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Fluorescence properties of trivalent europium doped in various niobate
codoped glasses
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A series of niobate–phosphate and niobate–silicate glasses doped with Eu31 ions were prepared.
The emissions, phonon-side band spectra, and fluorescence lifetimes of these glasses were studied
and the intensity parameters of Eu31 were obtained. The temperature dependence of emission
intensity of the Eu31 ion in these niobate glasses was investigated. The temperature-quenching rates
were determined. The results indicate that in niobate glasses, as the concentration of Nb2O5

increases, the covalence becomes stronger, the symmetry becomes lower and the electron-phonon
coupling strength becomes stronger. Thus, the lifetimes become shorter, and the nonradiative
transition processes and the temperature-quenching effect become stronger. ©2003 American
Institute of Physics.@DOI: 10.1063/1.1536726#
u
ce
a

e
te

i
s
d
id
ri
n
a
y

s
It
.

i
ar
ud

sh
s

%
he

re
si-

he

us,
ter

lass

ma
I. INTRODUCTION

Glasses containing rare earth ions have attracted m
attention as potential materials for various optical devi
such as lasers, up-conversation, stimulated phosphor,
high-density optical storage.1,2 Among these glasses, th
Eu31-doped ones are attracting great interest. Persis
spectral hole burning can be performed in the7F0–5D0 tran-
sition of Eu31 at room temperature. This has potential use
high-density optical storage.3–5 Compared to crystals, glasse
have proven favorable as hosts for high-density memory
vices due to their broad inhomogeneous width. Ox
glasses, in particular, have proven favorable as host mate
for rare earth elements because of their high transpare
compositional variety, and because they are easy to m
produce. Actually, the Eu31 ion is also an activator to stud
local structure as well as crystal field effect.6–8 Knowledge
of local structure surrounding rare-earth ions in glasse
important not only for interpreting their optical properties.
is also useful for designing laser glasses or phosphors9,10

Nb2O5 as well as P2O5, SiO2 , B2O3, and TeO2 has more
viscosity and can form the network of glass, however, it
seldom used as a common adjuvant. Recently, we prep
niobate–phosphate and niobate–silicate glasses and st
the temperature-dependent luminescent properties of Eu31 in
various niobate glasses. We hoped to learn the relation
between the fluorescent properties and the local structure
rounding rare earth ions.

a!Author to whom correspondence should be addressed; electronic
songhongwei2000@sina.com.cn
1480021-8979/2003/93(3)/1482/5/$20.00
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II. EXPERIMENTS

A. Sample preparation

Two kinds of niobate glass containing normally 1.0 wt
of Eu2O3 were prepared by melting. The composition of t
these glasses were Nb2O5– SiO2– BaO–Na2O and
Nb2O5– P2O5– BaO–Na2O, respectively. These glasses we
named Nb–Si and Nb–P. Their detailed chemical compo
tions were listed in Table I. During the preparation, all of t
original materials~commercial available! were mixed to-
gether and stirred until the mixture became homogeneo
then put into a kiln with an oxygenating atmosphere. Af
being kept at 1450 °C for 4 h and allowed to slowly cool to
room temperature, these brown transparent lumps of g
were formed. These were cut into 1 cm31 cm pieces, which
were thoroughly polished.

il:

TABLE I. Compositions of the host glasses.

Niobium
phosphae
glasses P2O5 Nb2O5 BaO Na2O

Nb–P1 50 5 45
Nb–P2 45 10 25 20
Nb–P3 45 15 20 20

Niobium
silicate
glasses SiO2 Nb2O5 BaO Na2O

Nb–Si1 50 5 20 25
Nb–Si2 45 10 20 25
Nb–Si3 45 15 15 25
Nb–Si4 45 20 10 25
2 © 2003 American Institute of Physics
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B. Measurements

The excitation spectra of Eu31 were measured with a
Hitachi F-4500 fluorescence spectrophotometer, monito
the 5D0–7F2 transition at 612 nm. By means of the excit
tion spectra, the phonon sideband associated with
7F0–5D2 zero phonon transition was detected in the wa
length range of 430–465 nm. While measuring fluoresce
lifetimes, a 266 nm light generated from the fourth-harmo
generator was combined with a Nd yttritium–aluminum
garnet pulsed laser~with a pulse width of 10 ns and a rep
etition frequency of 10 Hz! used as pumping. A Boxcar av
erager and a Spex 1403 spectrometer were used in detec

While measuring temperature-dependent emissions
Eu31, the samples were put into a liquid nitrogen cyclin
system, in which the temperature varied from 77 to 691 K
continuous 488 nm beam from an argon laser was use
excitation. The fluorescence was measured with a UV-L
Raman Infinity~made by Jobin Yvon Company! with a reso-
lution of 2 cm21.

III. RESULTS AND DISCUSSIONS

A. Glasses composition and its influence
on luminescent properties

Figure 1 shows the emission spectra of the Eu31 ions in
the niobate–silicate glasses. Emissions of5D0–7FJ (J50, 1,
2, 3, 4! transitions can be observed in all the glasses. T
relative intensity of 5D0–7F2 /5D0–7F1 in the niobate–
silicate glasses obviously increases as the compositio
Nb2O5 increases. Actually, the relative intensity
5D0–7F2 /5D0–7F1 has only a small variation with compo
sition in the niobate–phosphate glasses. The5D0–7F2 tran-
sition is electric-dipole allowed and its intensity is sensiti
to the local structure surrounding the Eu31 ions. On the other
hand, the5D0–7F1 transition is magnetic-dipole allowed an
its intensity shows very little variation with the crystal fie
strength acting on the Eu31 ion. Therefore, the intensity ratio
of the electric-dipole to magnetic-dipole transition is wide
used for the study of the chemical bond of anions coordin
ing the rare earth ions. The variation of the intensity ratio
5D0–7F2 /5D0–7F1 as well as that of5D0–7F4 /5D0–7F1

with glass composition is listed in Table II. It is obvious th
the intensity ratio increases as the concentration of Nb2O5

FIG. 1. Emission spectra of the Eu31 ion in niobate–silicate glasses. Th
emission intensities of5D0–7F1 are normalized in all samples.
Downloaded 06 Sep 2012 to 159.226.165.151. Redistribution subject to AIP
g

e
-
e

c

on.
of

as
b

e

of

t-
f

increases and that of BaO decreases, indicating that
Eu–O bonds become stronger and the covalency of Eu
bond increases.3,11

The intensity ratio of the electric-dipole to the magnet
dipole transition can be written as12–14

* I J~s!ds

* I md~s!ds
5

e2sJ
3~n212!

9n2Sndsmd
3 V t3^CJiUtiC8J8&2, ~1!

where Smd is magnetic dipole operator,V t is the intensity
parameters,Ut is the reduced matrix elements,n is the re-
fraction of the glasses,s is the wave number of the trans
tions, ande is the electron mass.Smd is a constant which can
be calculated from hybrid wave function,15,16 V t is charac-
teristic of each ion-matrix combination, andUt is not sensi-
tive to the host.

Based on Eq.~1!, the fluorescence intensity ratio o
5D0–7F2 /D0–7F1 and the ratio of5D0–7F4 /5D0–7F1 , the
values ofV2 and V4 were obtained, as shown in Table I
Actually, V2 presents ligand symmetry and the structure
der. The larger the value ofV2 , the stronger the covalenc
and the lower the symmetry. The values ofV2 in the silicate
glasses are larger than that of phosphate glasses and inc
with the concentration of Nb2O5, indicating the covalence
becomes stronger and the symmetry becomes lower.

We also measured the fluorescence decay curves fo
5D0–7F2 transition of Eu31 ions at room temperature. Th
exponential lifetimes of5D0 in various niobate glasses wer
listed in Table II. It is obvious that the lifetime of5D0 be-
comes short with the increasing of Nb2O5 in both niobate–
phosphate and niobate–silicate glasses. The lifetime of5D0

in niobate–silicate glasses is shorter than that in the nioba
phosphate glasses and changes more rapidly with glass
position. This means that as the system becomes disorde
lifetime becomes short.

B. Phonon sidebands and electron-phonon coupling

Phonon sideband spectrum is a useful technique to
vestigate the local structure surrounding rare-earth ions
the glass network. Figures 2~a! and 2~b! show the phonon
sideband spectra of Eu31, in niobate–phosphate an
niobate–silicate glasses, respectively. A weak band vary
from 500 to 800 cm21 was observed in both the two glas
series. This band is assigned to be Nb–O bonds in the N6

octahedra. In the niobate–phosphate glasses, a strong
varying between 850 and 1300 cm21 was observed. It was

TABLE II. Variation of intensity ratio of 5D0–7F2 /5D0–7F1 and
5D0–7F4 /5D0–7F1 and intensity parametersV2 , V4 , and lifetime of5D0 .

Biobate
glasses I 2 /I 1 I 4 /I 1

V2

(10220 cm2)
V4

(10220 cm2)
Lifetime

~ms!

Nb–P1 4.08 1.55 7.30 5.76 2084
Nb–P2 4.22 1.55 7.55 5.76 1952
Nb–P3 4.25 1.43 7.61 5.32 1913
Nb–Si1 5.82 1.60 10.2 6.00 1463
Nb–Si2 6.99 2.11 12.3 7.91 1197
Nb–Si3 8.10 1.68 14.3 6.30 1023
Nb–Si4 8.86 1.62 15.6 6.08 867
 license or copyright; see http://jap.aip.org/about/rights_and_permissions
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assigned to the symmetric stretching of PO4 at 970 cm21,
P–O2 stretching mode at 1060 cm21, P–O bridge bond of
PO3 at 1140 cm21, O–P–Obond symmetric stretching a
1205 cm21, and asymmetric stretching at 1250 cm21, and
PvO stretching between 1080 and 1350 cm21. In these vi-
brational modes, the P–O2 stretching mode at 1060 cm21,
the P–O bridge bond of PO3 at 1140 cm21, and the O–P–O
bond symmetric stretching at 1205 cm21 were strong.18–21A
band from 1600 to 2100 cm21 was observed in the niobate
phosphate as well as the niobate–silicate glasses. It
stronger in niobate–phosphate glasses. This band is no
lated to any vibrational mode of the glass compositions. I
attributed to the OH groups, such as HO–P–OH and
(Si–O)3[Si–OH.17 In the niobate–silicate glasses, th
bands from 800 to 1300 cm21 were observed, which as
signed to be various stretching modes of Si–O–Si.18–21 It
should be noted that in Raman spectra, the Ba–O vibratio
modes appear in the range of 180–350 cm21 in the two
series of glasses. In the phonon sideband spectra, the B
modes are emerged by the zero phonon lines of7F0–5D2 .

It should be noted that the intensities of the zero phon
line of 7F0–5D2 were normalized in all the glasses. Thu
the electron-phonon coupling strength can be evaluated f
the integrated intensity of the phonon sideband.8 It is clear

FIG. 3. Emission spectra of the Eu31 ion in the Nb–P3 sample at variou
temperatures.

FIG. 2. Phonon sideband spectra of Eu31 in various niobate glasses,~a!
niobate–phosphate glasses and~b! niobate–silicate glasses. The excitatio
intensities of7F0–5D2 are normalized in all the glasses.
Downloaded 06 Sep 2012 to 159.226.165.151. Redistribution subject to AIP
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that the electron-phonon coupling becomes stronger as
concentration of N2O5 increases in the two series.

C. Dependence of the emission intensity of Eu 3¿

on temperature

Figure 3 shows the emission spectra of the Eu31 ions at
various temperatures in Nb–P3. It is obvious that the em
sion intensity of the Eu31 ion increases with temperature an
approaches a maximum at a certain temperature, then
creases as temperature increases continuously. Also, we
measured the temperature dependence of the emissions o
Eu31 ion in the other glasses. Figure 4 shows the tempe
ture dependence of the emission intensity of the Eu31 ion in
all the glasses. It is obvious that a maximum emission int
sity appears at a certain temperature for all the glasses.
temperature of the maximum emission intensity varies,
pending on the glass composition. The higher the concen
tion of Nb2O5, the lower the temperature at the maximu
emission intensity.

The variation in the emission intensity of Eu31 can be
attributed to two main factors, the resonant7F2–5D2 transi-

FIG. 5. Resolved emission spectra of the three crystal-field-splitting line
the 5D0–7F1 transition at various temperatures in the Nb–P1 glass.

FIG. 4. Normalized emission intensity of(J
5D0–7FJ as a function of

temperature. The dots are experimental data and the solid lines are fi
functions,~a! niobate–silicate glasses and~b! niobate–phosphate glasses.
 license or copyright; see http://jap.aip.org/about/rights_and_permissions
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tion with the 488 nm light and the temperature-quench
effect. The former tends to cause the intensity of Eu31 to
increase with temperature, while the later tends to cause
intensity to decrease.22 The temperature-quenching channe
include the nonradiative transitions from5D0 to each7FJ

level and the energy transfer from one excited Eu31 ion to
the other Eu31 ions or to the other centers nearby. As t
contribution of the temperature-quenching effect is domin
in comparison with that of the thermal population of7F2 , the
emission intensity of the Eu31 ion should decrease. Theoret
cally, the emission intensity of(J

5D0–7FJ , I (T), can be
written approximately as

I ~T!}
FN2~T!s

11WT~T!/g0
, ~2!

whereF is the power density of the pumping light,WT is the
temperature-quenching rate,g0 is the radiative transition rate
of (J

5D0–7FJ , N2 is the electron population on7F2 , s is
the absorption cross section from7F2 to 5D2 . The normal-
ized thermal population on7FJ , can be expressed as

NJ~T!5
gJe

2DEJ /kT

(JgJe
2DEJ /kT , ~3!

whereDEJ is the energy separation from7FJ to 7F0 , k is
Boltzmann’s constant, andgJ is number of Stark splitting of
7FJ . The temperature-quenching rate is experimentally
termined as22

WT5WT~0!eT/TC. ~4!

FIG. 6. Dependence of linewidth of5D0–7F1 transition in the Nb–P1 glass
on temperature.

TABLE III. A list of parametersb1 , b2 , andTc ~K! in various glasses.

Niobate
glasses b1 b2 Tc ~K!

Nb–P1 34 0.0066 175
Nb–P2 56 0.0053 128
Nb–P3 57 0.0024 98
Nb–Si1 40 0.0083 159
Nb–Si2 53 0.0114 146
Nb–Si3 45 0.0056 135
Nb–Si4 97 0.0022 127
Downloaded 06 Sep 2012 to 159.226.165.151. Redistribution subject to AIP
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WT(0) is the temperature-quenching rate at 0 K,Tc is a
temperature constant. Based on Eqs.~2!–~4!, the emission
intensity of the Eu31 ion as a function of temperature can b
rewritten as

I ~T!'
b1e2E2 /kT

~113e2E1 /kT15e2E2 /kT!3~11b2eT/TC!
, ~5!

whereb155Fs2 , b25WT(0)/g0 .
Using Eq.~5!, we well fitted the experimental data. Th

fitting functions were shown in Fig. 4. By fitting, the param
etersb1 , b2 , TC were determined, as shown in Table II
The nonradiative relaxation and nonradiative energy tran
processes are phonon-assisted ones and related with
structure surrounding Eu31 ions. It is observed that the
temperature-quenching rate increases with the increa
concentration of Nb2O5 and the decreasing concentration
BaO in both the niobate–phosphate and niobate–silic
glasses. This can be explained from the fact that the elect
phonon coupling becomes strong as the concentration
Nb2O5 increases, which is confirmed by the phonon sid
band spectra.

D. Dependence of the peak location and linewidth
on temperature

Figure 5 shows the lines of5D0–7F1 at various tempera-
tures. The5D0–7F1 transition should have three Stark spl
ting peaks. As shown in Fig. 5, the lines of5D0–7F1 transi-
tion can be resolved into three Guassian components (e2 ,
e0 , ande1). Figure 6 shows the linewidths of these comp
nents as a function of temperature. It is obvious that
width of e2 broadens remarkable as the temperature
creases, while that of the other two components have a l
variation. Figures 7~a! and 7~b! show the temperature depen
dence of the locations of the three Stark components
5D0–7F1 and of the peak location of5D0–7F0 , respectively.
It is apparent that the peak locations all shift to high-ene
side as the temperature increases. We suggest that unde
excitation of the 488 nm light, the electrons are resonan
excited to5D2 and then relax to5D0 through5D1 . Actually,
the 5D0 level has a certain width in the glasses. The therm

FIG. 7. Dependence of peak location of~a! 5D0–7F1 and ~b! 5D0–7F0

transition of Eu31 in the Nb–P1 on temperature.
 license or copyright; see http://jap.aip.org/about/rights_and_permissions
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distribution rate of electrons in5D0 is much faster than the
radiative transition rate of5D0–7FJ . As the temperature in
creases, more electrons populate on the top of the level b
on Boltzmann distribution, and the radiative transition line
5D0–5FJ blueshifts.

IV. CONCLUSION

In this article, we studied the spectroscopic properties
niobate–phosphate and niobate–silicate glasses doped
Eu31 ions. The intensity parameterV2 increases with the
increasing concentration of Nb2O5, indicating that the sym-
metry has become lower. As the concentration of Nb2O5 in-
creases, the electron-phonon coupling becomes stronger
the lifetime of5D0 becomes shorter.

The temperature-dependent behavior of the Eu31 ion
was studied in various niobate glasses. The variation of
emission intensity of Eu31 with temperature was attribute
to two factors, the thermally excited emission from7F2 to
5D2 and the temperature-quenching effect. The former te
to cause the intensity of Eu31 increase with temperature
while the later tends to cause the intensity decrease.
temperature-quenching rates in various glasses were
tained. They increase with the increasing concentration
Nb2O5. The temperature dependencies of the peak locat
and the line widths of5D0–7FJ(J50,1) were experimen-
tally determined.
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