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ABSTRACT

A new chlorapatiteBa, (VO,),Ct,has been synthesi zedby the solid-state re-
action and characterized by X-ray diffraction, infrared absorption and Raman

scattering spectroscopies.

Electrical properties of the material have been studied by the
compleximpedancespectroscopy. Nyquist plots show negative temperature
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coefficient of resistance (NTCR)-type behavior. The total conductivity of
the material isthermally activated with activation energy about 0.39 eV.
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INTRODUCTION

Apatites are solid inorganic compounds, repre-
sented by the generd formulaMe (XO,) A,, Merep-
resentsadival ent cationM e can be replacedby anum-
ber of bivalent cations Ca?*, Sr**, Ba?*, Cd*,Pb*,
but monovalent and trivalent cationssuch asNa',K*
and A (3 can be hosted as well, XO, atrivalent an-
ionisusualy PO,*,VO,*>or AsO,*, but the possible
substitutionsincludealsoSIO,*, CO,>and SO,*, and
A isamonovaent anion, OH, F, Cl, Br. The great
variety of cationic andanionic substitutionsis justi-
fied by the “open structure” ofapatite.They crystal-
lizeinthe hexagonal systemwith the space group P6./
m.

The apatite- like structure is characterized by
the presence oftwo types of tunnels permitting the
location of two cationic sites labeled Me (I) and
Me (11): four Me (l) are at the center of narrow
tunnels (4f sites), sixMe (Il)around large tunnels

(6h sites), the centers of which areoccupied by A-
anions|located on the hexad axis (2asites). The co-
ordination number of Me (I) site is nine,whereas
for Me (1), it is seven. Apatites can be used for
various applications, such as catalysts and lumi-
nescent material §24 aswell asin optoel ectronics®
and biomateriald®. They are aso attracting con-
siderable attention asanew class of oxideion con-
ductorg™?.

Electrical properties of the vanadate apatites
have been studied,such as

La, V (Si0,)0,, (0 <, <15/ Ca,
La(VO,)0,,,,i" °1-x/2[10_ll] and PbsNa2(VOA)6[12]'
There is no study reported on the electrical proper-
tiesof Ba, (VO,).Cl chlorapatite.

In this study, the preparation of Ba (VO,).Cr,
is described. The structural characterizations have
been performed using XRD, FTIR and Raman tech-
niques. lonic conductivity has been investigated by
the complex impedance spectroscopy.
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EXPERIMENTAL PROCEDURE

High purity BaCO, (Fluka99.9%), BaCy,. 2H,0
(Merck99.9%) and V,0O, (Fluka99.9%) powders
have been used to prepare the apatite sample ac-
cording to the following reaction:

9 BaCO, + BaCl,. 2H,0 + 3,0, Ba,(V0, . C(, + 9
CO,+2H,0

Stoichiometric amounts of reactants have been
ground and heated in covered platinum crucible at
673K for 12hand at 1273 K for 24 h.

Phasehas been identified from the X-ray
diffractionpatterns using a BRUKER D8-advance
diffractometer andthe CuK aradiation(, = 1.5406A).
Cell parameters have been refined with the
FULLPROF program. Fourier transformed infrared
(FTIR) spectrum has been obtained withaBRUKER
spectrometer, in the 4000-400 cm range, using the
KBr pellet technique. Raman spectrum hasbeenre-
corded at room temperaturein the spectral range 100-
1200 cm™! in aDILOR XY spectrometer equipped
with a CCD detector and a Spectra Physics Ar la-
ser. Conductivity measurements have been carried
out from roomtemperatureto 753 K with 20K steps
by checking the compleximpedance spectroscopy
with a Hewlett- Packard 4129Aanalyzer. The mea-
surements have been made in the 5Hzto

700

13MHzfrequency range.

RESULTSAND DISCUSSION

Characterization
X-ray powder diffraction

Figure 1 shows the X-ray patternsof
theBa (VO,).Ct, sample. The patterns showed the
formation of asingle-phase with high degreeof crys-
tallinity of the Ba(VO,).C¢,compound with an
hexagonal apatite-type structure (space group P6./
m(176)). It can be noticed that no secondary phase
has been detected. The refined unit cell parameters
are a= 10.553A, c= 7.751A and V =747.549A3,

Vibrational infrared and raman spectra

The infrared and Raman spectra of
theBa (VO,).Cr chloroapatite are given in Figure
2 and Figure 3, respectively. The assignments of in-
frared (IR) and Raman bands have been performed
according to the literaturel® 12,

From Figure 2, the bands observed at 856 and
834 cm'have been assigned to the asymmetric
stretching modes(v,) of VO,groups. However, the
band appearing near 794 cm-'correspondeds to the
symmetric stretching mode (v )of VO,.
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Figure 1 : X ray diffraction patterns of Ba (VO,),Cg.chlorapatite
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Figure 2 : IR spectrum of Ba, (VO,),Cg,chlorapatite
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Figure 3 : Raman spectrum of Ba (VO,),Cg.chlorapatite

The Raman bands at 783-794 cm* and 810-838
cm* are attributed to the symmetric (v.) and asym-
metric (v,) stretching mode of VO, units, respec-
tively. Theweak bandsat 377 cm™ and 333 cm'* can
be assigned to the asymmetric §_ and symmetric
bending mode of VO,groups, respectively.

Electrical properties

Figure 4 depicts the complex impedance spec-
traofBa,(VO,) ,Cchlorapatite at different tempera-
tures. The effect of temperature on impedance be-
havior is much notable at higher temperatures. The
intercept of semicircular arc with thereal axisgives

an estimate of sample resistance. A very important
decrease of the electrolyte resistance is observed
astemperatureincreasesindicating anactivated con-
duction mechanism. This behavior of sample is
anal ogous tothe negative temperature coefficient of
resistance (NTCR) propertywhich is a normal be-
havior of semiconductor.

Thetotal conductivity 6(TABLE 1) isca culated
using thefollowing relation:
o= (/RS

Ristheresistance obtained fromimpedancedia-
gramsand S and { are the area and the thickness of
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Figure 4 : Complex impedance spectra of Ba (VO,).Cg, chlorapatite at different temperatures
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Figure 5 : Arrhenius plot Ln(eT) = £f(1000/T) of

the sample, respectively.

The dependence of the total conductivity (Fig-
ure 5)of thechl orapatite el ectrolyte can be described
by the Arrhenius equation:

6 =A/T exp (- Ea/TK)

WhereE_ istheactivation energy, k isthe Boltzmann
constant and A isapre-exponential factor. Thetem-
perature dependence of the conductivity
ofBa (VO,).C¢,, showsasingle conduction mecha-
nism, due to absence of apparent curvature in the
plot. The activation energy E determined from the
Arrhenius plot isabout 0.39 eV.

The conduction mechanismof Ba, (VO,) .C¢,can
be related to the trandational hopping of chloride
ions along the c axis of the unit cell from ordinary

the ionic conductivity ofBa, (VO,),Cg.chlorapatite

lattice sitesin interstitial sites and back again. The
chloride ions must be able to move to other posi-
tions by the formation of thermally actived defects
such as Schottky defects with high activation ener-
gies,

TABLE 1 Resistance and conductivity of
Ba,(VO,),Cg,chlorapatiteat different temperatures

T(K) R(Q) 6 (10° Scm™)
753 2978 3.593
773 2105 5.083
793 1971 5.428
813 1854 5771
833 1725 6.202
853 1590 6.729
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Figure 6 : Frequency dependence of the conductivity of Ba,(VO,).Cg,chlorapatiteat different temperatures

The study of frequency dependent conductivity
is a well-established method forcharacterizing the
hopping dynamics of the charge carriers. Figure
6showsthe variation of the conductivity casafunc-
tion of frequencyat different temperatures for
BalO(VOA)GCEZ'

Thefrequency dependence of 6 can be described
by the Jonscher universal power law:

o (0)=0,+ A (T)o"'2" wheres_ is an impor-
tant tool for studying the ionic transport properties
of materials,c,,_can be obtained by extrapol ating the
low frequency plateau to zero frequency, o is the
angular frequency, A is the temperature dependent
constant and nisan exponent, generallyless than or
equal to unity. As observed from the Figure 6,the
behaviorof conductivitys_ ofBa, (VO,).Ct, sample
exhibitstwo regionsin the studied range offrequency.
Indeed,at low and intermedi atefrequenciesand high
temperature,aquasi static plateau regionis observed
representingthe dc conductivity arising from the
randomdiffusion of theionic charge carriersviaac-
tivated hopping processel.

The crossover frequency, o _is called the char-
acteristic hopping frequency of ionsand can be cal-
culated as o = [, /A]"", when o(w) = 20, Relax-
ation effects begin to appearat ® ; and are generally
found to be thermally activated, i.e., ® ) shifts to-
ward higher frequencies with increase in tempera-
ture.

At higher frequencies, o, shows frequency de-
pendencewhich givesriseto ac-conductivity. Inthis
case, ¢ increases roughly in a power law fashion,

o, (w)=A 0" and eventualy becomes amost linear
at even higher temperatures®”.

CONCLUSION

A single phase Ba, (VO,) Cp with apatite-type
structure has been synthesi zed successfully by solid
statereaction. X-ray diffraction study showsthat the
sample crystallizes in the hexagonal system(space
group P6./m (176)). Infrared and Raman spectra of
Ba(VO,).Ct, confirm the presence of pure apatite
phase without any other impurity traces, in good
agreement with XRD results.

The complex impedance analysis of the sample
indicated atypical negative temperature coefficient
of resistance (NTCR)behavior. The temperature de-
pendence of the electrical conductivity follows the
Arrhenius law with activation energy of 0.39 eV.
The frequency dependence of conductivity
followsthe power law.
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