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Picric Acid Doped Trimer of o-Phenylenediamine
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Abstract

Trimer of o-phenylenediamine was synthesized by in-situ polymerization method Ammonium persulphate
as an oxidant. Ammonium persulphate in water was added drop wise into the solution over a period of 30 minutes
with constant stirring. After complete addition of the oxidant, the reaction mixture was left stirring for about 6h
at room temperature. The reddish brown coloured trimer formed was filtered and washed with deionized water
and 2 M HCIl solution until the washing liquid was colourless. Then the precipitate was dried at 60 °C overnight
under vacuum oven to obtain the final product. Itis further characterized by UV-Visible, FT-IR, *H NMR and #*C
NMR spectral data conformed the structure of o-phenylenediamine and dopant present in the trimer of

o-phenylenediamine.
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1. INTRODUCTION

Polymers exhibiting a wide range of electrical
properties from insulator or semi-conductor to
metal.Phenylenediamines are a class of aniline
derivatives having an extra “NH, group in the o-, m- or
p-position. Although reports are available on
polymerization of m- and p-isomers (Cataldo et al.
1996), o-phenylenediamine is the most frequently
studied member. Poly (o-phenylenediamine) has
apparently shown different characteristics of molecular
structure and properties when compared to PANI
(Li etal. 2002). It has a variety of suggested or
already realized applications in the fields of
electrochromism, sensors and biosensors (Deng et al.
1994), fuel cells, rechargeable batteries and corrosion
Protection. Mostly Poly(o-phenylenediamine) has been
reported to be a highly aromatic polymer containing
2, 3-diaminophenazine or quinoxaline repeat units and
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exhibits unusually high thermo stability. A PANI like
structure has also been proposed.

2. EXPERIMENTAL METHODS
2.1 Materials

0-Phenylenediamine (Hi-media), ammonium
persulpate (sd fine), succinic acid (Hi-pure), tartaric acid
(sd fine), 1, 5 cyclohexane dicarboxylic acid (Aldrich),
acetone and methanol (AR grade) were used as received
without further purification.

2.2 Chemical synthesis of
o-phenylenediamine (OPDT)

trimer of

Trimer of o-phenylenediamine was
synthesized according to a procedure reported in
literature (Sestrem et al. 2010) after some modifications.
In a typical procedure, 5.298 g of o-phenylenediamine
was dissolved in 70 ml of 2 M HCI under magnetic



58 P. Chitra et al. / J. Environ. Nanotechnol., Vol. 2(4), 57-61, (2013)

stirring. After total dissolution, equal moles of
(NH,),S,0, (oxidant) in water was added drop wise into
the solution over a period of 30 minutes with constant
stirring. After complete addition of the oxidant, the
reaction mixture was left stirring for about 6 h at room
temperature. The reddish brown coloured trimer formed
was filtered and washed with deionized water and 2 M
HCI solution until the washing liquid was colourless.
Then the precipitate was dried at 60 °C overnight under
vaccum oven to obtain the final product.

2.3 Chemical synthesis of picric acid doped trimer
of o-phenylenediamine(PA-OPDT)

5.298g (0.049 moles) of o-phenylenediamine
was dissolved in 70ml of 2M HCI containing 0.998 g
of picric acid under magnetic stirring. After total
dissolution, 9.787 g (0.0429 moles) of (NH,).,S,0,
(oxidant) in water was added drop wise into the solution
over a period of 30 minutes with constant stirring.
After complete addition of the oxidant, the reaction
mixture was left stirring for about 6 h at room
temperature. The reddish brown colouredtrimer formed
was filtered and washed with deionized water and
2 M HCI solution until the washing liquid was
colourless. Then the precipitate was dried at 60 °C
overnight under vaccum oven to obtain the final product.

3. RESULTS & DISCUSSION
trimers of o-

3.1 Characterization of
phenylenediamine

3.1.1 UV-visible spectral analysis

UV-visible spectrum of trimer of
o-phenylenediamine (OPDT) was recorded in
SYSTRONICS Double Beam UV-visible
spectrophotometer. Ethanol was used as a
solvent.Ethanol was used as a solvent. The spectrum
shows two absorption band, one band in UV-region and
other one band in visible region. The UV region
absorption 262 nm is due to excitation of  (m— m*)n
-electrons present in the aromatic ring system of the

trimer. The peak at 442 nm is due to n— 7* transition
of the quinoid structure in trimer. The UV- visible
spectrum of OPDT is shown in Fig.1a (Shenashen et
al. 2011) .
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Fig. 1: UV-visible spectrum of OPDT and PA-OPDT

3.1.2 FT-IR spectral analysis

FT-IR spectroscopy is a vast tool to analysis
the structure and end groups of the polymers and
oligomers with great accuracy. The spectral data of
various groups in trimers are shown in the figures.

An FT-IR spectrum of OPDT is shown in
Fig 2a. A broad band at 3308 cm™* due to the
characteristic of N-H asymmetric stretching vibration
and shoulder band at 3146 cm corresponds to N-H
symmetric stretching vibration. The band appears at
2910 and 2850 cm* might be due to C-H asymmetric
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and symmetric stretching vibration on aromatic ring.
The two peaks center at 1535 cm?® and 1483 cm™ are
ascribed to the C=C stretching vibration in quinoid and
benzoid rings, while the peaks at 1366 cm* and 1249
cmtare assigned to C-N stretching vibrations of quinoid
and benzoid imine groups ( Li, et al. 2001). The
characteristic peak at 853 and 584 cm are attributed
to the C-H out of plane deformation. The peak at 607
cm?® indicates C-C bending vibration and 755 cm!
corresponds to 1, 2 substituted benzene ring (Li, et al.
2003).
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Fig. 2: FT-IR spectra of OPDT and PA-OPDT

The characteristic peaks of PA-OPDT located
at 1633, 1272 and 788 cm indicates that PA has doped
into OPDT. The peak at 1633 ¢cm corresponds to
NO, stretching vibration. The peak at 1272 cm™
attributed to C-O stretching vibration and the peak

assigned to NO, and N-H out of plane bending
vibration. Most of the other characteristic peaks are
similar absorption tothe OPDT (Ahmed et al. 2000).

3.2 Nuclear Magnetic Resonance Spectroscopy
3.2.1'™H NMR of OPDT and PA-OPDT

The *H NMR spectrum of OPDT is shown in
Fig.3a. The singlet peak appears at 7.04 ppm is assigned
to H, and H, Protons. The NH Proton signal is found
at 7.31 ppm. The multiplet peak appears from 7.72
to 7.75 ppm due to H,, and H, . Protons. The
triplet signal occurs from 7.85 to 7.89 ppm is
assigned to H,, proton. The multiplet peak appears
from 8.03 to 8.13ppm is due to H,,H,, H, and H,
protons.
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Fig. 3: *H NMR spectrum of OPDT and PA-OPDT
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3.2.2 BC NMR spectrum of OPDT and PA-OPDT

The BC NMR spectrum of OPDT and
PA-OPDT isshown in Fig.4a & Fig.4b. The important
information of *C NMR spectrum of the trimer is the
high number of peaks indicating that an open trimer
with low symmetry was obtained. The assignment of
peaks for OPDT is 91.85, 97.14, 106.66, 118.75,
123.27, 127.75, 128.60, 129.12, 132.12, 134.45,
137.57, 139.36, 145.28, 149.38 and 153.73ppm.And
the peaks for PA-OPDT are 91.82, 97.31, 106.77,
113.11, 118.69, 120.87, 123.50, 124.78, 125.66, 127.81,
129.31, 132.36, 142.25, 145.39, 149.14, 153.81 and
161.167 ppm. By comparing PA-OPDT with OPDT the
number of peaks gets increased. This indicates that PA
has doped OPDT (Sestrem et al. 2009).

Fig.4.C NMR spectrum of OPDT and PA-OPDT

4. CONCLUSION

Different acids doped trimers were prepared by
chemical oxidation method by using ammonium
persulphate as oxidizing agent. The synthesized samples
were characterized by FT-IR, UV-vis and NMR
spectroscopic techniques. The presence of the various
characteristic absorptions in the trimers and doped
trimers were assigned through FT-IR spectral analysis.
Thevariation of bathochromic shift in doped trimers
indicates that the dopant present in the trimers. The
different kinds of protons and carbons present in the
trimers and doped trimers were confirmed by NMR
spectroscopic techniques.

REFERENCES

Ahmed, S. M., Patil, R. C., Nakayama, M., Ogura, K.,
Characterization of picric-acid-doped poly
(o-toluidine)-induced conductive composite of
acrylonitrile-butadiene—styrene, Syn. Metals.,
114(2), 155-160(2000). http://dx.doi.org/10.1016/
S0379-6779(00)00239-3.

Cataldo, F., On the polymerization of P-
phenylenediamine, Euro. Poly. J., 32(1), 43-
50(1996). http://dx.doi.org/10.1016/0014-
3057(95)00118-2.

Deng, Q., Dong, S., Mediatorless hydrogen peroxide
electrode based on horseradish peroxidase
entrapped in poly(o-phenylenediamine), J.
Electroanalytical Chem.,377, 191-195(1994).
http://dx.doi.org/10.1016/0022-0728(94)03465-6.

Li, X. G,, Duan, W. M. R., Huang, Yang,hao, D. Y.,
Preparation and solubility of a partial ladder
copolymer from p-phenylenediamine and
o-phenetidine, Polymer., 44(20), 6273-
6285(2003). http://dx.doi.org/10.1016/S0032-
3861(03)00677-3.

Li, X. G., Huang, M. R., Duan, W,, Yang, Y. L., Novel
multifunctional polymers from aromatic diamines
by oxidative polymerizations, Chem. Rev., 102,
2925-2931(2002). http://dx.doi.org/10.1021/
cr010423z.



P. Chitra et al. / J. Environ. Nanotechnol., Vol. 2(4), 57-61, (2013) 61

Li, X. G.,, Huang, M. R., Yang. Y., Synthesis and
characterization of o-phenylenediamine and
xylidine copolymers, Polymer., 42, 4099-
4107(2001). http://dx.doi.org/10.1016/S0032-
3861(00)00661-3.

Sestrem, R. H., Ferreira, D. C., Landers, R., Temperini,
M. L. A., do Nascimentor G. M., Synthesis and
spectroscopic characterization of polymer and
oligomers of ortho-phenylenediamine, Euro. Poly.
J., 46, 484-493(2010). http://dx.doi.org/10.1016/
j-eurpolymj.2009.12.007.

Sestrem, R. H., Ferreira, D. C., Landers, R., Temperini,
M. L. A, do Nascimento, G. M., Structure of
chemically prepared poly-(para-
phenylenediamine) investigated by spectroscopic
techniques, Polymer., 50, 6043-6048(2009). http:/
/dx.doi.org/10.1016/j.polymer.2009.10.028.

Shenashen, M. A., Okamoto, T., Haraguchi, M., Study
the effect of phenylenediamine compounds on the
chemical polymerization of aniline, React.
Func.Poly., 71, 766—773(2011). http://dx.doi.org/
10.1016/j.reactfunctpolym.2011.02.004.



