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ABSTRACT

Vanado-tellurite glasses containing Laand Cerare earthionswereinvesti-
gated for dielectric propertiesin the frequency range 50Hz to 5SMHz and
temperature range 300K to 500K. The dielectric constant and dielectric
loss were found to decrease with increase in frequency in both the series
of glasses. Activation energies for dielectric losses derived by employing
Hunt’s model indicated that the relaxation process has a local character
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and can be described by hops between each pair of sites. Activation ener-
giesfor dielectricloss processwere found to bein close agreement with dc
activation energies. BNN’s linear relation between ac and dc conductivi-
ties has been verified in both the glass systems. It isfor the first time that
Hunts and BNN’s theories have been verified in rare earth ions doped

tellurite glasses.

INTRODUCTION

Rareearthion doped tellurite, phosphate and bo-
rate glasseshave been mainly investigated for optical
applicationsg®3. Theoptical propertiessuch asrefrac-
tiveindex, optical band gap, laser amplification and
optica amplification can be enhanced by incorporating
rareearthionssuchasLa, Ce, Nd, Eu, Er, etc., into the
glassmatrix*®, However, it isinteresting to study the
electrical conductivity inthese glassesto understand
conduction mechanismsoperatedinthesesystems. The
dc and ac conductivity studiesinvariousdifferent types
of glassesdoped with transition metal ions(TMI) re-
veal ed the conduction mechanisminthemwasdueto
small polaron hopping®29. One of the most important
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propertiesof TMI doped oxide glassesisthat the acti-
vation energies associ ated with the conductivitiesare
identical to that for the relaxation and diel ectric pro-
cessest12, These studiesa so confirmed that the same
chargecarriersareinvolved inthedidectriclossesand
thedc conductivity*.

A correlation between dc conductivity and the di-
electric rel axation peak has been established by Barton
(141 Nakijama® and Namikawa® (BNN). Also,
Hunt’smodel correl atesthe peak frequency in dielec-
tric spectrato the e ectron transfer between multivaent
TMI sitespresent inthe glass network™, The applica-
bility of Hunt’stheory inthepair approximation regime
postulatesalinear relation between acfor agiven fre-
quency and dc conductivity89, Thisrelation suggests
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theexistenceof asnglemechanismfor al theprocesses
operated inthe glass system, probably connected with
electrontransfer between multivaent TMI sites29,
Didectric propertiesof iron and vanadium phos-
phate glasses containing different glassmodifiershave
been studied and the datahas been interpreted in the
framework of Hunt’s model**29, Chomkaet a'® re-
ported the conductivity, dielectric propertiesand inter-
nd frictionsof Mg, Ca, Badoped iron-metaphosphate
glassesand observed asimilar value of activation en-
ergy for conductivity, didectric relaxation and interna
friction and concluded that asinglemechanismwasre-
sponsiblefor all the processes. The ac conductivity
behavior inV,0.-B,0, glasseswas successfully ex-
plained using Hunt’sand BNN moded sand showed that
the relaxation process hasalocal character™. Using
the coupling model, the microscopic activation energy
for conductivity rel axation processesweredetermined
in aset of Na,0O-TeO,-GeO, glasses®. Though ac
conductivity studiesonrareearth ionsdoped tellurite
glasses have been reported 2, there are no reports
on TMI-rareearthionsdoped tellurite glasses.
Herewereport the studies of dielectric properties
of La,0 and CeO, doped vanado-tellurite glassesin
thefollowing mentioned compositions,
1 (v,0),,(La0)-(Te0,),, . x=0.10, 0.15 and
0.20; labeled asVLT1, VLT2 and VLT3 glasses.
2. (V,0),,(Ce0,) -(TeO,),, . X=0.10, 0.20 and
0.30; labeledasVCT1, VCT2and VCT3 glasses.
The present work isaimed at understanding thedi-
electric rel axation processes and activation energies
associated with it and to check whether frequency de-
pendent and independent conductivities can be corre-
lated asper Hunt’sand BNN models.

EXPERIMENTAL

Usingtheandyticd gradeV ,O,, La,0O,, CeO, and
TeO, (Sgma-Aldrich), theglasseswere synthesized by
melt-quenching technique. Theglassy naturewas con-
firmed by XRD studies.

Thefrequency dependent measurements of capaci-
tance, C, and dissi pation factor, tand, were obtained
using acomputer controlled LCR HiTester (HIOKI,
3532-50) for different frequenciesintherange 50Hz to
5MHz and temperature from 300K to 500K%. The
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dielectric constant (¢") and dielectriclossfactor (¢*)
weredetermined as per thefollowing expressions,
g'=Cdlg A 1)
g'=¢’'tand 2
Where, ¢ isthe permittivity of free space, disthicknessof the
glass sample and A is cross sectional area of the sample.

RESULTSAND DISCUSSION

Didlectric constant and loss

Thedielectric constant, ¢, and dielectricloss, °,
were observed to bein therange 5to 5x10° for VLT
glassesand 20to 6x10° for VCT glasses. Thetypica
plotsof dielectric constant, €', versusfrequency, F, for
glassesVLT1 and VCT1 at various temperaturesis
showninfigures1and 2 respectively. It can benoticed
that in both the glasses, €' decreases with frequency
and increaseswith increaseintemperature. Similar re-
sults were observed in the case of other TMI doped
gl asseq2226],
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Figurel: Plot of log (¢') versuslog (F) for theglassVLT1

at different temper atures. Inset showsthefrequency de-
pendency of &” for thesamesample
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Figure?2: Plot of log (‘) versuslog (F) for theglassVCT1
at different temper atures. Inset showsthefrequency de-
pendency of g"“for thesamesample
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Theincrease of £“ withincreaseintemperatureis
usually associated with thedecreasein bond energies,
that is, asthetemperatureincreasestwo effectson the
dipolar polarization may occur; (i) it weakenstheinter-
mol ecular forces and hence enhancesthe orientational
vibration, (ii) itincreasesthetherma agitation and hence
strongly disturbsthe orientationa vibrations. Thedi-
el ectric constant becomeslarger at lower frequencies
and a higher temperatures, whichisnormaly observed
in oxideglassed?. Thismay be dueto thefact that as
thefrequency increasesthe contributiontothetotal po-
larization fromionic and orientation sources decreases
and findly disappearsdueto theinertiaof theions.

Dielectricrelaxation process

For present glasssystemsthe Hunt’smodd isused
to study the dielectric rel axation processes, which has
been used to the oxideglassed*21. Hunt’smodel con-
siderstwo distinct charge migration processes depend-
ing on thefrequency domainsi.e., o<w_and o>o,,
wherew_isthefrequency correspondingtothepeak in
dielectricloss. Inthesetwo domains, thetotal conduc-
tivity isexpressed as,

( 5

o, (0) =0y 1+ A(wi) Jfor >0 ©)
\ m
s

o (w)=04| 1+K (d)(iJ J for o<m,, 4)
\ mJy

where, r=1+d-d,, d being the dimensionality and d,
=2.661?, A and K (d) arethe constantg*?.

Thefrequency dependenceof didlectricloss, " for
thesystemsVLT1 andVCT1 at different temperatures
areshown asinsetstofigures 1 and 2 respectively. From
thesefiguresit can beinferredthat if therewasamaxi-
mumindidectriclossin boththeglasssysems, it would
have appeared below the starting frequency i.e., 50HZ.
Thiskind of behavior hasbeenobservedinV,O,-TeO,,
V,0.-P,0, and V,0.-B,0O, glasses®"*3. Hence, the
determination of characteristic frequency o of thedi-
electriclossfor present glassesisnot possible. How-
ever, it hasbeen demonstrated that the Arrheniuslaw
holds not only for the peak frequency o but also for
frequencieslower or higher than o 2, Therela-
tion between characteristic frequency, f_, and tempera-
ture, T, isexpressed as,

e

Frominsetsof figuresl and 2 the characteristicfre-
guency values corresponding to somee” vauesat dif-
ferent temperatures have been determined. As per
Eq.(5), thereciproca temperature dependence of char-
acterigticfrequency, f_, fortheglassesVLT1andVCT1
are plotted and showninfigure 3. The dataappeared
to be perfectly linear in these glasses. The activation
energies, W,, associated with dielectric loss process
were calculated from the dopes of theleast squarelin-
ear linesthat werefit to the data. The W, values are
presented in TABLE 1 and areof the same sizeasthat
of dc activation energies (the dc conductivitieswere
obtai ned by extrapolating ac conductivity datato zero

o
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Figure3: Variation of characterigtic frequency, F_vs(1/
T) for theglasssamples(a) VLT1and (b) VCT 1 at differ-
ent dielectriclossvalues. Solid linesaretheleast square
linear fitstothedata

TABLE 1: Variation of dcactivation ener gy, W and activation
ener giesW, associated with dielectriclossprocessesfor VLT
and VCT glasses

Code Glass composition W (eV) Wi (eV)
VLTL (V205)040-(LaO)o10-(T€O)os0 0.492  0.495
VLT2 (V205)040-(La0)o15-(T€O)04s 0.533  0.529
VLT3 (V205)040-(LaO)o20-(T€D)0z0 0.561 0.576
VCTL1 (V205)0.40-( C€O2)010-(TEO2) 050 0.387  0.372
VCT2 (V205)040-(C€02)020-(T€O2)040 0.449  0.441
VCT3 (V20s)040-( C€O2)030(TED)030 0.508  0.516
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Figure4: Theplotsof In (o, ) vsin () for frequency of
1M Hzand temperatureof 400K for (a) VLT and (b) VCT
glasses. Solid linesaretheleast squarelinear fits

frequency'®). Similar result has been reported for
V,0,-B,0, glasses ™.

Accordingto BNN theory, the dc conductivity is
related tothefrequency o, of thedielectric relaxation
peak a§13—16]’

Oy = 21®,,&(AE)p 6
wherepisaconstant whichisgenerally taken asunity
for the glasses containing TMI and Ae=¢_-¢,.®. From
Eq.(5) and Eq.(6) we have,

o(0) = A(ggAen) o of In(@)=Ink+(1-9in(s,) (7)
where, k=(A (e Acw)®

Thisexpression showsthat at agiven frequency,
thec(w) and o arelinearly related to each other witha
dope(1-9). figures(4a) and (4b) illustratesthelinear
relaionbetweeniIn(c_) andIn(s, ) inboththeglasssys-
tems. Similar behavior was observed betweenIn(c )
andIn(c, ) for theremaining VLT and VCT glasses.
The parameter seva uated from the d opesof theleast
sguare linear fitsis of the order of 0.60 and 0.46 for
VLT and VCT systems respectively. The frequency
exponent, svaluesat 400K, determined usingtherela
tion c=Aw° have beenreported to beintherange 0.52
to 0.60 and 0.45 to 0.53 for VLT and VCT glasses
respectively!?, Thefact that frequency exponent de-
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termined from different methodsaread most sameindi-
catesthat the Hunt’s model isgood enoughto explain
thefrequency dependence of conductivity inthe present
glasses. Thestudy islimited tofrequency domain o>w,
and in thisfrequency rangetherelaxation processoc-
curswith alocal character and can be described by
€l ectronic hopsbetween multivaent vanadiumion sites.
Similar conclusionsweredrawn in*>19,

CONCLUSION

Two setsof vanado-tellurite glasses containing La
and Cerareearthionswere synthesized following melt
guench method and their did ectric propertieshavebeen
investigated asafunction of frequency and tempera
ture. Thedid ectric constant and didl ectriclossdecreased
withincreaseinfrequency whichisascribed tothede-
creaseindectronic contribution andincreaseindipolar
contributionto thetotda polarizability with increase of
frequency.

Hunt’smodel has been invoked to determinethe
activation energiesfor diectric relaxation processand
they werefound to bein close agreement with dc acti-
vation energiesand thereforeit isconcluded that in both
VLT and VCT glasses, the relaxation process has a
locdl character implying hopsof polaronsbetween mul-
tivdent TMI sites.

The BNN’slinear relation between frequency de-
pendent and i ndependent conductivity has been veri-
fiedinrespect of both VLT andVCT systems, despite
the absence of dielectricloss peaks. Itisfor thefirst
timethat thedid ectric propertiesof rareearthionsdoped
vanado-tellurite glasses has been analyzed and under-
stood in terms of Hunt’sand BNN models and veri-
fied.
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