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ABSTRACT . ®
- A new family of five optical glasses of the following chemical

composition with IMZ Pr¥3 wers prepared to sxamine the effects of
alkali fluorides both in mixed snd unmiked form: 30InFq~30BaFy-
10ThF~92nFp~20R¥, where RPF=LiF, HaF, KF, NaF-K¥ and KP=Li?, Sig~
nificant results have been obtained from the physical characteriz-
ation of the fluoride glasses. Both the absorption and ohotolum~
inescence spectra of these glasses were also measured.  Laser
eirigslon properties of these glasses were examined both &t room
and liquid nitrogen temperatures by using an Ar™ ion laser. The
fluorescent lifetime (in us) of the emission state 1Dp+JH, (=
0.59 ym} wasz measured at both 300 X and 77 K. The stimulated
emisggion crosg-section of different observed luminescent states of
these Pr~doped glasses were measured by the use of Judd-Ofelt
theory with the recorded photoluminescence spectra.

MATERIALS INDEX: praseodymium, flucrides, glasses, rare earths

Intreduction

Rare~earths doped fluorozirconats optical glasses have in recent vears
attracted considerable attention as potential materials for mid-IR opriecal
fibers, as well as for laser glass development {(i-3)}. Three years ago, 1oy
the first time, zirconium-free glasses based primarily on indimm triflucride
{inF3) and bariuwm fluoride {Ba¥o} were prepared at the CNRS laboratories in
Framce {(4). Guery et al. (5) have reported that InFy-based heavy wmetal flucr-
ide (HMF) glasses were identified as better devices compared with the #ircon—
ium fluovide-based glasses for laser efficiency properties.

At present. ouwr group has actively been iuvolved in the research and de-
velopment of alkall mixed, HMF-based glasses with the rare-earths ss luminese
tent centers to understand their lassr emission characteristics. Farlier, we
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Yol
carried put systematic studiss on the 0, Eudt and TB3T ions as dopants in
alkali mized HMF glasses (6~%). WNow we report on the preparation and charac~
terization of the Prot-doped, alkali-mixed, multicomponent BMY glasses, by the
measurement of both the absorption and fluocrescence spectra. Vzri
ideas
Experimental
An attempt has been made for the firat time to prepare a new family of - Dens
Pritedoped, InFg=~based, multicomponent MMF glasses with the alkali contents as Refy
the glass network wodifiers. The chemical compositions ised for these glasses ﬁ”gﬁ
are as follows: 30IpFy - 30BaFy - 10ThF4 ~ PZnFp - 20RF - 1PrFgy, where RF Fr
carries the alkali content {20LiF, 20NaF, 20KF, 10Na¥P-10KF and 1OKF-1QLiF). (
For our convenience, these glasses were labslled as Glasses A, B, , D and E, Hean
respectively. Although we could also prepare another glass with 10L4F-10Na¥F {
congent, that has not exhibited sufficlent transparency. Therefore, we have Dial
excluded this particular glass for characterization. Because of the availab~ Refl
ility of a large guantiiy gf alklai and alkaline-earth fluorides, crystalliza- Mola
tion phenomenon has been fonsiderably rveduced, resulting in good transparency. Pola
By following the procedures given by Poulain et al. (10), the glasses were Inte
prepared by the gquenching technique in between two brass plates, and the Elec
guenched melts were allowed to cool down to laboratory temperature. The re- (e
guired chemicals ‘dere purchased from M/s. Johnson Mathey Company Ltd., Chew I-0 9
shire, VK. The oxides wre converted into flucrides with the addition of ex- “‘?;
cess NHRHFp and preheated fon 20 minutes at 400°C to achieve the fluorimation o
reaction. Thus, the excess NH HF; was eliminated by evaporation at 2 maximum 4
temperature of B00°C, The temperature and the time of melting were betwsen I
850-1000°C and 1-3 hours, depending on the glass composition. The prepared
glasses have dimensions of 1-2 cm in diameter with a uvniform thickness of 1-2 spact
m. The formation of the glass was confirmed by making an observation through tral
hoth polarising microscopy and XRD analysis. tlons
For all these galsses, densities and refractive indices were measured by
using the standard procedures. The visible asbszorption spectra of pra+ doped Folle
glasses were recorded on a Perkin Elmer 551 Spectrophotometer from 420-620 nm. has g
HWith regard te the HIR spectra (1300-3000 zn™t) of these glasses, these were ing &
carried out on a Carl Zeiss 51 Specoxrd Spectrophotometer. escen
The fluorescence spectra of these glasses were measured at the Changchun ertie:
Institute of Physiecs, Changchun, P.R. China. The lifetime of the laser emis~ measny]
sion state 152 > 3&4 of Protedoped glasses was measured at both room and 1i- into
guid nitrogen temperatures by using an Argon fon laser (478 om} fitted with Since
the other essential accessoriez such as a Biomation 6108 Transient Recorder appea:
and a Nichelet 1070 8ignal Avevager. out, or
seven
result
Besults and Discussion fir me
: parisg
Physical Propertiss {C and
With the measuvrement of densities and vefractice indices of these glasses EZiiii
we have estimated the values of ‘several other physical parameters to under— are al
stand the optiecal efficiencies of these devices by using the relevant expres~ er's (

sions given in the literature {%). The determinad values of different physi- values

cal parameters of ?z3+wd0ped glasses are given in Table 1.

Absorpiion ?foperties

Eight abaorption sztares have been identified from the measured absertion
. - tarries
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: - : TABLE 1
verious physical properties of ?rg*mdeped HMF glasses mixed with alkali fluor-
ides.

. Parameters Glass & Glass B Glass € Glass D Glass E
Density (gm/omdy 4,251 4,260 4,266 4,273 4,280
Refractive index {(at 58%.3 nm) 1.573 1.563 1.559 1.560 1.548
Average molecular weight 151.4 154.6 157.9 156.2 154.6
Pe?t fon concentration 0.94 0.91 0.89 0.90 .91
(8210719 (ions/cmd)
Yean atowlc volume : 16.78 10,97 11,18 11.05 10,82
{gm/emfat~l)
Dielectric comstant {g) 2.474 2,449 2.431 2.434 2.396
Reflection iosses R {(I) 8.6 8.6 8.5 8.5 8.4
¥olar refraction By (cm™3) 11.74  11.82 11,95 11,84 11.47
Polaron radius rp {nm) 1.91 1.93 1,94 1.94 1.%93
Inter ionic distance r; {(om) 4,75 4.78 4,82 4,80 4,79
BEilectronic polarizabdbility 8.40 8.51 8,67 8.5 8,33

(a)xlozgfcm3

4~0 intengity parsmetrers

051040 (em?) 5,64 1.11 ~0.37 -0,11 2,26
25x10%0 (cmd) ‘ 12,32 13,98 13.19 14.56 17.27
2gx102C (cmd) 4.15 3.44 3.61 b.41 6.93

apectra of Pz3éwdoped glasses in the wavelength region of VIS-NIR. The apac-
tral lines this measured are assigned to the appropriate electronic transi-
tiong as mentiocpned below: . _

: 3, 3 1 3 3

ﬂé > P2'199; Bz; F4’3’2 and Hﬁ.

Fellowing the reported results of Tanimura et al. {1}, the Judd~Ofelr theory
has been applied to measured spectral intensities as an ideal wodel. Accord-
ing to these authors, the Judd-UDfslt model explains satisfactorily the lumin-
escence characteristics apd the influsnce of glass cowmpositions on these prop-
erties, In view of this, we have combined the J-0 paramelars (QA) with the
measured photoluminescence spectrs of the Pr-doped glasses to have an insight
into the effective laser emisaion characterisrics from these optical devices.
Since ‘the half;bandwwidch of 3Hg absorption level could not be measured, as it
appears very weak in all the five glasses. Therefore, the fitting was carried
out only with the seven levels. The application of J-0 theory to the measured
seven absorptién band osciliator strengthe for each of the five glazses has
resulted in a set of best fit intensity parameters through the least squares
fir method. These J-0 parameters are zlso accommodated. in Table 1 for s come
parigson in five glasses, The value of fiz has become negative in two glasses
(C and D), due to the f~d mixing. Bimilar such observations have been made
earlier on Prit-doped in several other inorganic glasses (12-14). The unit
tensor operators iTuA§]2 for the absorption and smission levels of Pr3* ien
ave already availsble in the literature {15,16). On ths substitution of Heb-
er's (16) energy level paraseters in the Taylor-seriles expansion, the elgen
vailues for different states have been obtained for their uce in the estimation
of radiative properties of the glasses studied.

Fluorescence Properties

The measurement of photoluminescence spectra of ?r3éédoped glasses was
carried ouf at room and liguid nitrogen temperatures. From the recorded photo-
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luminescence spectra, the foliowing emission levels have been ldentified:

1o 5 3 (508 nm); P, + OF, (641 mm); “P. > SH, (607 mm); The
Z 4 g ‘ 2 0 & od w
Sp > Py (546 ma); OBy » OB, (484 mm); P~ CHg (52570m). Tram
Apmong these six luminescent stat853‘122 + 3H¢ for all the glasses studied has 3pp -
been very intense} therefore, the lifetime measurement was carried out hoth at g
300 K and 77 ¥ for this particular state. However, the radiative properties
for all the observed emission states have been characterised by the use of
Judd-0felt intensity parameters {Table 1} obtained from the obsorpticon messure
ments. .The spontanecus emission probability wvalue from these observed emission
states to their next lower lving states was estimated from {3):
A = 6QﬁéeLv5 gn{n2+2),2} 3 BFﬁ -
3n{d+1) g
This equation describes only the forced electvicwdipole emission probabiiity.
The total transition probability for each of these six emission levels was com-
puted from the expression (5): :
AT = LA .' lPZ R
This value was estimated in order to make a comparison between the measured
lifetimes at 300 K and 77 ¥ and the Judd~0felt theory for this emission state.
The quantum efficiency factor for this emlssion state was calculated from (63
e (Tmeasured/Tradiative} #
The fluorescence branchiag ratio is;cqnsiéareé to be ancthey impcrtant' 3P1 N
factor in understanding the strength of the laser potentiality of the prepared
materials. Therefors, this factor was determined for all the observed emission
states by uslng the formula (5)1
Bg ™ (A/&T}
The calculated values of emission level peak position A, band-width AA?,
spontanecus emission probability (A}, total transition probability (A7), and 390 -
the branching ration By for different emission levels were tabulated im Table
2, An examinaticn of the data presented ip this table confirm that 3P0 fWBH@
has got the maximum Bg value and the minimum for “Pg + “Hg. It has aiready .
been established that an emission level with the B8y value near 0.3 becomes a
laser emission transition (1). In the case of 1Dy + JH, the magnitude of g in
five different glasses is in between 0.198 (for glass A) and 0.316 (for glass
C). Because g value is better in the C-glass for all emission levels {Table :
2}, this system could be identified as a suitable one for laser action. ;misii
From the photoluminescence spectral profiles, the stimulated emission Vilze:
cross-section ¢y for the observed emission states was evaluated from the rela-. this =
tlon (63: . the tr
AA o for th
O - B level
p SHCnZAA of the
|3 . compar
Where A, is the wavelength of the framsition, Adp 18 the bandwidth cbtained by T
integrating the intensity of the luminescehce shape abd dividing by the inten— of 132
gity of this wavelength (Ap). This stimulated emission cross—sectlon is am 3H4 is
important parameter for laser gain of the materials, as it determines the laser; n from

gain for a given population of imversioem (18). The values of oy for various
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FLUORIDE GLASSES

TABLE 2

[
[+
B
e

for the emission levels of Prg*xdapeﬁ HMF glasses miz~

Tranaitlon Parameter Glags—4 Glass-B Glass—C Glass~D Giaspg-E
30 + 3Py g (om) £42.1 641.9 6421 641.0 641,0
Adg {nm) 5.4 4.9 6.0 4,9 6.2
Ris—ly 15414 29940 i e 5717
Ap(smly 76791 65729 57723 64947 82416
BR " 0.201 0,043 -, - 0,069
ap (1020cn?) 26.19 5,57 S— - 8.65
oy + Hg o ay () 607.9 607.9 607.9 607.9 608.3
A {rm) 11.1 11.8 11.0 12.0 8.4
A1) 3052 £495 2583 1163 4848
ap(s—1) 76791 65729 57723 84947 - Bz4is
‘B 0.040 0.040 0,045 0,649 ¢.059
op (10%0cn?) 2.02 1.56 1.73 1.96 4,40
tpy » 3, A () 598.8 598.8 599.6 398.4 59%.8
s, () 15.6 14,7 14.8 17.2 17.2
Bes—hy 985 896 368 1007 1356
spism1) 4965 3400 2747 3195 4672
fz 0.198 0.764 6,316 0,215 0.290
5 o (1020cm2) 0.44 0.43 G.41 0.41 0.56
3y o+ 3Hs o, (um) 525,2 534.9 525,5 524.9 524,9
A3y (rm) 6.4 7.2 7.5 6.1 6.9
Rl 22805 23120 21716 24215 28817
Ap(s—1y 72442 62337 55025 61974 78724
Bg 0.315 8.371 3,395 4.391 0,366
ap (1020em?) 14,65 13.26 12,13 14.49 17.55
Irg » 3u, hp (nm) 4845 4864 6844 484.3 483.8
AAL (om) 8.7 8.1 8.9 8.6 5.1
Re-1) 46817 48357 45065 49827 57680
Arls—hy 76791 65729 §7723 64957 82416
gx 0,610 4 G.736 0.781 0,767 ¢.700
o, (1020m?) 15,89 17.82 15,16 17.41 19,16

%

emission levels of Pr3t glasses are shown in Table 2,
8y the parameter for both C and I glasses has a negative sign, the estimated
values of A, Bg and o

could not therefore be listed in this rable.

this situation is indicated with dashes,
the tramsition 3Pg >

of py 3H4 of Pr-glasses was made,
334 is better in glass C, comapred with the othera.
n from Table 3, the glasses are arranged as follows:

Hs 15 not at all discussed,
Jfor this transition have their values as zeros.

ievel has been made in that table.
¢f the glass € as o

Again, o

values for different levels a
compared with the other remaining glasses.

Because of the fact that

Hence,
It may be moticed from TableAZ thar
It was because the [vA[[2

Therefore, no mention of this

&

Qiass € > Giags D > Glass B'> Glass E > @lass A,

further confirms the suirability
re in the minimum magnitudes '

In Table 3, a cowparison between the measurement and predicted lifetimes
The quantum efficiency factor for
Based on the magnitude of

Ipy +
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TABLE 3

Comparison between the lifetimes (both measured and predicted) of the laser
transitian'iﬁz + 334 of Prit doped HMF glasses.

Parametars Glass=-A  Glass—B Glass-0 Glass-D Glass-E
Radiative lifetime
Tp{uni 201 294 364 313 214 157
Heasured 1lifstime {ref. 19)
Tplus) (1) ax 300 K 120 231 305 251 160 110
24y ax 77 X 134 245 3is 270 187 150
%
Quantum efficiency . (ref. 1}
n o= {Tn/Tg) 0,560 3.79 (.84 0,84 .75 .60
. {ref. 16}
. Conclusions

Five newly synthesised Pritedoped multicomponent HMF glasses were charac-
terised for their physical, absorption and emission propertiss as a funcrion
of the alkali metal content. The Judd~Ofelt theery of electric—-dipole transi-
tion combined with the photoluminescence band-shapes has provided a convenleunt
way to determine the laser proepriies of ?r3+—dcped flucride glasses. From
the absorption intensities, the J-0 parameters were derived and., In turn, were
ssed to evaluate the radiative lifetimes to compare the measured lifetimes of
ipy » 3&4. The laser efficienmcy factors, namely 3, n and oy, have confirmed
that among the five glasses studied here, one {namely giass~g) could be ident~
ified as & suitable optical device for laser emlssion characteristics.
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