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Abstract: Problem statement: Intelligent systems that need to accurately represent human brain
requires analogue devices such as a neural switch that processes decision signals and can actually
remember the made decision. Polymeric material such as PEO10LiCF3SO3, which previously used in
high energy, long life storage batteries, is used here to implement the principle of storage with the
required analogue memory. Approach: A number of PEO10LiCF3SO3 devices tested in a controlled
environment and their impedance response to both frequency and temperature recorded, analyzed and
plotted for interpretation. Results: The tested devices showed ability for charge storage due to its
variable impedance response at a range of frequencies, while sustaining very high impedance at DC.
The device response found to be affected by intermediate temperatures, with symmetrical response at
both low, mid and high temperatures. Conclusion: The designed and tested device showed promising
characteristics in terms of memory storage as a neural switch. Its high impedance at DC and low
impedance at high frequencies with logarithmic response represented the desired features in a
reprogrammable analogue device.
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Polymer segmental motions and ionic conductivity are
closely related. Bulk PEO is actually a biphasic system
where an amorphous and a crystalline state coexist.
PEO is an interesting system because it is soluble
in both water and several organic solvents, due to the
presence of both hydrophobic and hydrophilic
segments.
Since this polymer is soluble in many different
solvents, it is widely used in both industrial and
biological applications. Industrial applications of PEO
include use as a support for organic synthesis reactions,
use as a conductive polymer matrix when mixed with
salt and use as a membrane material for the separation
of acid gases. In biology, PEO is used to crystallize
proteins and is considered biologically inert allowing it
to be used in medical applications. PEO is also used as
a drug delivery matrix and as a coating to avoid
immune responses to implants.
This study presents new mathematical analysis
expressions to a proposed PEO10LiCF3SO3 based
memory storage element with a new and modified
equivalent circuit model (Song et al., 2000; Bi and Poo,
2001; Latham et al., 2000).

INTRODUCTION
Polymer electrolytes, in particular polyethylene
oxide-alkali salt complexes and the extensively studied
polyethylene oxide-lithium trifluoromethane sulphonate
(PEO10LiCF3SO3), have been applied as materials for
high energy, long life, flexible re-chargeable batteries
with good mechanical and stable electrochemical
properties (Duan and Halley, 2005; Pradhan et al.,
2007; Shukla and Kumar, 2008; Krishnan and
Balasubramanian, 2004; Grujicic et al., 2005).
Moreover the remarkable achievement of producing
highly conducting polymers, such as Polypyrrole with
excellent chemical and thermal stability and its ability
to switch between two states, namely conducting
(oxidized) and insulating (reduced) has brought about
the idea of combining these polymers to produce an
ionic-electronic interacting mixed conductor. Such a
device should have the ability to store the injected
charge, affecting its conduction and switches states due
to device resistance change. Conception and industrial
production of viable high specific energy-power
batteries is an important issue for the development of
neural storage elements. In terms of stored energy and
safety, solid-state devices using polymer electrolytes
are highly desirable. One of the most studied systems is
Polyethylene Oxide (PEO) complexed by Li salts.

Background: Much of the interest in polymer
electrolytes arises from their potential application in
advanced charge storage technology. Particularly for
128

Am. J. Engg. & Applied Sci., 3 (1): 128-132, 2010
lithium anode storage, the dual requirements of high
ionic conductivity and mechanical stability have been
difficult to meet. One needs a polar polymer for lithium
solubility, of high molecular weight for mechanical
stability. Polyethylene oxide-PEO meets these criteria
but its ionic conductivity is temperature dependent.
The mechanism of ion conductivity in the PEO
lithium salt system at room temperature is not fully
understood. It has been established from that the
lithium ions move mainly through the amorphous
portions of the polymer, which are present at room
temperature only because entanglement prevents full
crystallization.
Temperature
and
frequency
dependence of the conductivity show that the lithium
conductivity does not arise from a simple process of
statistically independent lithium hops through a static
polymer matrix, but that the dynamics of the polymer
matrix are essential to the transport.
Ethylene oxide (CH2CH2O) is highly reactive with
particular importance as a chemical intermediate due to
the tendency of the ring to open in the presence of ionic
catalyst. Co-dissolving an alkali metal salt with PEO
[HO(CH2CH2O)nH] and removal of the solvent will
result in a mixed phase system which retains, in part, a
complex of the polymer and the salt. It is shown that the
paired ether oxygen electrons, which give the polymer
strong hydrogen-bonding affinity, can also be involved
in association reactions with a variety of monomeric
and polymeric electron acceptors. These polymeralkali salts are recognized as fast ionic conductors
with wide charge storage, which facilitate using them
as solid electrolytes in batteries, chemical sensors and
other applications (Ho et al., 2005; Judeinstein et al.,
2005; Yu et al., 2005; Tao and Cummings, 2007;
Blazejczyk et al., 2004). For pure PEO the crystalline
phase occupies approximately 80% of the available
volume, with the remainder being taken up by a
dispersed amorphous phase. On addition of LiCF3SO3,
Li+ ions form cross-links between ethylene oxide
segments of neighbouring chains as the cation (Li+)
forms ionic bonds with the negatively polarised oxygen
atoms forming a closed helical structure with the (Li+)
ions inside. The CF3SO3-anion forms another ionic
bond with the methylene group outside the helical
structure when the ring structured monomers. It is
suggested (Hehmeyer et al., 2007; Curtright et al.,
2004; Moore and Schneider, 2001; Turcu et al., 2006;
Anne-Valerie Ruzette et al., 2001; Mui et al., 2002)
that ionic conduction in PEOxLiCF3SO3 occurs by the
cation (Li+) hopping between sites in either the single
or double helix structures. Other studies showed the
ionic conductivity occurs mainly in the amphorous
phase rather than in the crystalline phase. Furthermore

experiments with dopant ions that form immobile ion
pairs indicated that transport is not down a helical
path. A variety of experiments showed that ion
transport in the majority of the polymer-salt
complexes occurs through segmental motion of the
polymer.
MATERIALS AND METHODS
Experimental arrangements: Polymer films were
prepared using polyethylene oxide with average
molecular weight of 5×106 Daltons (Da). and density of
1.21 at 65°C and lithium Trifluoromethane Sulfonate
97% pure. The required amounts of lithium salt and
Polyethylene Oxide (PEO), to give an O: Li ratio of
10:1, were dissolved in Acetonitrile 99% pure under
nitrogen atmosphere. The solution was then stirred at
room temperature for 48 h after which the solution was
filtered to remove any un-dissolved materials and
stored in 14, 2 mL plastic containers and kept well
isolated from the atmosphere.
The polymeric films were deposited using a drop
coating technique and then dried by heating for 30 min
in an oven at 50°C. The produced devices were placed
in a transistor housing which guarantees the ability to
use them on electronic boards.
RESULTS
Device
characterization: Complex impedance
characterization is carried out to determine the device
response. Figure 1 illustrates the complex impedance as a
function of frequency.
Both real and imaginary parts of the complex
impedance behave in a symmetrical but opposite
manner where at any value within a range of
frequencies the product of the real and imaginary parts
is negative.

Fig. 1: Device frequency response
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Fig. 2: PEOnLiCF3SO3 equivalent circuit model with
blocking electrodes

Fig. 4: Relationship between real and
impedances of PEO10LiCF3SO3

Fig. 3: PEOnLiCF3SO3 equivalent circuit model with
reversible electrodes

imaginary

Fig. 5: Suggested model for PEO10LiCF3SO3 tested
devices

Equivalent circuit model: In practice ion-reversible
electrodes for both cations and anions in
PEOnLiCF3SO3 are not possible to make, hence, a
sandwiched film of this solid polymer electrolyte will
form between the electrodes. With a DC bias, a
depletion layer of accumulated charges will form at the
electrode-electrolyte interface inducing capacitive
effect. As the charge builds up at the interface, new
capacitance is formed by a double layer (Cdl). Upon
applying an AC signal, a displacement of the applied
potential and measured current is observed, which is
caused by the bulk electrolyte Capacitance (Cb) in
parallel with the bulk Resistance (Rb) used to determine
ionic conductivity. Such blocking electrodes equivalent
circuit model is shown in Fig. 2.
If the polymer film is placed between partially
reversible electrodes that can react with either cation or
anion, then additional elements should be added to the
previous model to provide an ionically reversible
system as shown in Fig. 3. The additional elements are
double layer Resistance (Rdl) and diffusion impedance
(Zd) which is a function of ions mobilities as they pass
through the formed double layer at the PEOnLiCF3SO3Ag interface.

of a resistor and capacitor with an effect of diffusion
impedance (Zd). No evidence of a double layer
capacitance effect is realized as the plot representing
the real versus the imaginary parts does not show a spur
at low frequencies. Hence, the suggested equivalent
circuit model based on this is shown in Fig. 5.
The real and imaginary parts of the complex
impedance function can be obtained as follows:
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Multiplying by conjugate to obtain real and
imaginary parts:
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Then:

DISCUSSION
As shown in Fig. 4, the real part is positive and
decreasing with frequency while the imaginary part is
negative and increasing with frequency, then a model
which readily presents itself is a parallel combination
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Equation 9 and 10 represent a modified High-Pass
filter expression. This is supported by Fig. 1.
Figure 6 shows the effect of temperature on the
conductance of a non-pre-heated device as an implicit
function of frequency.
CONCLUSION
There is an obvious dependency of both the real and
imaginary parts on frequency and temperature. Further,
the presence of inflection points on the curves while
changing their concavity as the temperature increases
suggests a phase transition process to have occurred. A
clear increase in conductance level as a function of signal
frequency is also observed with phase changes due to the
two-phase system present in the polymeric material. The
high impedance shown at DC level indicates the ability
to use such polymeric material for charge storage and
switching applications.

Fig. 6: Effect of Temperature on the conductance of
PEO10LiCF3SO3
However, when frequency response curves analyzed
for these non-heat treated samples, it is found to have the
mathematical expressions in Eq. 5 and 6 below:

  ωc 
Zd
Re(Z) = 
log
 1 + ω2C 2 R 2   ω 
b 
b

 ωC b R b Zd   ωc 
Im(Z) = − 
log  
2 2
2 
 1 + ω C bR b   ω 

(5)

REFERENCES
(6)

Anne-Valerie Ruzette, G., P. Philip Soo, R. Donald
Sadoway and M. Anne Mayesz, 2001. Meltformable block copolymer electrolytes for lithium
rechargeable batteries. J. Electrochem.
Soc.,
148: A537-A543.
http://cat.inist.fr/?aModele=afficheN&cpsidt=1049
255
Bi, G. and M. Poo, 2001. Synaptic modification by
correlated activity: Hebb’s postulate revisited.
Annu.
Rev.
Neurosci.,
24:
139-166.
http://www.citeulike.org/user/mura/article/785613

where, ωc denotes the crossing frequency of the zero
frequency axis which marks the starting point of
impedance polarity reversal. When this occurs, it is
found that after this crossing point both real and
imaginary curves will intersect at a frequency given by
Eq. 7:
3 
ωi =  ωc 
2 

(7)

Blazejczyk, A., W. Wieczorek, R. Kovarsky, D. Golodnitsky

and E. Peled et al., 2004. Novel solid polymer
electrolytes with single lithium-ion transport. J.
Electrochem. Soc., 151: A1762-A1766. DOI:
10.1149/1.1793714
Curtright, A.E., P.J. Bouwman, R.C. Wartena and
K.E. Swider-Lyons, 2004. Power sources for
nanotechnology. Int. J. Nanotechnol., 1: 226-239.
DOI: 10.1504/IJNT.2004.003726
Duan, Y. and J.W. Halley, 2005. Mechanisms of
lithium transport in amorphous polyethylene oxide.
J.
Chem.
Phys.,
122:
054702.
DOI:
10.1063/1.1839555
Grujicic, M., K.M. Chittajallu, G. Cao and W.N. Roy,
2005. An atomic level analysis of conductivity and
strength in poly (ethylene oxide) sulfonic acidbased solid polymer electrolytes. Mater. Sci. Eng.
B-Solid State Mater. Adv. Tech., 117: 187-197.
http://cat.inist.fr/?aModele=afficheN&cpsidt=1655
6428

From Eq. 3-6, it is realized that the overall diffusion
impedance has a logarithmic effect on the total
impedance of the equivalent circuit. In other words
frequency response of the device obeys a power law
function. Hence the overall diffusion impedance is given
by:
ω 
Zdiffusion = Zd log  c 
ω

(8)

Now rewriting Eq. 5 and 6 in terms of (8) gives:
 Zdiffusion 
Re(Z) = 
 1 + ω2C2 R 2 
b 
b

 ωCb R b Zdiffusion 
Im(Z) = − 

2 2
2
 1 + ω C bR b 

(9)

(10)
131

Am. J. Engg. & Applied Sci., 3 (1): 128-132, 2010
Hehmeyer, O.J., G. Arya and A.Z. Panagiotopoulos,
2007. Monte carlo simulation and molecular theory
of tethered polyelectrolytes. J. Chem. Phys.,
126: 1-11. DOI: 10.1063/1.2747600
Ho, D.L., B. Hammouda, S.R. Kline and W.R. Chen,
2005. Unusual phase behavior in mixtures of
poly(ethyleneoxide) and ethyl alcohol. J. Polymer
Sci. Part B. Polymer Phys., 15: 557-564. DOI:
10.1002/polb.20726
Judeinstein, P., D. Reichert, E.R. deAzevedo and
T.J. Bonagambace, 2005. NMR multi-scale
description of ionic conductivity mechanisms
inside polymer electrolytes. Acta Chim Sloven.,
52:
349-360.
http://acta.chemsoc.si/52/52-4349.pdf
Krishnan, M. and S. Balasubramanian, 2004. Orderdisorder transitions and melting in a helical
polymer crystal: Molecular dynamics calculations
of model poly (ethylene oxide). Chem. Phys. Lett.,
385: 351-356.
http://cat.inist.fr/?aModele=afficheN&cpsidt=1550
0487
Latham, P.E., B.J. Richmond, S. Nirenberg and
P.G. Nelson, 2000. Intrinsic dynamics in neuronal
networks II: Experiment. J. Neurophysiol., 83: 828-835.
http://jn.physiology.org/cgi/content/abstract/83/2/8
28
Moore, S.W. and P. Schneider, 2001. A review of cell
equalization methods for lithium ion and lithium
polymer
battery
systems.
http://www.americansolarchallenge.org/tech/resour
ces/SAE_2001-01-0959.pdf
Mui, S.C., P.E. Trapa, B. Huang, P.P. Soo and
M.I. Lozow et al., 2002. Block copolymer template
nanocomposite electrodes for rechargeable lithium
batteries. J. Electrochem. Soc., 149: A1610-A1615.
DOI: 10.1149/1.1518482

Pradhan, D.K., R.N.P. Choudhary, B.K. Samantaray,
N.K. Karan and R.S. Katiyar, 2007. Effect of
plasticizer on structural and electrical properties of
polymer nanocompsoite electrolytes. Int. J.
Electrochem.
Sci.,
2:
861-871.
http://electrochemsci.org/list07.htm#issue11
Shukla, A.K. and T.P, Kumar, 2008. Materials for nextgeneration lithium batter. Curr. Sci., 94: 314-331.

http://www.ias.ac.in/currsci/feb102008/314.pdf
Song, S., K.D. Miller and L.F. Abbott, 2000.
Competitive Hebbian learning through spiketiming
dependent synaptic plasticity. Nature Neurosci.,
3: 919-926.
Tao, Z. and P.T. Cummings, 2007. Molecular dynamics
simulation of inorganic ions in PEOaqueous
solution. Mol. Simulat., 33: 1255-1260. DOI:
10.1080/08927020701697691
Turcu, R., D. Bica, L. Vekas, N. Aldea, D. Macovei and
A. Nan et al., 2006. Synthesis and characterization
of nanostructured polypyrrole-magnetic particles
hybrid material. Roman. Rep. Phys., 58: 359-367.
http://alpha1.infim.ro/rrp/2006_58_3/art15Turcu.p
df
Yu, H., V. Gunsteren and F. Wilfred, 2005. Accounting
for polarization in molecular simulation. Comput.
Phys.
Commun.,
172:
69-85.
DOI:
10.1016/j.cpc.2005.01.022

132

