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In this paper, we report the preparation of Eu’* doped ZrF,-AlF,-
BaF,-RF {where RF = LiF-NaF or NaF-KF pairs) glasses in six
different RF chemical compositions. For these europium glasses, we
made a systematic study on the various physical properties namely the
refractive index, density, dielectric constant, non-linear refractive index
co-efficient based on the chemical composition. By combining the
Judd-Ofelt results obtained from optical absorption studies with those
of the fluorescence measurements at 300K and 77K, we verified the
suitability of chemical composition of the glass in the selection of an
ideal optical glass for the characterisation of efficient laser emission
from the europium ion. The lifetimes of the luminescent state *D, — 'F,
of europium glasses were measured both at room and liquid nitrogren

temmperatures by using an argon ion laser source.

1. INTRODUCTION

THE LAST few years have been the most exciting in
the preparation of optical glasses. The range of glasses
made wider than ever before and now includes chal-
cogenides, fluorides, oxides and oxyhalides, At pre-
sent, there has been a strong interest in the research
and development of heavy metal fluoride (ZrF,, ThEF,,
InF,, HIF,) based glass systems doped with rare
earths. Among the various heavy metal flzoride glasses,
the mixed alkali fluorozirconate glasses appear to be
very promising, because of its good transparency and
resistance from the moisture. These optical glasses
could be used as fibre waveguides, laser-windows and
infrared lenses [1, 2]. About two years ago, the syn-
thesis and eclastic properties of the glass systems
of 487rF,-24BaF,-8AIF,-20RF: (RF = NaF-LiF,
NaF-KF) were carried out [3, 4]. Quite recently, we
published our results on the absorption and fluor-
escence properties of Ho®" -doped alkali mixed ZrF,-
based glasses [5]. Now, we report the preparation of
Eu*t-doped Z1F, based glasses in six different mixed
alkali fluoride combinations and these glasses have
been used to understand the various physical proper-

ties, concerning the absorption and the laser emission
characteristics.

2. EXPERIMENTAL

2.1. Europiwm glass preparation :

Extra pure reagents of (NH,), ZrF,, Bal,, AlF,,
LiF, NaF, KF and BuF, were used as starting materials
for preparing Fu-doped alkali mixed fluoride glass
systems for the present work. The chemical compo-
sitions of these glasses are given in Table 1. The mix-
ture of raw materiale containing about 10% {W/W)
NH,HF, as fluorinating agent, was preheated at
about 450°C for an hour and then melted at 500-
950°C for about 20min in a platinum crucible under
nitrogen atmosphere in an electrically heated furnace,
The melts were quenched between two steel plates and
allowed to cool to room temperature. The europium
glasses, thus, obtained are in excellent transparency.
The crucible containing the glasses was weighed
before removing the glass materials and cleaning. The
weight of the glass always was in close agreement with
the anticipated in that batch, and found that there was
about 0.2% weight loss in each case. These results
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indicate that the aciual glass compositions are essen-
tialty identical to those based on the glass batch. Glass
formation was confirmed by the polarizing microscopic
observation and X-ray diffraction analysis,

2.2. Physical properties of the Ew-doped glasses

The refractive index (1) of the glass was measured
on the Abbe-refractometer at a wavelength of 1 =
5893 A. A thin-film of monobromonapthalene was
used as a contact layer between the prism of the
refractometer and the glass samptle that is to be exam-
ined. The density of the glass sample was determined
at room temperature by the Archemede’s principle on
a sensitive microbalance with xylene as an immersion
Hquid. The mean atomic volume (V) of each glass was
obtained from the values of densities (D ) and average
molecular weights (M). The curopium ion concen-
tration {&') in each of the six glasses was determined
from the chemical composition and density values.
The estimated Eu’" -ion concentrations of these glasses
were found to be in between 0.9639 x 10" (for glass-
D) and 0.9553 x 10" (for glass-C) as the maximum
and minimum values respectively. In addition to
the measurement of both the refractive indices and
densities, we have determined several other import-
ant physical properties by using the mathematical
equations available in literature [6-16]. The estimated
values of these parameters are coliected in Table 1.

2.3, Absorption and fluorescence spectral recordings
The absorption spectral measurements of euro-

- pium fluoride glasses were made at the room tempera-

ture in the wavelength range of 350-450 nm on a Cary
Model 17 Spectrophotometer. The absorption spectral
recordings for our samples were made by the labora-
teries of physics and Chemistry of Hull University,
Hull, England, following our collaboration with these
two departments. Both the excitation and photolumi-
nescence spectra of these glasses were carried out in
the laboratories of the Changchun Institute of Physics,
Changchun, People’s Republic of China. The recorded
luminescence specira of six europium glasses have
been identified with the appropriate assignments for
the measurements emission states.

24. Lifetime of the fluorescent state "Dy ~ 'F,

The lifetime of this fluorescent state of the
europium jon was in milliseconds both at room and
liquid nitrogen temperatures. The excitation source
used in the lifetime measurement was an argon ion
(AR™) laser with the wavelength 478 nm. The lifetime
measurements were made using by a Biomation 61GB
transient recorded and a Nicholet H¥70 signal averager.
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3. RESULTS AND BISCUSSION

3.1, Absorption and flucrescence properties

From the recorded spectra of Eu-doped glasses,
we observed four absorption states of transitions
TF, > Dy, *Gy, *Lg and *Dy at the wavelengths of
about 360, 380, 390 and 400 nm. To characterise the
spectral intensities of these states, the Jubb-Ofelt
theory has been considered as an ideal model follow-
ing two good articles published by Tanimura et al.
[17a] and Weber [17b] to verify the suitability in cor-
relating the measured values with the computed data.
This Judd-Ofelt model permits relatively rapid deter-
mination of luminescence characieristic parameters
and also expiains the dependence of these properties
on the systematic variations in giass composition. We
have, therefore, combined the absorption character-
istic parameters with the measured photolumines-
cence spectra of Ew' ' -doped alkali mixed fluoride
glasses to investigate the effectiveness of ihe laser
emission from these materials. From the measuted
spectrophotometric profiles, the band intensities have
been estimated and a computer least-squares routing
has resulted in a set of best fit Judd-Ofelt intensity
parameters as listed in Table 2. The unit tensor oper-
ators for the various absorption and emission levels of
Euw’* -free-ion have already been reported in the litera-
ture (18, 19). From this table we have noticed the
trend of €, > G, > O, m all six curopium pglasses
reported here.

3.2. Luminescent properties

From the recorded photoluminescence spectra of
Eu-doped glasses, the following emission transitions
have been measured.

5 T § 7 N 7
Dy — 7Dy = F Dy - 'F.

Of these five fluorescent levels, 'D, — 'F, emission
state ai the approximate wavelength of 1 = 606nm
was observed to be very prominent. Following the
application of Judd-Ofelt model, we have evaluated
the radiative parameters for all the possible emission
transitions to 'F, (J = 0, 1, 2, 3, 4, 5, 6) from the
measured excited states namely Dy, °D, and °D, res-
pectively. In this approach, firstly the value of the tran-
sition probability for each of the fluorescent transitions
was evaluated from the equation [20-22],

4 - odn'e’y' [ n(r’ +2) :lS
ST 3h(2j+ }) 9 el

where §,, is the electric-dipole linestrengths, n is the
refractive index, J = is the J value of the excited level,
v is the energy of the transitions {cm™') and other
factors have their standard meanings. To ¢valuate the
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S, values for the emission states °D,, °D; and D, and
their other lower lying states, the required squared
reduced matrix elements have been collected from the
tables of Carnall er al. [18] and Reisfeld et al. [19].
Secondly, the total transition probability of each
emission state was obtained on taking the summation
of individual probability values from this state to its
next lower lying states [20-22].

A JTY = 3 A

Thirdly, the reciprocal vatue of this Ay was taken as the
radiative lifetime of the concerned emission state. Fin-
ally, the branching ratio of the potential lasing tran-
sition *Dy — 'F, was evaluated from [20-22}.

ACDy = 'F)
ﬁR = % ] .
Ar(CDy = 'Fy 1 25.456)
Since the emission line *D, — 'F, of Eu-doped

glasses appears to be a predominant fluorescent state,
the lifetime T, {milliscconds} measuremeni was car-

ried out for this level, by using an argon ion laser both_

at room and liquid nitrogen temperatures. The quan-
tum efficiency of the emission state was computed
from {21].

T,

1= T,

where T, is the measured lifetime and 7', the radiative
lifetime. The laser characteristics of the himinescent
state *D, — 'F, of Eu-doped glasses are clearly des-
cribed in Fig. 1 by giving the values for 4, A, Sz, Ti,
T, (300K, 77K) and 5. Following the method of
Weber et al. {14], the fluorescent state emission cross-
section was determined from the expression

A(SDG - TFz)

AL
o 8un’ cv'

where v is the emission transition energy (cm '), 4:
the transition probability, C: the velocity of light and
n the refractive index of the glass at 4: 5893 A. Fig. 1
also describes the effect of the alkali fluoride content
on the emission cross-section values of the laser tran-
sition *D, — 'F,.

4. CONCLUSIONS

Six new optical glasses of the chemical compo-
sition of 48ZrF, + 23BaF, + 8AIF; + 20RF +
1EuF; (where RF = NaF-LiF, NaF-KF) were
prepared. A detailed study was carried out on the
different physicai properties to examine the effects of
mixed alkali fluoride (LiF-NaF, NaF-KF) content in
all samples. The formation of glass was confirmed
through the polarizing microscopic observation and
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Fig. 1. Laser characteristics of the emission level
5P, — 'F, of Eu-doped alkali mixed fluoride glasses
hoth at 300K and 77K.

also by carrying out X-ray diffraction analysis. By the
estimation of Fu-ion concentration in each glass
through its density and molecular weight, a good
fitting of spectral intensities for the four absorption
fevels namely 'F, — °D,, °Gs, *Lg and *D; between the
measurement and theory was achieved. Such a fitting
confirms the validity of Judd-Ofelt theory in the cor-
relation of spectral intensity of both theory and
experimental results. The root mean square deviation
was within about an error of 5% only.

The intensity parameters (€;) showed the follow-
ing situation for all glasses studied here as , >
Q, > §,. For these glasses the photoluminescence
spectra were recorded both at 300K and 77K by using
a Xenon arc source and from these recordings, we
measured the emission states such as "Dy — 'Fy;
D, — 'F;; 'F,, 'F, and °D, — "F;. Of these fluor-
escence states, *D, — 'F, exhibited a significant bright
emission iniensities. We therefore, carried out measure-
ment of the lifetimes of this particular state with an
argon ion laser. The application of Judd-Ofelt theory
to the photoluminenscence spectra has resulted in the
computation of the values of the transition probability
(4), relaxation rate (4,), branching ratio (fz), radi-
ative lifetime (7) and the quantum efficiency (i) of
the lasing transition *D, — 'F, at the room and liquid
nitrogen temperatures. For this promising emission
state of Bu-doped glasses, the emission cross-section
values were also measured. The values of the lifetimes
and emission cross-sections for the fluorescing state
D, - 'F, of Fu-on showed significant variations
with the change of mixed alkali fluoride content in all
the glasses studied here.
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