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Abstract

The object of this work is to study the electrical conductivity of the polyvinylalcohol (PVA) and
polyvinylchloride (PVC) polymers doped by a Ruthenium Terpyridine Complex. The analysis of current density
as a function of the electrical fields at various temperatures, shows an ohmic conduction at low electric field.
Elsewhere, the temperature dependence of the electrical conductivity suggests a change of the conduction
mechanism only in PVA-Ru(Terpy)Cl; material. The activation energy is markedly changed from 0.350 eV to
0.021 eV at around 285K; this phenomenon is not observed in the PVC-Ru(Terpy)Cl; case.

Keywords: Electrical conductivity, PVA-Ru(Terpy)Cls;, PVC-Ru(Terpy)Cls, Absorption spectra, Activation
energy.

1. Introduction

The organic polymers present an important material in current industry. The electrical conduction has been
made the subject of many experimental studies [1-5]. A development of conducting polymer contributes in
variety of applications such as, electroluminescence [6, 7], optical amplifiers [8, 9] and organic transistors [10,
11].

The aim of this work is to analyze the electrical conductivity in the doped films (PVA and PVC) Ru(Terpy)Cls
compound. The choice of this compound is based on the following observations.

The 4d° configuration of Ruthenium and the existence of some orbital in the terpyridine molecule conduce to an
electronic charge transfer from metal to the ligands [12]. Then, the PVC polymer is polar material, the dipole
orientation provokes a relaxation process conducting to the perturbation of conduction phenomena [13]. In fact,
by injecting the electron in polymeric chain PVC from metallic cathode, it has been shown a hopping
conduction mechanism [14]. Elsewhere, the PVA polymer is a material with polarity bellow than PVC, but it’s
known that this material can easily associated by hydrogen bonding, with some doped organic molecules [15-
20]. The association by hydrogen bond contribute to a charge transfer in the doped film. Finally, some others
[21-23] have been interested to use a polymeric films such polyvinyl pyridine in which, they have fixed the
Ru(Terpy), complex in order to analyse the photocurrent.

The objective of this work is to study the electrical conduction mechanism in doped PVA and PVC polymers.
This phenomenon is discussed and analyzed in each case of the PVA-Ru(Terpy)Cl; and PVC-Ru(Terpy)Cl;
materials.

2. Experimental Section

2.1. Preparation of the Ruthenium Terpyridine complex (Ru(Terpy)Cls)

Solution containing 20ml of absolute alcohol, 33 mg of (RuCls, 3H,0) powder and 30 mg of terpyridine
(figurel-commercial-Fluka) were reported at reflux during 3 hours. The obtained hasty is rinsed by ethylic -
ether gives the final compound.
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2.2. Preparation of the PVA-Ru(Terpy)Cl; and PVC-Ru(Terpy)Cl; materials

The PVA film (-CH,~CHOH-),, 110 um thick was prepared by dissociating 10 g of PVA disc in 90cm?® of
distilled water. The solution is pouting on at ebullition during 30 mn. Then, the liquid solution is displayed on
the Plexiglas’s plate and placed in the four during one day. The obtained film is rigid transparent. The doping
of the PVA by Ru(Terpy)Cl; complex is effected during the film elaboration by introducing a concentration in
ethanol (used as transfer solvent in PVA) almost equal to 10° mol/I. In commercial PVC film (-CHCI-CH,-),
case, the same concentration in n-butylchlorid (transfer solvent) was poured on the film.

2.3. Spectroscopic measurement
The used technique and absorption measurement has been described earlier [24]. The solvents are of
spectroscopy grad were used as received.

2.4. Electrical conduction

The apparatus used to measure the conduction a current is composed of a power supply, keighley electrometer
and test cell. The test cell contains a measuring electrode, the counter electrode and guard ring. The current as a
function of time was transferred to the personal computer. The effective geometric area of electrodes was 2.3

cm?.

Figure 1: Complex of Ru(Terpy)Cls

3. Results and discussion

3.1. UV-Visible Spectroscopy

In this work, the preliminary spectroscopy study justify the choice of the Ru(Terpy)Cl; complex such as a
compound for studying the conduction in PVA and PVC polymers. In fact, in figure 2 the absorption spectra of
the terpyridine molecule and the Ru(Terpy)Cl; complex in ethanol are compared at room temperature.
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Figure 2: Absorption spectra of the terpyridine (2) molecule and Ruthenium terpyridine complex (1) in ethanol.
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The absorption band of Terpyridine appears as well structured, triple-peaked transition respectively at 225
nm, 270 nm and 308 nm. This triple-peaked absorption band is assigned to (m—n*) transition. However, in the
Ru(Terpy)Cl; complex, a low intensity absorption band appears at 390nm on long wavelength tail of the
intense t—n* terpyridine absorption band. This transition is attributed to change transfer state from the metal
to terpyridine ligands. The change transfer phenomena is characterized by a new band while is often the longest
wavelength transition of the molecule containing nonbonding (n) electrons and is almost always lower in
energy than (m—n*) transition.

The change transfer can be explained by the mechanism in which some of the lone electron pair on nitrogen
is commit with o bonding of the metallic atom in chelating process. The apparition of d—d* transition is
possible because Ru has a d® configuration and in presence of azaaromatic ligands, a charge transfer can be do
from the metal to ligands or from the ligands to metal.

3.2. Electrical conduction
When ions are hopping by a thermally activated process, current density J is expressed as Eq. (1):

J=2nav exp(-U/KT)sinh(eEa/2KT), 1)

where e, n, a, v, U, k, and T are the charge of electron, carrier density, hopping distance, attempt to escape
frequency, activation energy, Boltzmann constant, and absolute temperature. This expression proposed first by
Mott and Gurney [25] can be modified as Eq. (2) at high electric fields [26]:

J=nav exp(—U/KT)exp(eEa/2KT), (2)

In Eqg. (2), exp(-U/KT) is independent of the electric field and can be treated as a constant with respect to
electric field. It is also an intercept in a log J vs E plot.

To examine whether or not the conduction process changes, the current density of doped PVA and PVC was
plotted as a function of the electric field at three different temperatures (figures 3a and 3b).
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Figure 3a: Current density as a function of electrical

! - : Figure 3b: Current density as a function of electrical
Fields at various temperatures in PVA-Ru(Terpy)Cl;

Fields at various temperatures in PVC-Ru(Terpy)Cls

These figures show that if electric fields is below 10° Vm™ for PVA-Ru(Terpy)Cl; and below 10° Vm™ for
PVC-Ru(Terpy)Cls, ohmic conduction is observed. However, at high fields in excess of 10° Vm™ and 10° Vm™
respectively for these doped films, non ohmic conduction is observed. The isochronal current density (j)
increases with the increase of electric field (E) at these temperatures. The suppression of the state of change of
current density in function of electric fields was found frequently in some polymers [3, 4]. The non linearity
observed in this figure implies that the conduction mechanism did change at high fields. From these observation
results it is considered that the dominant conduction mechanism at these temperatures is a Schottky effect [24,
27]. In this latter situation some factors can be have influenced the mechanism. In fact, it is known that the
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electrode material effect displayed an important role in change of the current. Further; the impurities such as the
reaction residuals and moisture (structure change, relaxation phenomenon) contributed in the perturbation of the
conduction in polymers.

Both Schottky and Poole—Frenkel mechanisms were also examined as follows. The Schottky mechanism is
an electrode-limited conduction process and can be expressed by the following equation [28]:

J=AT? exp(— o/kT) exp(BsEX?/KT), (3)
s = (€°1dmeen)™”, (4)

where J, ¢, fs, & and g, are the current density, barrier height between the electrode and sample, Schottky
coefficient, relative permittivity, and permittivity in vacuum. The Poole-Frenkel mechanism can be expressed
by the following equations [22]:

o=00 eXp(BeeE2IKT), (5)
Bre=(€%Imee0)"?, (6)

Where ¢ and fpr are the conductivity and Poole-Frenkel coefficient; the method to use these equations for the
examination of conduction mechanisms is as follows: First, one obtains the coefficients from the slope of log J
vs E¥?plots in the case of Schottky mechanism and log o vs E*? in the case of Poole-Frenkel mechanism. Then,
the dielectric constants of the sample are estimated from these coefficients. If these relative permetivities agree
with the literature values, it can be said that the sample follows the corresponding conduction mechanisms.
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Figure 4: The dependence conductivity of the temperature of PVA-Ru(Terpy)Clsand PVC- Ru(Terpy)Cls.

Figure 4 shows the conductivity of PVA-Ru(Terpy)Cls; and PVC-Ru(Terpy)Cl;z as a function of temperature.
From this figure, it can be observed that the conductivity increases as a function of decreasing of temperature
specially in the PVA, Ru(Terpy)Cl; compound. The linear relationship in this figure indicates activation type
behaviour of conductivity with the change of temperature. The activation energy E, equal to 0.350 eV, which
was evaluated by fitting the Arrhenius plot of conductivity, is markedly changed from 0.350 eV to 0.021eV at
around 285 K suggesting the change of conduction mechanism at this temperature.

The activation energy at high temperature range (T > 285 K) is due to an electronic transfer from the metallic
orbital to the ligands of terpyridine molecular orbital and an electronic transfer between the metallic orbital of
the Ruthenium. However, at the temperature below 285K, only the electronic transfer from the metallic orbital
to the terpyridine orbital is considered. While, in the PVC, Ru(Terpy)Cl; case, the activation behaviour of
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conductivity with the change of temperature but no change on the Arrhenius plot behaviour. The constant
activation energy (E,= 0.052 eV) suggest in this range of temperature any change of conduction mechanism.
Elsewhere, as is shown in this figure, we note a decreasing of the conductivity on going from PVA-
Ru(Terpy)Cl; to the PVC-Ru(Terpy)Cls. The decreasing conductivity is probably due to some phenomenon
such as intermolecular relaxation induced by application of electric field. This phenomenon favours a dipolar
reorientation of the C-Cl bound at level of PVC polymer, conducting to dielectric behaviour. This situation is
observed in some polymers [23, 29] containing C-Cl or C-Br bonds. Another factor such as the conduction by
charge transfer due to the hydrogen bounding between ligands of the molecule and OH of PVA fields can not be
neglected, the activation energy is markedly changed from 0.350 eV to 0.021 eV at around 285K; this
phenomenon is not observed in the PVC-Ru(Terpy)Cl; case. In fact, the conductivity in PVA This phenomenon
is not observed in the case of the doped PVC on account of a hydrogen bonding absence. This observation is
consistent with previous studies [30-32] where it has been observed that a conductivity enhancement is possible
with a number of solvents having two or more polar groups on each molecule. It’s likely that the PVA solvent
has two effects on the Ru(Terpy)Cls; the polarity and the hydrogen bonding.

Conclusion

We have reported in this work some results on the electrical conductivity in doped PVA and PVC by
(Ru(Terpy)Cls) complex. At various temperatures, an ohmic conduction is observed at low electric fields in the
two materials. However, the obtained results show that the temperature effect provokes a change of conductivity
mechanism in (PVA-Ru(Terpy)Cls) material. The change is marked by a change of activation energy. Which is
evaluated by fitting the Arrhenius plot from 0.350 eV to 0.021 eV at around 285K; this phenomenon is not
observed in the (PVC-Ru(Terpy)Cls) case.
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