Material Sciences Revista Mexicana dsifa71 041005 1-6 JULY-AUGUST 2025

Structural and electrical characteristics of low doped polyacetylene composites
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Polyacetylene was synthesized by using Ziegler-Natta catalyst with chemical polymerization method and doped it with 10% iodine and 10%
bromine to prepare the composites. The samples were characterized by XRD, SEM and temperature dependent DC electrical conductivity
The XRD pattern of doped polyacetylene displayed that the crystallinity was improved. The SEM morphology of doped polyacetylene
demonstrated that granularity was increased. The calculated electrical conductivity shows the low electric conductivity of pure polyacetylene
but when we doped polyacetylene with iodine and bromine the electrical conductivity was improved. This study explored that the improve-
ments in the electrical conductivity which may confirm the doped polyacetylene behave as semiconductor and can be helpful for the potential
application of devices and related fields.
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1. Introduction role, polythiophene and their derivatives [8]. The polyacety-
lene is an organic polymer which is the combination of re-

Materials have been divided into three categories with respegeating small units and it will give the idea of polymeriza-
to their electrical conductivity: insulators, semiconductorstion of acetylene [9]. Polyacetylene is considered as the first
and conductors. Conjugated polymers are in the category &ynthesize simple organic conjugated polymer. The main ad-
semiconductors [1]. vantage of use of the polyacetylene over the other organic

The conjugated polymers are also called synthetic metalgonjugated polymer is air sensitive due to this reason that re-
The conductivity of Conjugated polymers is due to the movesearchers have been focus on it [10]. The chemical formula
ment ofr-bonded electrons at backbone of polymer materialsf polyacetylene is HHHC=CH)H. Where “n” represents the
displays electronic effects such as small ionization potentialsaumber of repeating units. The geometry of double bonds can
and greater electron affinities. Conjugated polymers provid®e cis or Trans form of polyacetylene [11]. When hydrogen
impedance type gas sensors for low cost, highly sensitive aitoms are linked to same side of carbon-carbon double bond
room temperature [2]. In conjugated polymers, the creatiorin the structure of polyacetylene so this type of polyacety-
of holes and free electrons does not take place in the conene is known as cis polyacetylene [12-14]. Similarly, when
duction bands as in crystalline semiconductors. The dissimihydrogen atoms are linked to the opposite sides of carbon-
larity to inorganic semiconductors is in the shape of the poly-carbon double bond in the structure of polyacetylene so this
mer backbone that deformed when the polymer is oxidized otype of polyacetylene is known as trans-polyacetylene. The
reduced by the dopants. The properties of conjugated polyconjugated polymers can be doped to p-typeor n-type and
mers are optoelectronic, optical, electrical, mechanical propshow a different class when mixed with impurities. Poly-
erties and microwave absorbing properties [3-6]. The conjuacetylene show p-type or n-type doping when it mixed with
gated polymers are used in different areas like microelectrorimpurities [15-18]. The doping of polyacetylene with halo-
ics, energy storage devices, rechargeable batteries, superggns such as10% (0.25g) AsA0% (0.25 g) ShEpresented
pacitor, photovoltaic devices, fuel cells, actuators, polymerig-type doping whereas mixed with alkalis provided n-type
light emitting diodes (LED’s), corrosion protection technol- doping were studied in the literature review [18]. The elec-
ogy, electro chromic device technology, bio medical appli-trical conductivity is also increased as dopants were mixed
cations, membrane technology and drug distribution of convia enabling the transportation of charges through the fi-
ducting polymers [7]. There are several conjugated polymeraite polyenes [19-25]. The main aim of the present work
namely polyacetylene, polyaniline, polyphenylene, polypyr-
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is to examine the temperature dependent DC conductivity of

low doped polyacetylene composites. For this purpose, we w
synthesized polyacetylene via chemical polymerization tech- o

nigue and doped it with iodine and bromine to study their
charge transport mechanism which was not previously inves- =

)

tigated. © H_/'IL‘\\J\_\
T
. . = b)
2. Materials and experimental b e —————— ]
(=
In-situ chemical polymerization method was used to synthe- ©
c

size the polyacetylene. At first a solution of Ziegler-Natta cat-

alyst was prepared by mixing 5 mol of tetra-butoxy-titanium a)
and 10 mol of triethylaluminium into the 50 ml of toluene. MR e
The solution was stirred by using magnetic stirrer at room
temperature for about 20 min. After that 30 ml solution was 10 20 30 40 50 60 70
separated into the flask and cooled down by using dry ice. Angle 28 (degree}

After that acetylene gas was introduced into the solution for

the formation of polyacetylene film. The remaining catalyst™GURE 1. XRD of a) Pure polyacetylene b) polyacetylene-10%
solution was removed with syringes. Before toluene was use8romlne composite ¢) polyacetylene 10% iodine composite.

to wash the polyacetylene film until it became colorless. To
avoid the cis/trans isomerization, the temperature of polyme
ization was kept maintained during the purification. At this
time washed polyacetylene film and was dried under nitro-
gen at room temperature. The nitrogen was kept31°C
temperature and this polymerization can be performed under
different temperatures from100°C to +180C [26]. Incase 2dsin @ = n\, (1)
when temperature less thar0 toluene is used as a solvent.

The polyacetylene film was seen when there was a change fiere,n = 1, A = constant (1_54‘5\), 0 = peak angle,d = d-
color take place. The variation in colors was occurs due t&pacing

the different polymerization temperatures. When tempera-  The XRD pattern represented in Fig. 1b) of bromine
ture was below €C then the red color film was observed. At goped polyacetylene revealed two sharp peaks at an angle
room temperature, the color of the film was purple. Attem-99 — 95.37° and20 = 32.44°C and their corresponding
perature greater than 100 the film color was blue. When d_spacing values are S_éoand 276.\ representing the im-
electron acceptors are mixed to the polyacetylene such as Iprovement of the crystallinity of synthesized Polyacetylene-
Bry, As F; is termed as p-type doping whereas when electromso, Bromine composite. The observed XRD pattern in
donating species are mixed to the polyacetylene such as Liig. 1c) for an iodine doped polyacetylene revealed three
K, Na is known as n-type doping. In this research the p-typesharp peaks at angles 2f = 19.88°, 26.04, 38.38 and
doping of polyacetylene with iodine and bromine was pertheir corresponding d-spacing values are A48.41A, 2.
formed. The kept the pressure during the doping process wasyA. Therefore, these sharp peaks clearly indicate that the
almost one torr. The structural properties of pure and dopegrystallinity of polyacetylene has been increased significantly
polyacetylene with bromine and iodine were confirmed by X-py incorporated an iodine to form the Polyacetylene 10%
ray Diffraction (XRD) technique by using ‘analytical X'pert |odine composite [29-30]. The crystallite size was calcu-
PRO’ diffractometer with radiation source 15€uKa op-  |ated for Polyacetylene-10% Bromine composite 10 nm and

erated at 40 kV and 30 mA at scan rate 6C2min in the  polyacetylene-10% lodine composite 9 nm by using Scher-
range of20 = 10°C to 70°C. The surface morphologies were rer's formula [31].

studied by ‘EVO 50 ZEISS’ Scanning Electron Microscope

(SEM). The pellets of synthesized samples were connected 92 SEM analysis

a Keithley-2400 electrometer and a current source electrome-

ter for DC Conductivity and activation energy were measure-To investigate the surface morphology of all the synthesized

In Fig. 1a) revealed its amorphous structure. The broadness
in the peak and the smaller angle indicated that higher inter-
chain distance as well as more open structure and disorder
was present in pristine polyacetylene [27]. The d-spacing

values were calculated by using the Bragg’s Law [28].

ments by using two probe techniques. samples utilizing the SEM analysis method. The SEM image
of pure polyacetylene shows in Fig. 2a) randomly oriented

3. Experimental results fibril network was observed. The SEM image of bromine
doped polyacetylene composite as shown in Fig. 2b) repre-

3.1. Structural analysis sents the fibrous morphology with increased in particle size

of the fibril. Polyacetylene-10% Bromine composite which
The obtained broad peak at the smaller arigle= 18.97°C may be due to the increased in inters chain interaction and
t0 27.95C in XRD pattern of pure polyacetylene as shown
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FIGURE 2. SEM images of a) Pure polyacetylene b) polyacetylene-10% bromine composite c) polyacetylene-10% iodine composite.

results to increases the electrical conductivity [32]. The SEMactivation process [36].At temperature greater thar? 2G6e
photo of iodine doped polyacetylene composite is showindibrils are broken down aa well as reduce the crystallinity
the more growth in particle size and the structure appears likand therefore, the conductivity of iodine doped polyacety-
fibrous nature and also shows the small and thick rod like fiblene was observed to be reduce at higher temperature. When
rils as exhibited in Fig. 2c). The 10% iodine is implanted polyacetylene is exposed to the vapors of iodine its electrical
into polyacetylene chain because due to the strong particleonductivity is raised intensely similarly, when polyacetylene
interaction to form composite [33]. From this, it may be was doped to the bromine vapors then its electrical conduc-
concluded that polyacetylene 10% iodine composite is sedivity was increased as shown in Figs. 3 and 4. The semicon-
ing more growth in particle size and enhanced in electricatlucting behavior was observed for both composites’ bromine
conductivity as compared to the polyacetylene-10% bromineloped polyacetylene and iodine doped polyacetylene due to

composite. the delocalization of charge carriers. The conduction mecha-
nism is due to the transfer of charges from conjugated poly-
3.3. Electrical properties mer to the accepter due to the presence of iodine that gener-

i ates the acceptor states within the energy band gap [37-38].
The nature as well as charge transport mechanism for polyrne electrical conductivity was observed to be improved at
mer samples can be studied through the DC-conductivityyom temperature in the range of 10-160 (ohm thijor
characteristics [34]. The electrical conductivity of doPedcomposites [39]. From graph Lagvs T-'/4 as shown in
polyacetylene decreased by reducing the temperature [35kig 4, it was clear that the DC conductivity of bromine doped
The temperature range 293-K and above the electrical consolyacetylene composite is less than the conductivity of io-
ductivity of polyacetylene was increased due to the thermallyjne doped polyacetylene composite will follow the 3D-VRH

model for charge transport mechanism [40]. The activation
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FIGURE 3. Graph of Logo vs Temperature a) pure polyacetylene FIGURE 4. Graph of Logo vs T~ */* a) pure polyacetylene b)
b) polyacetylene-10% bromine composite c) polyacetylene 10% io-polyacetylene-10% bromine composite ¢) polyacetylene 10% io-
dine composite. dine composite.
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FIGURE 5. Graph of Logo vs 10007 for a) pure polyacetylene b)
polyacetylene-10% bromine composite c) polyacetylene 10% io-

dine composite.
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energy is calculated using the Arrhenius exponential equation
and from the slope of graph of Lagvs. 10001" as shown in

Fig. 5.
d (Ino

o= oy exp ( _;5) , 3

where Fa = Activation energy,k = Boltzmann constant,
T = temperature.

The activation energy values were obtained for polyacety-
lene, bromine doped polyacetylene and iodine doped poly-
acetylene from the Fig. 6 and is given in Table I. The activa-
tion energies are going to decrease from pure polyacetylene
to doped polyacetylene composites. The values of activation
energy for iodine doped polyacetylene composite are low as
compared to pure polyacetylene as well as bromine doped
polyacetylene composite.

4. Conclusion

The polyacetylene was prepared by using Ziegler-Natta cata-
lyst via in-situ polymerization method and doped it with io-
dine and bromine. From XRD patterns it was observed that
polyacetylene has an amorphous nature because there was
only a broad peak at angl® range 16 to 26°. The XRD
pattern of polyacetylene doped iodine and also polyacetylene
doped bromine but iodine doped polyacetylene shows more
crystallinity as compared to bromine doped polyacetylene.
The SEM images of pure as well as iodine and bromine doped
polyacetylene exhibited the granular as well as fibrous mor-
phology. Electrical properties were observed for pristine and
doped polyacetylene. Pure polyacetylene shows less elec-
trical conductivity while iodine doped polyacetylene showed
the higher conductivity as compared to the bromine doped
polyacetylene.

The electrical conductivity of iodine doped polyacetylene
was much higher than pure polyacetylene which make theses

FIGURE 6. Graph for activation energy versus concentra- COMposites material more useful for the potential application
tion of polyacetylene, polyacetylene-10% bromine composite andof devices.

polyacetylene-10% iodine composite.

TABLE |. Determination of activation energy for polyacetylene,
bromine doped polyacetylene and iodine doped polyacetylene.

Activation Energy

Synthesized Materials Ha, eV)
Polyacetylene 5.20 eV
Polyacetylene-10% Bromine 2.75eV
Polyacetylene-10% lodine 1.60eV
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