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Several homopolyesters were synthesized by high temperature polycondensation of
2-(N-piperidino)-4,6-bis(naphthoxy-2-carbonyl chloride)-S-triazine [PNCCT] with
each of the eleven diols: bisphenol-A (BPA), bisphenol-C (BPC), phenolphthalein

(Ph), 1,5-dihydroxy anthraquinone (DHA-1,5), 1,4- dihydroxy anthraquinone (DHA-1,4),
resorcinol (R), hydroquinone (Hq), catechol (C), ethyleneglycol (EG), diethyleneglycol
(DEG) and triethyleneglycol (TEG). All the polyesters were characterized by solubility,
density, viscosity measurements, IR spectra and thermogravimetric analysis. All the poly-
esters are soluble at high temperature in acetone, dimethylformamide, dimethylsulphox-
ide, dimethylacetamide, etc. The polymer has reduced viscosity in the range 0.522- 0.739
dL g-1 in dimethylformamide at 30°C. Homopolyesters derived from phenolphthalein
showed greater thermal stability than other polyesters.
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Extensive literature exists on ther-
mally stable polymers in which aro-
matic and heterocyclic rings are
linked together in the main chain
[1,2]. Aromatic polyesters contain-
ing S-triazine ring in the main chain
are known for their excellent high
temperature properties and several

commercially available as high per-
formance engineering plastic materi-
als [3,4]. The polymer containing S-
triazine ring moiety in their back-
bone are unique in the sense that
they exhibit an unusual combination
of properties such as high softening
temperature and thermal stability
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together with solubility [5]. There are many reports
about synthesis leading to linear polyesters from poly-
condensation of diacid chloride with diols [6,7].

The present investigation describes the synthesis,
characterization and physico-chemical properties of
several polyesters, synthesized by high temperature
polycondensation of 2-(N-piperidino)-4,6-bis(-naph-
thoxy-2-carbonyl chloride)-S-triazine (PNCCT) with
each of the aromatic diols: bisphenol-A (BPA), bisphe-
nol-C (BPC), phenolphthalein (Ph), 1,5-dihydroxyan-
thraquinone (DHA-1,5), 1,4-dihydroxyanthraquinone
(DHA-1,4), resorcinol (R), hydroquinone (Hq), cate-
chol (C), ethyleneglycol (EG), diethyleneglycol (DEG)
and triethylene glycol (TEG). Characterization
involves solubility, density, viscosity measurements, IR
spectroscopy and thermogravimetric analysis (TGA).

EXPERIMENTAL

Materials
Dimethylformamide, methanol, acetone and other com-
mon chemicals used were laboratory grade reagents.
Cyanuric chloride (Fluka), was purified by recrystal-
lization from pure benzene (mp 146°C). Commercially
available phenolphthalein (BDH, mp 262°C), resorci-
nol, catechol and hydroquinone (Sisco) were purified
by crystallization from rectified spirit. 1,4 & 1,5-
Dihydroxy anthraquinone (DHA-1,4 and DHA-1,5),
ethyleneglycol (EG), diethylene glycol (DEG) and tri-
ethyleneglycol (TEG) (Merck) were used as received.
BPA (resin grade, Cibatul, mp 156°C), was repeatedly
crystallized from 50% aqueous acetic acid  and it was
finally  recrystallized from benzene. Chemicals such as
thionyl chloride, sodium bicarbonate, sodium hydrox-
ide pellets, cetrimide were used as received. 

Material Synthesis
BPC [2] (mp 187°C) was synthesized by published
procedure and was crystallized from benzene.

The synthesis of  2-(N-piperidino)-4,6-bis-(naph-
thoxy-2-carbonyl chloride)-S-triazine [PANCCT] was 
carried out by cyanuric chloride as follows :

2-(N-Piperidino)-4, 6-dichloro-S-triazine [PDCT] 
A solution of cyanuric chloride (18.44 g, 0.1 mol) in
60 mL acetone was added with stirring to a cold solu-
tion (0-5°C) of sodium bicarbonate (10.6 g) in 100 mL
of distilled water, in a three-necked flask (250 mL)

equipped with a mechanical stirrer. This resulted in the
formation of slurry of cyanuric chloride. A solution of
piperidine (9.9 mL, 0.1 mol) in 10 mL of acetone was
added to the cold slurry of cyanuric chloride. After
some time the reaction mixture was neutralized by sat-
urated solution of sodium bicarbonate. The mixture
was stirred for 2 h at 0-5°C. The light yellow product
was filtered and recrystallized from ethanol and dried
in a vacuum desiccator. Yield 80% and mp 90°C.

2-(N-Piperidino)-4,6-bis-(2-carboxynaphthoxy)-S-triazine
[PCNT]
A solution of 2-(N-piperidino)-4,6-bis-dichloro-S-tri-
azine (I) (23.4 g, 0.1 mol)  in  40 mL of  acetone.  A
mixture of NaOH (16.0 g, 0.4 mol) and 1-hydroxy
naphthoic acid (37.6 g, 0.2 mol) in 40 mL double dis-
tilled water was added slowly at room temperature in a
solution of PDCT with constant stirring. Reaction was
continued for 4 h; first 2 hours at room temperature and
then 2 more hours at 80°C.

At the end of the reaction the yellow solid separat-
ed from the reaction mixture was filtered and washed
several times with hot water and dried in vacuum at
100°C. Product was recrystallized from acetone. The
yield was 90% and mp 260°C.

2-(N-Piperidino)-4,6-bis-(naphthoxy-2-carbonyl chloride) -
S-triazine [ PNCCT]
2-(N-Piperidino)-4,6-bis-(2-carboxynaphthoxy)-S-tri-
azine (II) (5.36 g, 0.01 mol)  and thionyl chloride (11.9
mL, 0.1 mol)  were refluxed for 2 h. The excess thionyl
chloride was removed by distillation. The residue was
taken up in hot benzene, treated with decolorizing car-
bon, filtered, and then cooled. Crude product of 95 g
was obtained. This was recrystallized from benzene to
yield fine, yellow needles, mp 210°C. The IR spectrum
exhibited an absorption at 1775 cm-1  (Scheme I).  

Synthesis of Polyesters 
All the polyesters were synthesized by high temperature
polycondensation technique. A typical high temperature
polycondensation reaction is exemplified below for the
synthesis of polyesters from PNCCT and BPA. 

A mixture of 2-(N-piperidino)-4,6-bis-(naphthoxy-
2-carbonyl chloride)-S-triazine (III) (5.74 g, 0.01mol)
in minimum quantity of DMF (approx 10 mL) was heat-
ed to about 150°C. Then cetrimide (0.25g) followed by
bisphenol-A (4.56 g, 0.02 mol) were added. The reac-
tion temperature was raised to 165°C and heated for 8 h.
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Scheme I

Monomer synthesis :
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Scheme II

Polymer synthesis :

PNCCT (III)
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The reaction mixture was cooled and poured with con-
stant stirring in 250 mL of ice-cold water. The solid
product was filtered, washed with hot water and finally
with methanol to remove unreacted monomer and
dried. The yield was about 80%. The IR spectrum
exhibited an absorption at 1723 cm-1.  

The other polyesters from 2-(N-piperidino)-4,6-bis-
(naphthoxy-2-carbonyl chloride)-S-triazine and various
diols such as bisphenol-C (BPC), phenolphthalein (Ph),
1,5-dihydroxy anthraquinone (DHA-1,5), 1,4-dihy-
droxy anthraquinone (DHA-1,4), resorcinol (R), hydro-
quinone (Hq), catechol (C), ethyleneglycol (EG), dieth-
yleneglycol (DEG) and triethyleneglycol (TEG)  were
synthesized by the similar method as shown above
(Scheme II).

RESULTS AND DISCUSSION

High temperature polycondensation of PNCCT with
BPA has been investigated in detail to examine the
effect of variables such as the nature of organic solvent,
reaction time and temperature. The remaining vari-
ables, such as concentration of reactants, their ratio,
rate of stirring and the initiator used, were maintained
nearly constant for all the experiments. The quantity
and quality of the polyesters obtained are presented in
Table 1. Based on these data, suitable reaction condi-
tions have been selected for the synthesis of polyesters
with other aromatic diols. The reduced viscosity of the
polymer solution (1 g x dL-1) in dimethylformamide is
used as a criterion of the quality of the polymer formed
in a given set of reaction conditions.

Solubility
Solubility of the polyesters was determined for pow-
dery samples in excess solvents. Most of the polyesters
were soluble in a variety of solvents that included
dimethylformamide, pyridine, dimethylacetamide,
methanol and tetrahydrofuran. Aliphatic and aromatic
chlorinated solvents are non-solvents for polyesters.
The solubility of polyesters markedly decreased with
the decrease in the content of phenyl moiety in the
polymer. 

IR Spectral Characteristics
IR Spectra of all the polyesters were scanned in KBr
on a “Perkin Elmer FT-IR Paragon 1000 SPIR S. No.
42825”. The IR spectra of the polyesters, Figures 1
& 2, exhibited several common characteristic absorp-
tion frequencies (cm-1): The bands at 810-800 cm-1 and
1450-1410 cm-1 are attributed to out-of-plane and in-
plane vibrations, respectively, of the S-triazine ring,
and the band at 1230-1240 cm-1 are attributed to the
vibration involving the aryl-ether linkage. The band at
1740-1670 cm-1 is attributed to C-O stretching ester
(aryl).                                                                        

In addition, spectra exhibited several absorption
frequencies, which distinguish the polyesters from
each other. The frequencies (cm-1) are 553 ( C-C defor-
mation vibration of propyl link), 1165 (C-C skeletal
vibration of propyl link) of PEBPA, 533 and 970 (all
C-C deformation vibration of cyclohexane ring) for
PEBPC, 754 (o-disubstituted phenyl ring) for PEPh,
1628 (C=O (1,4-quinones)) stretching vibration for
PEDHA-1,5 and PEDHA-1,4.

Table 1. Systematic study of the high temperature polycondensation technique of PNCCT (0.1 mol) with BPA (0.2 mol) for
optimization of reaction conditions.

System Reaction temperature (°C) Yield (%) Product appearance ηηsp/C*(dL/g)

DMF

DMF

DMF

DMF

DMF

100

125

150

165

200

50

65

70

80

75

Powdery

Powdery

Powdery

Powdery

Powdery

0.708

0.720

0.725

0.739

0.720

DMF= dimethylformamide
(*) 1% polymer solution in dimethylformamide, emulsifier 0.125 g, time 8 h.
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NMR Spectral Characteristics
The 

1
H NMR spectrum of PEBPA, Figure 3, shows

three distinct signals, viz, a multiplet at δ 6.64-7.96 ppm
due to 20 aromatic protons, a sharp singlet at δ 1.53 ppm
due to 6 protons of two symmetrical -CH

3
groups of

bisphenol-A and a multiplet at around δ 2.51 and 2.75
ppm  due to 10 proton of piperidino ring system.

Viscosity Measurements
Reduced viscosities of polyesters were determined with
1 g x dL-1 solutions in dimethylformamide at 30°C
using an Ubbelohde suspended level viscometer. 

Examination of reduced viscosity values in Table 2
reveals that among dimethylformamide soluble poly-
esters PEBPA has the highest, whereas, PETEG has the
lowest solution viscosity. The trend of these values
reflects the order of relative reactivity of diols. BPA is
the least acidic and hence most reactive towards nucle-
ophilic displacement reaction, which leads to the for-
mation of polyesters of a comparatively high molecular
weight. The overall relative reactivity of diols follows
the following order:
PEBPA > PEPh > PEBPC > PEDHA-1,5 > PEDHA
1,4> PER > PEHQ > PEC > PEEG > PETEG >

Synthesis and Physico-chemical Properties of Linear ...

Table 2. Physical characteristics of polyesters.

Polymer code Diol used Product appearance Yield (%)
Density, d
(g/C mL)

ηsp/C (dL/g)

PEBPA

PEBPC

PEPh

PEDHA-1,5

PEDHA-1,4

PER

PEHq

PEC

PEEG

PEDEG

PETEG

BPA

BPC

Ph

DHA-1,5

DHA-1,4

R

Hq

C

EG

DEG

TEG

Brown powder

Black powder

Brown powder

Brown powder

Black powder

Brown powder

Grey powder

Brown powder

Black powder

Grey powder

Black powder

81

78

79

79

78

70

68

64

73

75

77

1.155

1.143

1.215

1.176

1.172

1.191

1.185

1.200

1.119

1.124

1.127

0.739

0.669

0.687

0.625

0.626

0.609

0.600

0.591

0.565

0.548

0.522

Figure 1. IR Spectra of polyesters. Figure 2. IR Spectra of polyesters.
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Density Measurements
Densities of the polyesters were determined at 25 −+ 3°C
by a Pyknometer and are presented in Table 2. The den-
sities of the polyesters synthesized were found to be in
the range 1.164 - 1.255 g x mL. The density of poly-
esters decreases as follows:                                          
PEPh > PEC > PER > PEHq > PEDHA-1,5 > PEDHA-
1,4 > PEBPA > PEBPC > PETEG > PEDEG > PEEG

Thermal Decomposition Characteristics 
All the thermograms of polyesters have been obtained
on the thermobalance “Mettler TA 4000 system” at a
heating rate of 10°C per min in the temperature range
from ambient temperature to 800°C. Thermograms

obtained at a scan rate of 10°C per min for all the poly-
esters are shown in Figures 4 and 5. The characteristic
temperatures for the assessment of relative thermal sta-
bility of polymers such as initial decomposition tem-
perature T0, temperature T10 for 10% weight loss, tem-
perature Tmax for maximum rate of decomposition, tem-
perature Ts for half volatilization, are presented in
Table 3. The higher the value of T10, the greater the
thermal stability of a polymer. Comparison of T10 for
polyesters indicates the following decreasing order of
stability:  
PEPh > PEDHA-1,4 > PER>PEBPC= PEHq = PEC =
PEEG = PETEG > PEDEG > PEBPA

A comparison of thermal stability based on Tmax for
polyesters indicates the following order:
PEPh > PEDHA-1,4=PEC > PER > PEHq > PEBPC =
PEEG = PEDEG> PETEG > PEBPA

On the basis of Ts the order for stability is:
PEBPC > PER=PEC > PEEG > PEDEG>PEDHA-
1,4 = PEHq > PEBPA> PETEG > PEPh

The activation energy (Ea) evaluated from TGA
depends upon the characteristic of each polyesters. The
value of activation energy was calculated by Broido
method [9].

Activation energy (Ea, kcal/mol) was calculated
according to the method of Broido are presented in
Table 3. These studies reveal that the thermal stabilites
of polyesters are significantly related to the aromatic
diol component in the molecular chain. They are direct-
ly proportional to the molecular size of the diol com-
ponent.

Synthesis and Physico-chemical Properties of Linear ...Patel K.C. et al.

Figure 3. NMR Spectra of PEBPA.

Figures 4. Thermograms of polyesters.

Figures 5. Thermograms of polyesters
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SYMBOLS AND ABBREVIATIONS

ηsp/C : Reduced viscosity
d : Density
EA : Activation energy
T0 : Initial decomposition temperature
T10 : Temperature for 10% weight loss
Tmax : Maximum rate of decomposition temperature
Ts : Temperature for 50% weight loss
BPA : Bisphenol-A
BPC : Bisphenol-C
Ph : Phenolphthalein
DHA-1,5 : 1,5-Dihydroxy anthraquinone
DHA-1,4 : 1,4-Dihydroxy anthraquinone
R : Resorcinol
Hq : Hydroquinone
C : Catechol
EG : Ethylene glycol
DEG : Diethylene glycol
TEG : Triethylene glycol
IR : Infra-red
NMR : Nuclear magnetic resonance
TGA : Thermogravimetric analysis 
PNCCT : 2-(N-piperidino)-4,6-bis-(naphthoxy-2- car

bonylchloride)-s-triazine

PDCT : 2-(N-piperidino)-4,6-dichloro-S-triazine
PCNT : 2-(N-piperidino)-4,6-bis-(2-carboxy naph-

thoxy)-S-triazine
DMF : Dimethylformamide
PEBPA : Polyester of bisphenol-A
PEBPC : Polyester of bisphenol-C 
PEPh : Polyester of phenolphthalein
PEDHA-1,5 : Polyester of 1,5-dihydroxyanthraquinone
PEDHA-1,4 : Polyester of 1,5-dihydroxyanthraquinone
PER : Polyester of resorcinol
PEHq : Polyester of hydroquinone
PEC : Polyester of catechol
PEEG : Polyester of ethylene glycol
PEDEG : Polyester of diethylene glycol
PETEG : Polyester of triethylene glycol
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