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Synthesis of Poly(o-toluidine) in DMF/Water
Mixture Using Benzoyl Peroxide

Zerin Mucuk, Meral Karakışla, and Mehmet Saçak
Department of Chemistry, Faculty of Science, Ankara University, Ankara,

Turkey

Abstract: The chemical polymerization of o-toluidine was carried out in dimethyl-
formamide=aqueous HCl solution using benzoyl peroxide. The conductivity
of poly(o-toluidine) (POT) doped with HCl changed from 2.0� 10�4 to 15.6�
10�4 S cm�1 depending on the polymerization parameters. The solubility of POT in
DMSO was found as 0.3 g=100mL, in which the solubility of HCl-doped polyaniline
was 0.042 g=100mL. Characterization of synthesized POTwas performed by conduc-
tivity, solubility, FT-IR, UV-vis, and TGA techniques. Thermal-sensing property of
POT was also investigated between �10� and þ120�C by heating-cooling cycles.

Keywords: Benzoyl peroxide; Chemical polymerization; Conducting polymer;
Temperature sensing

INTRODUCTION

Since the 1970s, many studies have been carried out on the synthesis and
characterization of conductive polymers.[1–4] As a member of the family
of conductive polymers, polyaniline has received extensive interest
due to its controllable electrical conductivity, environmental stability,
reversible proton doping, and easy synthesis.
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However, insoluble and infusible properties of polyaniline[5,6] restrict
its potential applications in areas such as electromagnetic shielding,
antistatic coatings, rechargeable batteries, electrochromic devices, and
gas sensors and activators.

The solubility of polyaniline in organic solvents can be increased to a
certain extent depending on the type of dopant used.[7,8] Another
approach to synthesis of soluble conducting polymers having a chemical
structure similar to that of polyaniline is the polymerization of aniline
derivatives such as N-ethylaniline, N-methylaniline, anisidine, and
o-toluidine.[9–11] Aniline derivatives can be polymerized by chemical or
electrochemical methods.[12–14]

The use of benzoyl peroxide as a new oxidant for the synthesis of con-
ductive polymers in the solution[15] and inverse emulsion polymerization[16]

of monomers containing amine groups provides some advantages com-
pared with inorganic oxidants. For example, problems such as the forma-
tion and removal of by-products that frequently occur with inorganic
oxidants are not encountered with benzoyl peroxide.Moreover, the residue
and by-products of benzoyl peroxide remaining in the polymerization
medium can easily be removed with a suitable organic solvent.

In the present study, the chemical oxidative polymerization of
o-toluidine by benzoyl peroxide in aqueous organic media was first
investigated. The effects of polymerization parameters such as dimethyl-
formamide (DMF)=water volume ratio, oxidant, acid and monomer
concentrations, time, and temperature on the yield and conductivity of
poly(o-toluidine) (POT) were studied. The polymer synthesized was
characterized with UV-vis, Fourier transform-infrared (FT-IR), and
thermogravimetric analysis (TGA) techniques. Conductivity, solubility,
and thermal sensing property of POT were also examined.

MATERIALS AND METHODS

Materials

o-Toluidine (Merck) was distilled under vacuum and benzoyl peroxide
(Bz2O2) (Merck, Germany) was recrystallized from methanol-chloroform
mixture. Solvents, acids, and other chemicals were supplied from Merck
and employed without further purification.

Chemical Polymerization of o-toluidine

Chemical polymerization was carried out in a polymerization tube 3 cm
in diameter and 15 cm long immersed in a temperature-adjustable
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water bath. A 17mL amount of the aqueous acid solution containing an
appropriate concentration of o-toluidine was first put into the tube and
then the total volume of the mixture was made up to 20mL by adding
3mL of Bz2O2 solution prepared in a suitable organic solvent.

At the end of the polymerization, the mixture was cooled, and POT
precipitated in the medium with a green color was separated by a centri-
fuge, washed with acetone, and then diluted by an acid solution in order
to remove the residual Bz2O2 and unreacted aniline. Finally, the polymer
was dried under vacuum for 12 h at 50�C.

The percentage yield of POT (POT yield, %) was determined
gravimetrically.

The polymerization of o-toludine in acids such as HNO3, HClO4,
HCl, H2SO4, H3PO4, HCOOH, HOOCCOOH, and CH3COOH was
carried out according to the above-mentioned procedures.

Solubility Test

First, 1 g POT was added to 10mL solvent and filtered after having been
vigorously mixed for 24 h at 25�C. The filtrate was then dried at 50�C
under vacuum until the constant weight and the solubility value were
calculated as gram of POT in 100mL solvent.

Characterization Techniques

The conductivities of the polymer samples, which were prepared as
pellets with diameters of 1.3 cm and thickness of 1mm under 80 kN=m2

pressure, were calculated from their resistivity values measured by the
two-probe method using a Keithley 6517A electrometer.

The change in the electrical resistivity of the POT pellet with
temperature was also monitored. The pellet was mounted to two copper
wires with a conductive adhesive and then placed in a glass chamber
whose temperature was controlled by a Huber model TC50E cryostat
and oil bath. The resistivity was recorded during the heating period from
�10� to þ120�C and recooling to �10�C at a heating rate of 2�C min�1.
This heating-cooling process was repeated three times.

The FT-IR spectra of the polymer samples were taken by a Mattson
1000 spectrometer. The UV-vis spectra of the solutions of undoped and
doped POT in dimethyl sulfoxide (DMSO) were recorded with a
Shimadzu 1700 UV-vis spectrophotometer.

The thermogravimetric analysis was carried out with a Shimadzu
DTA-60H, DSC-60 model thermal analyzer at a flow rate of 10mL
min�1 and a heating rate of 10�C min�1 under N2 atmosphere.
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RESULTS AND DISCUSSION

Solvent Type and DMF/Water Volume Ratio

In the graft copolymerization studies carried out by Bz2O2, it is known
that the solvents used to dissolve Bz2O2 affect the graft yield.

[17,18] There-
fore, Bz2O2 dissolved in different organic solvents was added to the poly-
merization tube containing acidic water and monomer to start the
polymerization, where the organic solvent=water mixture ratio was kept
at a value of 20=80 (v=v). The data for the yield and conductivity of POT
given in Table I were obtained.

From Table I, it can be seen that POT with high yield and conduc-
tivity was obtained with the DMF=water mixture. Since the solvents
could influence the polymerization process by interfering with some
reactions, changing the mobility of reactants, etc., the explanation of
their role in polymerization is difficult.[18]

In order to elucidate the effect of the amount of DMF on the yield
and conductivity of POT, a set of experiments was also performed with
different DMF=water ratios (Figure 1).

As can be seen from Figure 1, the maximum POT yield of 17.5% was
obtained at a DMF=water ratio of 30=70 (v=v). This ratio was chosen for
further runs. The decrease in the POT yield at a high amount of DMF
can be attributed to increasing solubility of POT in the medium.

Dopant Type

The polymerization of o-toluidine was carried out in the presence of
different dopants, and experimental results are indicated in Table II.

Table I. Change of yield and conductivity of POT with various solvent=water
mixtures at a ratio of 20=80 (v=v)

Solvent type POT yield (%) Conductivity (104S cm�1)

Methanole=water 2.8 0.86
Ethanole=water 3.4 0.67
Propanole=water 2.2 0.57
Acetone=water 6.0 0.56
Acetonitrile=water 2.4 0.12
DMF=water 7.2 6.10
DMSO=water 3.9 0.78

[HCl], 1.0mol L�1; [Bz2O2], 7.5� 10�3 mol L�1; [o-toluidine], 0.1mol L�1;
temperature, 40�C; polymerization time, 2 h.
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Among the eight different acids employed as dopants, POT was obtained
as a green powder only with HCl and HOOCCOOH, and no polymer
formation was observed with HCOOH and CH3COOH. The products
obtained with HNO3, HClO4, H3PO4, and H2SO4 were brownish oily
substances.

Figure 1. Effect of DMF=water (v=v) ratio on yield and conductivity of POT.
[Bz2O2], 7.5� 10�3mol L�1; [o-toluidine], 0.1mol L�1; [HCl], 1.0mol L�1;
temperature, 40�C; polymerization time, 2 h.

Table II. Change of yield and conductivity of POT with dopant type

Dopant type POT yield (%) Conductivity (S cm�1)

HCl 17.5 15.6� 10�4

HOOCCOOH 0.8 0.02� 10�4

HNO3 oily product —
HClO4 oily product —
H3PO4 oily product —
H2SO4 oily product —
HCOOH nil —
CH3COOH nil —

[acid], 0.5mol L�1; [Bz2O2], 7.5� 10�3mol L�1; [o-toluidine], 0.1mol L�1;
DMF=water ratio, 30=70 (v=v); temperature, 40�C; polymerization time, 2 h.
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Our result shows that HCl is a favorable dopant within the dopants
examined for the synthesis of POT with high yield and conductivity by
Bz2O2. Rao et al.[19] also reported that the conductivity of polyaniline
prepared by the polymerization of aniline in an organic peroxide system
by the inverted emulsion process is higher with HCl.

The effect of HCl concentration on the yield and conductivity of
POT was investigated with another set of experiments, and the data are
given in Figure 2. With an increase in the dopant concentration from
0.25 to 2.0mol L�1, there is a rapid increase up to 1.0mol L�1 HCl in
the conductivity of the POT. However, when the concentration is raised
above this value, the conductivity of POT decreases. A similar effect of
acid concentration on the yield and conductivity of polyaniline obtained
in different aqueous acid media such as H2SO4, HNO3, H3PO4, and
CH3COOH has been reported.[19,20]

One of the reasons for the decrease in POT yield at high acid concen-
tration is the degradation of the POT formed in the medium.[19] Another
reason is that during the polymerization of o-toluidine, the propagation
reactions take place by the combination of the monomer cation radicals,
and this process requires the removal of an Hþ ion from the dimeric
structure formed. At high HCl concentrations, the removal of an

Figure 2. Change of yield and conductivity of POT with HCl concentration.
DMF=water ratio, 30=70 (v=v); [Bz2O2], 7.5� 10�3 molL�1; [o-toluidine],
0.1molL�1; temperature, 40�C; polymerization time, 2 h (., yield;~, conductivity).
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Hþ ion is not possible and the product remaining at oligomer level due to
the restricted chain growing[21] is soluble.

The decrease in the conductivity of POT is related to the degree of its
crystallinity, which affects the conductivity of the conducting poly-
mers.[20] At the high acid concentrations, POT chains contract and their
conformations convert to a compact coil form, which is not favorable for
electrical conductivity because of the screening effect of Hþ and the
anions of the excess acid.

Monomer and Oxidant Concentration

The maximum yield (17.5%) and the highest conductivity (15.6� 10�4

S cm�1) of POT were obtained with o-toluidine concentration of
0.1mol L�1 (Figure 3). At concentrations above this, the yield and
conductivity decrease due to the formation of a large number of mono-
meric active sites, which could produce soluble oligomeric species in the
polymerization medium.[22] Decrease in the electrical conductivity of
POT at high monomer concentration is a result of the short chain
conjugation of the precipitated polymer.

Yield and conductivity of POT-doped HCl were observed to depend
on the concentration of Bz2O2 (Figure 4). The POT yield reaches its

Figure 3. Change of yield and conductivity of POTwith o-toluidine concentration.
DMF=water ratio, 30=70 (v=v); [Bz2O2], 7.5� 10�3molL�1; [HCl], 1.0molL�1;
temperature, 40�C; polymerization time, 2 h (., yield; ~, conductivity).
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maximum value at Bz2O2 concentration of 5� 10�3 mol L�1 and shows a
rapid decrease at higher concentrations than that. Similarly, the conduc-
tivity of POT increases up to 7.5� 10�3 mol L�1 of Bz2O2 concentration
and decreases thereafter.

The decrease in the yield and conductivity of POT at higher Bz2O2

concentrations may be assigned to over-oxidation of radical cations
and POT.[23,24] The over-oxidation of radical cations, which are
responsible for growth of the polymer chains, interrupts the polymer-
ization and causes the decrease in yield. On the other hand, the
over-oxidation of POT to its nonconducting form decreases the
conductivity of POT.[19]

MECHANISM

When the general reactions of amines with peroxides are taken into
account,[25–27] it can be concluded that the possible reaction between
aniline and Bz2O2

[15] is valid for o-toluidine as well. Thus, the mechanism
in Reaction 1 was suggested for the formation of the radical cation of
o-toluidine.

Figure 4. Change of yield and conductivity of POT with Bz2O2 concentration.
DMF=water ratio, 30=70 (v=v); [o-toluidine], 0.1mol L�1; [HCl], 1.0mol L�1;
temperature, 40�C; polymerization time, 2 h (., yield; ~, conductivity).
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As was observed with the aromatic amines having electron donor
groups, the methyl group on the ring of o-toluidine has the effect of
increasing the rate of reactions given above.[28] The polymerization of
o-toluidine takes place through an oxidative mechanism, and the radical
cation of o-toluidine that occurred according to reaction 1 could react
with other types of radical cations to form POT as shown in Reaction 2.

During polymerization, the color of the mixture first turned slowly to
pink, then blue and green before the precipitation of POT. This color
change is a result of the formation of radical cations of o-toluidine in
the medium.[23]

Solubility

The solubility of POT was tested in various solvents, and POT showed
the highest solubility in DMSO with a value of 0.3 g=100mL. The solu-
bility of POT doped with HCl in DMF and N-methyl pyrrolidone was
found to be 0.08 and 0.16 g=100mL, respectively. POT was not dissolved
in other organic solvents such as acetonitrile, methanol, and ethanol.

For comparison, the solubility of HCl-doped polyaniline was also
examined in DMF, N-methyl pyrrolidone, and DMSO and was found
to be 0.03, 0.11, and 0.042 g in 100mL of solvent, respectively. These
results show that the solubility of HCl-doped POT in the solvents used
was higher than that of polyaniline.

Temperature-Sensing Property

The temperature-sensing property of POT was evaluated by the monitor-
ing of electrical resistivity of POT during the heating-cooling cycles

Reaction 2. Formation of POT.

Reaction 1. Formation of the radical cation of o-toluidine.
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repeated three times in the temperature range of �10� to þ120�C
(Figure 5).

At all heating steps, resistivity values reached a maximum (i.e., the
lowest conductivity) at þ30�C. At further heating, resistivity showed a
decrease in a narrow temperature range, increased up toþ80�C, and finally
decreased up toþ120�C. The high resistance values observed at about 30�C
and 80�C can be attributed to the weak electrical charge hopping process
between polymer chains. The change in the polymer chain conformations
at these temperatures may also negatively affect the conductivity.[29,30]

In cooling cycles starting at þ120�C, there was an increase in the
resistivity values at þ80�C and þ15�C. The resistivity value of POT
at þ80�C was lower than that observed at þ15�C.

UV-Vis Spectra

Figure 6 shows UV-vis spectra of HCl-doped POT and its undoped form
prepared by stirring in NaOH for 24 h.

The band at 420 nm observed in conductive POT in Figure 6(a)
belongs to localized polaron bands for the protonated structure of POT.
The band at 780 nm is the characteristic for emeraldine salt structure
and the same band for the conducting PAn is encountered at 800 nm.[26]

This blueshift of 20 nm can be explained by the fact that the bulky methyl
substituents on benzene rings of POT force the polymer chain to be less
planar and decrease the delocalization capability of electrons.[23,27]

In the spectrum of undoped POT (Figure 6(b)), the characteristic
conduction bands at 780 nm completely disappeared and a new band at
570 nm representing the form of nonconducting POT appeared.

Figure 5. Change of electrical resistivity of HCl-doped POT with the heating-
cooling process performed three times between �10� and þ120�C: (a) first cycle,
(b) second cycle, (c) third cycle.
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FT-IR Spectra

On the spectra given in Figure 7, the peaks observed at 2922 cm�1,
1591 cm�1, and 1469 cm�1 correspond to C-H stretching of methyl
substituent, C-N stretching of quinoid, and benzenoid rings of POT,
respectively.

Figure 6. UV-vis spectra of (a) HCl-doped, (b) undoped POTs in DMSO.

Figure 7. FT-IR spectra of (a) HCl-doped, (b) undoped POT.
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The band at 1159 cm�1 in conductive POT (Figure 7(a)) exhibits the
degree of electron delocalization, thus the electrical conductivity[28] and
its intensity decreases with the removal of dopant, as observed in the
spectrum of undoped POT (Figure 7(b)).

The band that belongs to the –NH3
þ antisymmetrical and –NH3

symmetrical stretchings at the terminal parts of the polymer chains was
observed at about 2980 cm�1 for the POT doped with HCl in
Figure 7(a). The band at 2420 cm�1, which disappeared in the spectrum
of undoped POT, comes from the N-H stretching of Q¼NþH-B in
conductive POT chains.[29]

Thermogravimetric Analysis

The thermograms of HCl-doped and undoped POTs are given in Figure 8.
The weight loss observed between 165� and 250�C in the thermogram of
the HCl-doped POT in Figure 8(a) corresponds to the removal of the
dopant from the polymer structure.[30] The fact that there is no significant
weight loss in this temperature range in the thermogram of undoped POT
(Figure 8(b)) also supports this explanation.

The second weight loss of 20% between 432� and 500�C corresponds
to the degradation of POT chains.[30] The total weight loss of HCl-doped
POT at 600�C is higher than that of its undoped form.

Figure 8. Thermograms of (a) HCl-doped, (b) undoped POT.
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CONCLUSIONS

Our results showed that o-toluidine could be polymerized using Bz2O2 as
an oxidant in DMF=water mixture. While oily products were obtained in
the polymerizations carried out in HNO3, HClO4, H3PO4, and H2SO4

media, POT having the highest conductivity and yield was obtained as
a dark green powder form in aqueous HCl solution. Resistivity-
temperature relation of POT recorded during the heating-cooling cycles
in the temperature range of �10� to þ120�C showed that POT can be
used as a thermal-sensing material in narrow temperature ranges. It
was found that the solubility of POT in various solvents such as DMF,
N-methyl pyrrolidone, and DMSO was higher than that of polyaniline.
Thermal analysis results showed that total weight loss of doped POT at
600�C was higher than that of its undoped form.
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