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Abstract

A potassium ion conducting polyblend electrolyte based on polyvinyl pyrrolidone (PVP)+ polyvinyl alcohol (PVA) complexed with KBrO;
was prepared using solution cast technique. The electrical conductivity increased with increasing dopant concentration. Optical absorption studies
were made in the wavelength range (200-600 nm) on pure (PVP+PVA) and KBrO; doped (PVP+PVA) films. The absorption edge was
observed at 5.13 eV for undoped (PVP+PVA) while it ranged from 4.88 to 5.0 eV for differently KBrOs-doped samples. The direct band gaps for
undoped and KBrO; doped (PVP+PVA) films were found to be, respectively, 5.05 and 4.95, 4.86 and 4.90 eV while the indirect band gaps were
5.03 and 4.88, 4.79 and 4.83 eV, respectively. The absorption edge and the band gaps moved towards lower energies as the dopant concentration
was increased up to 20 wt% of the dopant. For further increase in dopant concentration these values started increasing again. This is explained in
terms of formation of charge transfer complexes between the dopant and the host matrix. The thermal properties of these films were investigated
with differential scanning calorimetry (DSC). The variation in film morphology is examined by scanning electron microscopic examination.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

In recent years, studies on the electrical and optical
properties of polymers have attracted much attention in view
of their application in electronic and optical devices. Electrical
conduction in polymers has been studied aiming to understand
the nature of the charge transport prevalent in these materials
while the optical properties are aimed at achieving better
reflection, antireflection, interference and polarization proper-
ties. The electrical and optical properties of polymers can be
suitably modified by the addition of dopants depending on their
reactivity with the host matrix. Although some work has been
reported on the charge carrier transport and optical properties
of doped polymers [1-7], very little work is available on doped
polyblend of (PVP+PVA) films [8,9]. (PVP+PVA) is a
potential material having a very high dielectric strength, good
charge storage capacity and dopant-dependent electrical and
optical properties. Since K™ is a fast conducting ion in a
number of crystalline and amorphous materials, its incorpor-
ation in a polymeric system may be expected to enhance its
electrical and optical performance. This paper presents
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the results of such investigations on the electrical and optical
properties of KBrO;-doped (PVP+PVA) films.

2. Experimental

Films (thickness ~ 150 pm) of pure blends of (PVP+PVA)
and various compositions of complexed films of (PVP+PVA)
with a salt of KBrO; were prepared in the weight percent ratios
(45:45:10), (40:40:20) and (35:35:30) by solution cast
technique using triple distilled water as a solvent. The solutions
were stirred for 10—12 h and then cast on to polypropylene
dishes and evaporated slowly at room temperature. The final
product was vacuum dried thoroughly at 0.13 pa.

For the DSC measurements a Netzsch DSC 200, operating
in dynamic mode (heating rate=10 K/min), was employed.
Samples of =5 mg weight were placed in sealed aluminium
pans. Prior to use the calorimeter was calibrated with metal
standards; an empty aluminium pan being used as a reference.
The morphology of the samples was characterized by an
JSM-5610LV scanning electron microscope (SEM).

The DC conductivities were measured using an in-house
instrument [10], in the temperature range 300—427 K. Optical
absorption spectra were recorded at room temperature in the
wavelength region 200-600 nm using Shimadzu UV-VIS-NIR
(Model UV-3100) spectrophotometer. From these data the
optical constants such as band edge, optical band gap (both
direct and indirect) were determined.
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3. Results and discussion

The variation of DC conductivity, o, as a function of
composition of KBrOs; in (PVP+PVA) for different weight
percent ratios is shown in Fig. 1 for films prepared at different
temperatures.

The conductivity of pure (PVP+PVA) was 4.61X
10~7 S/cm at room temperature and its value increased about
10 times on complexing it with 10% KBrOs. As the rise of
conductivity is significant with increased concentration of
KBrOs.

The increase in conductivity with increasing concentration
of KBrOj is attributed to the decrease in the degree of
crystallinity and increase in the degree of amorphosity [8]. In
amorphous regions, the chains are irregular and entangled
where as in crystalline regions the chains are regularly
arranged. Hence, it is very easy to move the molecular chains
in the amorphous state rather than the crystalline state. The
molecular packing in the amorphous state is weak and so
the density is smaller than that of crystalline regions. Thus the
chains in the amorphous phase are more flexible and are
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Fig. 1. Composition vs conductivity plots of (PVP+PVA +KBrO; polyblend
electrolyte system at different temperature.
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Fig. 2. Temperature dependent conductivity of (a) pure (PVP+PVA) (50:50);
(b) (PVP+PVA +KBr0Os) (45:45:10); (¢) (PVP+PVA+KBrO3) (40:40:20);
(d) (PVP+PVA+KBrO3) (35:35:30).

capable of orienting themselves relatively more easily and
rapidly.

Fig. 2 shows the variation of DC electrical conductivity as
function of temperature for pure (PVP+PVA) and for different
compositions of (PVP+PVA +KBrOs) polyblend electrolyte
in the temperature range of 300-427 K. The following sailent
features were noticed:

(i) In the temperature range of study, the conductivity is
found to increase with increase of temperature in pure
(PVP+PVA) as well as in all the compositions of
(PVP+PVA +KBrOs;) polyblend electrolyte.

(i) From Fig. 2 it is clear that, the conductivity—temperature
plots follow Arrehenius behaviour throughout with two
regions of different activation energies.

The existence of two regions (region I and II) in the
conductivity vs. temperature plots and the sudden increase in
the conductivity may be attributed to the transition from
semi-crystalline phase to amorphous phase, which is
confirmed from DSC studies. Due to this phase change, the
conductivity shows a sudden increase. Similar behaviour has
been reported on polyvinyl chloride [11], polycrystalline
p-terphenyl [12], poly(acrylic acid) [13], poly(vinyl alcohol)
based electrolyte films [14-18] and PEO based polymer
electrolyte films [19-29].

The variation of electrical conductivity (o) as a function of
temperature (7) in the entire temperature range can be fitted to
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Table 1
Activation energies (E,) of (PVP+PVA+KBrO;) polyblend electrolyte
system

Polyblend electrolyte system (wt%) Region I (eV) Region II (eV)

(PVP+PVA) (50:50) 0.19 0.49
(PVP+PVA+KBrO;) (45:45:10) 0.12 0.33
(PVP+PVA+KBrO;) (40:40:20) 0.13 0.37
(PVP+PVA +KBrO;) (35:35:30) 0.17 0.43

the relation [30],

()
g = 0peXp ﬁ

where o is a constant, k, the Boltzmann constant and E,, the
activation energy.

The calculated activation energies (E,) in the two regions
for (PVP+PVA+KBrO;) complexes are summarised in
Table 1.

The activation energies calculated from the slopes of
log(aT) Vi 1/T plots in both regions show a decrease in their
value with increasing dopant concentration up to 10 wt% of
KBrOj; and then an increase with further increase in dopant
concentration.

The decrease in activation energies on doping up to 10 wt %
of KBrO; may be explained on the basis of the fact that the
incorporation of small amounts of the dopant forms charge
transfer complexes in the host lattice [31]. These charge
transfer complexes increase the electrical conductivity by
providing additional charges in the lattice. This results in a
decrease of activation energy. But when the dopant concen-
tration increases further, it leads to segregation of the dopant in
the host matrix, which is confirmed from SEM photographs.
This segregation impedes the motion of charge carriers
resulting in decreased conductivity and hence increased
activation energy.

In the region I activation energy due to hopping mechanism
between coordinating sites, local structural relaxations and
segmental motions of the polymer blends in semi crystalline
phase. In the region II activation due to as amorphous regions
progressively increase, however, the polymer chain acquires
faster internal modes in which bond rotations produce
segmental motion.

The study of optical absorption gives information about
the band structure of solids. Insulators/semiconductors are
generally classified into two types; (a) direct band gap and
(b) indirect band gap. In direct band gap semiconductors,
the top of the valance band and the bottom of the
conduction band both lie at same zero crystal momentum
(wave vector). If the bottom of the conduction band does
not correspond to zero crystal momentum, then it is called
indirect band gap semiconductor. In indirect band gap
materials transition from valence to conduction band should
always be associated with a phonon of the right magnitude
of crystal momentum. Davis and Shalliday [32] reported
that near the fundamental band edge, both direct and

indirect transitions occur and can be observed by plotting
o' and o? as a function of energy (hv). The analysis of
Thutpalli and Tomlin [33] is based on the following

relations:

(hvna)® = Cy(hv —Eyq)

(hvna)'* = Cy(hw — Ey)

where hv is the photon energy, Eyq, the direct band gap, E,
the indirect band gap, n, the refractive index, «, the
absorption coefficient and C;, C, are constants.

These expressions can be applied to both direct and indirect
transitions and are helpful in the determination of the band
structure of materials.

When a direct band gap exists, the absorption coefficient has
the following dependence on the energy of the incident photon
[32,33],

ahv = C(hv —E)'"

where E, is the band gap, C, is a constant dependent on the
specimen structure, « is the absorption coefficient, v is the
frequency of the incident light, and /4, the Planck’s constant.
To determine the nature and width of the band gap, «,
(ahv)?, (ahw)"? were plotted as a function of photon energy
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Fig. 3. a. vs hw (Photon energy) plots of undoped polyblend of (PVP+PVA) and
KBrO; doped (PVP+PVA) films.



C.V. Subba Reddy et al. / Polymer 47 (2006) 1318-1323 1321

| ,'o-o Undoped (PVR+PVA)

;[ w=K 10%doped (PVP+PVA)

[ | ) &b 20% doped (PVP+PVA)
!

J === 30%doped (PVP+PVA)
1 1 1

-9 51 5-3 5.5 5-7 59
PHOTON ENERGY (hd)eV

Fig. 4. (ahv)® vs hv (Photon energy) plots of undoped polyblend of (PVP+
PVA) and KBrO; doped (PVP+PVA) films.

(hv) (Figs. 3-5) and the absorption edge values were obtained
by extrapolating the linear portions of the curves to zero
absorption value. It was observed that the absorption edge for
pure (PVP+PVA) polyblend film lies at 5.13 eV whereas for
10, 20 and 30 wt% KBrO; doped (PVP +PVA) polyblend films
the absorption edge lies at 5.0, 4.88 and 4.92 eV, respectively
(Fig. 3).

The optical band gaps were evaluated from (chv)* vs hv
(photon energy) plots and the allowed direct transition
energies were determined by extrapolating the linear portion
of the curves to zero absorption. For pure (PVP+PVA)
polyblend electrolyte the direct band gap lies at 5.05eV
while for 10 and 20, 30 wt% KBrO; doped (PVP+PVA)
electrolyte, it lies at 4.95 and 4.86, 4.90 eV, respectively
(Fig. 4).

For indirect transitions, which require photon assistance, the
absorption coefficient has the following dependence on the
photon energy [32,33].

ahv = Alhw—E, + E,|* + Blhw—E, —E,|’

where E, is the energy of the photon associated with the
transition and A and B are constants depending on the band
structure.
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Fig. 5. (ahw)” vs hv (Photon energy) plots of undoped polyblend of (PVP+
PVA) and KBrO; doped (PVP+PVA) films.

The indirect band gaps were obtained from the plots of
(ahv)""? vs hw (photon energy) plots as shown in Fig. 5. For pure
(PVP+PVA) polyblend electrolyte the indirect band gap lies at
5.03 eV while for 10, 20 and 30 wt% KBrO; doped (PVP+
PVA) electrolytes, it lies at 4.88, 4.79 and 4.83 eV, respectively.
These values are tabulated in Table 2 together with the
absorption edge values, the direct band gap energies and the
activation energies obtained from conductivity measurements.

The band edge, direct band gap and indirect band gap
values shifted to higher energies on doping with KBrO; up

Table 2
Absorption edge, optical band gap (both direct and indirect) and activation
energy values of undoped and KBrO; doped (PVP+PVA) polyblend films

Polyblend electrolyte (wt%)  Absorption ~ Band Activation

edge (eV) gap (eV) energy (eV)
Direct  Indirect  RegionI Region II

Undoped (PVP+PVA) 5.13 5.05 5.03 0.19 0.49
(50:50)

(PVP+PVA+KBrO;) 5.00 4.95 4.88 0.12 0.33
(45:45:10)

(PVP+PVA+KBrOs) 4.88 4.86 4.79 0.13 0.37
(40:40:20)

(PVP+PVA+KBrO;) 4.92 4.90 4.83 0.17 0.43
(35:35:30)
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Fig. 6. DSC curves of (a) pure (PVP+PVA). (b) (PVP+PVA+KBrOs)
(90:10). (¢) (PVP+PVA+KBrO3) (80:20). (d) (PVP+PVA+KBrOs3)
(70:30).

to a dopant concentration of 10 wt%. For further increase in
dopant concentration these shifted to lower energies.
The wide variation in the magnitudes of the optical band
gap vis-a-vis the activation energies may be attributed to the

28kU " X118, B8 1wm BZ73 JSM-5& .ﬂaL.'J

Z2BkU 1. 888 18mm BZ279 JSM-S61B8LY

(c)

fact that their nature is different. While the activation
energy corresponds to the energy required for conduction
from one site to another, the optical band gap corresponds
to inter band transition [7].

Fig. 6 shows DSC analyses of the pure (PVP+PVA) and for
different compositions of (PVP+PVA+KBrO;) polyblend
electrolyte in the temperature range of 40-500 °C. The one
observed Tg’,s are in the following order: pure (PVP+PVA)
(96.4 °C) <10 wt% doped KBrO; (95.12 °C) <20 wt% doped
KBrO; (92.62 °C) <30 wt% doped KBrO; (90.12°C) and
ar}other Té;s are observed in the region of 350-450 °C at these
T,s a phase change is acquire from semi crystalline to
amorphous. Two T, values have been observed [34] for
interpenetrating polymer networks (IPNs), which are multi-
phase systems with a complex morphology. The same
observations were made for blends having large domain sizes
of 10-50 nm [35]. A single T, is not a measure of miscibility
(as defined in classical thermodynamic terms), but only of the
state of dispersion [36]. The significant T, decreases with
increasing dopant concentration may be the reduced dipole
interactions in its homopolymers. The morphology of the pure
(PVP+PVA) and (PVP+PVA+KBrO;) (90:10); (80:20);
(70:30) polymer electrolytes, studied by the SEM technique, is
of a uniform type, but with differing degrees of roughness
(Fig. 7(a)—(d)). Which suggest that the PVP molecules may
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Fig. 7. SEM photo graphs of (a) pure (PVP+PVA). (b) (PVP+PVA +KBrO3) (90:10). (c) (PVP+PVA+KBrO;3) (80:20). (d) (PVP+PVA +KBrO3) (70:30).
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disperse in the soft-segment phase with little influence on the
microphase separation and mixing of the hard and soft
segments. The increase of the degree of roughness with
increased KBrO; concentration indicates segregation of the
dopant in the host matrix.

4. Conclusions

The increase in conductivity with increasing concentration
of KBrOj is attributed to the decrease in the degree of
crystallinity and increase in the degree of amorphosity. The
calculated activation energies in both regions show a decrease
in their value with increasing dopant concentration up to
10 wt% of KBrOj; and then an increase with further increase in
dopant concentration. Optical absorption edge and optical
energy gap (both direct and indirect) showed decreasing trend
with increased concentration. Thermal characteristics of pure
(PVP+PVA) and for different compositions of (PVP+PVA +
KBrOs3) polyblend electrolyte have been assessed by thermal
analysis method. The significant T, decreases with increasing
dopant concentration may be the reduced dipole interactions in
its homopolymers.
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