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ABSTRACT

The temperature dependence of the dc-and ac-electrical conductivity o
dielectric constant €/, dielectric loss ¢, and molar magnetic susceptibility
%y, for Co Ni, (C,0,),.XH,0(x=0.0,0.57,1.15,1.83,2.40 and 3.0) wasstudied
over atemperature range of 78-400K. The electrical conductivity(c) was
found to increase with increasing the nickel content in the sample. An
anomalousbehavior in o-T- relation is observed for all samples. At lower
temperatures, the conductivity showed semimetallic behavior and the
conduction is explained on the basis of an electron hopping near the
Fermi level. At low temperatures, the ac-conductivity increases with fre-
quency according to o =Aw*, where s has a value that lies in the range
0.30-0.63, depending on the temperature and the composition of the sample.
The temperature dependence of both dielectric constant &' and?dielectric
loss e’ showed amaximum at the dissociation temperature of the sample.
Magnetic susceptibility y showed antiferromagnetic character for all
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samples. The results have been correlated and discussed.
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INTRODUCTION

Organic materials have attracted the attention of
many researchersdueto their wideapplicationsin phys-
ics, biology and medicing*2. Inthe present timemany
publications have been rel ated the chemical structures
of organic compoundsto their physical properties®7.
Theimportanceof theseorganic materidscomesmainly
fromthepoint that their preparationin pureformismuch
easier and cheaper than that of inorganic ones. More-
over, thechemical structure can beeasily changedin
organic compoundsfor preparing materid swith differ-
ent chemical compositionto beusedindifferent elec-

tronicapplications.

Many crystallographic studieswere performed on
some mixed organic saltd3® From these studiesitis
well known that the metal oxalates MC,0,. XH,O
(M=Co, Mnand Ni) arefound inisostructural mono-
clinic systemwiththe spacegroup C,.. Sodueto the
deficiency presentinthedectrical and magnetic dataof
thesemixed metal oxaates, which occur inmonoclinic
crystd dructure, the present work wasdesigned to study
the electrical and magnetic properties of Co_ Ni,,
(C,0,),.XH,0O in atemperature range from 78K to
temperatures near the decomposition temperatures of
theindividua compounds.
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EXPERIMENTAL

All chemicalsusedinthiswork were of analytica
grade. Oxal ate sampleswith acomposition of Co, Ni,
(C,0,),. XH,0(x=0.0,0.57, 1.15,1.83, 2.40 and 3.0)
were prepared by the method reported el sewhere?.
The contentsof cobalt and nickel in the sampleswere
determined by atomic absorption.

X-ray diffraction patterns of the investigated
sampleswere carried out using X -ray diffractometer,
Philipsunit type PW 2103 100, with copper target and
Ni-filter. All samples Co_Ni, (C,0,),.XH,O were
found to be crystallized in the monoclinic system, in
agreement with theliteraturd”. Anincreaseinthelat-
tice parameters( a =1199, b =540, ¢ =994 ppm,
B=127.8° for CoC,0,.2H,0 and a=1183, b =524,
¢,=973 ppm, =126.9° for NiC,0,.2.4 H,0O) within-
creasing compodition parameter X wereobserved. This
isexplained onthebasisof increasingtheionic radius
of Co**ionin comparisonwith that of Niz*ion®.

Theélectrica measurements (o, -and c_-conduc-
tivity, real part of dielectric constant ¢/ and dielectric
losse") weremeasured asafunction of temperatureon
pellets (of diameter 7mm and thickness~1mm) pre-
pared under a pressure of ~1800 Kg/cm?. The two
surfaces of each pellet were coated with silver paint
and checked for good conduction. The ac-measure-
mentswere carried out using an LCR bridge, model
SRS720(USA). Thefrequenciesused wereintherange
of 10%-10°Hz. The dc-conductivity was measured us-
ing thetwo probe method by applying 1 volt using sta-
bilized power supply and measuring the current and the
voltage applied on the sample by means of an elec-
trometer, Keithley model 610 C and a voltammeter
Kethley model 175A respectively. Seebeck coefficient,
(6,), measurementsweredonea temperatureintervals
of AT~40K (againgt platinum).

Thel-V characterigticsfor theinvestigated samples
were measured at room temperature, in therange of
10%-10%V/cm. Theplot of the datafit theln-In 'V de-
pendencewith slope~1, i.e. obeying Ohmslaw.

Theroom temperature resi stance was measured
as afunction of time by applying aconstant electric
field of about 2x10°V/cmfor 3 hours. Theresistance
wasfound to be constant with timeindicating that the
oxalate sampl es behave essentially as el ectronic con-
ductors. Thisissupported by Seebeck voltage mea-
surements, which showed negetive valuesfor dl inves-
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TABLE 1: Electrical conductivity datafor CoNi, (C,0,)..
XH,O samples

- B Ty "9, DTA
Composition oyt (K) u V/IK (K) 1S
. 2 356,endo
Ni(C:0)24H:0 68107 25035 -207 il 0.48+0.15
Coo.57Ni243
(COs.  684x10° 250365 -194 000 445,015
2 2H.0 610,endo
.2H>!
Cor.15Ni1gs
(COs.  179x10° 250370 -160 0490 444.010
2 6H.0 600,endo
.6H>!
CoygaNi117
(COns.  121x10° 200375 -141 SO0 445,008
2 AH.0 615,endo
AH>!
C0z240Nio60
(COxs.  945x10% 200378 -112 S840 454,605
2 6H.0 590,endo
.6H>!
Co(C,0) 2H,0 679x10%° 200385 90 5200 4 46.005

603,endo
*.T, arethe break temperaturesin Inc vs. UT plots; #:0, isthe

Seebeck coefficient; L:sis the frequency exponent of 6, =A @°.
tigated samples, TABLE 1.

The magneti c susceptibility was carried out using
theconventional Gouy’s method, which was modified
to measure at lower temperatures, downto liquid ni-
trogen temperature. Diamagnetic correction was car-
ried out by measuring the magnetic susceptibility y of
theisomorphouscadmium oxaate.

Differential thermal analysis(DTA) and thermal
gravimetricanalyss(TG) for investigated sampleswere
conducted using thermd anayzer, Schimadzumodd 30,
at aheating rate of 10 K/min.inair. TheDTA/TG-
thermograms showed smilar behavior, inwhichthede-
composition of each sampleoccursintwo stages. The
firgt one, whichisaccompanied by an endothermic peek,
isattributed to separation of hydrated water. Thedis-
sociation temperatures and the number of hydrated
mol eculesfor each investigated sampleareshownin
TABLE 1. Thereexistshigher thermal stability within-
creasing cobalt content inthe sample, i.e. withincreas-
ing lattice constant of the sample. Inorder to investi-
gatethe presence of any phasetransition at low tem-
peraturesthe sampleswereinvestigated by meansof a
DSC thermal analyzer, Setaram model 131, at tem-
peratures between 78 and 400K. The thermograms
obtained did not show any peaksdueto phasetransi-
tionsat temperatures bel ow the dehydration tempera-
turesof thesamples.

RESULTSAND DISCUSSION

The dc- electrical conductivity(c, ) for Co Ni,
(C,0,).,.XH,0 samples was measured over atem-
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peraturerangeof 78-400K. Theconductivity wasfound
toincreasewithincreasing nickel contentinthesample.
Theplotsof Inc vs. T*, Figure 1, showed many bregks
depending onthe composition of the sample. Because
thethermal analysisof the samplesdid not show any
phasetrangition, thereforethebreakinc T curves at
temperatures below the dissociation temperatures
should beattributed to either achangein conduction
mechanism or dueto going from the extrinsic to the
intrinsc region. At lower temperaturesand beforethe
first break the conductivity isa most temperatureinde-
pendent, i.e. semimetallic behavior predominates, Fig-
ure 1. Thisbehavior could be explained on thebasis of
ahopping model® by postul ating an electron just be-
low the Fermi level hopping to adistant statefor which
therequired energy isassmall aspossible.

The Seebeck coefficient (6,) measurementsshowed
negativevauesfor al samplesinvestigated (TABLE 1).
Thisindicatesthat the electrons arethe main charge
carriersinour system. The carrier concentration was
estimated using thefollowing equation 1%:

n=2(2nxm*k T/h?)¥* exp(-E/KT) @

where m* isthe effective mass of the charge carrier (assumed
to be equal to the rest mass of an electron), histhe Planck’ s
constant, k is Boltzman’s constant and E is the activation en-

ergy of the conduction process.

The cal cul ation showed that nincreaseswithin-
creasing nickd contentinthe sampleand hasavauein
therange of 10'8-10% at room temperature. The mo-
bility u of charge carrierswas al so estimated using the
equationi?,
o=nep 2
where eisthe electronic charge, u showed values on the order
of 10°-10" cm?V-1s? at room temperature.

These values are much smaller than 1cm? V-1 st
which can be used hereasacriterion for applying the
hopping modd!.

Chelation bonds between metal ionsand ligand
mol ecul es(oxa ate and water) alowsdel ocalized el ec-
tronsto stretch from the ligand moleculesto another
acrossd-shell eectronsof Co?* and/or Ni?*ions. The
increasein conductivity withincreasing thenicke con-
tentinthesample(TABLE 1) can beunderstood onthe
basi s of the decrease occurring in the latti ce constant
with increasing nickel concentration (as mentioned
above). Thiscausesan enhancement inthehoppingrate
and henceinthe conductivity value.

Theapplication of ac-field affectsupon thecharge

oxsl

-14 OE0ET
Ax=115
\ xxml B3
|| x¥=7 40
|| Ox=30

én e e o Y

20 0—0-0—8—D0—0—0-—g o

In o, (ohmi.cm?)

Q:ﬁ-—a—a i o S Y &
MMM M
x_: Xy

O—Dmf)—p-0—p 5 g o

103/T(KY)
Figurel1: Effect of temperatureon thedc- electrical con-
ductivity for CoNi, (C,0,),.XH.0O.
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Figure2: Plotsof temper atur edependenceof conductivity
for nickel oxalateat differ ent frequencies

transfer and e ectric dipolesand henceachangein con-
ductivity may beoccurred with thevariation of thefre-
quency of appliedfield. Therefore, the ac-conductivity
o, relativepermittivity ¢ and dielectriclosse’, for the
investigated samples have been studied at temperatures
between 78 and 400K and at frequency range of 10
10°Hz. The ac-conductivity o, (o) wascal cul ated by
subtracting the measured de-conductivity o, fromthe
measured total frequency-dependent conductivity o, ()
such that™,
o, (®0)=0 (o) - o, (o) 3
Theplotsof Inc,_vs. T showed similar behavior
tothedc-plots; atypical plotisshowninfigure2. At
lower temperatures, ¢, (o) was found to be always
higher than o, indicating the presence of barrier ef-
fectsdueto sometypesof eectrical polarization oc-
curring inthe sample, such asionic polarization be-
tween the oxygen and metal ion aswell asaninterfa-
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cia polarization produced at the grain boundaries of
the polycrystdline sample. Thefrequency dependence
o, (w) wasfound to obey therel ation2.

o, (0)=A & 4

—== Fyl] Paper

where A is afrequency independent parameter and the expo-
nent s depends on composition and temperature and has a
valuethat liesintherange 0.30-0.63, TABLEL. Thisbehavior
of ac-conductivity supports the suggested hopping conduc-

tion mechanismin our system®.

In order to study the polarizationin our samples,
thetemperature and frequency dependenceof relative
permittivitty € areinvestigated. All ssmplesshowed S mi-
lar behavior; typical plotsareshowninFigure(3). ¢
increaseswithincreasing cobalt content inthesample.
At T<220K, ¢ changesdlightly with T indicating that
thedipolesfoundinthecrystalsarefrozenandthefield
appliedisnot sufficient to aignthem at such low tem-
peratures. Whereas, at higher temperaturese’ increases
rapidly with T dueto that thedipolesincreasetherota
tiona degreeof freedom and align easily with thefield
direction. The¢/ values show maximaat temperature
which agreewell with the decomposition temperature
for each one of theinvestigated samples. Thisisbe-
cause when thecompound startsto decomposethedec-
tric dipolesaregoingto distributemorerandomly inthe
hydrated and dehydrated crystals causesadecreasein
dielectric constant and then the appearance of &- maxi-
mum inthevicinity of decompositiontemperature.

Theisothermal measurementse/(at T=150K) asa
function of frequency for dl investigated samplesare
showninfigure4. Fromthefigureitisshownthat the
dielectric constant valuesand their dispersion increase
withincreasing cobat content inthesample. Thiscould
be explained on the basis of the ability of Co?* to be
morepolarized than Ni?* inthecrysta structureinvesti-
gated (dueto thelarger ionic radius of Co?" in com-
parisonwith Ni2)® , Thedecrease of ¢ withfrequency,
Figure4, can be explained asdueto that by increasing
thefrequencies, the orienta dipoleswill nolonger be
abletorotate enough rapidly and hence

thelr cooperation to the polarization aswell asthe
relative permittivity &' decrease.

Thetemperature dependence of dielectriclosse’
for al investigated samples showed anincreasein &
(dightly at lower temperaturesand highly a higher ones)
to reach amaximum val ue before starting to decrease
agan;typical plotsaregiveninfigure5. Thetempera
ture a which the maximum in ¢’ was observedisnot
changed with the applied frequency and agreeswell
with the dissociation temperature of thesample. The
growthing’ withrising thetemperatureisbrought about
by an increasein both the conduction of residual and
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at 300K and theequivalent circuit

conduction of theabsorption currents. Infact, therise
intemperature causesan increasein thelattice constant
and hence producesadecreaseintheinternd friction
of themoleculesinthesample. Thiswill causeinturnan
increaseinthe degree of thedipole orientationsthrough
unitangle, i.eanincreaseinthepolarization and theloss
factor.

Thefrequency dependenceof ¢/, Figure6, shows
adlight decreasein ¢’ valuei.e. adecreaseinthere ax-
ationtimewithincreasing thefrequency. Thisrelaxation
may result either from therotation of themeta oxdate
moleculesor fromthediffusonof metd ionsinthecrystd

]

T(K

Figure 8: Effect of temper a(lt&re on themolar magnetic

susceptibility y,, for Co Ni, (C,0,),.XH,O
lattice. Thechangein ’- valueswith frequency was
found to decreasewith increasing Co?* contentinthe
sampleindicating that the diffusion or therotation of
Co* or cobalt oxaateinthe crystal ishigher than that
of Ni?* or nickel oxalatemolecule. Thisisexpected on
thebasisof theionicradius of bothions (R =0.68 and
R.=0.73A°)H,

Figure7 illustratescomplex permittivity diagrams
asplotsof theimaginary part " against thereal part €
at 300K for Co,Ni, (C,0,)..XH,O. Theplotsshow
semicircular behavior which becomes progressively
more circular in the compounds containing both the
nickel and cobdt ions. Thisimpliesthat theinteractions
between the dipol es produced from thedifferent ele-
mentsarenot greatly different.

Thecomplex permittivity diagram suggeststhat the
el ectrode/compound/e ectrode cellsfor thesystemin-
vestigated are equivaent to the e ectronic circuit shown
inFigure(7), wheretheres stance R and capacitance C
describethebulk propertiesof the sampleand Ci isthe
capacitance of domaininterfaces.

The magnetic susceptibility  for the Co_Ni,
(C,0,),. XH,O sampleswas measured at amagnetic
field strength of 4000 Oe and at temperature ranging
from 78K to atemperaturejust bel ow the decomposi-
tiontemperature of theinvestigated sample. Thisisso
becausetheevolution of water at thedissociation tem-
peraturemight affect thewei ght of thesampleand hence
the magnetic results. Thetemperature dependence of
the corrected molar magnetic susceptibility y,, Figure
8,showsthat in all samplesy,, decreasesin an expo-
nential manner withincreasing thetemperature. Replac-
ing the Ni?* by Co?* causes achangein the magnetic
interactionintheinvestigated systemand henceiny,,
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TABLE 2 : Magnetic constants of CoNi, (C,0,)..XH.0
samples

Composition Curie-weiss Curie Eff. mag.
P constant @ (K) constant(C) moment pg
Ni
(C,04).2.4H,0 -14 1.82 3.82
Coo.57Niz. 43 )
(C,04)3.2.2H,0 29 211 411
Co1.15Nizes )
(C;04)3.2.6H,0 44 2.34 432
Coyg3Ni117 )
(C04)3.2.4H,0 54 2,77 471
Co0,.40Nio 60 )
(C,04)3.2.6H,0 61 2.91 4.82
Co(C,04).2H,0 -70 3.14 5.02

valueswherey,, decreaseswithincreasing Co* con-
tentsinthesample. All sampleswerefound to obey the
Curie-Weisslaw. The magneti c constantswere cal cu-
lated fromtheplotsof 1/y,, versusT and aregivenin
TABLE(2). Generally, the negative 6 val ues?obtained
for dl samplesindicatethat thecompoundsinvestigated
can be congdered asantiferromagnetic materias. The
effective magnetic momentsof 3.82 u, for Ni(C,0,)
2.4H,0 and 5.02 p,, for Co(C,0,).2H,0 agree well
with thereported valuesfor Ni%* and Co?* ionsin dif-
ferent symmetried®¥.

The X-ray resultsshowed that thecobat and nickel
ionshavethe same symmetry and environment inthe
Co,Ni, (C,0,),.XH,O system (monoclinic structure).
Moreover, thelattice constants werefound to be de-
creasing withincreasing cobat content. But the mag-
netic susceptibility results, TABLE 2, showed anin-
creaseiny,, withincreasing cobalt concentration. This
referstothat thehigher magnetic moment of Co?* caused
an increasein the magnetic interactions between the
magneticions (Co?*" and Ni?*) morethan the decrease
inthe magnetic interaction produced asaresult from
increasing lattice congtants.

CONCLUSIONS

1. All samples of the investigated system Co,Ni,,
(C,0,),.XH.,0O possessmonoclinic structure. Their
|attice constantsand therma stability increasewith
increasing Co content inthesample.

2. Increasing the nickel content in Co, Ni,
(C,0,),. XH,0O causesanincreaseintheelectrica
conductivity and adecreasein magnetic suscepti-
bility.

3. Electrica conduction occursby hopping e ectrons

(1]
(2]
(3]

4]
51
6]
[7]
8]
]
[10]

[11]
[12]

[13]
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viametd ions.

Theconductivity increaseswith increasing the ap-
plied frequency due to the presence of abarrier
effect produced from the pol arization of theionic
moleculesinthesample,

Theinteractions between the el ectric dipolespro-
duced from both cobalt and nickel ions are not
greetly different.

A break in each of conductivity, dielectric constant
and dielectriclossvalueswas observed at the de-
composition temperatureof thesample.

All samplesof theinvestigated system behave as
Antiferromagnetic material at temperaturesbel ow
thedissociation temperaturesand themagnetic sus-
ceptibility increaseswith increasing cobalt content
inthesample.
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