
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 19 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713647664

Ion-selective Conduction in Poly(vinylchloride)/Poly(ethylene oxide)
Blended Membrane
Arwa Eida; Yahya Ramadina; Awwad Zihlifa

a Physics Department, The University of Jordan, Amman, Jordan

To cite this Article Eid, Arwa , Ramadin, Yahya and Zihlif, Awwad(2000) 'Ion-selective Conduction in
Poly(vinylchloride)/Poly(ethylene oxide) Blended Membrane', International Journal of Polymeric Materials, 47: 2, 387 —
397
To link to this Article: DOI: 10.1080/00914030008035074
URL: http://dx.doi.org/10.1080/00914030008035074

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914030008035074
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Invrn .  J .  Polymeric Mafer.,  2000, Vol. 47, pp. 387-397 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 2000 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in Malaysia. 

lo n - sel ect ive Con d u ct i on 
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(Received 20 May 1999) 

The dielectric properties and ion-selective conduction in polyvinylchloride/polyethylene 
oxide (PVC/PEO) blended membrane of different composition immersed in electrolyte 
have been studied under the influence of frequency and temperature. It was found that 
the dielectric constant of the prepared alloy increases with increasing the PEO concen- 
tration, the AC-conductivity increases with increasing the applied frequency, and the 
PEO content in the blended membrane. The thermal behavior was also investigated on a 
blend of 50wt.% PEO. It was observed that the temperature increases the dielectric 
constant at  lower frequencies and enhances the AC-conductivity. Furthermore, it was 
found that the activation energy and the ionic conduction increase with temperature. 
The present study suggests the suitability of PVC/PEO blended membrane to be used as 
ion-selective electrode. 

Keywords: Impedance; ion-selective; membrane; dielectric; conductivity; electrode 

1. INTRODUCTION 

The PEO polymer has a wide range of applications including the use 
as pharmaceutical excipients, food additives and placticizers [ 11. 
However, much progress has been made in studying the electrical 
conduction in polyethylene oxide (PEO) since the work of Wright [Z]. 
Previous studies have been centered on enhancement of its ionic 
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conductivity with aim of developing the material to have promising 
electrical applications [2 -41. 

The blending of PEO with other polymers have been adopted as a 
strategy for enhancing the mechanical stability of PEO [2]. Ion- 
selective liquid membrane are examples of how polymeric systems are 
adjusted to serve as electrodes whose function is based on transport 
selectivity in a conduction process. Polymeric membranes with ion se- 
lective transport are of importance for phase separations and for bio- 
logical applications [5 - 81. The electrochemical industry has achieved 
good progress in the development of ion-selective electrodes by using 
blended and unblended polymeric membranes or barriers [9 - 1 11. 

Impedance spectroscopy is a useful technique to characterize the 
electrical behavior of the ion-selective membrane electrodes [ 12, 131. 
Brand and Rechnitz [ 131 observed the time dependence of ion-selective 
liquid membrane electrodes. Abu Samrah and Zihlif [ 141 investigated 
the aging effect on the impedance behavior of PVC ion-selective elec- 
trodes. Ghannam and Zihlif [ 171 studied the thermal and aging behav- 
ior of mica-PVC membrane as ion-selective electrode. 

In the present study, the conduction process by ion-exchange in a 
liquid PVC/PEO membrane is investigated as a function of applied 
frequency and temperature. As far as we know, no studies have been 
performed to characterize the electrical behavior of PEO blended mem- 
brane as ion-selective electrode. We believe that this study is of great 
interest for some applications in the electrochemical industry using 
some blended polymeric membranes. 

2. EXPERIMENTAL 

Appropriate amounts of PVC and PEO resins were mixed and 
dissolved in Tetrahydrofuran (THF) by stirring at 30°C for 6-8 
hours. The solution was casted onto a stainless steel ring resting on a 
Teflon sheet. To ensure complete removal of the solvent, the thin films 
were kept in an oven and dried at atmospheric pressure at 50°C for 48 
hours. Five different membranes were prepared by varying PEO con- 
tent as: 0, 5 ,  40, 50, and 70wt.%. Disk-shaped specimens of average 
thickness 60pm were cemented to flat narrow end of a glass tube 
with PVC adhesive dissolved in THF. Silver wires serve as electrodes 
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ION-SELECTIVE PVC/PEO MEMBRANE 389 

were immersed in an electrolytic solution consisting of 0.005 M 
(mol/dm3) FeC13. 

Impedance measurements were carried out using HP 4192A im- 
pedance analyzer. The real and imaginary parts of the complex dielec- 
tric constant were calculated from: 

where, Co = ( E ~ A / ~ )  the capacitance of the electrodes, A the area of 
the electrode, e0 the permitivity of the free space, and d the thickness of 
the membrane. The impedance Z is given by (Z  = Z ,  - j Z i ) ,  where Z,, 
Z j  are the real and the imaginary parts of the impedance, respectively. 

The AC conductivity is calculated from the equation: 

3. RESULTS AND DISCUSSION 

Impedance measurements have been performed on blended mem- 
branes of different PEO concentration in a frequency range from 
about 10 Hz up to 400 kHz and temperature range 25OC-65"C. It was 
observed that the phase angle is always negative indicating that the 
material is capacetive and can be represented by parallel RC networks. 

Figure 1 represents the dependence of impedance on frequency at 
room temperature for blended membranes of different PEO content. 
At lower frequency ( < 200 Hz) the impedance has high values and is 
nearly independent of frequency; with increasing the frequency the 
impedance is decreased. The observed decrease in impedance values 
with increasing PEO wt.% is due to protonic migration transported 
through the ethereal oxygens of PEO. Thus, protonic migration in 
PEO and the ion exchange of C1- ion in PVC may lead to high elec- 
trical conduction in the blended membrane [lo, 14,19,23]. Figure 2 
shows the Cole-Cole plot for the real part (Z,)  and the imaginary 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
2
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



390 

7 E+O6 

6 E+OB 

$5 E+08 

h 

8 
\ y 4 E+OB 

a 3 E+OB 

1 E+Oe 

0 E+O( 

A. EID er al. 

PVC/PEO wt. % 

e 6W40 
x 50/50 

% ***-  

1 E+OO 1 E+01 1 E+02 1 E+03 1 E+04 1 E+05 I E+W 

FREQUNECY (Hz) 

FIGURE 1 
(Membrane is immersed in electrolyte FeC& in all cases). 

The variation of the impedance with the frequency at room temperature. 

part (Zi) of impedance for different PVC/PEO blended membranes. 
The Cole - Cole construction yields slightly inclined and distorted 
semicircles. The geometrical shape of the complex impedance plane 
plots indicates that the membrane cell is electrically equivalent to RC 
networks which reduces to a pure resistance at both high and low fre- 
quencies. Also it can be seen from the intercept of these circles with the 
real axis of the impedance values (Zr)  that bulk ohmic resistance is 
reduced as the PEO concentration is increased, which corresponds to 
increasing the electrical conductivity. It is observed that the behavior 
of the impedance plane diagram favors the bulk process and not the 
Warburg diffusion process. The bulk effect creates excess in moveable 
charged particles, which enhances the electrical transport through the 
bulk. It seems that the bulk effect is a dominant factor in increasing the 
electrical ion-exchange and thus electrical conduction is enhanced. 

The variation of the calculated dielectric constant ( E  ’) with frequen- 
cy for membranes of different PEO content is shown in Figure 3. It 
is can be seen that ( E ’ )  decreases with increasing the frequency, 
verifying the fact that for polar materials as PVC and PEO the initial 
value of ( E ’ )  is high, but as the frequency is increased, the dielectric 
constant is dropped [19,22]. As the PEO concentration increases, the 
low-frequency dielectric dispersion becomes stronger due to ions 
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FIGURE 3 The dependence of the dielectric constant on frequency 
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FIGURE 4 The variation of the dielectric loss as a function of the frequency. 

diffusion in the membrane bulk. This observed dispersion is a domi- 
nant mechanism caused by conductivity enhancement due to increas- 
ing the PEO content [19]. The dielectric loss ( E ” )  is plotted against the 
frequency in Figure 4. At low frequencies ( E ” )  has a high value and 
then it starts to decrease at higher frequencies. The low-frequency 
dispersion in E ‘’ is attributed charge carriers which lead to large losses 
at low frequencies. Also it can be seen that both ( E ’ )  and ( E ” )  increase 
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ION-SELECTIVE PVC/PEO MEMBRANE 393 

with increasing the PEO content due to enhancement of the ionic 
conductivity in the liquid membrane. Figure 5 shows the Cole-Cole 
plots for the 50wt.% PEO membrane at different temperatures. The 
plots are also distorted semicircles exhibiting different electrical con- 
duction processes with relaxation time spectrum. The relaxation time 
(7) was determined by approximating these Cole - Cole plots to semi- 
circles using the relation w,,,,,~ = 1, where w,,, is the angular fre- 
quency at maximum values of Zi observed on the constructed plots. 
The figure shows that the impedance real component (Z,.) decreases 
with increasing the temperature, i.e., the membrane becomes less 
resistive or more conductive. These semicircles can be attributed to the 
Warburg ionic diffusion takes place in the membrane bulk [16]. Figure 
6 shows that the calculated relaxation time (7) decreases with increas- 
ing temperature. This may be attributed to ionic mobility which in- 
creases as temperature increases [ 161. Figure 7 shows the temperature 
dependence of the dielectric constant ( E  ’), where it increases tempera- 
ture. This increase in ( E ’ )  value is more pronounced at lower fre- 
quencies, and may be due to the increase of the total polarization 
in polar dielectrics [20]. The variation of dielectric loss ( E ” )  with 
temperature at different frequencies is shown in Figure 8. The 
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FIGURE 5 The Cole-Cole plot at different temperatures. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
2
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



394 A. EID et al. 
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FIGURE 6 The relaxation time as a function of temperature. 
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FIGURE 7 The temperature dependence of the dielectric constant. 

85 

dielectric loss increases with increasing temperature, especially at 
lower frequencies. The observed increase in ( E " )  is due to the enhance- 
ment of the ionic conductivity with increasing temperture and (PEO) 
addition. 
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FIGURE 8 The dielectric loss as a function of temperature. 
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FIGURE 9 The AC-conductivity as a function of temperature for different 
frequencies. 

The variation of the calculated AC conductivity (oAc) with 
temperature is shown in Figure 9 at different frequencies. It was 
found that (gAC) increases with temperature due to the flow of 
electrons or charged ions, established between the electrodes and 
thus leading to higher conduction [19]. The proposed equation by 
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396 A. EID et al. 

TABLE I 50 wt.% PEO membrane 

Activation energy 
Frequency ( e V )  
( H z )  ( V W  
100 
1000 
10000 
25000 
50000 
100000 

0.29 
0.24 
0.23 
0.20 
0.13 
0.12 

Vogel-Tammann-Fulcher was used to calculate the activation energies 
shown in Table I. 

where, k is the Boltzman constant, A is proportional to the number of 
charge carriers, the To is the ideal transition temperature and Eu is the 
activation energy 1251. The decrease in the activation energy values 
reflects higher ionic conduction in the PVC/PEO blended membranes 
when they are tested as ion-selective liquid electrodes. The values ob- 
tained from Eq. ( 5 )  show a similar decrease in the activation energy. 

Finally, it seems that some factors can improve the electrical behav- 
ior of the blended membrane such as the structural modification and 
enhancement of the interaction between the ionic electrolyte-solution 
and the polymer bulk. 

4. CONCLUSION 

The electrical behavior of the PVC/PEO blended membranes im- 
mersed in electrolyte was investigated at different frequency, tempera- 
ture and (PEO) concentration. From the analysis of impedance results, 
one can conclude the following: 

1. Temperature, frequency and PEO content affect the dielectrical 

2. The AC conductivity increases with increasing temperature, fre- 
behavior of the blended membranes. 

quency and PEO content. 
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ION-SELECTIVE PVCiPEO MEMBRANE 397 

3.  Temperature enhances the ionic conduction takes place under the 
applied electric field of varying frequency. 

4. The ion-selective conduction exhibits electrical mechanism with 
relaxation time spectrum. 

5 .  The activation energy of the thermally process conduction process 
decreases with temperature. 
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