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ABSTRACT

Complex impedance plots on single crystals and polycrystalline CsNO, are
presented in the temperature range 110-350°C. Comparison of dcionic con-
ductivity in these two forms of CsNO, reveal that the conductivity in poly-

KEYWORDS

Impedance plots;
lonic conductivity;
Surface space charge.

crystalline samplesis higher by nearly one order of magnitude than that of
single crystals. This is attributed to the presence of surface space charge,

grain boundaries and dislocation densities.
© 2009 Trade Sciencelnc. - INDIA

INTRODCUTION

Thestudy of d.c. ionic conductivity insolid el ectro-
lyte systemsisvery useful in understanding the defect
properties of the systems. And anumber of such sys-
temsareuseful inmodern solid stateionicsdevices. In
theseapplicationsit isobserved that the solid el ectro-
Iytesareusedintheform of pelletsrather thanassingle
crydas, becauseof theflexibility of fabrication withthe
formert¥, In thisstudy we made an attempt to compare
theresultsof ionic conductivity obtained from complex
impedance spectroscopy method on singlecrystalsand
pelletsof nominaly purecesum nitrate. Not much work
has been published in which suchacomparative study
was undertaken on solid éectrolytesin general and ce-
sumnitratein particular.

EXPERIMENTAL

The starting host material, CsNO,, was from
Aldrichchemical (U.S.A). Singlecrystasweregrown

by the slow evaporation method after dissolving the
starting materia indoubledistilled water. The crystals
S0 obtained were crushed in an agate mortar to obtain
afine powder and then sieved through mesh (#240) for
uniform size of the particles. Themethod of prepara-
tion of the pelletsand the detail s of recording and ana
lyzing thedatawere described inZ3. Thedensity of the
pelletswasfound to be nearly 80 per cent of that of the
snglecrysds.

RESULTSAND DISCUSSION

Figure 1 showsthe complex impedance plotsfor
singlecrystalsof CsNO, at four different temperatures
namely, 120°C, 233°C, 281°C and 326°C. For want
of space we have not included all the plots taken at
different temperatures. It can be seenfrom figure 1(a),
corresponding to 120°C, thet thereisaninclined sraight
linenear theorigin that pertainsto high frequenciesand
theimpedance data could not berecorded because of
thelimitation of theinstrument for lower frequency sde
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Figurel: Compleximpedanceplotsfor singlecrystal of
CsNO,at different temperatures

]

of thespectrum. In the subsequent higher temperatures
thisline gradually becomesasemi circleasshownin
figures 1(b-d), whichintersectsat different valueson
X-axis. Usually theintercept on X-axisgivesthedc
resistance of the sample. Thevaluesof thisintercept
arefound to decrease with temperature, whichimplies
that dc conductivity of the sampleincreases.

Similar plotsfor CSNO, pelletsareshowninfigure
2 at different temperatures. As the temperature in-
creases, figures2(aand d), theinterceptsonreal axis

(al 110°C
Z'(KQ)
2004
1000] (h) 160°C
800,
G ..
é 8004
RN
E-ZI]-. n I
E-_ 200 400 600 &0 1000 1200
Z'(KQ
500+ (KQ)
a4mf {c) 204°C
< 200
Nt g
N 2004
100 - .
0] ; i
0 100 200 300 400 500
2'(KQ)
S.
B (d) 327°c
S 4l
X
= . .
N 2 -
r 7 .
o
Wz - 3 " & " 3
Z'(KQ)

Figure 2 : Complex impedance Plots for pure CsNO,
pellets

giving dc res stance can be seen to decrease with tem-
perature here also. Comparison of figures1and 2re-
ved sthat thesemicirclesfor pelletsaredightly more
depressed than those of singlecrystals, which happens
to beageneral observation*® dueto the presence of
constant phase el ement that arisesout of grain bound-
ariespresent inthem. Theappearanceof asmall lineat
thelow frequency end [figure 2(d)] for CSNQ, pellet
may bedueto the presence of e ectrode/eectrolytein-
terface®19,

Figure 3 showsthevariation of dcionic conductiv-
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Figure3: Ln(c) versusreciprocal temperaturefor CSNO,

ity, obtained from complex impedance study, with tem-
peraturein singlecrysta and polycrystalinesamplesof
CsNO, from 110°C to 350°C. Squares indicate the
dataonsinglecrysta sand circlesthat of polycrystdline
samples. Thedifferencesnoticed in thevalue of con-
ductivity intheextrinsic regions (astemperature cov-
ered isnot up to themelting point i.e. 410°C) can be
attributed to the differencesin did ocation densitiesand
grain boundaries, thelatter being normally associated
with surface space chargd*>1-13, Similar observations
have also been made in RbNO_B, CaF* and
Ba(NO,),/. The conduction mechanismin thissystem
wasttributed to Frenkel disorder involvingcesumion
vacanciesand interstitialg®. Further studiesin thisdi-
rection arenecessary for abetter and fuller understand-
ing of the phenomenoninvolved.

CONCLUSIONS

Thecole-coleplotsreved that theinterceptsof semi-
circlesonreal axisdecreasewith theincreaseintem-
peratureindicating thelowering of thedc resistance.
Theenhancement of conductivity in pressed pelletsover
single crystalswas observed to be nearly one order of
magnitudeintheextring cconduction region. Thiscould
be duetoincreasein the concentration of defectsat the
grain boundariesthat normaly arisedueto the surface
gpace charge and dueto the surface conduction of the
sample.
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