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ABSTRACT

Conducting polymers are the subject of intensive research because of their unique characteristics,
which include electrical properties that can be tuned, optical, and high mechanical capabilities,
simple synthesis and manufacturing, and high environmental resilience. Using FeCl3 as an oxidant
in both aqueous and non-aqueous conditions, polypyrrole and its composites were made chemically.
Different solutions were tested to see how they affected the product's characteristics. These solutions
included water, ethylacetate, acetonitrile, methylacetate, methanol, ethylmethylketone, and surface
active agents poly (ethylene glycol) and poly (vinyl acetate). Scanning Electron Microscopy (SEM)
has been used to characterize the electrically conductive polymer and its composites. According to the
findings, product shape, conductivity, and structure vary with solution and additive composition.
Keywords: Polypyrrole, Aqueous,Conducting Polymers, Methylacetate, Solution

I.  INTRODUCTION

About three decades ago, scientists made the discovery of intrinsically conducting polymers, which
has piqued their interest due to the many potential uses for these materials in the scientific
community. These materials are sometimes referred to as "synthetic metals™ because their electrical
conductivity is so similar to that of real metals. Many conducting polymers (CPs) may be found in
insulators in their neutral state, including polyacetylene, polyfuran, polypyrrole, and polythiophene.
Chemical and electrochemical redox methods can be used to dope different salts into polymers,
changing their insulating characteristics into conducting ones. MacDiarmid, Shirakawa, and Heeger
improved the semiconducting properties of organic polyacetylene produced by chemical
polymerization in the late 1970s. Their 1977 research resulted in the incorporation of halogen
compounds into polyacetylene. The article appeared in the peer-reviewed journal Chemical
Communication. The development of conducting polymers by these three scientists earned them the
2000 Nobel Prize in Chemistry. (CPs). Polyacetylene, which consists of polythiophene, polyaniline,
polypyrrole, and polyfuran, sparked a renewed interest in the development of new conducting
polymers among scientists. These polymers differ from metals in that they can be handled at low
temperatures. However, stability is the primary difficulty with these polymers.

The conductivity of these polymers is intrinsic, arising from their structure rather than from the
incorporation of external conducting components. In 1987, Heeger and his colleagues began using
polythiophene to create devices for electrical gadgets, and by the 1990s, they had developed polymer-
based high-efficiency LEDs. In 2003, polymer LEDs like the ones seen here were utilized to create
emission displays for mobile phones. If you combine them with other beneficial substances, you can
find even more applications for them. Their application in physics is essential to the functioning of
electronics, computing, and the biological sciences. Since its discovery in the late 1970s, several
researchers have been exploring potential applications for conducting polymers.

Conducting polymers containing metal particles have a number of fascinating scientific and practical
properties. Over the past several decades, researchers have shifted their attention to conducting
polymer composites in quest of novel properties. Compared to hybrid and Nano-hybrid materials,
which contain several components, conducting polymers with three-dimensional architectures are
more intriguing to scientists. The hybrid and nanohybrid polymers that result from the addition of
metal, metal oxides, graphene, and graphene oxide to conducting polymers have properties of both
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conductors and insulators. Sensors, electronics, and even biological uses can all benefit from these
newly developed materials. The electrode in capacitors is often made from a graphene Nano
composite of these polymers.
Il. MATERIALS AND METHODS
Instrumentation:Tools like a Scanning Electron Microscope (SEM) model LSM50A and digital
scales (models) FR200 and MK20 were used. Conductive polymer films may have their volume
resistivity measured with a four-point probe.
Reagents and standard solutions:All reagents were used unpurified as supplied unless otherwise
specified. Deionized, distilled water was utilized for all of these experiments. Distillation was used to
get rid of impurities in the pyrrole monomer. Pyrrole (Aldrich), ethylacetate (RdH), Poly (vinyl
acetate) (PVAc, Mw = 25000), Poly (ethylene glycol) (PEG, Mw = 35000), acetonitrile (Merck),
methylacetate (Merck), methanol (Merck), and ethylmethylketone (Merck).
Polypyrrole and its composites preparation: The different solutions of PPy and its composites were
prepared using a chemical approach. The oxidant was FeClI3, while PVAc and PEG were utilized as
surface active agents. The reaction was carried out at room temperature for 5 hours in a variety of
aqueous and non-aqueous mediums, including water, ethylacetate, acetonitrile, methylacetate,
methanol, and ethylmethylketone. Table 1 summarizes, from a practical standpoint, the best ways to
go about preparing PPy and its composites.

Table 1: The optimal conditions for PPy and its composites preparation

Type of sample Type Concentration of additive | Type of solution
ofadditive (g L-1)

PPy - - Water

PPy - - Methylacetate

PPy - - Methanol

PPy - - Water+Ethylacetate

PPy - - Acetonitrile

Composite of PPy and | PEG 20 Water

PEG

Composite of PPy and | PEG 6 Ethylacetate+Water

PEG

Composite of PPy and | PEG 6 Methylacetate

PEG

Composite of PPy and | PEG 20 Acetonotrile

PEG

Composite of PPy and | PEG 20 Ethylmethylketon+Water

PEG

Composite of PPy and | PEG 20 Methanol

PEG

Composite  of PPy | PVAC 6 Water

andPVAc

Composite of PPy and | PVAC 6 Methylacetate

PVAC

Composite of PPy and | PVAC 6 Ethylacetate+water

PVACc

Composite of PPy and | PVAC 6 Acetonitrile

PVAC

Composite of PPy and | PVAC 6 Ethylmethylketon+water

PVACc

Composite of PPy and | PEG+PVAC PEG=6gl-1 Ethylmethylketon+Water

(PEG+PVAC) PVAc =6g I-1
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Conditions of reaction: (FeCI3 = 48 g L—1 , pyrrole monomer 14.9x10-2 mol L—1 , reaction in
environment temperature for 5 hours, volume of solution 100mL and the mixture of solution has been
prepared equal volume ratio 50/50% V/V)
In a typical experiment, 100 mL of agueous or non-agqueous solutions containing 4.8 g of ferric
chloride and 0.6-2 g of PEG or PVAc were mixed with 1 mL of pyrrole monomer. After 5 hours, the
product was filtered, and repeated washes in deionized water were used to remove the oligomers and
other contaminants before the product was dried at room temperature.
Macroscopic polymer precipitation occurs during the manufacture of PPy composites when just a
little amount of surface active agents like PEG or PVAc is used for stabilization.
I1l.  RESULTS AND DISCUSSION
Preparing conductive polymer and its composites by the chemical technigue can be a versatile and
generalized process. Because of its simple production, PPy is appealing as a potential electrically
conducting polymer. This material will need to be synthesized at cheap cost if it is to be used in any of
its possible commercial uses.
Pressed pellets of the composite powders were used to test the electrical conductivities of different
composites made under varied reaction circumstances. The conductivities of the crushed pellets were
found to be between (2.2x10-3 - 4.4x10-1 S cm—1) without additive, (2.1x10—4 -17.8x10-2 S
cm—1) with PEG and (1.7x10—4 -8.2x10—-2 S cm—1 ) with PV Ac respectively.
The pellets were compressed to a size of 2 tons/cm-2 at room temperature. The compressed pellets
averaged a thickness of 250um. The pellets' electrical conductivity was examined with a four-probe
setup. The outcomes are detailed in Table 2. Table 2 shows how the electrical conductivity changes
with different solutions and additions. PEG and PVAc are stabilizing agents, and because surfactants
are physically adsorbed to the polymer during growth, they may alter particle size, shape, and
homogeneity. It is widely known that the charge transport capabilities of conjugated polymers are
highly sensitive to the conditions under which they are produced. The conductivity of processed films
is significantly influenced by the solvents used during processing.

Table 2: Conductivity of PPy and its composites in various solutions and additives

Type ofsolution | Conducti | Type | Concentr | Conducti | Type Concentr | Conducti
vity(S ofaddi | ation vity(S ofaddit | ation vity(S
cm-1) tive ofadditiv | cm-1) ive ofadditiv | cm-1)

e(gL-1) e(gL-1)

Water 100mL 4.4 x10-1 | PEG 20 17.8 x10- | PVAC |6 8.2 x 10-2

2

Methylacetate 2.2 x10-3 | PEG 6 95x10-4 | PVAC |6 1.7 x 10 —

100mL 4

Ethylacetate+wa | 3.6 x 10-1 | PEG 6 13.5 x10- | PVAC 6 3.22 x 10-

ter (50/50% v/v) 2 2

Acetonitrile 100 | 6 x 10-2 PEG 20 24x10-2 | PVAC |6 1.36 x 10-

mL 2

Ethylmethylketo | 4.2 x 10-2 | PEG 20 2.1x10-4 | PVAC 6 4.1 x10-3

n+water

(50/50% v/v)

Methanol 100 | 3.1 x 10-2 | PEG 20 2 x10-2 PVAc |6 1.2 x10-2

mL

Ethylmethylketo | - - - - PVAc+ | PVAC =6

n+water PEG gL-1

(50/50% viv) PEG =39 x 10-

6gL-1 |3

As the polarizability of the carrier solvents grew, so did the conductivity, since the solvents were
better able to dissolve the pyrrole. Conductivity drops in non-aqueous media as stabilizer adsorption
rates rise, while in polar organic media, polymerization rates rise, leading to the formation of
polydispersed particles. The conductivity of composites varies with the surfactant used, as seen in
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Table 2. Polymeric surfactants like poly (ethylene glycol) and poly (vinyl acetate) affect solution
viscosity and can react with monomer droplets in emulsions.

According to Table, when PVAc and PEG are used at the same concentration, the latter has a lower
conductivity measurement. Probably this is because there is more of the physically insulating
surfactant adsorbing than there is of the conductive component. For a particular solvent, it has been
discovered that increasing the concentration of a stabilizer causes a drop in conductivity. It is likely
that the polymeric surfactant chains are physically adsorbed onto the polypyrrole particles at a quicker
pace, and hence in greater relative quantities, explaining these data. As a result, this correlates with
the amount of insulating steric stabilizer that has been adsorbed.

Higher conductivities were achieved with more polar solvents, such as water, during this oxidative
polymerization process. Taking into account the conductivity measured for PPy particles and the
practicable range of surfactant concentrations, water appears to be the optimal solvent. Water's cost,
handling, and safety features make it an intriguing alternative to other solvents, especially when
considering its potential use in industrial-scale synthesis.

It is well established that surface active compounds are frequently used in chemical polymerization to
affect the morphology of conducting polymers. Because electrical conductivity is connected to surface
morphology, morphology plays a significant influence in influencing the conductivity and mechanical
characteristics of the materials.

The surface stabilizer’s function in PPy particles has to be investigated further so that its effect on the
particles' spatial organization in the matrix can be better understood. The hydrophobic component of
the stabilizers is responsible for the majority of the adsorption on the PPy particles, most likely
through a hydrogen bonding process with the pyrrole N-H group. Polymer formation rate, particle
size, particle size distribution, morphology, homogeneity, and structure are all known to be affected
by the additive type and concentration.

Figure 1: Scanning electron micrograph of pure PPy in agueous media. Reaction conditions:

(FeCl3 =48 g L—1, Pyrrole monomer 14.9x10—2 mol L—1 , volume of solution 100 mL, reaction
time 5 hours at room temperature)
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Figure 2: Scanning electron micrograph of PPy and PEG composite in aqueous media using
PEG (Mw = 35000, 6 g L.—1). Reaction conditions: (FeCl3 =48 g L—1 , Pyrrole monomer
14.9x10-2 mol L—1 , volume of solution 100 mL, reaction time 5 hours at room temperature)
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Fig. 3: Scanning electron micrograph of pure PPy in non-aqueous media (methanol). Reaction
conditions: (FeCl3 = 48 g L-1, Pyrrole monomer 14.9x10-2 mol L—1, volume of solution 100
mL, react_ion ti erature)
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Figure 4: Scanning electron micrograph of PPy and PEG composite in non-aqueous media
(methanol) using PEG (Mw = 35000, 6 g L.—1). Reaction conditions: (FeCl3 =48 g -1, Pyrrole
monomer 14.9x10-2 mol L—1 , volume of solution 100 mL, reaction time 5 hours at room
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Figure 5: Scanning electron micrograph of PPy and PVAc+PEG composite in an aqueous/non-
agueous media (water+ethylmethylketon) using PVAc (Mw = 25000, 6 g L—1) and PEG (Mw =
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35000, 6 g L—1). Reaction conditions: (FeCl3 =48 g L—1 , Pyrrole monomer 14.9x10-2 mol L-1,
volume of solution 100 mL (50/50% V/V), reaction time 5 hours at room temperature)
Scanning electron microscopy was used to investigate the morphology of PPy and its composites.
Figures 1-5 depict the obtained outcomes. When can be seen in Fig. 1, the bulk polymer has a
propensity to produce huge globules when it aggregates. This is in contrast to its stabilized particles,
where the number of interactions between polymeric surfactant chains is restricted. Since the solvent
can alter the polymerization rate, the homogeneity, particle size, and size distribution are all impacted
by the solution type (Fig. 1 and 3). The rate in the organic solvent should decrease as the medium

becomes less.

In addition to its effect in electrical conductivity, solvent also affects surface shape. As can be seen in
Fig. 5, using co-surfactants (PEG and PVACc) to create composites led to well-rounded particles. An
increase in the polymerization rate in aqueous/non-aqueous (water and
ethylmethylketone)environments may be responsible for the polydisperse spherical shape. Using a
polymeric surfactant influences the viscosity of solution and, most likely, adsorbs onto the growing
polypyrrole chain/particle and prevents further aggregation by a steric stabilization mechanism, as
shown in Figures 1 and 2 for aqueous media and Figures 3 and 4 for non-aqueous media, respectively,
resulting in smaller average particle sizes. The chemical structure and shape of electrically conducting
polymers also have an impact on their conductivity.

IV. CONCLUSION

The development of conductive polymers with desirable properties like as cheap cost, high
environmental stability, high conductivity, high charge storage capacity, great reversibility, and so on
will be a crucial step in the evolution of electrode materials for ECs. PEG and PVAc, two common
surfactants, have been shown to reduce conductivity. Micrographs taken with a scanning electron
microscope reveal how surfactant and solution impact particle size and homogeneity. This is due to
the fact that polymeric surfactant and solution alter the rate of polymerization, and surfactant also
inhibits particles from grossly aggregating. By raising the surfactant concentration, colloid formation
occurred. These findings suggest that the interaction between the surfactant and polypyrrole is
responsible for the observed dependence of peak intensity on surfactant and solution.
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