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Abstract- The terpolymer (p-CPBF) was synthesized by the condensation of p-Chlorophenol, Biurete with Formaldehyde in the presence of
2M HCI catalyst and using various molar proportion of the reacting monomers. The synthesized terpolymer then characterized by different
and spectral studies like UV-Visible, IR and 1H MMR.The morphology of synthesized terpolymer was studied by scanning electron 26 mi-
croscopy (SEM). The crystalline and amorphous nature of the polymer was studied by XRD spectra. Thermal studies of resin was carried
out to determine their mode of decomposition, apperent activation energy. The kinetic parameters of the thermal degradation of the terpoly-
mer samples were evaluated from the thermograms using Sharp-Wentworths method . The order of thermal stabilities of terpolymers were
were determined by using TGA.
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Introduction

In recent year there have been of growing intrest in design and
synthesis of terpolymers due to their special properties and poten-
tial applications in sorption, waste water treatmeants, organic
synthesis, hydrometallurgy, catalysis and recovery of trace metal
element. [1-4] Terpolymer can also be synthesized by the con-
densation ofr mixture of phenols or hydroxybenzoic acid, various
amines and formaldehyde [5-7]. A literature survey reveals that
ion-exchange terpolymer resins have been synthesized from sali-
cylic acid, thiourea and trioxane and also from p-hydroxybenzoic
acid , urea and formaldehyde [8-9]. lon-exchanges are widely
used in analytical chemistry, hydrometallurgy, antibiotic purifica-
tion and separation of radioisotopes and in a large scale water
treatment and pollution control [10]. In an earlier communication
[10-11] from this department a number of such terpolymer have
been reported. However, no work has been carried out on the
syntesis , characterization and structural studies of the terpolymer
resin from p-Chlorophenol, Biurete and Formaldehyde

Experimental

Synthesis of Terpolymer (p-CPBF) Resin

A mixture of p-chlorophenol (1.71 gm. 0.1 mole), biuret (1.43 gm,
0.1 mole) and formaldehyde (7.5 ml 0.2 mole) and 2M hydrochlo-
ric acid (200 ml) was taken in a RB flask fitted with water conden-
ser and heated in an oil bath at 126°C + 2°C for 5 hours with oc-
casional shaking [75]. The temperature of electrically heated oil
bath was controlled with the help of dimmerstat. The resinous
solid product obtained was immediately removed from the flask as
soon as the reaction period was over and then purified.

The resinous product so obtained was repeatedly washed with
cold distilled water dried in the air and powdered with the help of
agate and pestle. The powder was washed many times with hot
water to remove unreacted monomers. The air dried powder then
extracted with diethyl ether and then with petroleum ether to re-
move p-chlorophenol-formaldehyde copolymer which might be
present along with p-CPBF terpolymer. It was further purified by
dissolving in 8% sodium hydroxide solution, filtered and reprecipi-
tated by gradual dropwise addition of ice cold 1 : 1 (v/v) concen-
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trated hydrochloric acid/distilled water with constant and rapid
stirring to avoid lump formation. The process of reprecipitation was
repeated thrice. The p-CPBF terpolymer resin so obtained was
filtered, washed several times with hot water, dried in air pow-
dered and kept in vacuum desicator over silica gel.

OH

+HN G—NH—C— NH+2CHO%>

CH NH—C NH— c NH—CH;
(p-CPBF-I)

Fig.1- Preparation of p-CPBF-I Terpolymer

Results and Discussion

The terpolymer were soluble in DMF, DMSO, THF, etc. However it
is insoluble in common organic solvent. The Composition of the
polymeric unit was assigned on the basis of a detailed study of the
elemental analysis of the polymer, UV- visible, IR and NMR spec-
tral studies. The elemental analysis of the terpolymer was per-
formed to determine the composition of polymeric unit.

The UV-Visible spectra of p-CPBF terpolymer gave rise to two
characteristic bands at 260-280 nm and 297 nm. These observed
positions of the absorption bands indicates the presence of car-
bonyl group (ketonic) possessing double bond which is in conjuga-
tion with the aromatic nucieus. The appearance of former band
(more Intense) canbeaccountedfor p & p* transition while the latter
band (less intense) may be due to n a p* electronic transition.

The IR spectral studies of p-CPBF resin revealed that all these
terpolymers give rise to nearly similar pattern of spectra. The as-
signment of vibrational frequencies is mainly based on the data
available in the literature, A broad band appeared in the region
3700-3300cm-' may be assigned to the stretching vibrations of
phenolic hydroxy (-OH) groups exhibiting intermolecular hydrogen
bonding [11]. The sharp band displayed at 1625 cm-' may be due
to the stretching vibrations of carbonyl group (C=0) of both ketonic
as well as biuret moiety [11] . The presence of -NH in biuret moie-
ty may be assigned due to sharp band at 3005-3020 cm- [11]. A
strong sharp peak at 1528-1539 cm-' may be ascribed to aromatic
skeletal ring [12]. The bands obtained at 1337 — 1355 cm™! sug-
gest the presence of methylene bridges [13] in the polymer chain.
The weak band appearing at 737 - 749 cm-! is assigned to C - Cl
bond. 1,2,4,6 -tetrasubstitution of aromatic ring is recognized from
the bands appearing at 953, 1081, 1112 and 1236 cm-! respec-
tively [12-14].

Weak signal in the range of 7.00 to 7.47 (d) ppm is attributed to
phenolic -OH proton. The NMR spectra of p-CPBF terpolymer
resins show a weak multiplate signal (unsymmetrical pattern) in
the region 6.8 to 7.11(d) ppm which is due aromatic protons. The
singlet signal appearing at 5.31 — 5.40 (d) ppm may be due to
imido proton of -CO-NH-CO- linkage [13]. Intense signal appeared
in the region 4.83 — 4.86 (d) ppm may be due to protons of meth-
ylenic bridges (CHz) of polymer chain. Triplet signal appeared in

the region 3.42 — 4.84 (d) ppm can be assigned to amido proton
of —CH2-NH-CO- linkage. A medium singlet peak appeared at 2.5
- 3.0 (d) ppm may be assigned to methyl protons of Ar-CH>-NH
group. Except p-CPBF-I, p-CPBF-II terpolymer, all the remaining
two terpolymers viz. p-CPBF-IIl and p-CPBF-IV terpolymer resins
exhibit signals in the region 3.8 - 4.8 which may be due to meth-
ylene bridges of Ar-CH.-Ar linkage [14]

Scanning electron micrographs of the p-CPBF terpolymer resin
has been recorded at 1500X and 3000X magnification. The SEM
micrographs of p-CPBF terpolymer resin sample exhibits spheru-
lites with deep corrugation. The spherulites are typical crystalline
formation and they grow in high viscous and concentrated solu-
tion. In the present case, the spherulites are complex polycrystal-
line. The crystals are smaller in surface area with less closely
packed structure. The spherulites morphology of resin exhibit
crystalline structure with deep corrugation which is clearly visible
in SEM photographs of resin. These evidences indicate that more
or less the resin shows amorphous character with less close
packed surface having deep pits. The resin thus possesses amor-
phous nature and showing higher exchange capacity for metal
ions [15]. Thus SEM study shows that the p-CPBF terpolymer
resin has crystalline and some amorphous characters. Thus it has
the transition structure between crystalline and amorphous.
Thermogram of the terpolymer resins depicts three steps decom-
position in the temperature range 180-600°C. The slow decompo-
sition between 0-180°C corresponds to 7.0% loss which may be
attributed to loss of water molecule against calculated 7.05% pre-
sent per repeat unit of the polymer. The first step decomposition
start from 180-320°C which represents loss of hydroxyl group and
chloro group (26.00% found and 26.15% cal.). The second step
decomposition start from 320-520°C corresponding to 63.83%
removal of aromatic nucleus and methylene bridge against calcu-
lated 64.00%. The third step decomposition side chain from 520-
600°C corresponding to removal of biuret moiety (100.00% found
and 100.00% cal.).

Conclusion

Terpolymer based on the condensation reaction of p-chlorophenal,
and biuret with formaldehyde in the presence of acid catalyst has
been prepared..

The kinetic parameters like energy of activation, order of reaction
etc. have been calculated from the Isothermal TG data using the
methods which are widely used for finding the kinetic parameters
in the thermal degradation of organic polymers and Hence these
methods which are familiar amongst organic polymers, may also
be used in obtaining the kinetic parameters for the, thermal degra-
dation of terpolymers.
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