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Abstract- Synthesis of a conductive polymer with enhanced electrical conductivity obtained through chemical oxidative 
polymerization in is discussed in this paper. The electrical conductive property of polyaniline being a valuable result which 
is required in various applications.The conversion of aniline monomer into polymer chains was carried out through chemical 
oxidative polymerization in acidic condition.Water soluble initiator (ammonium persulphate) was used at room temperature 
(28˚C) for8 hours yielded a conductive polyaniline (PANi).  The complete reaction was indicated by a temperature increased 
up to 33°C at 240 and 270 minutes. It was followed by an increase in the viscosity value of polymer solution to 1.87 mPa.s 
subject to Ostwald viscometer method. Particle sizesof polymer which are evaluated by Particle Size Analyzer (PSA) 
indicated that there was a growing in size ofpolymerparticle during the polymerization reactionto a mean size value of 
approximately 55 µm after the propagation process of carbon chain was ended after 270 minutes reaction time. The 
conductivity value of PANiemeraldine salt (PANi-ES) was in the range between 8200 µS/cm and 8600 µS/cm. Various 
strong acids, of respectively Nitric acid (HNO3), Formic acid (HCOOH), Hydrochloric acid (HCl) and Perchloric acid 
(HClO4) were used as doping agents to enhance the electrical conductivity of PANi-ES. Among the four mentioned doping 
agents, only HClO4able to enhance the electrical conductivity of PANi-ES. The HClO4 doped PANi-ES resulted in an 
electrical conductivity value of 27000 - 33104.41 µS/cm subject to evaluation by LCR Meter at frequencies in the range 
between 0 and 100 KHz. The electrical conductivity of doped PANi at a frequency of 100 kHz is almost 5 times higher than 
that of obtaining in PANi-ES. 
 
Index Terms- Polyaniline; Strong acid doping agent; Conductive Polymer; Electrical conductivity 
 
I. INTRODUCTION 
 
The conducted polymer becomes an attractive topic 
among the researchers nowadays due to of some its 
unique properties [1,2,3].It is common understanding 
that most organic polymers are insulators, but when a 
molecule structure has conjugated π-electrons 
(conjugated bonds) will produce specific property 
being more conductive.Such polymers will exhibit 
unusual electronic properties, particularly on the low 
energy optical transition, low ionization potentials, 
and high electron affinities.Polyaniline (PANi) is one 
of organic polymer which possesseselectrical 
conductivity property when synthesized through 
chemical oxidative polymerization. It is applied to 
chemical structure of PANi which has conjugated 
double bonds among the molecule [4]. The unusual 
property of PANi as an organic polymer causes this 
stuff being a most favorite material to be produced. It 
could be prepared through simple and common 
method like electro polymerization [5] or chemical 
oxidative polymerization [6]. The two methods allow 
the electron valence of polyaniline to be controlled to 
obtain various colors with each specific property [7]. 
Another most interesting of conducted PANi upon 
doping with various acids classes is that it would 
possess high chemical, electrical and good 
environmental stability[8]. In addition, when the 
conducted PANi is mixed with the metal oxide 
compounds in a composite system, it would exhibit 

exciting physical and chemical properties, which are 
required in modern technology products like 
electronic devices, Radar Absorbing Materials 
(RAM) and Electromagnetic Interference Shielding 
(EMI) [9]. 
 
The electrical conductivity property in PANi is 
adjustable polymer depending on its chemical 
structure that formed upon doping treatment. It can 
form as a conductor or semiconductor material 
depends on the system beingused during 
polymerization and also depend on the type of doping 
agents which induce various values of electrical, 
magneticand optical properties [10]. It is well known 
that PANi may be available in three different forms 
respectively Leucoemeraldine base (PANi-LEB) as a 
fully reduced form, Emeraldine base (PANi-EB) as 
partially oxidized form and Pernigraniline base 
(PANi-PNB) as a fully oxidized form [11]. Among 
the above different oxidation state only 
PANiemeraldine salt (PANi-ES) presents electrical 
conductivity property. PANi-ES can be obtained 
through the conversion of PANi-EB assisted by the 
introductionof doping agent through protonation or a 
deprotonation process with acid or base compounds 
[12]. To explore more detail regarding conductivity 
property of PANi, results of different strong acids 
doping agent during chemical oxidative 
polymerization are discussed in this report. 
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II. EXPERIMENTAL METHOD 
 
PANi was chemically synthesized by the oxidative 
polymerization method.  60 ml of aniline monomer 
was mixed with 750 ml of a hydrochloric acid, HCl 
1.5 M to form a monomer solution. An initiator 
solution was prepared by adding 75 gr of ammonium 
persulfate (APS) powder into 750 ml of HCl 1.5 M 
solution. Monomer and initiator solutions are 
simultaneously dropped into a reactor glass. The 
mixed solution was kept stirring during 8 hours 
mixing at a room temperature. The flow rate of 
solution droplet was controlled to get a homogeneous 
mixture. When the blackish green appeared in the 
solution, it indicates a formation of PANi-ES.  The 
addition of an ammonium hydroxide (NH4OH) 0.1 M 
into PANi-ES solutionwould form PANi-EB. 
Sequence treatments which were started from 
filtering the PANi-EB solution, subsequently washing 
with 100 ml distillate water (DW) for 3 times and 
continued with washing with 100 ml methanol for 
another 3 times, then pure dried powders of PANi-ES 
were obtained after drying. All of dried PANi-ES 
werecompletely dissolved in 1500 ml of NH4OH 0.1 
M solution, continued by mixing during 15 hours 
until a blackish blue solutionwhich indicated that the 
stable PANi-EB was formed after deprotonation 
process. The treatmentsmentioned above were 
repeated by using each for 3 times 100 ml of NH4OH 
0.1 M solution and 3 times 100 ml of Tetra Hydro 
Furan (THF) to dissolve small chain of polymer 
which remaining in the solution system.The 
precipitant wasthen placed in a desiccator and 
vacuum dried for 60 hours after purging with N2 
gasses. The dried PANi then was doped with different 
following strong acids: hydrochloric acid (HCl), 
Perchloric acid (HClO4), nitric acid (HNO3), and 
formic acid (CH2O2) with the same concentration 
which was a 37 % solution in distillate water. The 
composition between dried PANi-ES with each acid 
dopantis 1:10 were placed in different reactor then 
keep mixing for 10 hours at room temperature. All 
obtained doped mixtures were characterizedby means 
of the Horiba particle size analyzer (PSA), thermo 
FTIR spectrophotometer, Oswald Viscometer, LCR 
meter and finally microwave characteristics were 
evaluated using the Vector Network Analyzer (VNA) 
through measurements of transmission and reflection 
of electromagnetic wave in the 8 - 18 GHz frequency 
range. 

 
III. RESULT AND DISCUSSION 
 
Chemical oxidative polymerization is a method 
involving monomer and initiator during reaction to 
get higher molecule's weight and longer carbon 
chains. In order to find out if the reaction is running 
completely some characterizations during reaction are 
required. Aplot of the temperature profile of the 
solution obtained from an in situ measurementduring 

the polymerization process is plotted in Figure 1. The 
plot indicated that there wereat least three different 
periods characterized the chemical oxidative 
polymerization process. The operation began with an 
initiation period with no temperature increase in the 
first 8 min period, after which a linear gain in the 
solution’s temperature was noted in the 
polymerization process. The rise in temperature must 
be due to an exothermic reaction occurred during the 
oxidation reaction following by propagation of 
molecule chains in this second period. 
 

Figure 1. Temperature Profile Polymerization of Aniline in 
Acidic System 

 
The increase in a temperature solution during 
polymerization was also observedby Stejskal [13] in 
chemical oxidative polymerization of polyaniline. 
There was a temperature increaseup to 40°C during 
the polymerization reactionin the second period, 
which obviously higher than that of obtaining from 
our current observation. The difference in highest 
temperature obtained between the two results is most 
probably due to the different in concentration of 
oxidation agent applied, the type of solvent, the 
reactivity of aniline as monomers and the capacity of 
the chamberused during the experiment.When the 
reaction is carried out in a big scale, the high 
temperature tends to be obtained. 
 Referring to the temperature profile shown in 
Figure 1 which exhibited that after the initiation of 
polymerization period, the temperature increased 
linearly until the highest temperature of 33°C was 
achieved at 240 minutes polymerization reaction time 
and remain un-changed until270 minutes. During the 
initiation period, whichis the slowest step in the 
reaction, the oxidation of aniline to form a radical 
cation is started. This step would be a critical period 
to determine further reaction rate of polymerization. 
When radical cations of aniline are formed, then it 
will be followed by dimmer radical cations species 
formation.The reaction progresses continuously until 
all radical cations are to form polymeric chains 
completely.The maximum energy would be obtained 
in this step by presenting the highest temperature 
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obtained. Upon the completion of the reaction for the 
initiators and monomers, then the residual of 
pernigraniline salt was formed in the previous step by 
reducing the number of rest monomers which was 
designated by the color shifting.The last period in the 
polymerization process was post polymerization 
period indicated by a continuous decrease in 
temperature’s solution toward the initial temperature. 
It means no more reaction taking place during post-
polymerization period. 
 
To ascertain the complete response, another 
characterization also was carried out.Bring up to the 
precept that the higher molecular weight will give 
higher viscosity [14].Hence, measurement of 
viscosity value of the solution is also being one of the 
important parameters to be carried out.The viscosity 
value should present the information affecting an 
increase in length of carbon chain molecules in the 
propagation period of polymerization. At the 
beginning, the viscosity value of aniline and initiator 
solutions was respectively 1.01 and 1.11 mPa. s. 
After the polymerization reaction passed a reaction 
time for 270 minutes, the viscosity value obtained 
was 1.87 mPa. s being the highest value obtained 
during polymerization reaction. It can be concluded 
that the long chain molecule was obtained in such 
reaction time after which there were no more any 
chain molecule propagation. 
 Some other parameter which also being an 
important indicator is the mean particle size of 
polymer converted from monomers. Bilal et.al [15] 
described that particle size formation as one indicator 
to define the polymer molecule is formed. This report 
demonstrated that the highest mean particle size was 
~ 54.72 µm obtained at a reaction time 270 minutes. 
Before polymerization period is initiated, no 
information regarding particle size may be obtained 
from particle size measurement after which there was 
particles growing in size due to molecule polymer 
formation. 
 The three indicators mentioned above (a 
temperature increase, viscosity values and mean 
particle size) are being the main parameters to 
indicate if the polymerization reaction is well 
progressing. In the previous work, we have also 
reported on those parameters which were obtained 
during polymerization reaction [9]. 
  
A series of FTIR spectrum before and after 
protonation is shown in Figure 2. Basically, it 
represents a change in aniline as monomer (a) to 
PANi-EB (b) and PANi-ES (c). The latter material 
was used as a PANi for further treatment.  In this 
research, since the polymerization was carried out on 
the acidic condition, aniline exists as anilinium 
cation. A single anilinecomponent presents a specific 
finger print of functional groups at 688-1600 1/cm 
and at 3000 – 3255 1/cm in the region of the 
spectrum (2a). When the dimmer of cationic radical is 

formed some of the spectra disappears due to of 
different chemical bonding formation. In the final 
stage, the presence of pure PANiwas confirmed by a 
new spectra belong to benzoic and quinoid species. A 
chain oxidation of PANi in the polyemeraldine state 
by chemical oxidation reaction at 1300-1600 1/cm 
(2b & 2c).The last FTIR spectrum represents pure 
and dried PANidoped by four different strong acids, 
respectivelyHCl, HNO3, HClO4 and HCOOH. The 
doping agent will not give molecule chemical 
structure changing, a small shifting due to of acidic 
strength likeCl-, ClO4

-, NO3
-and COOH-as described 

in Figure 2d did not give significant difference. It 
confirmed that strong acid as doping agent was added 
into polyaniline produce similar structure molecule as 
pure polyaniline.  
 

 
Figure 2. FTIR Spectrum of Aniline Monomer Conversion to 

Polyaniline (PANI) 
 
Aniline monomer as a neutral molecule is not a 
conducted material. However, when aniline monomer 
presents as anilinium cations or an ionic molecule, its 
electrical conductivity as measured by LCR meter 
was 1 µS/cm. The value of electrical conductivitywas 
significantly different when exists as derivative PANi 
resulted from  aniline conversion. In Figure 3, the 
electrical conductivity of PANi-EB and PANiES are 
plotted. The electrical conductivity value of PANi-EB 
was obtained 0.05 µS/cm and increased continuously 
above 1 kHz frequency to 0.45 µS/cm at 100 kHz. 
However, much larger values were obtained in PANi-
ESwhich, according plot in Figure 3, the electrical 
conductivity value of PANi-ES is ranged between 
8200 µS/cmand 8600 µS/cm in the same frequency 
range. A large increase in electrical conductivity 
value obtained in PANi-ES indicated that conducted 
PANi was successfully synthesized through chemical 
oxidative polymerization. The final material resulted 
from the chemical oxidative polymerization process 
is a conductivePANi-ES from which the electrical 
conductivity still can be enhanced through 
enrichment of its ionic charges by the addition of 
doping agent. 
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Figure 3. Conductivity Value of Aniline Monomer Conversion 

to Polyaniline Compounds at 10 kHz by LCR Meter 
 
The electrical conductivity value of PANi doped by 4 
different states of acid strength is shown in Figure 4. 
The four results show different values in the 
frequency range between 0.001 kHz and 100 kHz. Of 
the four doped PANi, only HCLO4doped PANi 
showed an enhancement in electrical conductivity 
value from 8200 µS/cm and 8600 µS/cm to 27000 
µS/cm and 33000 µS/cm in the same frequency 
range. Others rest doped PANi show a large decrease 
in their respective electrical conductivity value. It was 
clearly shown in Figure 5, in which the conductivity 
values at a frequency 100 kHz for various states of 
PANi were compared. A large enhancement in 
conductivity value was obtained only in the HClO4 
doped conductive PANi. The ionic strength of the 
total ion concentration of strong acid as a doping 
agent influenced the electron movement in the 
molecule which caused the alternating double and 
single bonds in the different level.  When HNO3 and 
HCOOH acids were used as dopant agents, the 
conductivity value obtained were respectively 0.04 
and 9.00 µS/cm. Those low values in electrical 
conductivity indicated that anionic of nitric (NO3

-), 
chloride (Cl-) and formic (COOH-) are not able to 
increase the conductivity level of PANI-ES which has 
reached 8679.00 µS/cm obtained before doping 
process.In contrary to this, protons came from 
HClO4acid, which containPerchloric anions (ClO4

-) 
as a dopant agent has exhibited a large value in 
conductivity value which was almost 5 times higher 
than that PANi-ES. It indicates that HClO4 is a best 
dopant to produce conductive PANiin acidic medium. 

 
Figure 4. Conductivity Property Monitoring of Doped 

Polyaniline during Measurement 10 kHz by LCR Meter 
 

 
Figure 5. Conductivity Value of Doped Polyaniline 
 

The above results and discussion has shown that the 
doped PANi would have a different conductivity 
valuewhich very much depend on the type of dopant 
and method of doping process. It is confirmed by 
Bhadra et al [16] which had conducted a complete 
investigation on the effect of doping agent to the 
electrical properties of doped PANiusing several of 
doping agents through different methods. In this 
research, aniline monomer was mixed with HCl 1.5 
M solution, aniline presence as anilinium cation more 
reactive than it’s aniline. Variation of doping agent 
which added are strong acid types have different ionic 
strength. 
 

I. CONCLUSION 
 
In the light of results and discussion given above, it 
can be concluded that during the oxidative 
polymerization reaction, the solution is characterized 
by an increase in temperature solution to 33°C 
associated with the formation of polymer chains. The 
mean particle size of polymer chains reached ~ 54.72 
µm, which followed by an increase in the viscosity 
value of the solution to 1.87 mPa. s at 270 minutes 
reaction time in the polymerization period.A 
conductive PANi-ES can be obtained after a series of 
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treatment given to PANi-EB resulted in an electrical 
conductivity value of 8679.00 µS/cm which can be 
enhanced to 33104 µS/cm by strong HClO4 acid as a 
dopant agent. 
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