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ABSTRACT

Fast ion conducting glassesin theform (50-x)P,0,.-xAgl-40Ag,0-10Fe,O, [
wherex=0,15,20,25,30,35,40,45 mole %] were prepared by the melt quench-
ing technique. The influence of Agl addition on the dielectric properties
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and thermodynamic parameters of the investigated system has been dis-
cussed interms of the suitable models. The effect of frequency and tempera-
ture onthe dielectric parameters such asthe dielectric constant ¢, dielectric
loss ¢, and the dielectric loss tangent (tan &) have been studied in the
temperature range 300-413°K and in the frequency range 0.5-100 kHz. The
thermodynamic parameters such as the free energy of activation (AF), the
enthalpy of activation (AH) the entropy of activation (AS) and the activa-

tion energy of relaxation (AE,) have been calculated.
© 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Super ionic materid sare class of materialswhich
verify theionic conduction ascompared with theionic
conductivity of themolten sats. Thistypeof materias
hasava ueof conductivity reachto 1 (Qcm )2, while
mogt of solidshasionic conductivity reechtothevadue
10-8 (Q@cm). Thereforethe studiesonthefast ionic
conducting glassesareincreasing dueto their potential
applicationinvariouse ectrochemical devices*® such
assolid state batteries, coulometer timers, fuell cell,
electrochromic and memory devices®.

Theion conducting glasses have anumber of ad-
vantages dueto their isotropic nature, the absence of
grain boundaries, theease of their preparationin vari-
ousbulk forms, powdersand thin films, thegood pos-
sibilitiesfor selection of gppropriate componentsand

thepossibility of varying theworking characteristicsover
awiderangehby changingthechemica composition,
The studieson silver ion conducting super ionic
solidsinglassy or vitreous phase have attracted wide-
Spread attention over recent yearsmainly dueto differ-
ent reasons, wherethey exhibit very highionic conduc-
tivity a room temperaturé'?. Thedid ectric properties
of the super ionic conducting glasses have been early
studied*219 because of the moreinformation about the
conduction mechanism that can beobtained. Many fast
ionic conducting glasses have been synthesized inthe
from of binary, pseudo binary and binary composition
to obtain highionic conductivity. Theeffectsof adding
one or more component to theternary system, which
arecdled quaternary fast ionic conducting glasses, have
been studied?2,
Our amistoinvestigatetheeffect of addingAgl onthe
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expense of P,O, on the dielectric properties and the
thermodynamic parameters of the glassy system (50-
x)P,0.-xAgl-40Ag,0-10Fe,O,,[x=
0,15,20,25,30,35,40 and 45].

EXPERIMENTAL TECHNIQUE

Prepar ation of samples

The glassy system(50-x)P,0.-xAgl-40Ag,0-
Fe,0,,[x=0,15,20,25,30,35,40 and 45] were prepared
by melting mixtures of NH,H,PO,, Agl, Ag,0 and
Fe,O, inthepowder form. Themixturewasheatedin
porcdain cruciblesa atemperatureranging from250°C
to 350°C for two hoursin order to gasevol ution ceased.
After that, the temperature was raised gradually to
950°C and left for 6 hoursin order to chemical reaction
iscompleted. Thenthe melt was shacked several times
to ensurethe homogeneity. Themelt waspoured ona
ded platekept at (0°C). Silver paste, which show Ohmic
contact with glass samples, was used for coating the
desired electrode area. The sample before measure-
mentswas | eft at room temperature for about 10 hrs.
The solid electrolyte glass 20P,0,-30Agl-40Ag,0-
10Fe, 0, waspulverizedintovery small gransizes. The
solid electrolyte powder was pressed under the de-
sred pressureto obtain pellet of 12 mm diameter and 1
mm thickness. Theblocking electrode material Ag,S
was mixed with el ectrolyte glass powder in aweight
ratioof 2: 3. It was pressed together with the solid
electrolytelayer into two-layered pellet. Silver paste,
which showed an Ohmic behavior with solid éectro-
Iytelayer, was used to coat the surface of thesolid el ec-
trolytelayer asanegative éectrode.

A.C. measurements

The ac measurements have been carried out inthe
range of frequency from (500Hzto 5 MHz). Theval-
uesof impedance(Z) capacitance(C),Resstance(R), and
phase angle (¢) aredirectly read by using aprogram-
mable automatic RCL meter (HIOK 3532 LCR
HITESTER). Thedielectric parameterse*(real part of
dielectric congtant), &“(imaginary part of dielectric con-
stant) and tan & (dielectriclosstangent), were cal cu-
lated by usingthedataof Z, C, R, ¢ a any frequency.

Thedielectric constant ¢° of the sampleiscalcu-
lated usngthefollowing relation;

t c
£€=—.—

A g,
Where C isthe capacitance of the sample, t is the thickness of
the sample, Aisthe cross-sectional areaof thesampleand e is
thefree space permittivity equal to 8.85 x 102 F/m.

In addition, the dielectric loss ™ was cal cul ated
fromthefollowingreation:
g'=¢'tand (2.2
Wheretan 5 isthe dielectric losstangent which was cal culated
fromthefollowing formula;

tand=wRC o =2xf

2.1)

2.3)
RESULTSAND DISCUSSIONS

Frequency and temperature dependence of the
dielectric constant (&¢)

Figure (1) showsthe frequency and temperature
dependence of thered part of the diel ectric constant
(e°) for the glassy system (50-x)P,O,-xAgI-40Ag,0-
10Fe,0,,[x= 0,15,20,25] in the temperature range
300-413°K. The complex permittivity () isdefined
byt24:
€ = ¢ — jg (3.1)
Where'e isthereal part of the dielectric constant and isgiven
by:
g'=¢ +[(e,-e)/(1+w*1?)] ande”istheimagi-
nary part of thedielectric constant of materid ¢ ande_
arethestatic and infinite dielectric constant. Fromthe
figuresit can benoticed, for all compositions, that &
decreaseswith theincreasing in theapplied frequency
where adispersion phenomenacan be observed at the
low frequency range. The attenuation of thedielectric
constant with frequency could beattributed to thefor-
mation of aspace chargeregion at theeectrolyteinter-
face>52 whichisfamiliarly know asw™ variation or
the non-Debyetype of behavior. The behavior of the
real part of thedielectric constant at thelow and high
frequency range can be explained asfollows:

Thedecreasing of ¢° at low frequency region may
be attributed?*27 to the contribution of charge accu-
mulation at theinterface. For polar materialse‘ de-
pends on the contribution of multi components of po-
larizability deformational (electronic, andionic) and
rel axation (orientiona andinterfacia) polarization. The
former typeof polarization isdepend on the electrons
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and ionswhilethelatter one depends on orientational
or interfacial effect. Thehighvalueof ¢, inlow fre-
guency region, isdueto the presence of metallic or
blocking electrodeswhich do not permit the mobile
ionsto transfer into the external circuit. Asaresult
mobileionspileup near theelectrodesand givealarge
bulk polarizationinthemateriad. Theincreasinginfre-
guency leadsto adecreasein orientational polariza-
tion, sincethistakemoretimethan electronicandionic
polarization. Such adecreasetendstoreducethevaue
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of &° withincreasing frequency, reaching aconstant
valueat higher frequency. The general behavior of ¢°
with frequency wasrel ated to the applied filed which
enhancethed ectron jumping between filled and empty
sitesin theamorphous matrix. Thiswill lead to the
el ectronic component inthe observed dielectric dis-
persion. Theobserved continuousdecreasingine* with
frequency, may be attributed to that the dipoleswill
no longer be able to begin to lay behind the applied
fidd.
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Figure1: Thefrequency dependenceof thedielectric constant for thesample: (50-x)P,0,-xAgl-40Ag,0-10Fe O, [ Wherex=

0,15,20,25].

——, Pty Science

Au Tudian Yournal



472

Investigation of the Dielectric properties and thermodynamic parameters

MSAIJ, 5(4) December 2009

Full Poper =

3.00E+085

x=45 Y
2 50E+06 - 10 kHz
12 kHz
15 kHz
2 D0E+06 - — 20 kHz
5 25 kHz
& 30 kHz
=]
o 1.50E+06 - 40 kHz
"E 50 kHz
z —— 60 kHz
il = B0 kHz
1.00E+06 + 100 kHz
5.00E405 -
0.00E+00 == T T T T
300 350 400 450 500

Temperature(k)

Figure2: Thetemper aturedependenceof thedielectric constant for thesample 5P,0,-45Agl-40Ag,0-10Fe,0,

Thetemperature dependenceof thedidectric con-
santisshowninfigure(2) asarepresentativeone. The
general feature of the observed behavior isthe pres-
enceof aprinciplepeak. It hasbeen consi dered® that
the orientationa polarizationisconnected withthether-
mal motion of molecul es since dipoles cannot orient
themsalvesat low temperature. Therefore asthetem-
peratureisincreased, the orientation of dipolesisfacili-
tated and thusincreasesthe orientational polarization
whichinturnincreasesthedie ectric constant.

Theincreasing in & with temperature may be at-
tributed+29%031 gt |ow temperature, to thesmall con-
tribution of the éectronic and ionic component while
the orientational component can be neglected. Asthe
temperatureincreasestheionic and e ectronic polar-
izetion sourcesgtart increasing to higher val uesin addi-
tion to thee ectronic and ionic polarizability contribu-
tion at higher temperatures. Thisbehavior continued up
to certain temperature then adecreasing behavior of &
with temperature can be noticed. The observed peaks
for all sampleswere found to bein the range of the
glasstrangtion temperature of theinvestigated samples
which are studied el sewhere. From the conduction
mechanism point of view, it hasbeen considered that
thereexis threedifferentionic motionsintheionic con-

ductive glasses, which areleading to theincreasingin
the dielectric propertiesin these glasses, they are as
follow:-

a -Therotation of ionsaround their negativesites.

b -Theshort—distancetransport. Theionshop out of
steswithlow freeenergy barriersand tendto pileup at
siteswith highfreeenergy barriersintheelectricfield
directionin thedc or low frequency electric field or
oscillate between the siteswith high free energy barri-
ersinanaceectricfied.

c -Theions with higher energy can penetrate the
glassesi.e. conduct e ectricity and causetheincreasing
inthedielectric constant. Dueto theweak el ectrode
pol arization at blocking € ectrode or thedomain inter-
face onecan concludethat asthetemperatureincreases
the glass network rel axation and theionic motion be-
comeeas &. Theionshave moretimeto participatein
theionic conduction, sotheionic conduction at thelow
frequency rangeincrease gradualy on the expense of
the dielectric properties, thereforethe dielectric con-
stant decreases.

Fequency and temperature dependence of the
dielectricloss (%)

Thevariation of thedie ectriclosswith frequency
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for theinvestigated samplesisshowninfigure(3) asa strong dispersion phenomenawas observed at lower
representative one. It can benoticed that thedielectric  frequenciesand higher temperatures.

loss decreaseswith increasing in frequency, wherea

1.6E+08
w= % —— T=343 K
—m— T=3533 K
T=363 K
T=3TiK
—F— T=3831 K
1.2E+08 1 . T
1 —— T=403 K
[ — T=413K
n
2
=
Eﬁ B.OE+07
|
"
4 0E+07
0.OE=O0 Jm .
25 15 45 55 &85
log fiHz)
1.0E+04
=20 % ——T=303 K
L —=—T=313 K
90808 1 T=323 K
T=333 K
T=343 K
R S mak
ek
e T=303 K
[ T=403 K
7 2.0E+08 - | T=413 K
B |
o
E 5.0E+08 4
i
4
b 4 OE+08
I0E+08
2.0E+05
1.0E+08
QOETDD : ! . 5
x5 4.5 55 65
log fiHz)

1.50EH10 +——
=15%
= T2k
— T=213 K
T=123 K
T=333 K
—=—T=243 K
—a—T=353 K
——T=353 K
— T=373K
— T=E8A K
T=303 K
1.00E+10 1 T=403 K
L _T=d449 i]
E
i
%
5
2
SO0E+09 { L
0.O0E+00 -8 oy -
25 ] L5 5.5 6.5
log fiHz)
1.0E+04
=25 % ——T=303 K
3 0E+0 - g
T=232 K
3.0E+08 ek
——T=351 K
- T=IT2K
7.0E+08 - 1383 K
T=102 K
T=403 &
w B.0OE+08 T=443 K
8
& 5.0E+08 |
1
]
2 4 0E+0E
30E+0& 4
2.0E+08 -
1.0E+08 \
0.0E+00 e T . :
25 15 a5 £5 a5 75

log fiHz)

Figure3: Thefrequency dependence of the dielectric lossfor the sample: (50-x)P,O.-xAgl-40Ag,0-10Fe,O,[ Where x=

0,15,20,25].

Theobserved decreasein & with frequency could
be attributed to theformation of aspacechargeregion
at the electrode and el ectrolyte interface. The space
charge regionswith respect to the frequency was ex-
plainedintermsof ionsdiffuson®

The frequency dependence of & can be divided
into two regions, thelow frequency region was attrib-
uted to the contribution of chargeaccumulation at the
interface?. At the high frequency region, duetothe
high periodic reversal of thefield at theinterface, the
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contribution of charge carrierstowardsthedielectric
lossdecreaseswith theincreasing infrequency, then &
decreaseswithincreasingin frequency.

Thevariation of & with temperature hasbeen ex-
plained® according to the types of lossesinto three
parts; the conduction losses, dipolelossesand thevi-
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Figure 4: The frequency dependence of the dielectric loss tangent for the sample: (50x)P,0_xAgl40Ag,010Fe,0,[ Where

x=0,15,20,25] .

T

4 5
log f{Hz)

brational |osses. At low temperature the conduction
|osses have aminimum value sincethey are propor-
tiond to (o/w). Asthetemperatureincreases, ¢ increases
and so the conduction lossesincreases. Thisincreases

thevaueof & withincreasingtemperature.
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Frequency and temperature dependence of the
dielectriclosstangent (tan d)

Theeffect of frequency onthedielectriclosstan-
gent at different ambient temperaturesfor the glasses
sample (50-x)P,O.-xAgl-40Ag,0-Fe,0,,[x=0,
15,20,25,30,35,40 and 45] isshown infigure (4) asa
representative one. From the curvesit can be noticed
that at low and moderate frequenciestan 6 decreases
fastly, then at high frequency rangethe decreasing be-
havior becamemore d owly which may beattributed to
the migration of ionsin glasses asthe main source of
dielectriclossat low frequency.

Thehighvauesof tan d at low and moderatefre-
guencies may be attributed to the contribution of ion
jump, conductionlossand thedectron polarization|oss,
whichthelaw valuesmay beattributed totheion vibra-
tions. Itispossibleto statethat at low frequency range
most of Agionsin theglassesmatrix contributeto the
ionic polarization. Asthefrequency increasestheionic

7

= Fyl] Peper

pol arization decreaseswhich | eadsto the presence of
the peak inthe curves, which shiftsto the higher fre-
guency withincreasing in temperature. The observed
absorption position and height of tan 6 peeksincreases
and shiftsvery dightly towards higher frequency tem-
peratures. Thisbehavior isacharacteristiconefor the
ionic glass and coincideswith the Debyemodel of di-
electricreaxation.

Thefrequency (f ) correspondingtothe pesk value
of tan 6 isused to cd culatethedie ectriclossrelaxation
time(t). When thefrequency f islower than (f ), the
chargecarriersaremobileover largedistancesand are
associ ated with the hopping conduction. For f >f _the
chargecarriersarespatialy confined totheir potentia
wells, being mobile over short distances and associ-
ated withtherdaxation polarization processes. Thepesk
frequency f_isanindicativeof atransitionfromlong
rangeto short range mobility and isdefined by the con-
dition2rnfr =1wheret_istheconductivity relaxation
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Figure5: The temperature dependence of the peak frequency of the dielectric loss tangent for the investigated samples.
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time. The temperature dependence of the peak fre-
guency obeystheArrehenius reation:

f =f exp(-AE /KT) (3.2
Where AE, is the activation energy of relaxation. From the
relation between log (f ) and the reciprocal temperature, at
different compositions (figure5), it can he noticed that alinear
forms are obtained and therefore the relaxation process are
considered to be thermally activated. The effect of Agl con-
tent on the activation energy of relaxation is shown in figure
(6).The curves indicate two regions, where in the first one
shows a decreasing behavior up to x = 20 % while in the sec-
ond one an increasing behavior is obtained.

Thedecreasing behavior in E, may beattributed to
theincreasing inthe concentration of Agl ionsinthe
glassy matrix which leadsto decreasetherelaxation
time, accordingly the activation energy of relaxation
decreases. Moreaddition of “Agl” content leadsto a
gructura relaxationwhichinturnstendstoincreasethe
relaxation time, therefore the activation energy of re-

Deter mination of somether modynamic parameters

Eyring?™ wasthefirst onewhose corrd atesthedi-
electric relaxation to thechemical ratetheory. Accord-
ing to thistheory the following relation was carried
out!®637: -
7= (h/KT) exp(AF/RT) (3.3)

Where DF isthefree energy of activation for dipolerelaxation,
k is the Boltzman’s constant and h is the Plank’s constant.

Theentha py of activation (AH) isrelated to (AF) and
theentropy of activation (AS) by therelation:
AF=AH-TAS (3.4)
Egs. (3.3) and (3.4) indicatethat the plot of log (t T)
versus(1/T) should giveapproximeately alinear relation
shipwith dopeequa to (AH/R) fromwhich AH canbe
caculated.

Using equation (3.4) AF can be calculated by therela-
tion:

laxation increases. AF =2.303RT log (kT /h) (35)
0.35 0.25
03 —— (AH) k calimol
—=— AEr( V)
+ 02
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+ 015
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I e
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Figure 6: The composition dependence of the enthalpy of activation and the activation energy of relaxation for the investigated

samples.
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Therelation between AH and AE, against theAgl con-
tent inthecompositionisshowninfigure(6). Fromthe
figureit canbenoticed that AH and AE, decreasegradu-
aly until thevaueof Agl content isattained 20%, then
adowlyincreaseinthe curvesisobtained.

Figure (7) showsthe effect of Ag | addition on
thefree energy (AF) at different ambient tempera-
tures. Thedecreasing behavior in AH, AE and AF
with theincreasing in Agl content may be explained
asfollows. Inthe sample X =0 % many non-bridging
oxygen bondswas found and most of iron ions oc-
cupy the network forming positions. Therefore the

—== Pyl Paper

activation energy wasfound to be high. Increasing
Agl content on the expense of P,O, indicates the
approximate gradual decreaseintheratio of (P+ Fe
/ O +1), since Feactsas anetwork former, thismay
leads to that the non-bridging oxygen decrease and
the Ag-p bonds increase, which tends to decrease
the activation energy upto X =0 & 20 % . More
addition of Agl may increasethe dangling bonds be-
tween | and P or Fe atoms of the from Po-I or Feo—
I. One can expect that an isolated groups of may ap-
peared, which leadsto increase the activation energy
AE, or AF or AH.
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Figure7: The composition dependence of the free energy of activation for the investigated samples.
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