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The dielectric relaxation, optical, chemical and structural characterizations of synthesized complex composite
films based on polyethylene oxide (PEO) doped with low concentrations of iodine (I3) were investigated. XRD
results show that all PEO films have a semi-crystalline nature. Increasing I concentrations up to 1.0% into PEO
films decreases the crystallinity degree from 40.0% to 21.1%. In addition, the bandgap energy decreases from
4.42 to 3.68 eV, as I increases to 1.0%. The permittivity and conductivity relaxation processes are studied over
the temperatures from 288 K up to 318 K using Havriliak-Negami relationship to investigate the relaxation

times, dielectric strengths, and the electrical conductivities. The ionic concentrations dominate the relaxation
time due to the favorable I-3-polymer clustering. The findings investigate the impact of I and its ions on the
segmental dynamics of PEO chains and optical, optoelectronic, and dielectric properties of polymers complex-
ation with the non-metallic element in native form.

1. Introduction

Recently, the synthesis and characterization of solid polymer elec-
trolytes films (SPEs) have attracted great consideration from funda-
mental and industrial points of view. Particularly, for energy storage,
water treatment, sensors, and actuators owing to their attractive prop-
erties such as large bandgaps, significant absorption coefficients, and
high energy binding [1-3].

Polyethylene oxide (PEO) is considered to be a crucial polymer
electrolyte because of its several convenient chemical and physical
properties, such as low cost, good solubility for the metal ions, high
chemical stability, electrochemical and reduction processes, and low
absorption compared to other host polymers [4-7]. In addition, PEO has
a semi-crystalline nature at room temperature [7,8]. PEO is essential for
many practical applications such as fuel cells, lithium-ion batteries,
hybrid power supercapacitors [9-11]. Many studies were investigated

the effect of metal and semiconductors nanoparticles and complex ions
on the optical, electrical, dielectric properties of the PEO. M. Farea et al.
[12,13] stated that increasing cesium bromide and gold nanoparticles in
PEO films leads to decrease the bandgap energy and increase the elec-
trical conductivity. In addition, adding ion salts in PEO matrix leads to
enhance the electrical conductivity, as reported in literature [14,15].
Previous works have focused on improving the optical properties and
electrical conductivity of SPEs by doping with electron donor materials
or electron acceptor materials [16]. Iodine was chosen as the dopant ion
because of its significant influence on the dielectric and optical prop-
erties of SPEs. The incorporation of iodine into SPEs leads to the increase
of polymer oxidation and a change in charge-storing capacity, conse-
quently leading to an enhanced electrical conductivity [17,18]. Due to
its suitable ionic conductivity, dielectric properties and optical proper-
ties, polyethylene oxide doped with iodine is a successful complex
compound for many technical applications [19,20]. In addition, the
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Table 1
Preparation parameters of PEO/methanol, I,/methanol, PEO/I,/methanol
composites.
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Table 2
Preparation parameters of PEO/methanol, I,/methanol, PEO/I,/methanol
composites.

Weight percent PEO/methanol 1,/methanol Film thicknesses Weight percent PEO/methanol 1,/methanol Film thicknesses
[wt.%)] [mL] [g] [mL] [g] [nm] [wt.%)] [uL] [g] [uL] [g] [um]
0 20 0.2 0.00 0.0000 472.55 0 500 0.1 0 0.00000 12.5
0.01 20 0.2 0.02 0.0002 503.34 0.01 500 0.1 1 0.00001 11.6
0.03 20 0.2 0.06 0.0006 546.14 0.03 500 0.1 3 0.00003 12.4
0.06 20 0.2 0.12 0.0012 512.39 0.06 500 0.1 6 0.00006 10.8
0.1 20 0.2 0.20 0.0020 486.66 0.1 500 0.1 10 0.00010 11.9
1 20 0.2 2.00 0.0200 431.16 1 500 0.1 100 0.00100 10.3

iodine dopant ions can be substituted at different positions in the
polymers. For instance, exchanging into the polymer chains, reside at
the amorphous/crystalline boundaries and form charge transfer junc-
tions, or form ion aggregates between the polymer chains [21].

In our previous works [22,23], dielectric, optical, electrical, struc-
tural, morphological, and chemical properties of PEO complexed with
molecular iodine (Ip) with a concentration of I ranged from 1 to 7 wt%
were investigated. We concluded that complexed PEO with I with
concentrations between 0 and 7% decreases the bandgap energy from
4.42 to 3.28 eV in addition to increasing the electrical conductivity from
20 pS/cm to 120,000 pS/cm. This work aims to investigate the effect of
low doping levels of molecular iodine in PEO on the optical, dielectric,
and electrical properties of PEO/I; complex composite films. In addition,
the doping mechanism and the charge transfer mechanism were also
investigated using different spectroscopic techniques. The relationship
between the doping mechanism, structural properties with other phys-
ical properties were studied accordingly.

2. Experimental sections
2.1. Sample preparation

Polyethylene oxide (PEO) (-CH>CH,0-), with M, 300,000 g/mol,
iodine (I3) with My, 126.90 g/mol, and methanol (CH40) with M,, 32.04
g/mol were obtained from Sigma-Aldrich, while PTFE (polytetra-
fluoroethylene) substrate was sourced from RCT Reichelt Chem-
ietechnik GmbH. For optical characterizations, a polymeric stock
solution of PEO in methanol was synthesized by dissolving 1.0 g PEO in
100 mL of methanol at 45 °C. In addition, the stock solution of I in
methanol was prepared by dissolving 0.1 g of I in 100 mL of methanol.
Later, the complex composite solutions with concentrations of 0, 0.01,
0.03, 0.06, 0.1, and 1 wt% were prepared by mixing 20 mL PEO/
methanol polymer solution with the calculated amount of Is/methanol
stock solution (Table 1). PEO/Iy/methanol composite solutions were
repeatedly mixed using continuous magnetic string and ultrasonic water
bath. PEO/I, composite films were prepared using a dip-coating tech-
nique for 2 h. The films were dried for 24 h at ambient temperature and
pressure. The films thickness was determined using Q. Al Bataineh et al.
mathematical model, that proposed the fit function between the trans-
mission spectra as a function of the incident photon wavelength
(Table 1) [24,25].

. (07)'"1 cos [Z,
sy, <arc tan{W})

(wr)

solution of I, in methanol was prepared by dissolving 10 mg I, in 5 mL
methanol. Later, the complex composite solutions with concentrations
of 0, 0.01, 0.03, 0.06, 0.1, and 1 wt% were prepared by mixing 0.5 mL
PEO/methanol polymer solution with the calculated amount of Iy/
methanol stock solution (Table 2). PEO/Iy/methanol composite solu-
tions were repeatedly mixed using continuous magnetic string and ul-
trasonic water bath. PEO/Iy composite films were casting on PTFE
substrates using an adapted spin coater at low speed to avoid splattering
of the solution form the substrate. The films were dried for 24 h at
ambient temperature and pressure. Finally, the composite films were
smoothly peeled from the PTFE substrate. Brunswick Instrument was
used to measure the film thickness (Table 2).

2.2. Sample characterizations

Crystal and chemical properties of PEO/Iy composite films were
studied using X-ray diffraction (XRD, Rigaku Ultima IV), Fourier trans-
form infrared spectroscopy (FTIR Microscope HYPERION 3000 from
Bruker), HN MAS NMR (600.13 MHz, Bruker AVIII-600 spectrometer),
and UV-Vis spectrophotometer (U-3900H). UV-Vis spectrophotometer
(U-3900H) with a total internal reflectance sphere was used to measure
the transmittance (T%) and reflectance (R%) spectra in the (250 nm-700
nm) spectral range. Other related optical parameters, such as refractive
index (n) and extinction coefficient (k) are calculated byn = (1 +R /1 —

R)+1/(4R/(1 — R)®) — k2, k = a4/4x [26]. Bandgap energy and Urbach

energy are calculated using Q. Al Bataineh et al. model [24,25], Urbach
empirical rule [27], respectively,
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The dielectric loss ¢” of PEO/Iz complex composite films at different
temperatures ranging from 298 K to 318 K is measured using a broad-
band dielectric spectrometer (Alpha-A Novocontrol GmbH) in the 0.1
Hz-107 Hz region. Havriliak-Negami (HN) model was used to analyze
the ¢’-spectra. The ¢”-spectra is found to have a-relaxation peak (first
term in Equation (1)) in addition to the conductivity (third term in
Equation (1)), while the B-relaxation peak (second term in Equation (1))
is not present in our data [28]:

a=ay exp(hv/Ey)

' =Aeg +Ae

y1/2
{l +2(wr)"™ sin [Zey] + (mr)m’”')}

For dielectric characterizations, a polymeric stock solution of PEO in
methanol was synthesized by dissolving 0.5 g PEO in 5 mL of methanol
at 45 °C using continuous magnetic stirring for 5 h. In addition, the stock

sin y (arc tan{ T @r) sin [%] N c N
2nweg

7/2
{1 + 2(wr)'™" sin ] + (mf)z(p”)}

3

where Ae is the dielectric strength, 7 is the relaxation time, o is the
electrical conductivity, N is an exponent that characterizes the con-
duction process, and ¢ is the permittivity of vacuum. The exponents «
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Fig. 1. (a) XRD patterns of pure PEO and PEO/I, complex composite films, (b) Crystalline size and strain for PEO/I, complex composite films as a function of I,
concentrations.
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Fig. 2. (a) FTIR spectra, (b) H NMR spectra, (¢) UV-Vis absorbance spectra of PEO/I, complex composite films.
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and B are the HN fitting parameters describing the asymmetric and
broadening parameters of the relaxation peaks, respectively.

3. Results and discussion
3.1. Crystal structural characterization

The crystallinity of the complex composite films of pure PEO and
PEO/I, with different concentrations of I is studied by employing XRD
technique using CuKa ray with a wavelength of 0.1540598 nm. The
obtained XRD patterns are shown in Fig. la. The peaks of PEO are
observed at diffraction angles of 19.08° and 23.26°, representing PEO
crystallographic planes of 120 and 112, respectively [29,30]. PEO/I,
complex composite films show the same XRD spectrum with slight shifts
in the peaks position and an apparent reduction in intensities. The
decrease in intensity and the shift in peaks positions are attributed to the
increase in the amorphous nature of the films and the increase in the
strain induced in their structure. This can be attributed to that the
interaction between molecular iodine with PEO through charge transfer
mechanism leads to the structural disruption of PEO matrix, which re-
duces the intermolecular interactions in the crystal phase of PEO [31]. In
addition, the crystallinity degree (Xeryss = 100% X Acryst/ (Acryst +
Aamorpn)) Was calculated for all samples (Fig. 1a). The crystallinity de-
gree decreases continuously from 40.0% for pure PEO to 21.1% for
PEO/I; (1.0%)

The crystallite size (D) of the film microstructure of PEO/I; planes is
obtained using Scherer formula D = ki/f,, cos 0 [32], where kis 0.9, 1 is
X-ray wavelength and f,, is FWHM of PEO-I, peaks in radians. More-
over, the strain (¢) is calculated by & = f,, cos 8/4 [33]. Fig. 1b shows
the calculated average crystallite size (D) and average strain (¢). The
strain of PEO/I; films increases and the crystallite size decreases as the I
concentration is increased in the PEO matrix. These changes enhance the
amorphous nature in the complex composite films revealing a good
interaction between the I, and PEO polymer.

3.2. Chemical structure characterizations

Iodine ionization and complexation with PEO are studied using FTIR,
NMR, and UV-Vis absorption spectroscopies. The vibrational bands of
the PEO/I, complex composite films are investigated by FTIR spectros-
copy (Fig. 2a). The FTIR spectra show the typical vibrational bands of
PEO. The vibrational band observed at 2880 cm™* represents the C-H
bond stretching. The band at 1466 cm ™ is associated with the CH, bond
scissoring. The band at 1340 cm ™! characterizes the CH, bonds wagging.
The two bands observed at 1276 cm™! and 1235 cm ™! are assigned to
the CH, bonds twisting. The two bands located at 955 cm™! and 840
cm ™! label the CH, bonds rocking. At 527 cm ™!, a band is observed to be
related to the C-H bonds bending. Moreover, the triplet peak of the
C-O-C stretching band at a maximum of 1088 cm™! confirms the
semicrystalline phase of PEO [34]. It can be seen that apparent changes
in linewidth and peak position are observed with increasing I concen-
tration. This can be attributed to the electronegativity difference be-
tween iodine and PEO atoms [18]. Likewise, the change in intensity,
linewidth, and band position of the triplet peak of the C-O-C stretching
band confirms the change in the degree of crystallinity [34].

'H NMR spectra of pure PEO and PEO/I, complex composite films
with selected I, concentrations show two major peaks at 1.038 ppm and
3.224 ppm, representing the amorphous phase and crystal phase,
respectively (Fig. 2b) [35]. The amorphous phase peak has a symmetric
shape at room temperature, while the NMR peak of the crystalline is still
a broad asymmetric convoluted peak indicating that the crystalline
phase is still in the rigid glassy form. Introducing I into the PEO matrix
leads to a shift of the peak to the lower chemical shifts indicating that the
protons in PEO have a higher electron density. This means that I, is
acting as a Lewis acid, and PEO is acting as Lewis bases, hence, molec-
ular iodine reacts favorably with PEO molecules through a charge
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transfer mechanism, to form charge transfer complexes (CTCs) as
confirmed by electron spin resonance spectroscopy [23].

The absorbance spectra of PEQ/I, complex composite films with I,
concentrations of wt.% = 0, 0.01, 0.03, 0.06, 0.1 and 1 are shown in
Fig. 2c. The addition of I, causes a significant shift of the absorbance
band edge to a higher wavelength region and therefore a redshift in the
optical bandgap is obtained, which can be attributed to the oxidation
interactions between the PEO as a cation and the iodine anion, which
forms polarons in the band structure and consequently shifting the
absorbance band edge to a higher wavelengths [2].

The absorbance spectra of PEO/I; complex composite films exhibit
three transition bands with maxima at around 220, 277, and 349 nm,
respectively. These three transitions maybe related to polyenic domains
composed of PEO bonds [36]. According to molecular orbital theory
[37], there are three possible electronic transitions for PEO. The first
transition appears at 5.64 eV (220 nm) and can be attributed to 7—7z"
electronic transition originating from unsaturated bonds [38]. The sec-
ond appears at 4.48 eV (277 nm) and can be assigned to n—z" electronic
transition originating from carbonyl C-O bonds [39]. The third transi-
tion appears at 3.55 eV (349 nm) attributed to the n—¢" transition
originating from C-H bond. The intensity of the three absorbance bands
increases as the iodide concentration in the PEO matrix is increased.
Moreover, an absorption shoulder appears at 458 nm maybe attributed
to the absorption of charge transfer complex formation between PEO
and I, [40,41]. In PEO/I; complex composites, the absorption peaks at
295 and 366 nm are associated with the iodide (I") and triiodide (I3)
absorption, respectively [42]. The iodide (I7) and triiodide (I3) mole-
cules formation within the PEO matrix represents the interaction be-
tween the PEO and I. The negative charge of iodine molecules
transferred to the PEO matrix as given by Refs. [43,44],

L+2e oI +1° @

I'+L Iy )

3.3. Optical characterizations

The refractive index spectra (n) of PEO/I; complex composite films
are shown in Fig. 3a. In the low wavelength range (4 < 350 nm) for PEO
film and (4 < 450 nm) for PEO-I; films, n spectra show anomalous
dispersion indicating many photon-matter interactions such as, photon
absorption due to the 7 — 7" electronic transition, photon dispersion,
and the resonance effect resulting from the equality of the incident
photon frequency and the plasma frequency [45,46]. In the high
wavelength range, n spectra exhibit normal dispersion behavior. It
continuously decreases as the wavelength is increased. For PEO films, n
values vary from 1.66 to 2.00. Furthermore, it increases as the concen-
tration of I5 in the polymeric matrix is increased to wt.% = 1%. This
increase may be attributed to the condensation of iodine ions to poly-
iodide [47]. Fig. 3b shows the extinction coefficient spectra (k) of
PEO/I, complex composite films. Prior to the absorption edge, k de-
creases drastically for incident photons having wavelengths shorter than
those in the visible region. The PEO film transmits photons in the visible
region without a decay or attenuation because there are no free electrons
in the PEO matrix. Ejection of strongly bounded electrons in the PEO
matrix and transporting them into the conduction band requires high
incident photon energy (UV-light). Moreover, k values increase when I
content in PEO films is increased. This indicates that incorporation of I
into PEO films results in increasing the light energy loss since I mole-
cules contain free electrons that can absorb incident lower energy
photons and consequently transport them into higher energy [48,49].
The small peak in the k spectra of the PEO/I; films located 350 nm and
450 nm is due to the transition from X to B band of I [50].

Fig. 3c shows the variation of bandgap energy and Urbach energy of
PEO/I, complex composite films as a function of I concentration. The
bandgap of the PEO film is found to be 4.42 eV. Introducing 0.01 wt% of
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Fig. 3. (a) Refractive index spectra n, (b) Extinction coefficient spectra k of PEO/I, complex composite films for different I, concentrations. (¢) Band gap energies
(E;) and Urbach energies (Ey) of PEO/I, complex composite films as a function of I, concentrations.

I, into the PEO matrix reduces the bandgap sharply to 3.90 eV. A further
increasing of Iy concentration up to 1.0 wt% decreases the bandgap
energy to 3.68 eV. The interaction between PEO and I, is an oxidative
interaction indicating that the radical cation in the PEO is formed with
the iodine anion and consequently forms polarons between the valence
and conduction bands and decreases the energy bandgap [2]. The
Urbach energy of PEO film is 177.2 meV. It continuously increases as I,
concentration is increased incrementally into PEO matrix. This behavior
is a clear signature of increasing the disorder and the strain in the
investigated PEO/I5 films [51]. This finding is in good agreement with
the results obtained from the XRD investigations (section 3.1).

3.4. Dielectric relaxation

To clarify the HN fitting function, ¢’ spectra of pure PEO film at two
different temperatures (288 K and 318 K) are shown in Fig. 4. The figure
shows the regions of the a-relaxation peak (a-relaxation is associated
with the local segmental motions of amorphous parts in the polymer

a qp2 R B B -
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chain) and the electrical conductivity part [7]. The figure illustrates the
measured ¢” spectra of PEO (black circles), conductivity contribution
(green line), a-relaxation (blue line), and HN fitting function (red line) at
temperatures of 288 K and 318 K. The HN function is the only proper
function to describe the ¢” spectra in the wide frequency range [28].
Fig. 5(a-f) depicts the ¢” spectra of the PEO/I; complex composite
films (I, = 0, 0.01, 0.03, 0.06, 0.1 and 1.0 wt%) for different tempera-
tures fitted using HN model (Equation (1)). &’ variation clarifies the
energy required to tune the dipoles in the field directly with changing
frequency, temperature, and iodine doping concentration [52]. It is
worth discussing ¢’-relaxation at different temperatures and iodine
doping concentrations as a function of frequency. In the low-frequency
range, the polarization of the electrode predominates that leads to ion
accumulation at the interface between the electrode and the polymer
[53]. In the high-frequency range, the applied field originates an
opposite environment at the composite for dipole adjustment. This
behavior maybe attributed to the accumulation of dipoles because of the
absence of the required rotation/orientation period. Increasing
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Fig. 4. HN function components a-relaxations with addition to (c4./eow)") contributions signifying quantitatively the experimental dielectric loss (¢**) of PEO at (a)

288 K and (b) 318 K.
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Fig. 6. (a) The 73}, values for PEO/I, complex composite films versus 1000,/T (K™!) for a-relaxation process, and (b) the activation energies deduced from ;).

dielectric constant values increases the ionic conductivity [54-56]. The
loss distribution at high temperatures in the high-frequency range is
attributed to thermal vibrational activation in the composite films. Also,
the composite films do not have enough time to interact with the applied

electric field. Furthermore, ¢’ values of PEO/I, composite film results
from molecular dipole motion and space charge migration [57]. More-
over, the dielectric properties of the PEO/I; composite films are related
to the intermolecular force between the space charge polarization and
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polymer matrix at amorphous/crystalline interface [58]. At high tem-
perature, the intermolecular forces dissociates converting the polymer
from viscoelastic phase to rubbery phase, and consequently increases
the freedom of segmental motion. This decreases the amount of dissi-
pated energy dispersed [59]. At low temperatures, the dielectric con-
stant decreases due to the reduction of the freedom of the segmental
motion [60].

By fitting ¢” spectra as a function of frequency using HN model at
T 280 K, one can get the following parameters: dielectric strength (Ae),
relaxation time (7), electrical conductivity (o). In addition, other pa-
rameters like @, f, and N have been obtained for a-relaxation processes
above T, of PEO (~ 215 K). The ¢” values increase and shift toward high
frequency as the temperature increases. At constant T, the magnitude of
the dielectric loss increases as the frequency decreases [61-63].

3.3.1. Relaxation time (t)

Fig. 6a shows the variation of the inverse of dielectric relaxation time
(zun) deduced from HN fitted ¢” as a function of (1000/T (K*I)). The
inverse of 7yy can be fitted using Arrhenius function for all samples
indicating that the samples are thermally activated. Moreover, the
relaxation times increase as the temperature is increased. This can be
interpreted in terms of the incremental increase in the freedom of
segmental motion connected with the iodine ions, and consequently, an
enhancement in the ionic transport properties of the composite films.
Arrhenius-like behavior for 7! can be defined as ™! = 75! exp(—
E, /KgT), where E, is the activation energy [64]. Fig. 6b shows the
calculated activation energy E, as a function of I, concentrations. It can
be seen that the activation energy decreases as I, concentration is
increased.

3.3.2. Dielectric strength (Ae)

Fig. 7a illustrate the dielectric relaxation strength (Ag) of PEO/I,
complex composite films versus (1000/T (K’l)). It is clear that Ae in-
creases as the temperature is increased indicating that the PEO bulk-like
thin film is dominated by the amorphous phase. The temperature-
dependence of Ae follows Arrhenius-like behavior for all samples
(Fig. 7a). Arrhenius-like behavior for Ae can be defined as Ae =
Agg exp(— E4 /KgT), where Agy is the pre-exponential factor. The acti-
vation energy that are deduced from Ae show maximum value at 0.03%
of I, dopant concentration (Fig. 7b). This agrees with the activation
energy values deduced from the relaxation time. The Ae shows a
maximum at 0.1 wt% of I (Fig. 7c) for all temperatures indicating an
invariance in the dissociation and dynamicity mechanism.
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3.3.3. Electrical conductivity

Fig. 8a illustrate the electrical conductivity (¢) of PEO/I; complex
composite films versus (1000/T (K1) fitted to Arrhenius function.
Arrhenius-like behavior of ¢ can be defined as ¢ = 6o exp(— E, /KgT),
where o is the pre-exponential factor with the dimension of (ps/cm).
Activation energies deduced from ¢ decreases as I concentration are
increased (Fig. 8b), and consequently, the electrical conductivity is
increased. The activation energy values deduced from ¢ show a mini-
mum value at 0.03 wt% of I, (Fig. 8b). This means that the charge
carrier’s migration takes place because of the formation/breaking the
coordinating sites in polymer matrix.

Fig. 8c illustrate the electrical conductivity (¢) of PEO/I; complex
composite films versus Iy [wt.%] at selected temperatures (288, 298,
303, 308) K. Increasing I, concentration up to 0.1 wt% induces a rapid
increase in the o. It then decreases slightly as I concentration increases
up to 1 wt%, due to ionization of iodine. Accordingly, the iodide (I7) is
the dominant anion in PEO/I, composite films compared to triiodide
(I3) and polyiodide. In addition, at 1 wt% of I, I3 are formed in the
composite according to equation (3). Moreover, the electrical conduc-
tivity increases by increasing temperature results from the thermal
activation of coexisting operations in the composite films, such as
electron hopping, enhancing ions mobility, depolarization of the relax-
ation process [65].

4. Conclusions

In conclusion, the effect of low concentrations of I doping in PEO
films was investigated by employing different spectroscopic techniques.
The difference in the electronegativity between PEO atoms and iodine in
addition to charge transfer interaction leads to FTIR and NMR peaks’
position shifts and their intensities change due to the incorporation of I,
into the PEO matrix. In addition, the charge transfer interaction between
PEO and molecular iodine and its ions leads to structural disruption of
PEO matrix, which reduces the intermolecular interactions in the crystal
phase of PEO, and consequently decreases the crystallinity degree of the
composite. The UV-Vis absorption spectrum of PEO/I, composites
shows four absorbance bands at around 220 nm, 290 nm, 360 nm, and
440 nm indicating the absorption of charge transfer complex formation
between PEO and I, iodide, tri-iodides, and molecular iodine, respec-
tively. The optical band gap energy decreases from 4.42 eV to 3.678 eV
as I, content increases from 0 to 1 wt%. Moreover, the refractive index
increases as the concentration of I increases in the polymer matrix.
Furthermore, the relaxation time behavior at T < T; of PEO/I, com-
posite films may be attributed to a combined effect of the temperature-
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Fig. 7. (a) The Ae values of PEO/I, complex composite films versus 1000/T (K1) for a-relaxation process, (b) the activation energies deduced from Ag, and (c) The
Ae values of PEO/I, complex composite films at different temperatures versus I [wt.%].
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dependent dielectric relaxation time and to interfacial/electrode space-
charge polarizations. In addition, the ionic concentrations dominate the
relaxation time due to the favorable I->-polymer clustering. The con-
ductivity curves show a maximum for I, concentration of 0.1%. At 1% of
I, concentration, the conductivity decreases slightly. This can be inter-
preted in terms of increased amorphous phase due to the incorporation
of Iy in the polymer electrolytes. The decrease in the electrical conduc-
tivity between 0.1% and 1% I, concentrations can be attributed to the
ionic iodine clustering. Manipulation of chemical, optical, electrical,
structural and dielectric properties of PEO/I, complex composite films
by low doping and variation of temperature yields nanocomposites that
could be potential candidates for optical and optoelectronic
applications.
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