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Abstract

A new glass systemCdl,-(100 — x)[2Ag.0—(0.7\,0s—0.3B,05)], 5 < x < 20, has been prepared by melt quenching technique. The
electrical conductivity studies of the samples have been carried out at different temperatures and frequencies. The transport number of the
Ag* determined by the emf method is 0.98. The frequency dependence of electrical conductivity has been analyzed by Jonscher’s power law.
Data were analyzed in terms of permittivity and modulus formalisms. The modulus spectra of the present system suggest a distribution of the
relaxation time, which is found to be temperature independent. The cooperative motion due to strong coupling between theniobde Ag
are assumed to give rise to the non-Debye type of relaxation. The behavior of ac conductivity and relaxation phenomenon can be explained
by the diffusion controlled relaxation (DCR) model proposed by Elliott.
© 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction varied from 5 to 20mol% in steps of five. AC electrical
impedance measurements are used widely to study the ionic

Considerable effort has been taken to the development ofconduction in solids to avoid the polarization effects during

new Ag" ion conducting solid electrolytes, since the dis- the dc conductivity measurement. From the ac conductivity

covery of high ionic conductivity in RbAgs in 1967 [1]. studies, the low frequency measurements give useful insight

The technological interest in these glasses, characterized bynto mobile ion diffusion and high frequency conductivity

a high ionic conductivity leads to their possible application data helps us to investigate the short time phenomena due to

as solid electrolyte in many electrochemical devices like the local motion of mobile ions. The present paper reports

solid state batteries, fuel cells, memory devices[icTo the preparation, conductivity, dielectric and modulus stud-

optimize the transport properties of these systems variousies of thexCdl>-(100 — x) [2Ag20—(0.7VL05—0.3B,03)]

compositional variations of glass formers and modifiers glass system.

were studied where as the dopant salt Agl remained as the

host. There are only few reports in the literature having

silver oxysalt system with dopant salt other than Agl like )

Cul-AgM0O; [3], Pbb—AgrO-V,0s [4] etc. So we are 2 Experimental

studying a quaternary glass with dopant salt other than . )

Agl to have a cost effective system having the composi- = CGlasses were prepared by the melt quenching technique

tion xCdl-(100— x)[2Ag20—(0.7\L05—0.3B,03)], where by mixing the calculgted ngghts of C;leng, V205, .

Cdl, is the dopant salt, A® is the glass modifier and B,O3 in the appropriate ratios. The mixture is placed in

V,05-B,0j are the glass formers. The composition of the & duartz ampoule and heated to the temperature range

total glass formers kept constant as (0z0¢-0.3B,03), 800-1000K for 4h. The homogeneous melt obtained was

glass modifier to former ratio NF = 2 andx has been then quenched in liquid nitrogen to form the glass. The
formation of the glass was verified by recording the X-ray

diffractogram using the Rigaku miniflex X-ray diffractome-
* Corresponding author. Tek:91-0265-2795339. ter employing a monochromatic CucKradiation. DSC
E-mail address: d_k_kanchan@yahoo.com (D.K. Kanchan). spectrum were recorded using Modulated Differential Scan-
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ning Calorimeter 2910 model (TA Instrument) with a heat- 28
ing rate of 10°C min~L. Fourier transform infrared spectra

were recorded using Bomem Michalsons series FTIR spec- -3.24
trometer, in the range 400—-2500 chat room temperature.

The electrical conductivity measurements of the glasses 3.6

were carried out at different temperatures using Alpha Di-
electric Analyzer in the frequency range 100 Hz—10 MHz.
The solid samples were powdered and pressed into pellets
at an optimum pressure of 5000 Kgchwith silver elec-
trodes on both sides of the pellet having the configuration

-4.8 4

log o (ochm™cm™)
Lo
1

Ag/electrolyte/Ag. The evaluation of the contribution of . iggﬁz

silver ions in the present Cgltloped system, transport num- 524 4 150d12

ber was measured by emf method. A cell of the type Ag, v 20CdI2

electrolyte/electrolytegl C, electrolyte, was made in the -5.6

form of a pellet by pressing the cell components at a pel- 27 28 26 30 81 32 33 34

letising pressure of 5000 Kg crA. The transport number of
the silver ionsf, can be found by the relation, = E/Eo,
whereE is the emf measured arif, is the standard emf  Fig. 1. Arrhenius plots for various compositions in the system
corresponding to the cell reaction obtained from thermo *Cdl2-(100— x) [2Ag20—~(0.7205-0.3503)].

dynamical calculations.

1000/T (K™)

hence it is the best conducting system among the various
_ _ compositions investigated during the present study. This
3. Results and discussion observation is found to be similar to the RPAg,O-V>05

system studief@].
The X-ray diffractogram showed that all the present glass

samples are X-ray amorphous. DSC spectrum shows the3 1. Coductivity spectra
glass transition temperaturdy) decreases with the Cdl

glasses to understand the type of the vanadoborate strucy — 5molos of Cdp in the xCdl-(100 — x)[2Ag20—

tural unit. The spectra contain absorption bands near 500,(0_7\/205_0_35203)] system at various temperatures are
714, 856, 894, 923, 966, 1008, 1333—14086_“—*19 bands  shown inFig. 2 Fig. 3shows the logr versus log plot for
observed at 1008 cnit results from the vibration of the in- _ 5, 10, 15, 20mol% of Cal at room temperature. As
dependent ¥O vanadyl group in V@ groups. The absorp-  the mole percentage of Gdincreases conductivity shows
tion bands at 894, 923,966 cth are assigned to the VO 5 gradual increase. As seenfifg. 2, the frequency depen-
terminal stretching of the pyrovanadatle ions whereas the gent conductivity plots show two distinct regions; an almost
bands at 500 cm' (vsym) and at 714 cm* (vasym) are as-  frequency independent plateau region at low frequencies
signed to V—O—lv bndge_ stretching. The ab_sorptlon bands at 3q a dispersion at high frequencies. The high frequency
1333-1408 cm- are assigned to thg mode in B groups  gjspersion is predominant at lower temperatures and with

and the band at 856 cm corresponding to BQGroups.  increase in temperature it shifts towards the high frequency
ing much with the dopant salt Cgdtontent. disappears at higher temperatures, since the jump frequency

from the impedance measurements are showifignlasa  pjateau and the extended conductivity dispersion at higher
function of inverse of temperature. The variation of conduc- frequencies usually follow Jonschers power 8k

tivity with temperature can be represented by the Arrhenius

Eq. O(w) =00+ A" 2)
E
o = opexp <——a‘> (1)  Table1
KT Composition of the glass studied, conductivity at room temperature, acti-

vation energyE, and glass transition temperatufg for the Cdp doped
quaternary system

Cdl; Ag:0 V205 B0z ogrr (@7tcm™) Ea(eV) Tg(K)

where og is the pre-exponential factok the Boltzmann
constant;T the absolute temperature aBglis the activation
energy for conductiorTable 1shows the room temperature
conductivity values, activation energy and glass transition 5 63.4 2112 948 3.%10° 0.4218  380.3
temperature obtained for the composition studied. It can be10 600 21.00 9.00 9.% 10° 0.4207  376.0
seen that the room temperature conductivity reaches a max£5 ~ 567 1981 849  4& 10 03939 369.1
53.4 1862 7.98 1% 10° 0.3518 3525

imum value for the composition of 20 mol% of Gdand
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Fig. 2. Conductivity spectra at different the

5Cdb—63.4Ag0-21.12 \,05—9.48B,03 glass.

temperatures for

where, o, is the conductivity at a particular frequency,
oo the dc conductivity of the sample at zero frequency,
A and n are weakly temperature dependent parameters
andn is the power law exponent varies from zero to one
(0 < n < 1). The power law of ac behavior is observed in a
wide range of systems, Jonscher called it the Universal be-
havior, sinceEq. (2)is accepted universally for finding the

sample conductivity, hopping rate, frequency dependence of g 100001

conductivity etc. The power law variation has been widely
investigated and the strong dispersion at low temperature in
the high frequency region is attributed to many body effects.

3.2. Didectric studies
Complex permittivity is related to the impedance data

as,s* = 1/jwCoZ* = ¢ + je”, whereZ* is the complex
impedancew = 2xf is the angular frequency and is

= 5% CdI2
e 10% CdI2
4 15% Cdi2
v 20% CdI2
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Fig. 3. Conductivity plot for different composition at room temperature
for the systemxCdl>-(100— x)[2Ag20—-(0.7\,05—-0.3B,03)] glass.
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Fig. 4. (a) Dielectric constant and (b) dielectric loss versus frequency for
5mol% of Cdp system at different temperatures.

the vacuum capacitance of the cell. Dielectric constant,
and the dielectric losg;” as a function of log frequency for

5 mol% of Cdb is plotted inFig. 4(a) and (bat various tem-
peratures. The observed high value0at low frequency is

due to the presence of large capacitance at the electrode elec-
trolyte interface. The value of is found to decrease with
increase in frequency and saturates at higher frequencies. At
high frequencies due to high periodic reversal of the field at
the interface, the contribution of charge carriers decreases
with increasing frequency! exhibit a dispersion which shift

to higher frequencies with increase in temperature. This is
because at high temperature the jump frequency of mobile
ion is large and it resonate with the frequency of the applied
electric field.e” is found to vary linearly with frequency for

all the studied glasses. The dielectric will not show a peak
unless the dc conductance is subtracted. Complete under-
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Fig. 5. Real part of modulus spectra with frequency at different temper- Iog f(HZ)

atures for 5mol% of Cdl glass.

Fig. 6. Variation of the imaginary part of complex moduld’ for

) , . 5Cdhb—63.4A0-21.12\405-9.48B03 glass.
standing of the transport mechanism of mobile ions from

the dielectric studies is possible only when the loss factor

peaks at a frequency or at a temperature. Hence the modulugre mobile over long distances while the region to the right
formalism is necessary to study and has its advantage thaiS Where they are spatially confined to the potential wells.
it suppress the information about electrode eff¢éisand The frequencyvn where the maximum itvi” occurs is in-
transforms the monotonically increasing conductivity with dicative of the transition from a long range to a short-range
frequency into one exhibiting a peak, scaling behavior of the mobility and is defined by the conditianr, = 1, wherer,

data is rather more evident in modulus representation. is the conductivity relaxation time. Full width half height
(FWHH) for the systems is nearly constant at various tem-
3.3. Modulus analysis peratures, which indicate that the distribution of relaxation

time is independent of temperature. From the figure it is seen

Complex modulus formalismM* = M’ +jM” = 1/&*) that the frequency corresponding Aj,,,, shifts towards to
has been adopted to analyze the ac conductivity data for un-higher frequencies with increase in temperature. The plot
. . . . . . i H /!

derstanding the distribution of relaxation time, commonly Of ©m (\(vherea)m is the frequency correspondmg.me() _
found in super ion conducting glasses. The frequency de- VErsus inverse of temperature obeys the Arrhenius relation.
pendence o’ for the glass composition with 5mol% of The activation energies calculated from both impedance and
Cdl, is shown inFig. 5 at several temperaturdsl’ reaches modulus spectrum are comparable which suggests that the
a maximum saturation valu®/s, = 1/e+, as frequency in- dispersions were not caused by dielectric loss or by elec-
creases and at low frequencidé approaches to zero which ~ trode polarization and the transport of silver ions in the
indicate the electrode polarization makes a negligible con- Present system by the hopping mechaniginThe reduced
tribution [8]. The variation oMM’ at low and high frequency plot for the modulus data at different temperature is shown

can be predicted by the model proposed by Macedo [g]al. in Fig. 7. The perfect overlap of the curves for all tempera-
ture in to a single master curve indicates that the dynamical
imM =0 and lim M =M, = i 3) process occurring at different frequencies are independent
w1 0T K1 €00 of temperature. The plots are characterized by a broad peak,

which can be assigned to the summation of relaxations oc-
urring in the bulk materia]8]. The full width half height
btained is greater~1.8) than the Debye type of relax-
ation with single time constant is attributed to the presence
of strong ion-ion interactiofiL0]. The 8 parameter obtained

is ~0.6, comparing with the FWHH value, Moynihan et al.
[11], is the exponent in the stretched exponential or KWW
(Kohlrausch-William-Watts) Eq.

At higher temperaturds!’ levels off at higher frequencies
shows the relaxation processes are spread over a range O
frequencies. The plot df1” versus lod at various temper-
atures are shown iRig. 6. The obtained plot is asymmetric
with respect to peak maxima and the peaks are consider-
ably broader on both side of the maxima than would be pre-
dicted by the ideal Debye behavior. The peak maxima shift
to higher frequencies with increase in temperature. The peak
heights at different temperatures are nearly the same. The \A
region to the left of the peak is where the charge carriers ¢ = exp[(—;) } O<p<1 “)
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Fig. 7. Reduced plot of modulus at different temperatures for 5mol% of
Cdl, glass system. .
@ ov
where ¢ is an external stress such as electric fi¢ldhe Fig. 8. Schematic representation of DCR model to explain the relaxation

time andz is the relaxation time for the overall process. process in the Cd-Ag,0-V>05-B,03 glass.
The B parameter has been interpreted either as representa-
tive of the distribution of relaxation times or as character- L .
- . . base 1 prefer to form Agl clusters resulting in high silver
istic of co-operative motions between charge carrj@gg. ; L
. . ' ion conductivity.
The co-operative motion due to strong coupling between the . L .
o . L2 The observed behavior of ac conductivity and relaxation
mobile silver ions are assumed to give rise to the non-Debye . : .
phenomena in the presently investigated systems can be ex-

type of relaxatior{13] plained on the basis of diffusion controlled relaxation (DCR)
. model proposed by Ellioft15]. The Agl molecule formed
+
3.4. Ag™ ion transport number after the exchange mechanism are assumed to be separated

Th £ of th vani I tructed using 20 mol% by a distance.. First the Ag™ ion near I ion diffuses to
€ emt ot the galvanic cell constructed using 0molo o yiper + jon Fig. 8(a) forms an interstitial (defect) pair.
of Cdl, composition as solid electrolyte phase and silver Then the position occupied by the original silver ion can
goev;(ier 35 ?node a;nd as ca;thode Eas bee?hmeasured todl_)e no longer be in the lowest energy configuration as a result
: MV at room temperature, where as the correspondingy, 5, e silver jons rearrange itself to achieve the new low-
_theoretlcal value of t_he open circuit voltage for Agtb_uple_ est energy configuratiofig. 8(b) Following that one of the
IS 0'587 mv. A<_:<_:orqllngly, the transport number of silver ion two Ag* ion at the defect site can diffuse to a third site and
n th's. composition is eva_luated as0.98 at room t.emperature.thereby repeating the relaxation process and contributing to
Thu; I IS evident that Ag lons would be the majority charge dc conductivity,Fig. 8(c) Alternatively one of the Ag ion
carriers in thg Ccﬂ.doped S|Ive_r _oxysalt syste_m. at the defect site can hop back to the original site and this
The high silver ion _conductlvny observed in th_e present consequent back and forth motion between the neighbor-
systenl has b_een achieved as a result of _the r_ec_lprocal rOang sites will contribute to ac conductivitfig. 8(d) Hence
of I(t:di] |onbs in the A%%—yz%,—|8503égatrl>; ;}mltljar red- through this model two contributions to ac conductivity can
sults have been reported for Cul doyjd] an b dope .__be observed as inter site hopping motion of ions and the
systemg11] etc. There seems to be an exchange reactlonintra site motion of ions
taking place in the glassy matrix as per the following Eq. '

Cd, %t +2Ag T =2Ag *t +Cd, >t
dy o] m Ao 4. Conclusion

where the subscript [I] indicates the iodine environment and

[O] indicates the oxygen environment. This is in accordance  The present study deals with the preparation, character-
with the Pearsons theor{14] of hard and soft acids and ization and electrical conductivity study of the different
bases [HSAB]. The HSAB theory indicates that a hard acid amount of Cd} doped silver oxysalt system. The com-
would prefer to bind with a hard base and a soft acid would position with 20mol% of Cdl is found to exhibit the
prefer to bind with a soft base. So the soft acid2and soft highest electrical conductivity. The high silver conductivity
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observed in the present system has been explained on thel3] A. Viswanathan, S.A. Suthanthiraraj, Impedance and modulus spec-
basis of Pearsons theory of hard and soft acid and bases. troscopic studies on the fast ion conducting system CuWRIDs,

+ . . ) Solid State lonics 62 (1993) 79.
Ag™ ion transport number found by emf technique is al [4] K. Hariharan, R. Suresh kumar, lon transport studies in

most unity. Frequency dependent conductivity of the system " pp,},_ag,0-v,05 glassy system, Solid State lonics 104 (1997) 227.
studied obeys the Jonschers power law. The variation of di- [5] M.D. Ingram, lonic conductivity in glass, Phys. Chem. Glasses 128
electric constant with frequency is attributed to ion diffusion (1987) 215.

and polarization occurring in the glass system. The FWHH [6] A.K. Jonscher, Dielectric Relaxation in Solids, Chelsea Dielectric

. - . Press, London, 1983.
of the asymmetric spectrum obtained in the modulus anal- [7] S.R. Elliott, Use of modulus formalism in the analysis of ac con-

ysis is nearl_y qonstant at variou_s tempergtqres, which indi- ductivity data for ionic glasses, J. Non-Cryst. Solids 170 (1994) 97.

cates the distribution of relaxation time is independent of [8] B.V.R. Chowdari, R. Gopalakrishnan, The ac conductivity analysis
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