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Abstract

In this paper, a study was carried out and we repont the measurement of impedance spectroscophddris(2-amino-
4-methylpyridinium) tetrachloridozincate (Il) compad in the frequency range 209 Hz-5 MHz with thaperature rangi-
ng from 308 up to 368 K. The results are represkeimténpedance plots which have shown semicirats at different tem-
peratures and an electrical equivalent circuit heesn proposed to explain the impedance resultsilBétanalysis of the
impedance spectrum suggests that the electricalepies of the material are strongly temperatuggeddent. The freque-
ncy-dependent conductivity data were fitted indbascher's laws,d{®) = 64 + An". The conductivity follows the Arrhen-
ius relation. Thus the conduction in the matesgbiobably due to a hopping or a small polar omélling process. It was
concluded that the temperature dependence of ctwuitiyavas analyzed using the Arrhenius approach. Firthity AC
conductivity of [GHyN,],ZNnCl, material was studied as a function of temperaB@8-368 K) and frequency ranges (209
Hz to 5 MHz), respectively. The AC conductivity hetsown a variation with frequency and was founadliey Jonscher’s
law: o4c = 64 + A" at different temperatures. The temperature deperedef the Jonscher’s exponent has revealed that th
conduction inside the studied material is insurgdhie Non-overlapping Small Polar@minnelling(NSPT) model.

Keywords: Impedance SpectroscofBquivalent Circuit, Electrical Properties, Condugty
1. Introduction

Considerable interest has been devoted to compooids et al, 2003;Wojtas et al, 2008 an@&Genovese & Lian,
the general formula AMX,4 where A is an organic cation, 2015 and structural phase transitiofdannachi et al,
M a divalent metal (Cu, Sh, Cd, Hg....) and X a halog 2010; Ben Bachir et al, 2014; Weslati et al, 20td Ben
(Cl, Br) (Masmoudi et al, 2012; Karoui et al, 20&48d Mohamed et al 2015)n recent years, the impedance spec-
Weslati et al, 2014)The hybrid organic-inorganic materi- troscopy is considered as one of important experiatee-
als have generated a lot of interest from the teldyical chniques to analyze the dynamics of ionic mobiiity
and scientific points of view that may combine daislie solids (Ahmad & Yamada, 2002Padmasree & Kanchan,
physical properties characteristi€haabane et al, 2008; 2005;Louati et al, 2009; Jarboui et al, 2010; Louat&i-
Khelifi et al, 2010 and Elwej et al, 2014hdeed, the synt- dara, 2011 and Mahamoud et al, 2011)

hesis of low-dimensional mixed inorganic-organictena

ials enables both inorganic and organic componanthe In this paper we report the synthesis of bis (2reo¥l-
molecular level to be optimized and thus to extspicific methylpyridinium) tetrachloridozincate (Il) and cheteri-
properties such as optical, electronic and thefiealdycki sed by X-ray powder diffraction patterns, the diietial
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scanning calorimetry and the results of the impedape-
ctroscopy are discussed, the temperature and fnegue
dependence of the electrical conductivity and tloelnius
properties of the [gHgN,],ZnCl, compound.

2. Materials and Methods

The [GHgN,],ZnCl, sample was prepared by mixing
ZnCl, (purity 98%; Fluka), dissolved in hydrochloric @ci

solution (1M) and the organic compound bis (2-ardno

methylpyridinium) (purity 99%; Fluka), in molar ratl:2.

Schematically the reaction proposed in order ttifjuthe
obtaining bis (2-amino-4-methylpyridinium) tetrachtle-
zincate (II) sample is shown in the following eqoat

2HCI
2(CeHgN,) + ZNnCh —— [GHoNo],ZNCly. e 1

After one week, crystalline samples were obtaingglow
evaporation at room temperature. The sample waacdha
erised by the X-ray powder pattern using a Philipa/der
diffractometer PW with CuK radiation {= 1.5405) in a
wide range of Bragg angles (X020 < 40°). Differential
scanning calorimetric analysis was performed uailSC
NETZSCH 204 betweeR5-300 °Cat the heating rate of 5

3. Results and Discussion
3.1. X-Ray Powder Analysis

The room temperature X-Ray diffraction patterntod bis
(2-amino-4-methylpyridinium) tetrachloridozincat#) (is
shown in Figure 1. The sample crystallizes in tiinic,
space groupr 1 with the unit cell parameters a = 7.471 (2)
A, b=8.467 (1) A, c = 15.379 (5) A, = 95.09 (2)°p =
91,12 (2)° and = 70.05 (2)°. From these, it is found that
[CeHgN,]2ZNnCl, is in a good agreement with the literature
values (Gharbia et al, 2008).
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°C/min. The electrical measurements were performed usi-

ng two electrode configurations. The powder wassed
into a pellet of 8 mm diameter and 1.2 mm thicknd$e
AC conductivity was measured usingBGAM 3550 im-
pedance analyseautomatic bridge monitored by a micro-
computer between 308-368 K temperatuneasuring real
and imaginary parts of the sample impedance infridre
quency range 209 Hz-5 MHz as shown in the Table 1.

Table 1. Real and Imaginary Parts of the Sample Imgdance in the
Frequency Range 209 Hz-5 MHz

T(K) | R(10) |Qu(10")| @ | Q(107) | @

308 1.24 3.81 0.812 - -
313 1.08 4.26 0.801 - -
318 0.75 4.27 0.812 - -
323 0.45 4.58 0.814 - -
328 0.21 4.40 0.844 - -
333 0.11 5.56 0.817 - -
338 0.06 4.87 0.839 1.23| 0.874
343 0.042 4.34 0.852 9.63| 0.584
348 0.032 3.77 0.867 15.2| 0.522
353 0.021 2.60 0.90% 28.19 0.437
358 0.015 2.33 0.912 3291 0.439
363 0.0109 1.93 0.932 39.72 0.439
368 0.008 1.66 0.947  48.06 0.432

T= Temperature; R= Reflectance; Q =Quality Factarz Absorptior

Figure 1. X-Ray Diffraction Pattern of the bis (2-anino-4-methylpyr-
idinium) tetrachloridozincate (11)

3.2. DSC Analysis

Results of differential scanning calorimetry measoents,
recorded in the temperature range 25-300 K areepted
in the thermogram. It shows the presence of antbedn-
ic peak located &59.53°C corresponding to the fusion of
the compound [§HgN,],ZNnClj.

3.3. Impedance Analysis

The impedance diagrams (Figure 2) forHGN,].ZnCl,
sample are taken in the temperature range 308-3Gh&
equivalent circuit allows the establishment of etations
between electrochemical parameters and charautdrist
pedance elements. In the temperature range 30833
equivalent circuit consists of a resistance R1Klvekista-
nce) and CPEL (capacity of the fractal interfac&ORele-
ment (Figure 3) The CPE element accounts for the non-
ideal electrode geometry (Milankovic et al, 200&niHac-

hi et al, 2010 anlakram et al, 2010

The impedance of CP@Behera et al, 2007 and Rao et al,
2008) is:

ZCPE = 1/ Q@)™ v eevee e e eeeeee e e 2

a is related to the deviation from the vertical lo€ line in
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the -Z' versus Zplot. A = 1 indicates a perfect capacitan-
ce, ifa = 0; CPE behaves as a pure resistor, whileif-1;
CPE behaves like an inductor, thusalues directly reflect
on the roughness of the electrode used. In theofedte
temperature range (X 338 K), the above circuit is inadeg-
uate; the measured values disagree with the siatutate.
We observe a little tail after the semicircleshie impeda-
nce spectra. The straight line after the semicicele be
explained with CPE2 corresponding to the doublesday
capacity of an inhomogeneous electrode surface.
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Figure 3. Variation of Real Part of the Impedance at Differetn Low-
er Temperatures in the Low-Frequency Region

The expression of real Z' and imaginary -Z” compats
of impedance related to the equivalent circuits are

e For the first circuit (R1 // CPEL):

R2Qu cos@m/2)+R,
7'=
(+R,Qu’cos@rrr/2)) +(R, Qu sin@n/ 2)} 3
e R2 Qo sin@ 71/2)
@+R,Qu’cosq m/2)f +(R,QusinG W2)Y 4

e For the second circuit (R1 // CPE1 + CPE2):

_ R2Q, o"cosq, T/2)+R, , cosq,12)
(+R,Q, 0™cos,m/2)f +(R,Q o"sinf, 1/2)f  Q,uf* 5
~ R2 Qo™ singy77/2) L sing,712)

z= R.Q wcosg, 71/2)f +(R,Q o"sing, n2)f Quf 6

The resistance RQ ando have been simulated using a m-
ean square method which consists in minimizingdifie
erence between the experimental and calculatirgy déie
values of the equivalent circuit elements have lmatua-
ted and listed in Table Eigure 3 shows the variation of
real part of the impedance at different temperatulidne
impedance value is typically higher at lower tenapares

in the low-frequency region, and then it decreagesiua-
lly with increasing frequency.

Figure 3 shows the variation of the imaginary jpdiitnpe-
dance with frequency for some representative teatpes-
es. The spectra are characterised by the appeasépea-
ks, which shift to higher frequencies with increastemp-
erature. Such behaviour indicates the presencelaXati-
on in the system. The good conformity of calculdiads
with the experimental data indicates that the ssiggkeq-
uivalent circuit describes the pellet—electrolytgeiface
reasonably well.

3.4. Conductivity Study
3.4.1. DC Conductivity

The values of bulk resistance, R, for the singlisgcle
together with electrode dimensions (S is the afethe
sample and e is the sample thickness) are useet¢ona-

ne the DC conductivity. The direct current condeityi
(040 has been calculated at each temperature by nofans
the relation:

The activation energies Ea of the dc conductioroatain-
ned using the Arrhenius equation:

ol =Aexp (-BEa/kT)...ooii i 8

Where:

A: The pre-exponential factor
Ea: The activation eneri

T: The absolute temperature
ks: The Boltzmann constant

Following the Arrhenius law, the obtained activatiener-
gy is about Ea=0.92 (1) eV.

3.4.2. AC Conductivity

The frequency variation of the AC conductivitgdw), at
various temperature. Theg. increases with increasing fre-
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guency, which is a characteristic ©f. The conductivity
results are fitted by the following equation reégfrto as
Jonscher’s power law (Choualib et al, 2011):

Where:

o4e The D.C. conductivity

A: The temperatu-dependent parameter that determines the strerfgth o

polaribility
n: Dimensional frequency exponent parameter irréimge of <n<1

n is the dimensional frequency exponent param€&igu(e

4) in the range of 8 n< 1 (Lee et al, 1991 and Elwej et al,

2015) representing a degree of interaction betweebile
ions with the lattices around them: the ‘univershihamic
pattern of the AC electrical behaviour of condugtsolids
and liquids as proposed by Jonscher. It is obvibasthe
experimental and fitted data are very close. U&Qg9 n
increases according to the temperature and vaegekn

0.54<n<0.86, which indicates that the electrical conduct-
ion is provided by the non-overlapping small Potaro

Tunnelling (NSPT) model (Mansour et al, 2010 andnidia
et al, 2015).
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Figure 4. AC Electrical Behaviour of Conducting Salls and Liquids
as Dimensional Frequency Exponent Parameter

3.5. Didlectric Studies

The study of the dielectric properties is an imaottsour-
ce of valuable information about conduction proesssn-
ce we can determine the origin of the dielectrgsés, the
electrical relaxation time and its activation enefiganna-
chi et al, 2010).

The dielectric relaxation is described by a nony@etno-
del which gives the frequency-dependent compleriier
ivity in the form (Rhouma et al, 2012):

er(w)=¢e, + L~ %= 4 Yo
i£,w

© l+(|w)1fa
wl

The imaginary part of the complex permittivity is:

(6 €)@ sl o
1+ 2(&)1‘“ COSP]' _20()”) + (ﬁ)ll-fx) Eo®

£'(w) =

Where:

¢s The static permittivity

&0 The permittivity at “infinitely” high frequency

oo. The specific conductivity

& The dielectric permittivity of vacuum

a: The tilting angle ¢=/2) of the circular arc from the real axis in -
complex permittivity plane

w: The angular frequen:

According to Nithya et al (2011), the dielectricnstant
increases with the increase in temperature beocafuiee
total polarization that arises from the dipole otaion
and the trapped charge carriers. The dielectripedgon
rises drastically toward low frequencies and decaysig-
her frequencies. The dielectric profile plot is lieg at low
frequencies possibly because of the different tydgmla-
rization effects. These effects may be caused bxed
the contribution polarization factors (atomic, étenic, in-
terfacial factors). Higher dielectric constant$oat freque-
ncies depend on ionic vibration or movement anctapa
charge effects. Thus, the higher value of e atawefrequ-
ency region is most probably due to electrode jdtion
and space charge effects confirming the non-Delepeid-
dence (Kumar et al, 2010 and Kumar & Srivastavd420
This dispersion reflects the existence of spacegehpola-
rization where enough time is provided for the gearto
build up at the interface before the applied fielthnges
direction. Best fits using the function Eq. 11 pd®s a su-
itable fitting of the curves resulting from the exjmental
data in Figure 5.
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Figure 5. Caption
3.6. Complex Modulus Analysis

The electric modulus (M is calculated from the following
equation:

M SJACOZ = M+ M" e, 12
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Where:

M’"and M": Real and imaginary part of electric modulus respesly
Co: The vacuum capacitance of the measuring cell

Together with:

M'=0 CoZ and M =@ CoZ" ..o, 13
Where:

Co=AeS /e

Ao: The permittivity of vacuum
S: The surface of the sample
E: The sample thickne

A = 2Af

Figure 6 shows the frequency dependence of thearsdhl
imaginary part of the electrical modulus '(lsind M) of
[CsHgN,]ZNCl, compound at different temperatures. The
plot of imaginary part of M shows a slightly asymne
peak at each temperature. The peak shifts towgttehia-
ngular frequencies (Ipwith the increase in temperature,
indicating correlation between the motions of mehbdn
charges. The asymmetry in peak broadening showspthe
ead of relaxation times with different time conssafVas-
moudi et al, 201R The frequency of the modulus maxim-
um shifts to higher frequency side with the incecaste-
mperature. The peaks existing at low frequency ssigg
that the ions can move over long distances, whdriggs
frequency peaks suggest the confinement of iortheir
potential well. The nature of the modulus spectaanfir-
ms the existence of hopping mechanism in the ébattr
conduction of the material (Prabakar et al, 2003).

0.08 | 308 K
313K
318K
323K
333K
338K
343K
348 K
353K
358K
363 K
368 K
Fit

*qtexdveoec-yon

0.04 |

0.02 |

Figure 6.Imaginary Part of Electric Modulus

The variations of the imaginary part of the modybass
through a maximum abt = 1, wherer is the average elec-
tric field relaxation time. The region to the leftthe peak
is where the ions are mobile over long distandes;regi-
on to the right is where the ions are spatiallyfomd to
their potential wells. The frequency range wherwe pleak
occurs is indicative of the transition from shatige to
long-range mobility and at temperature (333 K)r¢his a

change from one circuit to anothehelplot of the relaxat-
ion time (Figure 6) may be described by Arrhenas:|

T=Tg XP(EA/KT) e e e e e, 14
Where:

70: The characteristic relaxation time
Ea: The energy, (Ea=0.85 €
K: The Boltzmann const¢

4. Conclusion

This study of the diffraction of X-rays on powdédrosved
that bis(2-amino-4-methylpyridinium) tetrachloridiozate
(I1) crystallizes in the triclinic system has a uegll of di-
mensional parameters in which a = 7.471 (2) A,&467
(1) A, ¢ =15.379 (5) Ag = 95.09 (2)°B = 91,12 (2)° and

vy = 70.05 (2)°. It can also be noted here that sin-ray
diffraction data collection and interpretation vedso desc-
ribed by Gharbia et al (2008). The differentialacahetric
analysis studies also showed that the presencalpfooe
endothermic peak located H9.53 °Cwhich corresponds
to the fusion of material. On the other hard &nalysis of
the frequency dispersion of the real imaginary congmts

of the complex impedance allowed us to determiredgr
uivalent electrical circuits for this material. Ttesnperatu-
re dependence of conductivity was analyzed usirgy th
Arrhenius approach. Finally the AC conductivity of
[CsH9N>]2ZNCl, material was studied as a function of tem-
perature and frequency ranges (308-368 K) and 20®

5 MHz), respectively. The AC conductivity has shoan
variation with frequency and was found to obey dbes's
law: 6, = o4c + Aw” at different temperatures. The temper-
ature dependence of the Jonscher’s exponent healeev
that the conduction inside the studied materidh&ured
by the non-overlapping small Polaron Tunnelling BN$
model.
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