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ABSTRACT

The Judd-Ofelt parameters are useful for cal culation of Stimulated emission
cross sections. The values of emission cross sections are comparable with
those shown by glasses used in solid state laser applications. This theory
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gives three intensity parameters 2., Q, and 2, which are related to the
local structureinthevicinity of rare-earthiions, and/ or the covalency of the
rare-earth ion sites. The comparison of calculated with measured lifetimes
gives information about non-radiative decay rates. In the absence of non-
radiative decay processes, it is not possible to assess the agreement be-
tween the Judd-Ofelt theory and the experimental results.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

The Judd-Ofelt parametersareimportant for in-
vestigationsof locd structureand bondinginthevicin-
ity of rareearth (RE) ions. The 2, parameter issensi-
tiveto both asymmetry and covadency at the RE siteg!.
Sincethef—f trangtionsof RE ionsare parity-forbid-
den, deviationsfrom inversion symmetry giveriseto
Q.14. Changesof Q, dueto changesof asymmetry were
confirmedin Refg%7. In many cases, adependence of
Q, on the covaency between RE ionsand ligand an-
ionsisobserved™ '3, Theeffect of host glasson Q) is
explained by different modd s. Tekebe and Nageno sug-
gested that increasingionic packing ratio causesanin-
crease of Q_ for silicate and borate glasses™ 1319
Tanabeet d. showed that, for oxideand fluorideglasses,
Q, increases due to decreasing local basicity of the
ligandg'19. Further, therigidity or long-range affects

of glasshost wasfound to beresponsiblefor changes
inQ [620,

Theeffect of the phosphate host on Q2 is pointed
out in Refg'>1%8, The ), parameter isaffected by the
factors causing changesin both 2, and Q. Especidly,
if thechangesof 2, and Q2 are opposite, theresol ution
of therespective affectson Q, isdifficult. Therefore,
Q,and Q, aremostly studied for local structureinves-
tigations. The Judd-Ofelt parametersare useful for cal-
culation of emission propertiessuch asradiative decay
rates, lifetimesand branching ratiosof emissiontrang-
tions. Thecomparison of ca culated withmeasured life-
times gives information about non-radiative decay
rates? %, |n the absence of non-radiative decay pro-
cesses, it isnot possible to assess the agreement be-
tween the Judd-Ofelt theory and the experimental re-
sultg*,
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whichisrelated to the quantum probability of atrans-
tion and hence givestheintensity of absorption band
corresponding to that particular transition. The experi-
mentd oscillator strength, P of dectricdipoletrans-
tionsisdefined as

1 |
Py, = 4.6x10°° xalogl—OxAu’/2

Where cisthe concentration of the absorbingion
per unit volume, | isthepath length and log (1 /1) isthe
absorbanceand Av, , ishalf bandwidth. However for
asolidmaterial itisgenerdly expressedintermsof line
strength S,

** " 3h(2J+1)| on

Where (2J + 1) isthe degeneracy of the ground
state of therare-earthions, nistherefractiveindex of
themedium, misthemassof thedectron, visthemean
energy of thetrangition, thefactor (n? +2)%/9 represents
thelocal field correctionfor anionembeddedinadi-
electricmedium.

Sincethe bands produced by the magnetic dipole
mechanism havevery low spectra intensity compared
to that of the electric dipole bands, S_, could be ne-
glectedincomparisonto S, whichisgiven by

Sul(sL)a:(s,L)7]

=ZQK

1=2,4,6

8n’mev | (n?+2)?
- Sexp

<(s, L)JJu]s L )J'>‘2

Where K(s, LyJu® s L )J'>r are the reduced

matrix elementsof aunit tensor operator evauatedin
theintermediate coupling goproximation. Thevauesof
thesematrix el ementsreported by Carndl et d . have
been used sincethesee ementsare host invariant. Sub-
stituting the oscillator strengths calculated fromthe ab-
sorption spectraand using theval ues of reduced matrix
elementsand other parameters, QA (A =2,4,6) canbe
calculated by aleast squares method.

EXPERIMENTAL
A sodium-lead-barium-aluminium phosphateglass
with doping concentration of rare earthion was pre-

pared by melt quenching technique. Thecomposition
(by weight) was approximately Na(PO,), 70%-Ba0O

15%-PbO 10%-Al,0,5%-R Ln (WhereR=0.5%and
Ln=Nd"3). Additionof BaO assecondary modifier shifts
thelR cut of edge’® toward longer wave engths mak-
ingtherare-earth doped glasseshighly suitablefor fiber
amplifier to beused in telecommunication.

The spectral measurements were carried out by
spectrophotometer method. TheAbsorption spectrain
the spectral range 200-800 nm wererecorded on UV-
Visible double beam spectrophotometer model Perkin
Elmer spectrophotometer model lambda 35. TheAb-
sorption spectrahave been recorded in terms of wave-
length (nm) vs. Absorbance (a.u.). Theabsorption spec-
traof Nd* doped SLBAPglasshavebeeninvestigated.
From these spectra dataJudd-Ofelt parameters (QQ1)
have been cal cul ated to study the nature of bondingin
theseglasses. Intensitiesof thef-f trangitionsinthe ab-
sorption spectrahave been anayzed by the application
of the Judd-Ofelt theory.

Theexperimentd oscillator strengths, experimenta
linestrength (S%) and caculated linestrength (S ) with
their differences (AS) of dl the observed bandsof Nd*
doped glassesarepresented in TABLE 1.

TABLE 1: Experimental oscillator strengths, Experimental
line strength (Sap) and Calculated line strength (S_,) with
their differences (AS) for various Absorption levels in
SLBAPND Glass

Absorption levels Peg (10°%) Sup (10%°) Sw(10%) AS(10%)

Yoo ‘Fg2,?Hep 774 4179 4054 0.124
*Frz,“Sar 6.85 3394 3561 -0.167
*Fon 0.94 0431 0265 0.165
*Gsp, °Gypa 1750 6908  6.890 0.017
Gy 5.62 1.996 1386 0.609
G 2.56 0.886 0580  0.305
2Py, 2Dy 0.67 0195 0.231 -0.036
*Dap, Dy 8.90 2107 0186 1.920

Goodness of fit = 0.8452

RESULTSAND DISCUSSION

In the Absorption spectrum of Nd*2 doped Phos-
phate Glass specimens SLBAPND eight bands have
been observed in spectra range 300-800 nm. Thetran-
stionsfrom“l, identified inthestudied spectral range
are cons dered ashaving superimposed, the bari center
of each band or group of bands, oscillator strengths
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andthematrix d ementsof Carndl'®29 ared soind uded.
Theexperimentd intensity of theAbsorption bandshave
been calculated intermsof linestrength (Sap), by using
the oscillator strength and matrix element, the values of
Q,, Q, and Q parameters of SLBAPND specimen
have been computed by partial regression and |east
square method. The computation of QA parameter is
important sincethese parameter are used in the cal cu-
|ation of radiative properties. These parameters show
thegeneral tendency 0, <Q, <Q . Thesametendency
isalso observed for Nd* ionin various glasses and
crystals?’. Thesmall valuesof 2, in glass specimen
areassoci ated with themicro-structural homogeneity®
aroundtheNd*ions. Q, parameter ismost sensitiveto
thelocd structurd changesandinvolvesthelong-range
termsinthecrystal field potentia 3%, The achieved
Judd-Ofelt parameters for SLBAPND are Q, =
3.1029, 2, = 5.9872 & Q= 4.9870.

TABLE 2: Judd- Ofdt intensity parametersfor other various
Nd*doped hosts

Glass Q Q. Q R
SLBAPND 3.1029 5.9872 4.9870
CANB (0.5 mol% Nd,O5)
glass...Ca, Al Na& Ba 440 520 270 31
CANS (0.5 mol% Nd,Os) 370 500 290 31

glass— Ca, Al, Naand &

TABLE 2 exhibitsthe Judd Ofelt parameters ob-
tained from previousliteraturefor typical Nd-doped
hosts. Itis currently accepted that the Q2, parameter
reved sthe dependence of the covalency between Nd*™
ionsand ligand anions, because (2, isconnected tothe
asymmetry of thelocal environment around the Nd®
stes. Inthisway, theweaker thevaueof Q2,, themore
Centro symmetrical theionsiteand themoreionicits
chemicd bondwiththeligands®>*4. Earlier sudieshave
shownthat Q, parameter isrelated to cova ent chemi-
cal bonding betweenthe central rare earthion andthe
environment surrounding it and Q2 parameter isrelated
totherigidity and stability of themediuminwhichthe
ionsaresituated. Addition of Al O, inthe present glass
system decreasesthe covaency of Nd-O bond by the
increasein the coulombinteraction between the centra
rareearthion and itssurrounding oxygen of PO, tetra-
hedra. Thisindicatesthat Nd*3ionsin SLBAP glass
hosts present low cova enceand symmetry when com-
pared with CANB and CANS glasses.
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