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ABSTRACT: Optical properties and electrical conductiv-
ity of polyethylene oxide (PEO) with methyl violet dopant
film have studied. The complexation of the methyl violet
dopant with PEO was confirmed by X-ray diffraction
(XRD) and Fourier transform infrared (FTIR) spectroscopic
studies. The microstructure morphology have been ana-
lyzed by scanning electron microscope (SEM) for pure and
dopant films. The UV-absorption studies were made in the
wavelength range 190–1100 nm for pure and doped films.
The dc electrical conductivity data was collected using
two probe technique in the temperature range 303–333 K.
The UV–visible spectra showed the absorption band at 190
nm for pure PEO and doped from 208–224 nm region
with different absorption intensities. The absorption edge,
direct and indirect band gap were estimated using Mott

and Davis Model. The optical activation energy can be
determined using the Urbach rule, for pure PEO it was
found 2.38 eV and 1.28–4.08 eV for doped films. The
absorption band was shifted toward the higher frequency,
the direct and indirect band gap decreases with increasing
of dopant concentration, corresponds to the allowed inter
band transition of electron. The dc electrical conductivity
results shows that it increases with increasing dopant
weight percentage and temperature which corresponds to
the enhancement of charge mobility in these dye doped
polymers. VC 2011 Wiley Periodicals, Inc. J Appl Polym Sci 124:
2558–2566, 2012
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INTRODUCTION

In recent years, the optical properties and electrical
conductivity of dye doped polymers have attracted
much attention in view of important applications in
the optical devices with remarkable reflection,
antireflection, interference, and polarization proper-
ties.1–5 The optical and electrical properties of poly-
mers can be suitable modified by addition of dopant
depending on its complexation and reactivity with
the host matrix.6 Methyl violet doped polymers have
attracted the attention due to their major applica-
tions in display device, photo resists, solar cells, ink,
highlighters, lithium battery, petroleum products,
leak detection method, decoder system, packing
materials, wound dressing materials, antitumor
agent, determination of nucleic acids.7,8 The methyl
violet has maximum absorption wavelength at 585
nm and the molecule which can accept a pair of
electrons from a molecule with a free pair of associ-
ated constituent/dopant. Methyl violet contains
methylated pararosaniline and amine group with
nitrogen atoms having nonbonding, or lone, pair of
electrons.9

Since electrical properties of PEO-metal salt com-
plexes were first reported by Wright 30 years ago
and suggested appropriate applications range from
solid-state batteries to solar cells, fuel cells, actua-
tors, displays,10,11 super capacitors, and gas sensors
etc.12–15 The dye doped polymer have emerged as a
promising class of optical materials due to few
advantages such as impact-resistance, ease fabrica-
tion, low density, and cost-effective technologies
good association with other ions or species espe-
cially inorganic alkali, metallic salts etc.16 Poly(ethy-
lene oxide) (PEO is a well-known semicrystalline
solid, having an extended helical structure with
repeat units [ACH2A0ACH2A]n, is the most inten-
sively studied polymer and serves as a prototype for
the structural features in most advanced dye doped
polymer hosts. Since PEO has unique characteristics
such as high solubility in water, organic solvents,
low glass transition temperature, large dipole
moment, quite low toxicity, and so on.17 Our aim is
to study the effect of methyl violet dopant on poly-
ethylene oxide (PEO) for optimizing the optical and
electrical properties to establish the suitable potential
candidature. In this article, we report the results of
optical and electrical characterization of methyl vio-
let doped polymers films using UV–visible spec-
trometer in the frequency ranged 190–1100 nm and
two probe technique using Keithley Electrometer
(6514) at different temperatures.
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EXPERIMENTAL METHODS

The preparation of films of pure and methyl violet
doped PEO in various weight percentages (0.5, 1, 2,
5, 10, and 15%) using the solution-cast technique.
The PEO (Mw ¼ 5 � 106) white powder had been
procured from M/s. Shanghai Research Institute,
Shanghai, China. Methyl violet 2B (dopant) (CDH
Lab. M.W. 393.958 g/mol, C24H28N3Cl, pH range,
0.1–2.0, yellow to violet) and methanol (AR, M.W.32)
as a solvent. The PEO and methyl violet were dis-
solved in methanol (CH3OH) and the mixture was
stirred well at room temperature for 6–8 h. The
stirred mixture was cast onto polypropylene dishes
and allowed to evaporate slowly at room tempera-
ture. The films were then dried in a vacuum to
eliminate all traces of the solvent and moisture. The
X-ray diffraction (XRD) data recorded using Siemens
X-ray diffractometer (Cu source AXS D5005) for 2y
values in the range of 0–60� at the scanning rate
1�per minute at room temperature. The IR studies
were made by Perkin–Elmer IR Spectroscopy in KBr
medium. A scanning electron microscope (SEM;
JEOL Model JSM, 6390LV) was used to obtain the
SEM images of the films. UV–visible data’s measure-
ment were carried out using a UV–VIS (UV 1800
ENG 240V) Shimadzu spectrophotometer in the
wave-length range 190–1100 nm at room tempera-
ture. The dc electrical conductivity data were meas-
ured using two probe technique using PC based
Keithley Electrometer (model 6514) in the tempera-
ture range 303–333 K. The films were made silver
paste either sides of sample for good contact and
thickness is 2.33 mm.

RESULTS AND DISCUSSIONS

XRD studies

X-ray diffraction method is very useful technique for
the structural information of the material. Figure 1
shows the XRD pattern of pure and methyl violet-
doped PEO films. The XRD result shows that the
peaks at 2y ¼ 19.09� and 23.37� for pure PEO have
been shifted toward the lower angle, i.e., 2y ¼ 18.91�

and 23.17� for 15% dopant concentration. It is also
observed the less intense peak in the doped films
compared with that of pure PEO. These change of
intensity and shifting of peaks are clearly noticed
that the addition of methyl violet causes decreases
in the degree of crystallinity it leads to increasing of
amorphous nature in the dye doped polymer sys-
tem. This indicates decrease in the crystalline phase
with lowering of crystallite size of the dye doped
polymer.18,19 The reduction of crystallites size of the
dye doped polymer is well agreement with the SEM
results (i.e., 362.22 and 594.64 nm size). XRD pattern
of 0.5% doped PEO obtained not significant because

of experimental error, so it is difficult to identify
and explain.

Fourier transform infrared
spectroscopic spectroscopy

The FTIR is an efficient tool to study the chemical
interaction and local structural change in the poly-
mers by addition of dopant. The FTIR spectra of
these materials vary according to their composition
and may be able to demonstrate the occurrence of
the complexation and interaction between various
constituents. The FTIR spectra of pure and methyl
violet doped PEO films are shown in Figure 2. The
pure PEO electrolyte has distinct bands at 844 and
948 cm�1 which are assigned to CH2 rocking modes
in a gauche conformation, whereas bands at 1106
cm�1 and 1153 cm�1 are attributed to anti-symmetric
bridge CAOAC stretching vibrations. The peaks
position at 1239, 1282, 1340, and 1470 cm�1 are
ascribed to asymmetric CH2 twisting, symmetric
CH2 wagging and asymmetric CH2 bending or de-
formation vibrations. The peak appeared at 2892
cm�1, which corresponds to the ACH2A symmetric
stretching vibration and 3465 cm�1 are correspond
to the AOH stretching.20–25

The OAH stretching vibration broad peak
observed in between 3550–3200 cm�1 and it shows
variation in frequency and peak intensities 3433,
3372, 3325, 3365 cm�1 for doped 0.5, 5, 10, and 15%,
respectively, these correspond to intermolecular
hydrogen bonding was established between PEO
and dopant. The peak appeared in between 2950–
2850 cm�1 are corresponds to CAH vibration stretch-
ing. The CAH stretching vibration band observed at
2892 cm�1 in PEO and it was split into 2932 cm�1

Figure 1 X-ray diffraction pattern of (a) pure PEO, (b)
PMV 0.5, (c) PMV 5, and (d) PMV 15 wt % of methyl violet.
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and 2852 cm�1 for 0.5%, it decreases with increas-
ing of dopant concentration in the polymer system.
The appearance of new peak at 3860 cm�1 was indi-
cating the confirmation of complexation. The peaks
observed around 2000, 1680, and 1400 cm�1 and
changes in intensity of existing peaks (and/or their
disappearance) in the spectra indicates the com-
plexation of PEO with methyl violet. The peaks
appeared in between 1000–1320 cm�1 due to CAO
stretching of ether, alcohols, carboxylic acids, and
ester groups. Thus, it concluded that the oxygen of
ether groups (OACH2) interact with dopant form
complex as shown in the Scheme 1. Due to this
interaction and complexation formation, the
frequencies such as CAH group and CAO group
will be affected as shown in the Figure 2.26–29 The
width of the CAO stretching band observed around
1107 cm�1 in PEO also decreases with increasing of
dopant concentration and disappeared for 10 and
15% dopant.

Scanning electron microscopy

SEM micrographs of films of PEO and methyl violet
doped PEO are shown in Figure 3(a–d). The surface
morphology was significantly changed by the
doping elements. Figure 3(a) shows rough morpho-
logy of PEO, but with 0.5 wt % of Methyl violet, a
dramatic improvement of surface morphology from
rough to smooth is found [Fig. 3(b)]. The smooth
morphology is closely related to the reduction of
PEO crystallinity with dopant. On increasing con-
centration of dopant, streak begins to develop on
the smooth surface [Fig. 3(b,d)] and found the rod
like structure with a size range 362.22 and 594.64
nm as shown in the Figure 3(d). The substantial
changes in the morphology of doped PEO films con-
firmed as methyl violet weight percentage is
increased in PEO matrix.

Optical studies

Optical absorption studies on pure and methyl vio-
let doped PEO films were carried out to determine
the optical constants such as optical band gap (Eg)
and the position of the fundamental band edge.
The optical spectrum of pure and doped PEO was
shown in the Figure 4. From the UV–vis spectra
the increase in the absorption and shift in the peak
can be explained due to doping of methyl violet
with PEO. On keen observation of the Figure
shows the absorption maximum in the range 300
nm wavelength for PM 0.5. The distribution of
absorption maximum is less than others which is
due to the better complexation with the alcohol
content in the doped PEO. Red shift is observed
for PM 5, PM 10, and PM15, the blue shift is
observed with respect to the PM 2 weight percent-
age. It can be interpreted that the red shift is due
to the presence of Corbinol group in the methyl
violet doped polymers. The long conjugation length
of the polymers backbones and the aggregation of
polymer chains resulted in red shift in this thin
film. The aggregation effect of polymer thin film

Scheme 1 Interaction between the PEO with methyl violet.

Figure 2 FTIR Spectra of Pure PEO, 0.5%, 5%, 10%, 15%,
wt % of methyl violet.
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narrowed the energy band gap and caused a red
shift. The peak wavelength of absorption of methyl
violet 2B in the solid matrix shows a blue shift
with respect to PM 2. This may be attributed to the

decrease in the particle size. The broad absorption
band is observed in the range from about 13,698–
25,000 cm�1 is due to the presence of dye pig-
ments, dimethyl aniline.

Figure 3 SEM image of the pure (a) PEO, (b) PA0.5, (c) PA15, and (d) PMV 15 size marked image [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.].
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The absorption coefficient was determined from
the spectra using the formula,

a ¼ 2:303
A

d

� �
; (1)

where A is absorbance and d is film thickness. The
position of the absorption edge values were calcu-
lated by extrapolating the linear portions to zero
absorption values of the absorption coefficient ver-
sus photon energy. It is clear from Table I that the
band edge showed a decrease on doping with
methyl violet up to a doping concentration and it
depends upon the nature of materials.

The study of optical absorption gives information
about the band structure of solids. Insulators/semi-
conductors 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 are both
laid at the same zero crystal momentum (wave vec-
tor). If the bottom of the conduction band does not
correspond to zero crystal momentum, then it is
called an indirect band gap semiconductor. In indi-
rect 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 Shalliday30 reported that, near the funda-
mental band edge, both direct and indirect transitions
occur and can be observed by plotting a1/2 and a2 as
a function of energy (hm). The analysis of Thutpalli
and Tomlin31 is based on the following relations

ðhv aÞ2 ¼ Cðhm� EgdÞ; (2)

ðhv aÞ1=2 ¼ Cðhm� EgiÞ; (3)

where hv is the photon energy, Egd is the direct
band gap, Egi is the indirect band gap, a is the

absorption coefficient, and C is the constants. These
expressions will be applied to both direct and indi-
rect transitions helpful in the determination of the
band structure of materials.32

When the direct gap exists, the absorption coeffi-
cient has the following dependence on the energy of
the incident photon, given by Mott and Davis
Model33

ahv ¼ Cðhv� EgÞ1=2; (4)

where Eg is the band gap, C (C ¼ 4pro/ncDE) is a
constant dependent on spectrum structure, v is the
frequency of the incident light, and h is the Plank’s
constant. Thus, a plot of (ahm)2 versus photon energy
(hv) as shown in Figure 5 should be linear. The
intercept on the energy on extrapolating the linear
portion of the curves to zero absorption value may
be interpreted as the value of the direct band gap.
For pure film the direct band gap found at 4.15 eV,
while for doped polymer values are positioned
between 3.38–2.24 eV are listed in the Table I.
For indirect transitions, which require photon as-

sistance, the absorption coefficient has the following
dependence on the photon energy.

ahv ¼ A½hv� Eg þ Ep� þ B½hv� Eg þ Ep�2; (5)

where Ep is the energy of the photon associated
with the transition, the A and B are constants
depending on the band structure. The indirect band
gaps were obtained from the plots of (ahm)1/2

versus photon energy as shown in Figure 6 and
tabulated in Table I
The optical activation energy can be determined

using the Urbach rule as,

a ¼ Bexpðhv=EaÞ; (6)

where B is a constant and Ea is the Urbach energy,
i.e., the inverse slopes of the exponential edge.

Figure 4 Plot of absorbance versus wavelength of (a)
Pure PEO, (b) 0.5, (c) 1, (d) 2, (e) 5 (f) 10, and (g) 15 wt %
of doped methyl violet.

TABLE I
Absorption Edges, Optical Direct and Indirect Band Gap
and Urbach Energy of Pure and Doped PEO (P 5 PEO &

MV 5 Methyl Violet)

Samples

Absorption
edges
(eV)

Direct
band

gap (eV)

Indirect
band

gap (eV)

Urbach
Energy
(eV)

PEO 4.23 4.15 3.83 2.38
PMV 0.5 3.18 3.38 3.18 2.09
PMV 01 3.04 3.25 3.00 1.86
PMV 02 2.99 3.18 2.90 1.73
PMV 05 2.89 2.71 2.38 4.08
PMV 10 2.81 2.61 2.29 3.28
PMV 15 2.78 2.44 2.13 1.28
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The latter is interpreted as the width of the tail of
localized states extending into the forbidden
band gap from either the valence or conduction
band.

The values of the Urbach energy Ea were deter-
mined by taking the reciprocals of the slopes of the
linear portions of lna versus photon energy (hm)
plots. The values of Ea for pure PEO and doped
PEO polymer complexes are listed in Table I. From
results it is observed that Ea decreases with increas-
ing weight percentage of methyl violet. The gradual
decreasing values of the Urbach energy might be
attributed to the formation of clusters. In case of
PM5 and PM10 the Urbach energy increases may be
related to the increase in the defect density due to
the incorporation of dopant.

Conductivity studies

A typical conductivity plot of (PEO þ methyl violet)
with temperature for different weight percentage
and conductivity versus weight percentage of dop-
ant are shown in Figure 7. The conductivity of the
dye doped polymer was calculated from the meas-
ured resistance (R) and the area (A) and thickness (t)
of the polymer film using the formula,34

r ¼ t

RA
: (7)

The linear variation of conductivity with tempera-
ture suggests an Arrehenius type that may be
expressed as,35

rt ¼ ro e�
Ea
kT ; (8)

where rt is the conductivity at given temperature;
where r0 is the pre-exponential factor, Ea the activa-
tion energy, k the Boltzmann constant, and T is the
absolute temperature.
Plots of all polymer films show slightly increase in

conductivity with temperature, indicating that these
electrolytes exhibit an enhanced the amorphous na-
ture.36 The increase in conductivity with temperature
can be linked to the decrease in viscosity and, hence,
increased chain flexibility.37 Since the temperature
dependent conductivity data follows the Arrhenius
behavior, the nature of cation transport is quite simi-
lar to that conducting polymer, where ions jump
into neighboring vacant sites.38

In the plots (a, b, and c), it is clear that the conduc-
tivity is found to increases with increasing of temper-
ature in pure PEO as well as in the entire doped dye

Figure 5 Direct band gap versus photon energy of (a) Pure PEO, (b) 0.5, (c) 1, (d) 2, (e) 5, (f) 10, and (g) 15 wt % of
methyl violet.

Figure 6 Indirect band gap versus photon energy of (a) Pure PEO, (b) 0.5, (c) 1, (d) 2, (e) 5, (f) 10, and (g) 15 wt % of
methyl violet.
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doped polymer. Similar behavior was observed in a
number of PEO based electrolyte films.39–47 The
increase in the conductivity versus temperature plots
may be attributed to the transitions from crystalline/
semicrystalline phase to amorphous phase. We
observe that its conductivity increases drastically
when the temperature is raised from 303 to 333�K.
The increase in the conductivity with temperature
was interpreted in terms of hopping mechanism
between coordination sites, local structural relaxation
and segmental motion of polymer.48 As the amor-
phous region increases, however the polymer chain
acquires faster internal modes in which bond rota-
tions produce segmental motion. This, in turn, favors
the hopping interchain and intrachain in movements,
and the conductivity of the polymer thus becomes
high.49 The electrical conductivity increases with the
increasing of methyl violet concentration is also
observed in the Figure 7 (plot d). The activation ener-
gies calculated from the slopes of log (rT) versus
1000/T plots, are given in the Table II.

From the Table II, it is clear that, the activation
energies decreases with the increase of methyl violet
concentration in all the samples. Increase in the elec-
trical conductivity and decrease in the activation
energy values of dye doped polymers can be
explained on the basis that the polymer films are
known to be a mixture of amorphous and crystalline
region and the conductivity behavior of such films

Figure 7 Electrical conductivity versus weight percentages for (a) pure PEO, (b) PMV0.5, (c) PMV1, (d) PMV 02, (e)
PMV 05, (f) PMV 10, and (g) PMV 15 wt % (plot a, b, and c) and a conductivity versus weight percentage of methyl violet
(plot d).

TABLE II
Conductivity and Activation Energy (Ea) of Pure and

Doped PEO

Sample
Conductivity r

in S cm�1 at 303 K
Activation energy

Ea in eV

PEO 2 � 10�10 0.23
PMV 0.5 2.36 � 10�8 0.20
PMV 01 3.71 � 10�8 0.16
PMV 02 3.30 � 10�8 0.15
PMV 05 2.65 � 10�8 0.28
PMV 10 9.80 � 10�8 0.20
PMV 15 8.80 � 10�8 0.17
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may be dominated by the properties of amorphous
region. Modification of the crystalline phase with
increasing dopant concentration confirmed by XRD
and SEM results. In case of PMV5 the activation
energy was shows high because of the polymer
phase is generally thought to proceed by defect
assisted volume of phases rearrangements propagat-
ing along ledges at the crystal/amorphous region.
The volume arrangements at the region may be of
some importance and alteration in the phases of
polymer system with dopant.50 It can also interpret
that the activation energies decreases due to the fact
that the conductivity domain increases in number
and size with the increase in weight ratios of dop-
ant. This may facilitate the ease orientation of
domains, which in turn produces paths through
which ions move, leading to high conductivity.

From the results, it is noticed that both the Urbach
and activation energy shows the same trend. The
result reveals the variations in both the Urbach
energy and the activation energy with concentration.
In case of PMV5, the Urbach and activation energy
occurred high because of the defects created with in
the band gap region and corresponding variations
are verified using Urbach energy relation or optical
activation energies of doped films. The point defects
are mainly resulted from the build up of the molar
functional groups due to the doping.

CONCLUSIONS

We have prepared methyl violet doped PEO films
using the solution-cast technique and then character-
ized these samples by employing the FTIR, XRD,
SEM, and UV–visible spectra technique. FTIR spectra
shows the significant changes in the intensities as
well as frequencies it indicates that the well chemical
interaction and confirmation of complexation of PEO
with methyl violet. X-ray diffraction pattern reveals
the increase in amorphous nature of the film with
the addition of methyl violet. Scanning electron
micrographs indicate gradual changes in the surface
morphology of the PEO films with changes in
methyl violet concentration. Optical absorption edge,
optical activation energy, and optical energy gaps
(both direct and indirect) showed a decreasing trend
with increasing methyl violet concentration. The
substantial changes of electronic absorption spectra
of pure and doped PEO for direct and indirect
allowed transition indicate the strong interaction
between them. The electrical conductivity increases
with increasing the concentration of methyl violet
may due to region of alteration of phases and with
temperature because of hopping mechanism. The
change in conductivity can lead to the development
of an excellent material that can be used as a sensor
and other applications. All these results show that

methyl violet dye is a promising material for appli-
cation in nonlinear optical devices, electrostatic
materials, and the possibility of using dye-sensitized
(dye-based), photo electrochemical devices of differ-
ent architecture as solar cells, and many applications
that require a combination of electrical conductivity
with isothermal stability.

The Authors thank the Director, USIC Karnataka University
Dharwad and Sophisticated Test and Instrumentation
Centre, Cochin for providing IR spectroscopy and SEM, XRD
facility. Also, they thank the Mangalore University for
providing the financial assistance.
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