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DC conductivity of PANI-g-CA doped films including various Eosin B ratios (0.01,
0.03, 0.05, 0.07, 0.09, 0.12 and 0.15)% Wt in this study, are studied. Through casting
techniques, the composite materials have been prepared. Thermogravimetric analysis
(TGA), Fourier Transform Infrared Spectroscopy (FT-IR) and Xray diffraction (XRD)
analysis have characterized the preparation of PANI-g-CA composites that found the
formation of the composite and the Cinnamic acid presence in poly aniline. Studies of
DC conductivity demonstrate all composites in thermally activated behavior.
Conductance has been found to reduce with increasing temperature showing the semi-
conductive behavior for all doping ratios. With doping ratios in coloring and increasing
temperature, the activation energy reduced. Maximum conductance in poly aniline has
been measured in 0.15% of dye. In sensor technology, Dye sensitization of performing
polymeric materials had acquired practical application and wide theoretical interest.
The current study provides the effect of polymer presence of dye (conductivity,
structure and properties), dye sensitized photo sensors and application in sensors. At the
end, advantages and perspectives were included of sensitizing polymers or modifying
dye in sensors.
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I. INTRODUCTION different routes [3-4]. It exists in a variety of
H . ) it | . reversible protonated and oxidized forms, differing
¢ organic-inorganic - compostte  pOIymeric ¢, electrical, electrochemical and/or optical

materials have attracted researchers because of their
potential uses in developing new materials and
devices [1]. One of the interesting subjects in
conductingpolymers is the connection of these
polymers with base polymers in different properties
and creating new properties. These polymers can be
connected as block or graft and cause changes in
their solubility..Dopant plays an important role in
conjugated polymers because these polymers
become conductive when charge carriers, generated
by dopants are present in their structure [2].

Poly aniline is the one of the most promising
conducting polymers due to a good combination of
properties, stability, price and ease of synthesis by
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properties like many ECPs [5-7].PANI is difficult to
process because it is soluble only in a limited
number of organic solvents.Therefore, study of the
properties of these conducting polymers with respect
to different growing as well as ambient conditions is
of high importance. An optical and electrical
properties of poly aniline are useful for various
device applications such as transistors [8], optical
waveguides [9], in optoelectronic devices [10],
photovoltaic and photoconductive devices and
optical modulator devices [11]. Poly aniline have
also been exploited in sensor applications [12].
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Il.  Experimental

2.1. Materials
The materials tested in this study were aniline,

ammonium per sulfate hydrochloric acid, cinnamic
acid , methanol , acetone , ammonia andeosin B.

2.2. Preparation of PANI-g-CA
Aniline (4.93 ml, 0.054 mol) was added to 20 ml of

1M HCI taken in a 250 ml beaker. Ammonium per
sulfate (12.3 g, 0.054 mol) dissolved in 30 ml of 1M
HCI at and added in the above aniline solution with
vigorous stirring and then, cinnamic acid(8 g, 0,054

5o

aniline cinnamic acid
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mol)dissolved in 50 ml of 1M HCI was added to
solution. The reaction temperature was maintained at
-5°C. After the polymerization reaction, the mixture
was filtered and washed with methanol followed
distilled water several time, finally the resudue was
washed with acetone and dried at 60°C.The
precipitate dissolve in 45 ml of ammonia solution
(25%) and leave it at room temperature with stirring
for 3 hours and then filtered the solution and washed
with methanol, acetone and distilled water
respectively, dried at 60°C.

H
‘EC—HC
|

COOH

i+

'.IL_L/-

Copolymer polyaniling - Cinnamic acid

Scheme (1): preparation of PANI-g-CA.

2.3. Doping of PANI-g-CA
Doping PANI-g-CA with dye eosin is carried out by

adding the weighed dye to the appropriate weight of
polymer (1g) then the mixture was dissolved in
dimethyl methyl sulfoxide after the prepared directly
to give a polymer / dye system containing (0.01,
0.03, 0.05, 0.07,0.09, 0.12 and 0.15) g wt% of
doping reagent eosin B [13]. The mixture was stirred
well for 15 minutes to guarantee that the
homogenous distribution of dye in the polymer
matrix, and then coated on a glass substrate fluorine
doped tin oxide (FTO) by casting method at room
temperature. The thickness of the films were
measured using Micrometer

I1l.  RESULTS AND DISCUSSION:

3.1. FTIR Study

The infrared spectrum, The spectrum showed a beam
at (3325 cm™) indicating the OH carboxylic group,
and a beam at (3350 cm™) indicating the NH group.

Published by: The Mattingley Publishing Co., Inc.

(3032 cm™). The carbonyl beam appeared at (1735
cm™) while the C = C beam appeared at (1589 cm™)
[14]. As shown in Figure (1).

52.5

4000 3750 3500 3250 3000 2750 2500 2250 2000 1750 1500

Fig.1:FTIR of pure PANI-g- CA.

3.2. XRD Studies

The X-ray diffraction pattern of pure PANI-g-CA is
shown in Figure (2) In this spectrum, one main
signal appeared at (20) 19.26which indicates the
semi crystalline nature of PANI-g-CA [15]. When
doping copolymer with different ratios of dye, this
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peaks shifted to a lower angle and decrease in d-
spacing for all doping ratios, and three signals
appeared at (20) 20.58°,20.81°and 21.69° attributed
physical interaction between the copolymer an dye,
as shown in Figure (3) and (4). The crystallite size of
the synthesized PANI-g-CA and doping ratios were
calculated using Scherer’s formula [16] given by

_ 092
Bcosb

(1)

Where D is the average crystallite size, A is the X-
ray wavelength (1.5416A°) and B is full width at half
maximum in radian. The grain size for pure PANI-g-
CA and doping ratios are tabulated in table 1.
Table(1): Grain size for doping PANI-g-CA film
with different doping ratio

Doping ratio % Grain size
(nm)
0.00 4.307
0.01 17.218
0.03 19.572
0.05 22.348
0.07 24.231
0.09 27.006
0.12 28.820
0.15 49.843

Fig.2: XRD of pure PANI-g-CA
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Fig.3: XRD for weight ratio 0.12% of doping PANI-g-CA.

== c = = co = e

Fig.4: XRD for weight ratio 0.15% of doping PVA-g-AA.
3.3. TGA-DTA Analysis

Figure (5) represents the weighted and differential
pyrolysis curve of the PANI-g-CA co-polymer. We
observe from the figure several stages of
dissociation. The first stage, at a dissociation
temperature of 101.46°C, with a weight loss of
2.474%, is due to the loss of water molecules from
the polymer. In the second stage, it disintegrates at
237.23°C, with a weight loss of 6.659%. As for the
third stage, as is evident from the figure, it
decomposes at 626.67°C, with a weight loss of
17.857%. It loses a weight of 19.234% by
disassembling it at a temperature of 900 "C. Also, we
note that the joint polymer loses half its weight at a
temperature of 973.5°C and has a charcoal content at
a temperature of 714°C of 53.95% carbon solid.
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Fig.5: TGA and DTA for PANI-g-CA.
3.4. DC Conductivity Studies 3040°
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more ordered, then decreasing amount of localized
states present allowing for more mobile of charge Fig.7: (1-V) Characteristics at different
carriers [17]. On other hand, the molecular structure ~ temperatures for weight ratio 0.01% of doping
of the polymer greatly influences the charge carrier PANI-g-CA.

mobility according to the (I-V) characteristics.
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Fig.6: (I-V) Characteristics at different Fig.8: (I-V) Characteristics at different
temperatures for PANI-g-CA. temperatures for weight ratio 0.03% of doping

PANI-g-CA.
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Fig.9: (I-V) Characteristics at different
temperatures for weight ratio 0.05% of doping
PANI-g-CA.
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Fig.10: (I-V) Characteristics at different
temperatures for weight ratio 0.07% of doping
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Fig.11: (I-V) Characteristics at different
temperatures for weight ratio 0.09% of doping
PANI-g-CA.
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Fig.12: (I-V) Characteristics at different
temperatures for weight ratio 0.12% of doping
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Fig.13: (I-V) Characteristics at different
temperatures for weight ratio 0.15% of doping
PANI-g-CA.

Figure (14) shows the effect of doping ratio with
Eosin B enhanced electrical conductivity in this
order: (pure < 0.01< 0.03< 0.05< 0.07 < 0.09 < 0.12
< 0.15) % wt. This is due to electrostatic interaction
in emulsion and powder between laser dye and
lignin resin, and the small amount of dye which
make it diffuse within the matrix of polymer.
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Fig.14: The relationship between odc and weight
ratio of doping PANI-g-CAat different
temperatures.
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Figure (15) shows a typical Inc vs. T plot for PANI-
g-CA with doping ratios. The conductivity increased
with increase in temperature and the rate of increase
was different in different temperature from (30-120)
°C that was because of the increasing charge carrier
in conduction band, this indicating semiconductor-
like behavior. The sharp increase of dc conductivity
between 363 K to 393 K can be related to segmental
motion as a result of increasing temperature.
However, the electrical conductivity increases
linearly beyond 363 K as exactly detected for
another system [18-19].
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Fig.15: DC conductivity for doping PANI-g-CA
with different temperatures.

Figure (16) shows the relation between In ¢ and
1/KT (eV), the activation energy has been
determined from the slopes of these curve by using
the relation [18].

Inog.=Inc -Ea/kT (2

Where o is the conductivity at temperature T, Ea is
the activation energy, and k is the Boltzmann
constant.

It was found that the values of activation energy
decrease with the increase of the ratios of doping for
all ratios. At 303K and 393K, the dc electrical
conductivity of pure PANI-g-CAwas found to be
4.691x10° Scm™ and 9.495x10° Scm™
respectively. As content of dye increases from
0.01% to 0.15% in PANI-g-CA matrix, the
conductivity of PANI-g-CA composite increases
from 0.648x10° Scm™ to 1.126x10° Scm™ at 308K,
similarly at 393K it increases from 1.679x10° Scm™
to 2.491x10° Scm™.The increase in conductivity
with increase of temperature is the characteristic
behavior of semiconductors [20].
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Fig.16:The activation energy of the pure PANI-
CO-CA polymer.

Table (2) reports the results of the Ea and R?

activation energies and their standard deviations.

Table 2: Activation energies, R? and SE values for
doping PANI-CO-CA film with different doping

ratio
Doping ratio Ea (ev) R° SE
%
0.00 0.180 0.954 0.015
0.01 0.114 0.973 0.013
0.03 0.074 0.986 0.012
0.05 0.062 0.987 0.010
0.07 0.049 0.990 0.008
0.09 0.046 0.994 0.005
0.12 0.040 0.995 0.004
0.15 0.043 0.998 0.004

3.5. Optical Sensors

Figure (17) and (18) Indicate the light and dark
weight  relationship  between  current-voltage
characteristics of weight ratio 0.12% and 0.15% of
doping PANI-g-CA at room temperature. The
photocurrent increased in the light at voltage (1.2-
1.8) V than dark case is identical to the increase in
conductivity, and the resistance difference (AR) are
3.56 kQ and 8.00 kQ for the doping ratios 0.12%
and 0.15% respectively. The optoelectronic effects
are attributable to the association of m-m and the
existence of bifunctional groups. Most dyes and CPs
are blamed for their insolubility because of their
strong conjugation and planar structure [21].
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However, these large dye conjugation systems may
exert electronic interference with the CP's m-system,
resulting in a series of changes in the properties and
morphology of dye-doped conductive polymers
(DPCs). It has been shown that DCPs ' electrical and
photo electrochemistry is immune to chemical
agents; this offers the possibility of sensor growth.
The results of dye dopants on PANI-g-CA
conductivity and optical properties demonstrated that
the color and conductivity shifts could be used to
establish optical and electrochemical sensors [22].
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Fig.17: Current -voltage characteristics under
light and dark for 0.12% of doping PANI-g-CA.
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Fig.18: Current -voltage characteristics under
light and dark for 0.15% of doping PANI-g-CA.

IVV. Conclusion

Poly aniline-Graft-cinnamic acid doped with various
weight percentages of Eosin B dye. The FTIR result
showed that PANI-g-CA was established. Reports in
X-ray diffraction show changes from amorphous to
crystalline. Analysis of TG-DTA indicates the
polymer is thermally stable. Conductivity variation
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in temperature, m, was measured and found to be a
type of semiconductor. Maximum conductivity was
observed in 0.15.% of dye in PANIA-g-CA.
Activation energy, Ea, for conduction was
determined, when increase in ratio of dye content,
Ea decreased and o increased. The dyes presence in
the performing polymers alters the polymer's
electrical and optical properties. It is generally
possible to synthesize the dye doped polymers
quicker than pure polymers.
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