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ABSTRACT

Sodium-lead-barium-aluminium phosphate (SLBAP) glass doped with
tripositive erbium ion have been prepared by melt-quenching technique.
The absorption spectral studies of doped SLBAP glass have been per-
formed to compute the phenomenological Judd-Ofelt parameters (QA) and
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various spectroscopic parameters|like Slater-Condon parameter (F,) k=2,4,6,
Lande’ parameter (C,), Racah parameter (E¥) k=1,2,3, nephelauxeticratio ()
and bonding parameters (b¥?) to study the local structure of the ligands

around the rare earth ion.

INTRODUCTION

Rareearthionsare employed in optical applica-
tionsduetotheir metastableexcited Satesover theentire
range of optical frequenciesZ. For many years, rare-
earth doped glasses have been used to make bulk la-
sersand amplifier devices®. Thepast literature shows
that therare earthionsfind moreimportant application
inthe preparation of thelaser material§*%. Rare earth
doped crystalslike Nd: YAG are considered to be ex-
cellent laser materiald”d, but the rare earth doped
glasseshavedistinctive advantages® over doped crys-
talssuch asflexibility in size and shape and excellent
optical quality. Therapid development of rare earth
doped silicafiber amplifiersand | asershave consider-
ably increased theinterest in rare earth doped planar
waveguidedevices. Furthermore, reliable high power
CW diodelaser pumpsprovidethe possibility of min-
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iaturizing conventional solid-statelasersand amplifi-
erd101, Such glass based rare earth doped lasers and
amplifiersarehighly promisingfor producingsmdl, com-
pact, efficient and reliable communication, signa pro-
ng, sensing and medicineapplications.

Rareearth doped glassesareused in alarge number
of optical devices because of the large number of ab-
sorption and emission bandsavailableusingthevarious
rareearth dlementd’213, Asanexample, thevariaionin
thegreenintensity ratio betweenthe’H, ., and“*S,, en-
ergy levelstotheground state of Er*3ionshasbeen used
asthe measure parameter intemperature sensorg419,

Inthe present work anew kind of Phosphate Glass
isprepared. Phosphate glasses on the contrary to sili-
caehavelower mdting and trangition temperaturesand
posses no tendency to crystallization whichiscritica
during optical fibredrawing*®. Telluriteand fluorite
glasses manifest both good optical propertiesand low
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phonon energy, however their industrid gpplicationsare
limited dueto their low thermal stability and relatively
difficult and costly synthesi g7

The spectroscopic propertiesof rareearthionsare
strongly affected by thelocal structureat therareearth
sited®2 and the distribution of thedoped ionsin the
glassmatrix?+%1, Theloca structure propertiesarethe
type and arrangement of the ligands around therare
earthions. They determinethefield strength and sym-
metry at therare earth site and the bonding between
rareearthionand ligand. Theknowledgeof suchrela
tionships between the structure of the host glassand
the propertiesof the doped laser ionsisuseful for de-
sgning laser glasseswith definite properties.

EXPERIMENTAL

A sodium-lead-barium-aluminium phosphateglass
with doping concentration of rare earthion was pre-
pared by melt quenching technique. The composition
(by weight) was approximately Na(PO,), 70%-Ba0O
15%-PbO 10%-Al,0,5%-R Ln (Where R=0.5 %
and Ln= Er*®). Earlier studies?” have shown that
Stimulated emission cross-section (o) valueincreases
withthesizeof theakali metal. That iswhy sodium
oxide has been widely used and has been chosen as
primary modifier inthe present study. Increase of per-
centage of primary modifier beyond acertain value
doesnot further increasetheva ue of Stimulated emis-
sion cross-section (o). However, addition of second-
ary modifier further increasesthec value. Thec value
also increases? with theincrease of the size of the
cation of themaodifier vizMgO<CaO<BaO. Conse-
guently, BaO was used as secondary modifier. Addi-
tion of secondary modifier shiftsthe R cut of edge®!
toward longer wavelengths making the rare-earth
doped glasseshighly suitablefor fiber amplifier to be
used intelecommunicetion.

The spectral measurementswere carried out by
spectrophotometer method. The A bsorption spectra
in the spectral range 200-800 nm wererecorded on
UV-Visible double beam spectrophotometer model
Perkin EImer spectrophotometer model lambda 35.
TheAbsorption spectrahave been recorded in terms
of wavelength (nm) vs. Absorbance (a.u.). The ab-
sorption spectraof Er*2 doped SLBAP glasshavebeen

investigated. From these spectral data Judd-Ofelt pa
rameters (Q1), Slater-Condon parameter (F,)
k=2,4,6, Lande’ parameter (), Racah parameter (EY)
k=1,2,3, nephelauxeticratio () and bonding param-
eters (b*?) have been calcul ated to study the nature of
bonding in these glasses. Intensities of thef-f transi-
tionsin the absorption spectrahave been analyzed by
the application of the Judd-Ofelt theory

RESULTSAND DISCUSSION

Spectral intensities

From theabsorption spectra, it isobserved that 8
absorption peaksareclearly observedinthewave ength
range 200-800 nm and can be attributed to transitions
fromtheground state“l ., tothe higher energy states.
Theoscillator strengthsfor electric dipoletransitions
fromthe ground state“l ., to upper energy levelscan
be experimentdly determined using the equation

o 1 |
P,, = 4.6x10 gxalogl—oonM @)

Where cisthe concentration of the absorbing ion per
unit volume, | isthepath length and log (1 /1) isthe ab-
sorbance and Av_, ishalf bandwidth. However for a
solid materid itisgenerdly expressedintermsof line
strength S, |

_ 8m’mcv |_(n2 +2)? s
= "3+ o [ 2

Where (2J+ 1) isthe degeneracy of theground state of
therare-earthions, nistherefractiveindex of theme-
dium, misthe massof theeectron, v isthemean en-
ergy of thetransition, thefactor (n? +2)%9 represents
thelocadl field correctionfor anion embedded inadi-
electric medium. Sincethebands produced by themag-
netic dipolemechanismhavevery low spectrd intengty
compared tothat of theelectric dipolebands, S_ could
be neglectedincomparisonto S_, whichisgiven by

SylsL)a:(s.L)r]=

3 6nk‘<(s, L)IJu|es L )J'>‘2 3

r=2,4,

where K(S, L)IJu®|s L )J'>‘2 arethereduced matrix

elementsof aunit tensor operator evaluatedinthein-
termedi ate coupling gpproximation. Thevauesof these
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matrix elementsreported by Carnall et d .1 havebeen
used sincethesedementsarehost invariant. Substitut-
ing the oscillator strengths cal cul ated from the absorp-
tion spectraand using theva ues of reduced matrix ele-
ments and other parameters, QA (A = 2,4,6) can be
ca culated by aleast squares method.

Theexperimentd oscillator strengths, experimenta
linestrength (S, p) and calculatedlinestrength (S ) with
their differences (AS) of al the observed bandsof Er3
doped glassesarepresented in TABLE 1.

Tofind out the Judd-Ofdt intensity parameterswe
subdtitutethevauesof oscillator strengthsfrom TABLE
1in Eq. 3and consider theserel ationsas equations of
unknownsQ,, Q, and Q. Usingleast squaresfit method
and using 8 linear equations, best set of Judd-Ofeltin-
tensity parametersareobtaned. Using these Judd-Ofelt
intensity parameters, theoscillator strengths are cal cu-
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lated. The rmsdeviations between experimental and
caculated oscillator strengthsarevery small indicating
thevalidity of Judd-Ofelt theory.

TABLE 1: Experimental oscillator strengths, experimental
linestrength (Sexp) and calculated line strength (S_)) with
their differences(AS) for variousabsor ption levelsin SLBAP
glass

TABLE 2: Judd-Ofelt intensity parametersfor variousEr ** doped hosts

Glass

SLBAPER11
50H;B05.39Li,C0;.10MgCOs5.1Er,0;

Er*®in 48A10, 5.36Ca0.8Mg0.8Ba0O
48(NaPO5)s.20BaCl, 10ZnCl, 20NaCl.2ErCl,

Absor ption Pex%_ Sa(g Sal AS
levels (109 (10 (0% 10
152 > “Fo 206 1453 1445  0.007
Sy 053 0311 0311  0.000
Hyp 562 3160 2843  0.316
‘o 255 1349 1130 0.218
*Fa2, *Fsp2 077 0376 0513 -0.137
Hg, 050 0219 0378 -0.159
‘G 960 3926 4132 -0.206
Gy, 2K 152 1.89 0747 0741  0.005
Goodness of fit = 0.0469
Q, Q, Qs Ref.
3.2127 1.5445 1.4646 Present work
1.33 0.39 0.62 27
5.60 1.60 0.61 28
2.27 2.23 4.98 29

The Judd-Ofeltintensity parameters (€2, 2, and
») depend on the host glass composition®. Generally
Q, parameter isanindicator of thecovalency and crys-
tal field asymmetry of therareearthionand 2, and 2,
arerdatedtotherigidity of host matrix. In present case
thevalues of 2, and 2, are aimost equal. The Judd-
Ofelt theory doesnot permit an easy calculation of these
parametersand itisvery difficult to predict the behaviour
of the host around the rare earth ion on the basis of
their vaues. In SLBAP glassit seemsthat therareearth
ions getssurrounded by [AlO,] . Thenegative charge
of [AlO,]" tetrahedrais not properly balanced by the
positive chargeof akali ionthereby decreasing the co-
valent character between therare earthionsand oxy-
gen atoms provided by [PO,]" tetrahedra. In most of
the glassesthe 2, parameter seemsto follow thetrend
set by Q, parameter. But the 2, parameter islesssen-
stiveto theenvironment thanthe (2, parameter.

Spectroscopic parameters

From the data of absorption spectraof Er®* doped
SLBAPglassand Using the method Of Wong®!! (and

Taylor seriesexpansion) and using the observed band
energiesasE, zero order energiesE_, and partial de-
rivativesof rareearthion*?, the correction factorsAEX,
AL, areevauated by least squaresfit method. From
theknown freeion parametersEX, C°,, theRacah (E*,
E?, E°) and spin-orbit () parametersin SLBAP glass
matrices are obtained. Thesevauesarepresentedin
TABLE 3. ThehydrogenicratiosEYE® and E¥E3, which
indicateradid properties, arealso presentedin TABLE

3. Itisobserved that the hydrogenicratios are nearly

TABLE 3 : Calculated values of dater-condon, lande’,
nephelauxeticratio, racah and bonding parameter sfor Er*3
doped SLBAPglass.

Parameters SLBAP Glass Parameters SLBAP Glass

F, (cm™) 429.82 FJF, 0.157
Fs(cm™) 67.574 Fe/F> 0.016
Fe (cm™) 7.131 EYE® 10.490
Cat (cm™) 246167  EYE 0.048
E*(cm™) 6663.695 P 0.973
E?(cm?) 30779  b'? 0.116
E3(cm™) 635.207 - -
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constant indicating that radial propertiesaresamein
theglassmatrix. Usingthecorrectionfactors AEX, AC
and usingthepartiad derivatives, calculated energy va-
uesare obtained. Thermsdeviations between the ex-
perimental and cal cul ated energiesare reasonableand
they arewithin theexperimentd error.

In Er*2 doped SLBAP glass specimen therdation
among different F_parameters are found as F, >F,
>F,. Theratiosof F,/F, ~0.157, F/F,~0.016 and
parameter EY/E® ~ 10.490 and E%E® ~ 0.048 arein
good approximation with the corresponding
hydrogenicratios.

CONCLUSIONS

TheAbsorption spectral studiesof SLBAPglass
doped with Er*?ions have been carried out from the
absorption spectraoscillator strengths of various ab-
sorption bandsare eva uated. Thehigher vaueof , pa-
rameter indicatesahigher asymmetry around Er*3ions
inthisglass. Thelow valuesof goodnessof fit indicate
thevalidity of the Judd-Ofelt theory. In SLBAPglassit
seemsthat therareearthionsgetssurrounded by [AIO, |
. Thenegativechargeof [AlO,] tetrahedrais not prop-
erly balanced by the positive charge of dkali ionthereby
decreasing thecovaent character between therareearth
ionsand oxygen atomsprovided by [PO, |- tetrahedral.
Thehighvalueof spectroscopic quaity factor (€2,/Q2 =
1.05) indicatesthat the present glassismorerigid as
compared to other oxide glasses.
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