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Abstract

Polyvinyl alcohol/chitosan (PVA/Cs) blend filled with the metal-salt manganese bromide (MnBr,) was prepared using the
solution-casting method. The effect of incorporating MnBr, on the electrical properties of the blend was investigated, with
special reference to the effect of dehydration on the dielectric properties. Samples were characterized using XRD, SEM, TGA,
and optical studies. Complexation between polymer blend and MnBr, is confirmed using XRD and optical analysis. A strong
absorption band at 5.9 eV (210 nm) and a shoulder-like peak at 4.1 eV (305 nm) were found and explained. In addition, a blue
shift is observed for the 305 nm band by the addition of MnBr, to the blend which confirmed the complexation between
MnBr, and the PVA/Cs blend as predicted earlier by XRD data. In addition, MnBr,dopedcomposites show higher thermal
stability than the pure blend. Complex dielectric constant values are higher than similar (PVVA/Cs) blend-metal salt composites
reported in the literature.
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1. Introduction

Recently, the accumulation of synthetic plastic wastes in the environment reached a global scale of pollution
that affects both wildlife as well as human populations [1]. Considering the prohibitive cost of removing the
plastic pollutants from our planet, one of the feasible solutions in this regard is to use biodegradable plastics
instead [2].

Among polymers, polyvinyl alcohol (PVA) is a hydrophilic, safe, synthetic polymer of excellent properties. It
is characterized by high dielectric strength, acceptable charge storage ability, and is highly elastic [3]. In addition,
PVA has excellent adhesive properties and film-forming ability by casting with high chemical resistance against
organic solvents [4].

Although PVA is a biodegradable polymer, it is biologically inactive. Indeed, the antibacterial activity of
PVA could be induced by the addition of the natural polysaccharide chitosan polymer [5]. On the other hand,
blending with chitosan lowers the optical transparency of PVA while increasing its tensile strength and
decreasing its elongation at break [6].

However, PVA/Cs is a very common biodegradable blend that is used in a variety of applications. Despite
being widely used in controlled drug release [7] many researchers studied the use of this blend in other
applications such as fibroblast adhesion in biomedical applications [8], selective sorption of environmental
contaminants from aqueous solutions [9], and polymeric packaging films for specific purposes [6].
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Adding fillers to polymers does not only improve and stabilizes their performance but also enlarges their field
of applications [10]. Few trials to improve the conductivity of PVA/Cs blend by addingdifferent ionic salts were
studied by few researchers [11, 12].

Earlier studies emphasized that incorporating metallic salts into organic polar polymers may alter their
physical properties [13-15]. Although lithium salts are used mainly in storage battery applications, bivalent metal
salts are more advantageous for non-battery devices since they are less reactive than monovalent metal salts [16].

To the best of our knowledge,manganese (I1) bromide tetrahydrate salt (MnBr,.4H,0), which is an ionic
crystalline salt, has never been studied as a dopant in polymers.

In the present work, MnBr,.4H,0 is added to PVA/Cs blend as a filler prepared using casting method. XRD,
SEM and TGA techniques were used to characterize the samples. Both DC and AC electric properties of the
composites will be investigated.

2. Experimental
2.1. Film preparation

Transparent polymeric films were prepared using thesolution casting method. All chemicals were used as
received without any further treatments.

Two grams of chitosan (Sigma Aldrich, shrimp source chitosan, deacetylation degree =275%) was dispersed in
100 ml of double-distilled (DD) waterand stirred for 30 minutes. 1 ml of acetic acid (Merk, glacial 100%, pro
analysis) was added to the aqueous solution of chitosan and stirred vigorously for 24 h at ambient temperature to
form chitosan acetate. 2 g of PVA powder (Fluka, average molecular weight 72000, 98% hydrolysis) were
dissolved in 50 ml of DD water and stirred for 45 minutes at 90 °C. The solution was allowed to cool down to
ambient temperature for an additional 1 h with mild stirring.

The PVA solution was added dropwise to the Cs solution, with continuous stirring, in a ratio of (50/50wt)
PVA/Cs and stirred for an additional 3 h at ambient temperature. The procedure is shown schematically in Fig. 1.
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Fig. 1. Schematic preparation of (50-50 wt %) PVA/Cs blend

For the preparation of composite films, 1 g of MnBr, (Sigma Aldrich, Manganese Il Bromide tetrahydrate,
98%) was dissolved in 15 ml of DD water at ambient temperature. The MnBr, solution was added in different
weight proportions (1 %, 3 %, and 5 %) to the blend solution and stirred for 1 h. Solutions were pouredinto Pyrex
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Petri dishes and allowed to dry in an electrical oven 40 °C for 48 h. Films were peeled off the Petri dishes and
stored inside a glass desiccator.

2.2 Characterization

The x-ray diffractometer (Empyrean, Malvern Panalytical Company) was used to record the X-ray diffraction
patterns of the prepared films. Measurements were conducted at ambient temperature with copper-target Kq
radiation (A = 0.154 nm). Samples were scanned from 5° to 90° (28) at a rate of 1°/min (step-size of 0.013°).

Field Emission Scanning electron microscope (FE - SEM; Quanta 250 Field Emission Gun, Netherlands) was
used to analyze the morphology of all samples. Prepared films were freeze-dried and fractured under liquid
nitrogen for cross-section observation. A sputter coater (K550X, EMITECH, England) was used to pre-coat
conductive gold onto the fracture surfaces before scanning.

Thermogravimetric analyses (TGA) were carried out from ambient temperature to 600 °C (rate = 10 °C/min)
using a Shimadzu TG-50H thermal analyzer.

2.3 Measurements
Optical investigation was done using a (UV-3600 Plus, Shimadzu) spectrophotometer in the wavelength range
of 200-2500 nm (step size=5 nm).

For electrical measurements, samples were cut in the form of discs with a thickness of 0.2 mm and a diameter
of 1 cm. In addition, samples were coated with a conductive silver paste to ensure the contact electrode will have
an Ohmic contact with the specimens.

DC measurements of electrical conductivity were recorded using a digital electrometer (KEITHLEY 6517A
AUTORANGING ELECTROMETER, USA). A temperatureramp was carried out at a rate of 1 °C/min in the
range (30 °C — 140 °C).

AC dielectric measurements were analyzed using a computer-controlled LCR bridge (HIOKI, 3532-50 LCR
HIi-TESTER, JAPAN) in the frequency range 50 Hz — 5 MHz. To study the effect of dehydration on dielectric
properties, samples were heated up to 140 °C at a rate of 1 °C/min and then left to cool down under vacuum to
ambient temperature before starting the measurements.

3. Results and Discussion
3.1 X-Ray Diffraction (XRD)
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Fig. 2. XRD pattern of pure PVA/Cs blend and its (1 %, 3 %, and 5 %) MnBr, loaded composites. Inset figure
represents XRD pattern of pure MnBr».

Figure 2 represents the XRD spectrum of PVA/Cs blend and its MnBr, (0, 1, 3, and 5 wt%) loaded
composites, while the inset of Fig. 2 shows the XRD pattern of pure manganese bromide tetrahydrate
MnBr,.4H,0. CHECKCELL program was used to index and analyze the diffraction peaks of MnBr,[17]. The
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analysis revealed a monoclinic structure (P2,/n) with lattice parameters, a = 11.668 A, b =9.824 A, ¢ = 6.316 A,
and the volume of the unit cell 714.2 A® in agreement with the literature [18].

Obviously, only one broad diffraction peak for pure PVA/Cs blend, appeared in the Xx-rays chart that
originates from PVA as reported in the literature [19]. The crystalline peak is centered at 19.6° and superimposed
on a broad hump (14° — 30°) that reflects the amorphous content of the blend.The elimination of the hydrated
structure of chitosan could be due to the interactions between PVA and chitosan via hydrogen bonding [20].

For all composite films the diffraction peaks corresponding to MnBr, were absent. Moreover, the intensity of
the peak at 19.6° decreases as the concentration of MnBr, increases.

Hodge et al. [21]suggested that the polymeric blend transfers from a semicrystalline structure to an
amorphous structure as the metal salt disrupts the polycrystalline structure of the blend. This ensures the
dissolution of manganese bromide in the amorphous regions, and complexation between MnBr, and the polymer
blend occurs[22]. Such behavior is close to that observed in similar materials [23, 24].

3.2 SEM Characterization

Cross-sectional SEM micrographs of PVA/Cs composites loaded with different concentrations of MnBr, are
illustrated in Fig. 3 (a—d). A homogenous dense micrograph is observed for the pure PVA/Cs blend which
confirms the miscibility of PVA and chitosan. This is probably because chitosan tends to be embedded adherently
in the pores of PVA [25].

Fig. 3. SEM images of magnification 6000x for (a) pure PVA/Cs blend (b) 1% (c) 3% and (d) 5% of MnBr,
incorporated with PVA/Cs.

Moreover, it is obvious that there is no evidence of agglomeration of the MnBr,in the micrographs of composite
films indicating that the filler particles are homogeneously distributed in the host matrix.
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é.3 Thermal Analysis (TGA)

TGA thermograms of all samples in the temperature range (30 — 600 °C) are shown in Fig. 4. Few
decomposition regions can be seen in the TGA curve of the unloaded PVA/Cs blend. The first process below 200
°C owes to the vaporization of moisture and adsorbed water [26]. The weight loss in this process increases by
increasing the MnBr, content due to the dehydration of MnBr,.4H,0 salt.
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Fig. 4. Thermograms of pure PVA/Cs blend and its (1%, 3%, and 5%) MnBr, loaded composites.

In addition, the primary thermal decomposition process lies between 200 — 450 °C and is followed by char
formation at 480 °C. In fact, the major decomposition process shows a fairly pronounced knee at 400 °C which
belongs to the PVA content in the blend [27-28]. This originates from the fact that thermal degradation of PVA
takes place in two separate processes including aldehydes and formation of ketones at 250 — 350 °C, and the
production of alkenes, alkanes, and unsaturated or aromatic hydrocarbons at 400 — 450 °C [28]. Meanwhile, the
decomposition of Chitosan's’ acetylated and deacetylated units and dehydration of saccharide rings were reported
in a single process at 250 — 350 °C [19].

For the decomposition process at 250 — 350 °C, a decrease in the weight loss is observed with the increase in
MnBr, concentration. This can be attributed to the increase in chain mobility in the amorphous regions induced
by the addition of MnBr,. Furthermore, the residual weight (char) of MnBr, loaded samples is higher than the
pure PVA/Cs blend and increases with the increase in MnBr, content.

The temperature at which each sample has lost 50% of its original weight (Tsqs) is higher for all composites
than a pure blend which reflects higher thermal stability of composites. Table 1 summarizes the residual weight at
600 °C, (Tso%), and weight losses for each process.

The thermal decomposition’ activation energy may be estimated using Broido equation [29]:

1y E,
ln[tnl,—]] = - Z_:¢ (1)
o 7

where R (8.314 J/mol.K) is the universal gas constant, T is the temperature in kelvins, E, is the activation energy,
and yis the fraction of the residual material given by

y= % (2)

where w;, w; and w, are the initial weight of the sample, final weight, and residual weight at temperature T,
respectively.

The activation energies for all samples could be determined from the slope of (In[In (1/y)]) versus (1/T) plots
(not presented here) using the expression (E, = - R x slope). All data were carefully fitted to equation (1) with R

Egypt. J. Phys. Vol. 51 (2023)



6 Emad Mousa and Galal H. Ramzy

> 0.987. .Small changes in E, values of composites with respect to the blend excludeany bond weakening effects
in the blend after complexation with MnBr,. Extracted E, values are listed in Table 1.

TABLE 1. TGA parameters

. Decomposition steps
MnBr, content Ts00 Residue at 600
(Wi%) C) °C (Wt%) Temperature Losses (Wt%%) Ea
range (kJ/mol)
80°C-148°C 10 42.8
0% 319 22.2 240°C -351°C 43 41.6
394 °C - 469 °C 10 36.5
90 °C - 160 °C 10 41.6
1% 328 25.7 236°C-343°C 36 44.9
390°C-478°C 13 43.2
92°C-163°C 11 52.4
3% 337 30.4 222°C-330°C 32 41.2
370°C-479°C 15 42.3
88°C-164°C 12 50.7
5% 326 32.6 218°C-327°C 35 56.5
394 °C -485°C 11 38.2

3.4 Optical properties

In the current section, the behavior of the transmittance T and the reflectance R of investigated samples in
UV-Vis region (200 — 700 nm) will be discussed.

3.4.1 Reflection and transmission spectra

The transmission spectra for all specimens are presented in Fig. 5, whereas the reflection spectra are presented
in Fig. 6. Obviously, the transmission decreases as the content of MnBr,increases, in the UV region up to 450
nm. Such behaviour reveals the higher absorption of MnBr, loaded samples resulting from electronic transitions.
But, at higher wavelengths (Vis -region) the transmittance of pure blend was the lowest. Meanwhile, the
reflectance decreases upon loading MnBr, in the PVA/Cs matrix over the whole scanned wavelength range.
The transparency of a sample is derived from the relation [30]:

Transparency = — log (T% ) a0 3]

rf|._|.

where (T%)q00 iS the percent transmittance at 600 nm, and t is the film’s thickness.

The transparency of all samples was plotted against the MnBr, concentration in the inset of Fig. 5. Slight
variations in the transparency of the samples were observed. However, semicrystalline regions in the pure
PVA/Cs matrix act as dispersive phases that lead to hazy film [31]. The induced amorphousity caused by the
initial addition of MnBr, (1 % wt) led to a relative increase in transparency. Further addition of MnBr, (3 % and
5 %) enhances the light absorption by the dopant itself and causes a relative decrease in transparency.
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Fig. 5. Transmission spectra of pure PVA/Cs blend and its (1%, 3%, and 5%) MnBr, loaded composites. Inset figure

represents transparency as a function of MnBr, content.
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Fig. 6. Reflection spectra of pure PVA/Cs blend and its (1%, 3%, and 5%) MnBr, loaded composites.

3.4.2 Absorption studies
Optical absorption in the (UV — Vis) regions is anessential method to study the electronic properties of

polymers [32].Knowing the reflectance R and transmittance T at a certain wavelength A, the absorbance A at this
wavelength can be determined using the relation [33]:

. (1 —RY+ (1 -—R¥*+ 4RTH .
A= l:"LlII. T | 4)

Obviously, in Fig. 7, the absorption spectra (A versus 1) showncan be divided into three main regions namely,
high absorption region (4300 nm), absorption region (300 nm = 4 = 500 nm), and transparent region (1= 500

nm).
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Fig. 7. Absorption spectra of pure PVA/Cs blend and its (1%, 3%, and 5%) MnBr, loaded composites.

The absorption spectrum of pure PVA/Cs blend shows two absorption bands in the UV region. A strong
absorption band at 5.9 eV (210 nm) belongs to the unsaturated ethylene group as well as the carbonyl group
present in PVA [34], and a shoulder-like peak at 4.1 eV (305 nm) is attributed to the chromophoric groups
present in chitosan namely, N-acetylglucosamine and glucosamine [26, 35]. In addition, a blue shift is observed
for the 305 nm band by the addition of MnBr, to the blend which confirms the complexation between MnBr, and
the PVA/Cs blend as predicted earlier by XRD data.
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Fig. 8. Energy dependence of the absorption coefficient for PVA/CS samples of different MnBr, content.

The absorption coefficient a is plotted vs the incident photon energy E,;, in Fig. 8. However, the transitions of
electrons between the valence band and the conduction band are reflected in the absorption spectra as a sharp
increase in the absorption at the edge [36]. Recall that the absorption edge is the photon’s energy above which the
absorption increases abruptly, the intercept value with Eg- axis corresponds to the value of the absorption edge
E..

The mode of interband transitions can be determined at higher values of a by Tauc[37] and Mott and Davis
[38] models:
(3)

-~ - —
v F . = £ . —F
& Lyp B. WEpn — g

where Bq is the band tail parameter and is related to transition probability, Eg is the optical band gap energy
between the highest maximum of the valence band and the lowest minimum of the conduction band, and (m =

1/2, 3/2, 2, 3) is the factor which represents direct allowed, direct forbidden, indirect allowed, and indirect
forbidden optical transition modes, respectively.
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Plots of (aE,y)? and (aE,y)"? against Ey, are illustrated, respectively, in Fig. (9a) and (9b). Direct band gap
Eq@ and indirect band gap Ey; values are deduced from the intersection of the linear portion of the high
absorption region with x-axis in Fig. (9a) and (9b), respectively. Accordingly, calculations showed that both Egg)
and Eg; decrease with the increase in MnBr, content. Obviously, Egq) decreases by 20% from 5.5 eV to 4.4 eV
upon loading 5% (by weight) of MnBr, in the PVA/Cs matrix, while Ey; decreases by 52.2% from 4.6 eV to 2.2
eV. This finding suggests that indirect electronic transitions in the examined samples are more probable than
direct ones [37, 39].
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Fig. 9. Variation of (ctEph)2 and (crEph)l’2 as a function of incident photon energy (E,,) for PVA/Cs samples of different
MnBr, content.

The absorption coefficient in the (low — moderate) absorption region, follows Urbach equation [40]:

.
(e

where gjis a constant and E,, is the band tail width (Urbach energy) of the localized states in the band gap.

The Urbach energy E, is deduced from the reciprocal of the slope of fitting straight - line of | n a vs Eg,
represented in Fig. 10.
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Fig. 10. Variation of (In a) as a function of incident photon energy (E,,) for PVA/Cs samples of different MnBr,
content. Solid lines represent theoretical fit.

Values of E,, Ey, and Eyare listed in Table 2. The energy gap decreases from 5.4 eV to 4.7 eV upon loading of
MnBr, in the composites. This may be explained in terms of formation of new donor levels in the forbidden zone
[41]. Also, the values of E, decrease by increasing the MnBr, content owing to the disorder induced in the
PVA/Cs matrix [42].

The extinction coefficient K is used properly to describe the extent of damping (absorption loss) of
electromagnetic waves inside the material [43].

oA
T 4g

TABLE 2. Optical parameters

-
L7l

K

MnBr, content

(Wi%%) E. (V) Eq (eV) E g (eV) Eu (eV)
0% 5.2 55 4.6 1.1
1% 3.9 5 3.2 1.3
3% 37 438 2.7 17
5% 3.1 4.4 2.2 2.1

The spectral dependence of the extinction coefficient K is illustrated in Fig. (11). Over the whole wavelength’
range (200 — 700 nm), the values of K were very small (of order 10 indicating that the samples under
investigation are insulators at ambient temperature [43]. The inset of Figure (11) represents K at 600 nm as a
function of MnBr, content. Clearly, ,K behaves in a reversible manner to transparency. The absorption is higher
for the pure PVA/Cs blend and decreases with the amorphousity induced by addition of MnBr, (1 %) to the
blend, and finally increases upon increasing the amount of the dopant (3 % and 5 %) as discussed earlier.
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Fig. 11. Spectral dependence of the extinction coefficient (K) for different contents of MnBr, loaded samples. Inset
figure represents (K) as a function of MnBr; content at 600 nm.

3.5 Electrical properties
3.5.1 DC electrical conductivity
The temperature dependence of DC conductivity may be predicted by the Arrhenius equation:

i AEg
G =0, expl —-

kzT

where @, is a factor, kg is the Boltzmann constant AEg is the activation energy, and T is the absolute temperature.

(8

Figure 12 depicts In (o) vs (1000/T) plots for PVA/Cs matrix loaded with different MnBr, loadings. The
observed DC conductivities for all samples attain two thermally activated regions separated by a negative slope
region (90 °C — 120 °C). The increased free volume upon thermal expansion of samples results in increasing the
mobility of charge carriers and consequently leads to an increase in conductivity [44]. Taking into consideration
the different rates of heating in TGA and electrical measurements, the negative slope region is suggested to be
accompanied with the dehydration process. The initial loss of free water molecules led to a decrease in
conductivity until samples are thermally stabilized after complete water evaporation [45].
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Fig. 12. Temperature dependence of the DC conductivity for PVA/Cs samples of different MnBr, content.
However, the DC conductivity values at ambient temperature as well as the activation energy values in the

two thermally activated regions are summarized in Table 3. The conductivity of pure PVA/Cs blend at ambient
temperature increased from 1.9 x 10 "°t0 2.1 x 10~ (Q.cm) ~* for the 5% MnBr, loaded sample.

Egypt. J. Phys. Vol. 51 (2023)



12

Emad Mousa and Galal H. Ramzy

TABLE 3. Parameters extracted from DC measurements

MnBr, content (wt%) - A« (eV) - Ode (Q'CT) '
region | region |1 at30°C
0 % 0.58 0.59 1.9x10 °
1% 0.57 0.49 31x10 7’
3% 0.58 0.39 45x10 °
5 % 0.49 0.66 21x10°

3.6 Dielectric analysis
3.6.1 Untreated samples
The measured impedance Z of the samples was resolved into two components: the real componentZ™ and

imaginary component Z'" at different frequencies. Nyquist plots of Z'vs Z'" of PVA/Cs samples loaded with
different concentrations of MnBr, at ambient temperature are illustrated in Fig. (13).
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Fig. 13. Nyquist plots for PVA/Cs samples of different MnBr, content. Inset figure represents (o) as a function of
MnBr, content.

All plots are characterized by single semicirculararcs whose centers lie below the Z'- axis and decrease with
the increase in MnBr, concentration. The semicircular plots pass through the origin at high frequency suggesting
an equivalent circuit consists of a bulk resistor R, connected in parallel with a (frequency-dependent) capacitor
Cy. The bulk resistor represents the motion of ions through the free volume of the polymer matrix, whereas the
capacitor represents the polarized immobile polymeric chains in the alternating field [46].

However, R, can be derived from the mtersectlon of the semicircular arc with the Z'- axis. The bulk
conductivity (a;) can be found using the relation | \%% = I where t and A are the thickness and area of the

sample respectively. The inset of Fig, (14) shows an increase mcr[J with the increase in the content of MnBr,. This
can be attributed to the increase in the mobilityof the charge carriers [47].

The total conductivity (G) Of a solid, derived from the measured conductance 'LG = f:c?;:;:; | is the sum of

its AC and DC conductivities. The frequency dependence of measured conductivity for different MnBr, loaded
samples at ambient temperature is shown in Fig. 14. A DC plateau region appears at low frequency for all
samples and its width increases as the MnBr, content increase. Meanwhile, the conductivities beyond the plateau
region increase with the increase in frequency and tend to merge at high frequencies. An insulator to
semiconductor transition takes place upon increasing the frequency for all samples (~ 10-° Q-L.cm-1 - 10-¢
Q-1.cm-1). The conductivity of all samples obeys the universal dynamic response (Ox(w) «c@’). where, gy is the
AC conductivity at a particular temperature and frequency w, and (0 < S < 1) is a power factor [48].
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Fig. 14. Frequency dependence of the total conductivity for P\VA/Cs samples of different MnBr, content.

The real partz"which represents the dielectric constant and imaginary part ="'which is loss factor of the

dielectric permittivity (e* = " — i ") have been derived from the measured impedance values according to the
following equations [49]:

g = —— ()
WegAd &4
+ rd
18
" 1A
g = Pl (10
WE A L=

where &, is the permittivity of free space.

The frequency dependence of the dielectric constantz" for all samples at ambient temperature are plotted in
Fig. 15. Many conclusions may be extracted from this figure.
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Fig. 15. Frequency dependence of the dielectric constant (z") for PVA/Cs samples of different MnBr, content.

Firstly, =* decreases gradually with increasing frequency and attains a constant value at higher frequencies.
Similar behaviors were observed in many other polymer systems [50]. At low frequencies, permanent and
induced dipoles have a sufficient time to align themselvesalong the electric field’ direction leading to higher

value of the dielectric constant. At higher frequencies, the polarization lags the electric field leading to a lower
value of dielectric constant [51].
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Secondly, the value of " for the pure PVA/Cs blend at 100 Hz and 30 °C is 69, which is higher than that
reported for both pure chitosan and pure PVAin literature [52, 53]. In fact, the dipoles in pure polymers originate
mainly from the main chain, side groups, and molecular segments and other impurities formed as byproducts of
the polymerization process. Meanwhile, an additional interfacial polarization at the boundaries of heterogeneous
components was located in polymer blends. This may lead to an increase in the value of =' than pure components
unless the molecular conformations of the mixed constituents disrupt the net dipolar arrangement [54]. Moreover,
it is worth noting that freely rotating dipoles have a greater participation rate in increasing the dielectric constant
value than constrained ones. This may explain the role of water content in raising =" value of the blend.

Finally, ' of the composites increases with increasing the MnBr, concentration. Dopants may affect thez of a
polymer composite depending on several factors such as the value of = of the dopant itself, the dopant
concentration, the particle size of the dopant, and the type of interaction between the polymer and the dopant
[55].

Figure 16 shows the dependence of the dielectric loss ="on the frequency for all composites at ambient
temperature. Unfortunately, the dielectric loss values of all samples are high (~ 10° at 100 Hz for 5% sample).
The dielectric losses in polymers result mainly originate from distortional dipolar, interfacial, and conduction
losses [56].
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Fig. 16. Frequency dependence of the dielectric loss (") for PVA/Cs samples of different MnBr, content.
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5.6.2 Pre-heated samples

The frequency dependence ofa,. for dehydrated samples is illustrated in Fig. 17. A significant decrease in the
values of o, for all samples after dehydration of water is observed (10-°- 10-1! (Q.m)-! at 100 Hz for pure
blend). Also, it is obvious from Fig. 17 that a wide frequency independent plateau region appears at low
frequency for the 5% MnBr, loaded sample, as an evidence of ionic conductivity domination of this

concentration.
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Fig. 17. Frequency dependence of the total conductivity for dehydrated PVA/Cs samples of different MnBr, content.

However, the decrease in AC conductivities upon dehydration of samples reflects a decrease in their dielectric
losses (Tx= w &:").

On the other hand, Fig. 18 shows the values of = for all samples as a function of frequency. An expected
decrease in the dielectric constantz" for all samples is attained because of losing free water molecules. However,
values of =" at ambient temperature are still high (z'= 24 at 100 Hz and 30 °C for 5% loaded sample) with respect

to similar PVA/Cs blend-metal salt composites reported in literature [10]. These results suggest that dehydrated
composites may be useful in high dielectric constant applications.
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Fig. 18. Frequency dependence of the dielectric constant (') for dehydrated PVA/Cs samples of different MnBr,
content.
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Conclusions

Based on the above results, we can conclude that, complexation between polymer blend and MnBr, is
confirmed by XRD and optical studies. SEM micrographs ensure the formation of homogeneous composite films.

MnBr, loaded samples showed higher thermal stability than pure PVA/Cs blend. Activation energies for
thermal decomposition derived by Broido equation showed negligible changes that exclude bond weakening
effects in the blend after complexation with MnBr.

Absorption studies in the UV-Vis region reveal that the optical transition in all samples is direct allowed, and
the optical energy gap decreased from 5.4 eV to 4.7 eV upon loading of MnBr, (5%) in the composites.

DC conductivity measurements confirmed that all samples were insulators at ambient temperature, although
its conductivity increases by the addition of MnBr, to the blend matrix. Moreover, the temperature dependence of
DC conductivity for all samples showed two thermally activated regions and the activation energies for both
regions were calculated.

Frequency dependence of AC conductivity for different MnBr, loaded samples obeys the universal dynamic
response, and an insulator to semiconductor change takes place upon increase of frequency (from 10-° to 10—
Q-1cm1).

The dielectric constant =" of pure blend at ambient temperature is higher than that reported in literature for
both pure chitosan and pure PVA and increases with increasing MnBr, content. Dehydration of samples results in
a significant decrease in both the " and " at ambient temperature, but = values are still higher than other
PVA/Cs blend-metal salt composites. We suggest that these composites may be used in high dielectric constant
applications.
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