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A series of niobate—phosphate and niobate—silicate glasses doped Withidas were prepared.

The emissions, phonon-side band spectra, and fluorescence lifetimes of these glasses were studied
and the intensity parameters of Euwere obtained. The temperature dependence of emission
intensity of the E&" ion in these niobate glasses was investigated. The temperature-quenching rates
were determined. The results indicate that in niobate glasses, as the concentratiopOgf Nb
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 strong2®03@\merican

Institute of Physics.[DOI: 10.1063/1.1536726

I. INTRODUCTION Il. EXPERIMENTS
- . A. Sample preparation
Glasses containing rare earth ions have attracted much

attention as potential materials for various optical devices  Two kinds of niobate glass containing normally 1.0 wt %
such as lasers, up-conversation, stimulated phosphor, arfd E,Os were prepared by melting. The composition of the
high-density optical storage’? Among these glasses, the these glasses were pb;—SiO,—BaO-NaO and
Ew*-doped ones are attracting great interest. Persistef¥P20s—P,0s—BaO-NaO, respectively. These glasses were
spectral hole burning can be performed in tFg—°D,, tran- named Nb-Si and Nb—P. Their detailed chemical composi-
sition of EG* at room temperature. This has potential use intions were listed in Table 1. During the preparation, all of the
high-density optical storage® Compared to crystals, glasses original materials(commercial available were mixed to-

have proven favorable as hosts for high-density memory dedether and stirred until the mixture became homogeneous,

vices due to their broad inhomogeneous width. Oxigethen put into a kiln with an oxygenating atmosphere. After
°C fo4 h and allowed to slowly cool to

glasses, in particular, have proven favorable as host material%eing kept at 1450

for rare earth elements because of their high transparencgl(?om temperature, these brown transparent lumps of glass

compositional variety, and because they are easy to mas&'e formed. These were cutinto 1 5 cm pieces, which

produce. Actually, the E\i ion is also an activator to study were thoroughly polished.
local structure as well as crystal field effécf Knowledge

of local structure surrounding rare-earth ions in glasses is

important not only for interpreting their optical properties. It
is also useful for designing laser glasses or phosphtirs.

Nb,Og as well as POg, SiO,, B,O3, and TeQ has more  Niobium

viscosity and can form the network of glass, however, it is phosphae

TABLE I. Compositions of the host glasses.

seldom used as a common adjuvant. Recently, we prepared?'2sses FOs Nb,Os Bao N30
niobate—phosphate and niobate—silicate glasses and studietib—P1 50 5 45
the temperature-dependent luminescent propertiesbf fu ~ No—P2 45 10 25 20
. . . . Nb-P3 45 15 20 20
various niobate glasses. We hoped to learn the relationship
between the fluorescent properties and the local structure sur-'\“_lo,b'“tm
. . Sllicate
rounding rare earth ions. glasses sio Nb,O, BaO NaO
Nb-Si1 50 5 20 25
Nb-Si2 45 10 20 25
Nb-Si3 45 15 15 25
dAuthor to whom correspondence should be addressed; electronic mail: Nb—Si4 45 20 10 25
songhongwei2000@sina.com.cn
0021-8979/2003/93(3)/1482/5/$20.00 1482 © 2003 American Institute of Physics
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9 TABLE Il. Variation of intensity ratio of °Dy—'F,/°Dy—'F; and
5 5Dy-"F,/°D,—"F, and intensity parametef3,, Q,, and lifetime of°D,,.
@
= 6 Biobate Q, Q, Lifetime
£ glasses 1,/1; 1,/1; (100%cn?) (102 cn?) (us)

5]
£ Nb-P1 4.08 1.55 7.30 5.76 2084
%‘ 34 Nb-P2 4.22 1.55 7.55 5.76 1952
5 7 4 Nb-P3 4.25 1.43 7.61 5.32 1913
€ 1D-F Nb-Si1 582  1.60 10.2 6.00 1463
- 0 . Nb-Si2 6.99 211 12.3 7.91 1197
550 600 650 700 Nb-Si3 8.10 1.68 14.3 6.30 1023
Wave|ength (nm) Nb-Si4 8.86 1.62 15.6 6.08 867

FIG. 1. Emission spectra of the Euion in niobate—silicate glasses. The
emission intensities ofD,—'F; are normalized in all samples.

increases and that of BaO decreases, indicating that the
Eu-0O bonds become stronger and the covalency of Eu—-O
B. Measurements bond increase$!!

The excitation spectra of Bli were measured with a . The mte.n_sny ratio of th? e|eCt[I&-dlp0|e o the magnetic-
dipole transition can be written ¥s

Hitachi F-4500 fluorescence spectrophotometer, monitoring
the °D,—’F, transition at 612 nm. By means of the excita- f1y(o)do  €03(n?+2) o) s
tion spectra, the phonon sideband associated with the Ty (7)qo ~ IN?S402 g Qex(PIUTwr )% (@
'Fo—"D, zero phonon transition was detected in the wave- "
length range of 430—465 nm. While measuring fluorescenc¥here Snq is magnetic dipole operatof), is the intensity
lifetimes, a 266 nm light generated from the fourth-harmonicParametersp* is the reduced matrix elements,is the re-
generator was combined with a Nd yttritium—aluminum—fraCtion of the glassesr is the wave number of the transi-
garnet pulsed lasewith a pulse width of 10 ns and a rep- tions, ande is the electron mas§,,q is a constant which can
etition frequency of 10 Hzused as pumping. A Boxcar av- be calculated from hybrid wave functidn® Q, is charac-
erager and a Spex 1403 spectrometer were used in detectidfristic of each ion-matrix combination, ant is not sensi-
While measuring temperature-dependent emissions dfve o the host. _ . _
EW*, the samples were put into a liquid nitrogen cycling Based on Eq.1), the flqorescence intensity ratio of
system, in which the temperature varied from 77 to 691 K. A'Do—'F2/Do—"F1 and the ratio oPDo—F,/°Do~"F, the
continuous 488 nm beam from an argon laser was used d&lues of(), and{}, were obtained, as shown in Table II.
excitation. The fluorescence was measured with a Uv-La#\ctually, (1, presents ligand symmetry and the structure or-

lution of 2 cm L. and the lower the symmetry. The values(® in the silicate

glasses are larger than that of phosphate glasses and increase
with the concentration of Nl©s, indicating the covalence
IIl. RESULTS AND DISCUSSIONS becomes stronger and the symmetry becomes lower.

We also measured the fluorescence decay curves for the
°Do—'F, transition of Ed™" ions at room temperature. The
exponential lifetimes ofD,, in various niobate glasses were

Figure 1 shows the emission spectra of thé Eions in  listed in Table II. It is obvious that the lifetime 8D, be-
the niobate—silicate glasses. Emissions§—'F; (J=0,1,  comes short with the increasing of )b in both niobate—

2, 3, 4 transitions can be observed in all the glasses. Thehosphate and niobate—silicate glasses. The lifetimDgf
relative intensity of°D—'F,/°Do—F; in the niobate— in niobate—silicate glasses is shorter than that in the niobate—
silicate glasses obviously increases as the composition gfhosphate glasses and changes more rapidly with glass com-
Nb,Os increases. Actually, the relative intensity of position. This means that as the system becomes disorder, the
°Dy—'F,/°Dy—"F, has only a small variation with compo- |ifetime becomes short.

sition in the niobate—phosphate glasses. Thg—'F, tran-
sition is electric-dipole allowed and its intensity is sensitive
to the local structure surrounding the®Euons. On the other
hand, the'D,—F, transition is magnetic-dipole allowed and Phonon sideband spectrum is a useful technique to in-
its intensity shows very little variation with the crystal field vestigate the local structure surrounding rare-earth ions in
strength acting on the Bti ion. Therefore, the intensity ratio the glass network. Figures@ and 2b) show the phonon

of the electric-dipole to magnetic-dipole transition is widely sideband spectra of B, in niobate—phosphate and
used for the study of the chemical bond of anions coordinatniobate—silicate glasses, respectively. A weak band varying
ing the rare earth ions. The variation of the intensity ratio offrom 500 to 800 cr' was observed in both the two glass
SDo—'F,/°Do—"F; as well as that ofPD,—'F,/°D,—'F;  series. This band is assigned to be Nb—O bonds in thegNbO
with glass composition is listed in Table Il. It is obvious that octahedra. In the niobate—phosphate glasses, a strong band
the intensity ratio increases as the concentration ofQ§b  varying between 850 and 1300 chwas observed. It was

A. Glasses composition and its influence
on luminescent properties

B. Phonon sidebands and electron-phonon coupling
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FIG. 2. Phonon sideband spectra of’Euin various niobate glasse&)
niobate—phosphate glasses abyl niobate—silicate glasses. The excitation
intensities of'F,—°D, are normalized in all the glasses.

FIG. 4. Normalized emission intensity &f,°D,—F; as a function of
temperature. The dots are experimental data and the solid lines are fitting
functions,(a) niobate—silicate glasses afi) niobate—phosphate glasses.

_ _ . . that the electron-phonon coupling becomes stronger as the
assigned to the symmetric stretching of P& 970 cm™,  concentration of MO increases in the two series.
P—O stretching mode at 1060 cmh P—O bridge bond of

PO, at 1140 cm?, O—P—-Obond symmetric stretching at
1205 cm!, and asymmetric stretching at 1250 ¢hand
P—O stretching between 1080 and 1350 ¢min these vi-
brational modes, the P=Ostretching mode at 1060 ¢ Figure 3 shows the emission spectra of thé Eions at
the P—O bridge bond of PCat 1140 cni, and the O—P-0 various temperatures in Nb—P3. It is obvious that the emis-
bond symmetric stretching at 1205 chwere strong®~2LA sion intensity of the E&i" ion increases with temperature and
band from 1600 to 2100 ciit was observed in the niobate— @PProaches a maximum at a certain temperature, then de-
phosphate as well as the niobate—silicate glasses. It w&geases as temperature increases continuously. Also, we also
stronger in niobate—phosphate glasses. This band is not rgjeasgreq the temperature deper)dence of the emissions of the
lated to any vibrational mode of the glass compositions. It €W " ion in the other glasses. Figure 4 shows the tempera-
attributed to the OH groups, such asOHP-OH and ture dependence of the emission intensity of thé&'Een in
(Si—0);=Si—OH!” In the niobate-silicate glasses, the all the glasses. It is obvious that a maximum emission inten-
bands from 800 to 1300 cm were observed, which as- Sity appears at a certain temperature for all the glasses. The
signed to be various stretching modes of-GrSit8~2! |t temperature of the maximum emission intensity varies, de-
should be noted that in Raman spectra, the Ba—O vibration&€nding on the glass composition. The higher the concentra-
modes appear in the range of 180—3507énin the two tion_ of_ Np205, t_he lower the temperature at the maximum
series of glasses. In the phonon sideband spectra, the Ba-&Ssion intensity.
modes are emerged by the zero phonon line&gt-°D.,. .The variation in_the emission intensity of Eucan b_e

It should be noted that the intensities of the zero phonordttributed to two main factors, the resondR—°D transi-
line of 'Fy—°D, were normalized in all the glasses. Thus,
the electron-phonon coupling strength can be evaluated from

the integrated intensity of the phonon sideb&rtis clear 4"??@

21367k g

C. Dependence of the emission intensity of Eu 3%
on temperature

Intensity (normalized)

Intensity (a.u.)

550 600 650 580 590 600
Wavelength (nm) Wavelength (nm)

FIG. 3. Emission spectra of the Euion in the Nb—P3 sample at various FIG. 5. Resolved emission spectra of the three crystal-field-splitting lines of
temperatures. the 5D,—"F, transition at various temperatures in the Nb—P1 glass.
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TABLE Ill. A list of parametersB,, B,, andT. (K) in various glasses. 506

] A‘AAAAAAAAA“AAAAAAAAA‘A‘
Niobate ctesavane &
glasses B1 B T, (K) 592 e* %o Seettengee,,
—_ £ *

Nb-P1 34 0.0066 175 E gggl ottt 0
Nb—P2 56 0.0053 128 P (a) *o,-'F, e ".m
Nb-P3 57 0.0024 98 g —— : — :
Nb—Si1 0 0.0083 159 3 200 300 400 500 600 700
Nb-Si2 53 0.0114 146 £ 5702/ an"
Nb-Si3 45 0.0056 135 -
Nb-Si4 97 0.0022 127

579.0- .

sDn'yFo ..--
578.81 (b) e,

tion with the 488 nm light and the temperature-quenching 20 3°9re,:§§atj2‘2,<) s00 700
effect. The former tends to cause the intensity of Eto

increase with temperature, while the later tends to cause tHeG. 7. Dependence of peak location @ °Do~'F; and (b) °Do~'Fq
intensity to decreas®. The temperature-quenching channels!ransition of Ed" in the Nb—P1 on temperature.

include the nonradiative transitions frodD, to each’F,

level and the energy transfer from one excited Eion to . . :
the other E&" ions or to the other centers nearby. As theWT(o) is the temperature-quenching rate at 0K, is a

contribution of the temperature-quenching effect is dominan{erpe_ratu;ethcogg'ia_nt. Base;j ont_ qu;t(d')' the te m|55|onb
in comparison with that of the thermal population’df,, the intensity of the lon as a function ot temperature can be

emission intensity of the Ei ion should decrease. Theoreti- rewritten as

cally, the emission intensity af; °D,—F;, I(T), can be Bie E2/kT
i imatel I(T)= - (5)
written approximately as (1436 B/ 1 56 E2/KT)x (11 g,e7Te) "
ONY(T)o where 3, =5® 0, Bo=W(0)/vo.
1(T)ex THW,(Miyg" 2 Using Eq.(5), we well fitted the experimental data. The

fitting functions were shown in Fig. 4. By fitting, the param-

whered is the power density of the pumping lighti; is the ~ €t€rsB1, B2, Tc were determined, as shown in Table IIl.
temperature-quenching ratg, is the radiative transition rate The nonradiative relaxation and nonradiative energy transfer
of 3, 5Do—"F,, N, is the electron population ofF,, ois  Processes are phonon-assisted ones and related with local

the absorption cross section frofft, to 5D,. The normal- structure surrounding Eii ions. It is observed that the

ized thermal population off;, can be expressed as temperature-quenching rate increases with the increasing
concentration of NJO5 and the decreasing concentration of

gje AEI/KT BaO in both the niobate—phosphate and niobate—silicate

Ny(T)= EJgJe—‘AEJfk_T’ 3 glasses. This can be explained from the fact that the electron-

phonon coupling becomes strong as the concentration of
Nb,Os increases, which is confirmed by the phonon side-

where AE; is the energy separation froffF; to 'Fg, k is
) 9y Sep J 0 band spectra.

Boltzmann’s constant, angl; is number of Stark splitting of

’F;. The temperature-quenching rate is experimentally de-

termined a¥ D. Dependence of the peak location and linewidth
on temperature

Wy =W+(0)e™Te. 4 Figure 5 shows the lines 8D,—F; at various tempera-
tures. The’D,—'F, transition should have three Stark split-
ting peaks. As shown in Fig. 5, the lines &9 ,—'F, transi-

8 tion can be resolved into three Guassian componeats (
ast €o, ande, ). Figure 6 shows the linewidths of these compo-
£ LAl 4 We nents as a function of temperature. It is obvious that the
£61 Aa . width of e_ broadens remarkable as the temperature in-
£ ent st aa" " creases, while that of the other two components have a little
2 44 W8+ variation. Figures (@) and 7b) show the temperature depen-
p= . dence of the locations of the three Stark components of
- . e s0e%e, °° . 'V.Ve °Do—"F; and of the peak location 8D,—F, respectively.
_° : — 9 It is apparent that the peak locations all shift to high-energy
200 400 600 side as the temperature increases. We suggest that under the

Temperature (K) excitation of the 488 nm light, the electrons are resonantly

; 5 5
FIG. 6. Dependence of linewidth 6D,—’F transition in the Nb—P1 glass excited to°D, and then r_elax_téD_o through®D; . Actually,
on temperature. the °D, level has a certain width in the glasses. The thermal
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