks located at 267 nm, 359 nm,
83 nm, 395 nm, 437 nm and 457 nm. The excitation peak of
67 nm corresponded to the charge transfer band of Eu3+–O2−,
hich was caused by the electrons transfer from 2p orbits of
2− ions to 4f shells of Eu3+ ions. The excitation peak of
83 nm, 395 nm, 437 nm and 457 nm, respectively corresponded
o the absorption transition of 7F0,1–5GJ, 7F0,1–5L6, 7F1–5D3

nd F0,1– D2 of Eu ions, in which the luminescent intensity
f 395 nm was the strongest. In addition, there was another
xcitation peak located at 359 nm, which originated from
S0–3P1 of Bi3+ ions.
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ig. 3. Excitation spectra of Sr2SiO4:Eu0.08
3+Bi0.002

3+ and CaSiO3:
u0.08

3+Bi0.002
3+. (a) Sr2SiO4:Eu0.08

3+Bi0.002
3+ (monitoring wavelength

87 nm) and (b) CaSiO3:Eu0.08
3+Bi0.002

3+ (monitoring wavelength 609).

Compared with the excitation spectrum of
aSiO3:Eu0.08

3+Bi0.002
3+, the peaks located at 359 nm

nd 395 nm in the spectrum of Sr2SiO4:Eu0.08
3+Bi0.002

3+

Fig. 3(a)) were almost at their original position. However,
t can be seen that a red shift of the charge transfer band
f Eu3+–O2− appeared in the Fig. 3. The corresponding
eak of Sr2SiO4:Eu0.08

3+Bi0.002
3+ shifted to the red side

or about 30 nm. The reason for the red shift is that the
lectronegative difference between Eu3+ and O2− in Sr2SiO4
s weaker than that in CaSiO3 due to the stronger covalent
haracteristic of Sr2SiO4. As a result, the electron transition
nergy between Eu3+ and O2− decreases. That is to say, the
lectron of O2− is prone to transfer to Eu3+ near them. There-
ore, the charge transfer band of Eu3+–O2− in the excitation
pectrum of Sr2SiO4:Eu0.08

3+Bi0.002
3+ red shifted for about

0 nm.
It also can be seen that the peak located at 359 nm

as the strongest intensity in Fig. 3. So the wavelength of
59 nm was chosen to detect the emission spectra of Sr2SiO4:
u0.08

3+Bi0.002
3+ and CaSiO3:Eu0.08

3+Bi0.002
3+.

.2.2. Emission spectra of Sr2SiO4:Eu0.08
3+Bi0.002

3+ and
aSiO3:Eu0.08

3+Bi0.002
3+

Emission spectra of Sr2SiO4:Eu0.08
3+Bi0.002

3+ and CaSiO3:
u0.08

3+Bi0.002
3+ were shown in Fig. 4 with the excitation

avelength of 359 nm. When the samples were excited with
avelength of 359 nm, there were three emission peaks in

he emission spectra of Sr2SiO4:Eu0.08
3+Bi0.002

3+ and CaSiO3:
u0.08

3+Bi0.002
3+, i.e. 398 nm, 587 nm and 609 nm, originated

rom transition of 3P1–1S0 of Bi3+ ions, 5D0–7F1 and 5D0–7F2
f Eu3+ ions, respectively.

5D0–7F2 of Eu3+ ions was forced electronic dipole transition
nd 5D0–7F1 of Eu3+ ions was magnetic dipole transition. In
articular, forced electronic dipole transition originated from

D0–7F2 of Eu3+ ions only appears when Eu3+ ions locates
n non-reversion center lattices, and magnetic dipole transi-
ion originated from 5D0–7F1 of Eu3+ ions only appears when
u3+ ions locates in reversion center lattices. So the ratio

s
b

ig. 4. Emission spectra of Sr2SiO4:Eu0.08
3+Bi0.002

3+ and CaSiO3:Eu0.08
3+

i0.002
3+. (a) Sr2SiO4:Eu0.08

3+Bi0.002
3+ and (b) CaSiO3:Eu0.08

3+Bi0.002
3+.

f emission intensity of these two peaks directly showed the
ymmetry of Eu3+ ions in crystal lattices [11,12]. Accord-
ng to Fig. 4(a), the emission intensity of the peak located
t 587 nm was stronger than that at 609 nm. So it can be
oncluded that more Eu3+ ions located in reversion center lat-
ices of the Sr2SiO4:Eu0.08

3+Bi0.002
3+ structure. However, the

pposite situation can be seen in the Fig. 4(b), which shows
ore Eu3+ ions located in non-reversion center lattices of the
aSiO3:Eu0.08

3+Bi0.002
3+. It is, may be, explained by the fol-

owing two actions. According to the structure of CaSiO3 and
r2SiO4, the Eu3+ and Bi3+ ions replaced Ca2+ or Sr2+ with

he different valance, which resulted in the crystal lattice distor-
ion after the doping process. On the other hand, the symmetry of
a2+ in CaSiO3 crystal structure was lower than that of Sr2+ ions

n Sr2SiO4 crystal structure. Under the action of these two fac-
ors, Eu3+ ions deviated from symmetry center, and the deviation
egree was higher than that in Sr2SiO4. Therefore, the parity-
orbidden transition of 4f–4f was mostly released in CaSiO3. As
result, the emission intensity of electronic dipole transition at
09 nm originated from 5D0–7F2 of Eu3+ ions was stronger than
agnetic dipole transition at 587 nm originated from 5D0–7F1

f Eu3+ ions in CaSiO3 crystal.
Compared with the emission intensity of CaSiO3:Eu0.08

3+

i0.002
3+, the emission intensity of Sr2SiO4:Eu0.08

3+Bi0.002
3+

ocated at 398 nm is about 50% lower, the emission inten-
ity of the peak located at 587 nm was obviously enhanced,
nd the emission intensity of the peak located at 609 nm
ecreased appreciably. These results showed that Bi3+ ions trans-
erred more energy to Eu3+ ions in Sr2SiO4:Eu0.08

3+Bi0.002
3+

han that in CaSiO3:Eu0.08
3+Bi0.002

3+. That is to say, the
nergy transfer efficiency between Bi3+ ions and Eu3+ ions
n Sr2SiO4:Eu0.08

3+Bi0.002
3+ is apparently higher than that in

aSiO3:Eu0.08
3+Bi0.002

3+.

. Conclusions
In summary, the luminescence characteristics of Eu3+ ions,
uch as emission intensity and efficiency, are strongly influenced
y the structure of matrices. Through the investigation of the
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