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ABSTRACT: 3-p-Hydroxyphenyl-6-p-hydroxybenzylidene
cyclopentapyrazoline (III) and 3-vanillyl-7-vanillylidene
cyclopentapyrazoline (IV) were used as new starting mate-
rials for preparing new unsaturated polyesters. The poly-
esters were prepared by reacting (III) or (IV) with adipoyl,
sebacoyl, isophthaloyl, and terephthaloyl dichlorides uti-
lizing the interfacial polycondensation technique. The
polyester samples have been characterized by elemental
and spectral analyses. The polyesters have inherent viscos-
ities of 0.55–0.97 dL/g. All the polyesters are semicrystal-
line and most of them are partially soluble in most
common organic solvents but freely soluble in concen-

trated sulfuric acid. Their glass transition temperatures
(Tg) range from 103.34 to 208.81�C, and the temperatures
of 10% weight loss as high as 190 to 260�C in air, indicat-
ing that these aromatic polyesters have high Tg and excel-
lent thermal stability. Doping with iodine dramatically
raised the conductivity and produced dark brown colored
semiconductive polymers with a maximum conductivity
in the order of 3.1 � 10�7 X�1 cm�1. VC 2009 Wiley Periodi-
cals, Inc. J Appl Polym Sci 115: 3727–3736, 2010
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INTRODUCTION

Unsaturated polyesters are one of the most important
matrix resins for composite applications. They pos-
sess a wide range of properties and are used in ma-
rine, automobile, construction, sport, and in self-
extinguishing materials,1–4 and they have also led to
the need and development of high-performance un-
saturated polyesters. Several researches have
reported the preparation of unsaturated polyesters by
the polycondensation of dicarboxylic acids or acid
anhydrides with diols, where at least one of the
monomers contains an unsaturated carbon–carbon
double bond(C¼¼C).5–8 Unsaturated polyesters are
generally difficult to perform because of their limited
solubility in organic solvents and their high-melting
temperature or high glass-transition temperature by
virtue of their rigid structures. Therefore, develop-
ment of polyesters for usage at high temperature
with improved solubility is an important goal. The
presence of heterocyclic rings in polymers lead to
specific physical properties and also enhance thermal
stability together with excellent solubility that is
highly significant in aromatic heterocyclic polymers

with rigid chains.9,10 The introduction of pyrazoline
ring in the main chain has the direct effect on the sol-
ubility and the thermal stability. Moreover, pyrazo-
line has an interesting ring unit containing both the
electron-withdrawing group and the electron-releas-
ing group that lead to interesting optoelectronic
properties, such as photoconductivity11,12 and photo-
refractive applications.13,14 Several reports concerning
the polymers containing pyrazoline unit in the side
chains have been found in literature.15,16 However,
there are few reports concerning the synthesis of poly-
mers containing pyrazoline unit in the main chain.17

Up to our knowledge, no work has been yet
reported in regard to the synthesis of unsaturated
polyesters containing cyclopentapyrazoline moiety
in the main chain. The major aim of this work is to
investigate the effect of cyclopentapyrazoline moiety
in the polymer backbone on the polymer properties.
With the aim of shedding light on certain character-
istics, solubility, thermal stability, crystallinity, and
electrical conductivities were also examined and
discussed.

EXPERIMENTAL PROCEDURE

Instrumentation

Melting points were determined on a Perkin–Elmer
240�C electro thermal melting point apparatus and
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are uncorrected. Infrared spectra were recorded on a
Shimadzu 2110 PC spectrophotometer with KBr pel-
lets. The 1H-NMR spectra were recorded on a GNM-
LA 400 MHz NMR spectrophotometer at room tem-
perature in DMSO using TMS as the internal refer-
ence. Mass spectra were recorded on a Jeol JMS-600
mass spectrometer. Viscosity measurements were
made with a 0.5% (w/v) solution of polymers in
DMSO at 258�C using an Ubbelohde suspended
level viscometer. TGA and DTG measurements were
performed on V 5.1 A DuPont 2000 thermal analyzer
at a heating rate 10�C/min in air. DSC was carried
out in a nitrogen atmosphere using a Shimadzu
DSC-50 thermal analyzer. The X-Ray diffractograms
of the polymers were obtained with a Phillips X-ray
unit (Phillips generator Pw-1710) and Ni-Filtered
CuKaa radiations. The electrical conductivities were
measured as follows: the sample was inserted in a
home-made holder between two copper disks (insu-
lated with Teflon); then, the sample resistivity was
measured directly using a Keithly electrometer
(610C) at 25�C with polymer disks (103.4 mm diame-
ter, 0.65–0.80 mm thickness), which were prepared
by compressing the finely powdered polymers at
4000 kg/mL under a vacuum. We measured the con-
ductivity (s) from the Arrhenius equation. Iodine
doping was carried out by exposing the disks to io-
dine vapor until the polymers were saturated, and
the contents were calculated from their weight
increase. The molecular weights of polyesters were
evaluated by quantitative determination of OH and
COOH end-groups. The acidity was determined by
titration of a known weight of polyester in a mixture
of solvents with KOH solution (0.1N).For determina-
tion of the OH groups number, an exact amount of
polymer has been refluxed for 120 min in 10 mL of
an acetylation mixture (pyridine/acetic anhydride),
which was titrated with 0.1N KOH solution. The
number average molecular weight (Mn) was calcu-
lated with the formula:

Mn ¼ 2� 1000� sample wt

meq COOHþmeq OH

Reagents and solvents

4-Hydroxybenzaldehyde(BDH), 4-hydroxy-3- methox-
ybenzaldehyde (Merck), hydrazine hydrate (98%), and
cyclopentanone (Aldrich) were used without purifica-
tion. Terephthaloyl chloride (Aldrich) was recrystal-
lized from n-hexane (mp 83–84�C) and isophthaloyl
chloride (BDH) was recrystallized from n-hexane (mp
44�C). Adipoyl and sebacoyl dichlorides (Merck) were
freshly distilled. Adipoyl dichloride at 125�C/11 Torr,
and sebacoyl dichloride at 182�C/16 Torr were used.
Benzoyl chloride (BDH) and sodium hydroxide were

of analytical grade. Dichloromethane and all other sol-
vents were of high purity and further purified by
standard methods.18–20

Monomer synthesis

2,5-Bis(4-hydroxybenzylidene)cyclopentanone (I),
2,5-divanillyidene cyclopentanone (II)

2,5-Bis(4-hydroxybenzylidene)cyclopentanone (I) and
2,5-divanillyidene cyclopentanone (II) were prepared
as described in the literature.21

3-p-Hydroxyphenyl-6-p-hydroxybenzylidene cyclo-
pentapyrazoline (III)

A mixture of 0.01 mol (2.92 g) of dibenzylidene
cyclopentanone(I) and 0.05 mol (2.50 g) of hydrazine
hydrate 98% in methanol (100 mL) was stirred under
reflux for 1.5 h. The reaction mixture was then
allowed to cool and was kept at 0�C for 24 h. The
precipitated product was filtered off, washed with
petroleum ether 60–80, and was recrystallized from
a mixture 30 : 1 of methanol-hydrazine hydrate to
yield 80%. The pure product was conserved in a
dark bottle in the refrigerator, mp. 340�C. Calculated
composition of C19H18N2O2: C, 74.50; H, 5.88; N,
9.15% Found: C, 74.21; H, 5.39; N, 9.76%. IR(KBr, m
cm�1): at 1595 cm�1 (s, C¼¼C), at 1630 cm�1 (s,
C¼¼N),at 2940 cm�1 (ArAH stretch) at 3145 cm�1

(ANH stretch) and at 3490 cm�1 (br, OH stretch).
The mass spectrum showed a molecular ion peak at
m/z ¼ 306.17(27%) which is in agreement with its
molecular formula (C19H18N2O2) Figure 1. 1H-NMR
(DMSO-d6): at 8.60 (s, H of NH), at 8.0 (m, 2H of
2OH groups), at 7.70–6.75 (m, 8 H of ArAH of
dibenzylidene), at 6.5 (s, 1H of CH¼¼C), at 3.0 (s,1H
of CH benzal), at 2.55 (s, 1H at C3a of cyclopenta-
pyrazoline), at 1.6 (s,2H of ACH2A at C5 of cyclo-
pentapyrazoline), and at 1.1 (s,2H of ACH2A at C4
of cyclopentapyrazoline) ppm Figure 2.

3-vanillyl-6-vanillylidene cyclopentapyrazoline(IV)

A mixture of 0.01 mol (3.52g) of 2,5-divanillyidene
cyclopentanone (II) and 0.05 mol (2.50 g) of hydra-
zine hydrate 85% in methanol(100 mL) was stirred
under reflux for 1.5 h. The reaction mixture was
then allowed to cool and was kept at 0�C for 24 h.
The precipitated product was filtered off, washed
with petroleum ether 60–80�, and was recrystallized
from chloroform to yield 79%. The pure product
was conserved in a dark bottle in the refrigerator,
mp. 200�C. Calculated composition of C21H22N2O4:
C, 76.01; H, 5.88; N, 7.90% Found: C, 76.18; H, 5.32;
N, 7.15%. IR(KBr, m cm�1): at 1597 cm�1 (s, C¼¼C), at
1635 cm�1 (s, C¼¼N), at 2945 cm�1 (ArAH stretch),
at 3140 cm�1 (ANH stretch), and at 3450 cm�1 (br,
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OH stretch). The mass spectrum showed a molecular
ion peak at m/z ¼ 366.21(45%) which is in agreement
with its molecular formula (C21H22N2O4).

1H-NMR
(DMSO-d6): at 8.40 (s, H of NH), at 7.50 (m, 2H of
2OH groups), at 7.40–6.50 (m, 8 H of ArAH of
dibenzylidene), at 6.0 (s, H of CH¼¼C), at 4.50 (s, 6H
of 2-OCH3), at 3.20 (s, H of CH benzal), at 2.65(s,1H
at C3a of cyclopentapyrazoline), at1.80 (s,2H of
ACH2A at C5 of cyclopentapyrazoline), and at 1.20
(s,2H of ACH2A at C4 of cyclopentapyrazoline)
ppm.

Polymer synthesis

In a three-necked flask equipped with a mechanical
stirrer 2000 rpm, dry nitrogen inlet, outlet, and drop-
per, a mixture of 1 mmol dibenzylidene cyclopenta-
pyrazoline III or IV, 25 mL methylene chloride, and
sodium hydroxide solution 2 mmol was introduced.
After mixing, 1 mmol of acid chlorides Va-d dis-
solved in 30 mL methylene chloride was added over

a period of 2 min at 25�C and vigorously stirred. Af-
ter complete addition of acid chloride, stirring was
continued for 1–2 h, and a dark yellow solid poly-
mer separated out. The solid polymer was filtered
off, washed with water, hot alcohol, and eventually
dried under reduced pressure 1 mmHg at 80�C for 1
day. The yield and some properties of the synthe-
sized polyesters are listed in Table I, whereas their
analytical data are summarized as following:

Polymer VIa

IR(KBr, m cm�1): at 1595 cm�1 (s, C¼¼C), at 1630
cm�1 (s, C¼¼N), at 1745–1757 cm�1 (s C¼¼O), at 2960
cm�1 (ArAH stretch), and at 3145 cm�1(NAH
stretch) Figure 3. 1H-NMR (DMSO-d6): at 8.20 (s, H
of NH), at 8.00–7.00 (m,8 H of ArAH of dibenzyli-
dene and 4 H of ArAH of terphthalate), at 6.00 (s, H
of CH¼¼C), at 2.95 (s, H of CH benzal), at 2.40 (s, 1H
at C3a of cyclopentapyrazoline), at 1.30 (s, 2H of
ACH2A at C5 of cyclopentapyrazoline), and at 1.20
(s,2H of ACH2A at C4 of cyclopentapyrazoline) ppm
(Fig. 4).

Polymer VIb

IR(KBr, m cm�1): at 1590 cm�1 (s, C¼¼C), at 1625
cm�1 (s, C¼¼N), at 1740 cm�1 (s C¼¼O), at 2980 cm�1

(ArAH stretch), and at 3150 cm�1(NAH stretch). 1H-
NMR (DMSO-d6): at 8.10 (s, H of NH), at 8.10–7.30
m, 8 H of ArAH of dibenzylidene and 4 H of ArAH
of isophthalate), at 5.80 (s, H of CH¼¼C), at 2.75 (s,
H of CH benzal), at 2.50 (s, 1H at C3a of cyclopenta-
pyrazoline), at 1.35 (s, 2H of ACH2A at C5 of cyclo-
pentapyrazoline), and at 1.25 (s,2H of ACH2A at C4
of cyclopentapyrazoline) ppm.

Polymer VIc

IR(KBr, m cm�1): at 1590 cm�1 (s, C¼¼C), at 1640
cm�1 (s, C¼¼N), at 1735 cm�1 (s C¼¼O), at 2990

Figure 1 Mass spectrum of monomer III.

Figure 2 1H-NMR spectrum of monomer III.
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cm�1 (ArAH stretch), and at 3155 cm�1(NAH
stretch). 1H-NMR (DMSO-d6): at 8.15 (s, H of
NH), at 7.90–7.35 (m, 8 H of ArAH of dibenzyli-
dene), at 6.10 (s, H of CH¼¼C), at 3.15 (s, H of
CH benzal), at 2.60 (s, 1H at C3a of cyclopenta-
pyrazoline), at 2.4–1.8 (m, 8 H of CH2 adipate),
at1.35 (s, 2H of ACH2A at C5 of cyclopentapyra-

zoline), and at 1.20 (s,2H of ACH2A at C4 of
cyclopentapyrazoline) ppm.

Polymer VId

IR(KBr, m cm�1): at 1600 cm�1 (s, C¼¼C), at 1620
cm�1 (s, C¼¼N), at 1740 cm�1 (s C¼¼O), at 2980 cm�1

TABLE I
Elemental Analysis, Yields, Molecular Weight, and Inherent Viscosities of Polyesters VIa–d and VIIa–d

Polymer code Yield (%) Mn
a ginh

b (dL g�1) Molecular formula (mol. wt)

Elemental analyses

C% H% N%

VIa 85 7520 0.85 C27H20O4N2 (436) Calc. 78.44 4.58 6.42
Found 78.02 4.16 6.95

VIb 80 6890 0.94 C27H20O4N2 (436) Calc. 78.44 4.58 6.42
Found 78.89 4.03 6.32

VIc 75 6700 0.63 C25H24O4N2 (416) Calc. 72.11 5.76 6.73
Found 72.53 5.86 7.08

VId 75 6500 0.59 C29H32O4N2 (472) Calc. 73.72 6.77 5.90
Found 73.14 6.18 5.73

VIIa 86 8345 0.97 C29H24O6N2 (496) Calc. 70.16 4.83 5.64
Found 70.83 5.09 5.18

VIIb 85 7965 0.90 C29H24O6N2 (496) Calc. 70.16 4.83 5.64
Found 70.51 4.88 5.19

VIIc 80 6440 0.74 C27H28O6N2 (476) Calc. 68.06 5.88 5.88
Found 68.48 6.14 5.62

VIId 78 6550 0.55 C31H36O6N2 (532) Calc. 79.26 6.76 5.26
Found 79.81 6.22 5.84

a Measured by end group analysis.
b Measured for solutions in dimethylformamide, with c ¼ 0.5 g/100 mL at 25�C.

Figure 3 IR spectra of polymer VIa.
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(ArAH stretch), and at 3150 cm�1(NAH stretch). 1H-
NMR (DMSO-d6): at 8.00 (s, H of NH), at 7.85–7.35
(m, 8 H of ArAH of dibenzylidene), at 6.20 (s, H of
CH¼¼C), at 3.10 (s, H of CH benzal), at 2.50 (s, 1H at
C3a of cyclopentapyrazoline), 2.3–1.6 (m, 16 H of
CH2 sebasate), at 1.40 (s, 2H of ACH2A at C5 of
cyclopentapyrazoline), and at 1.25 (s,2H of ACH2A
at C4 of cyclopentapyrazoline) ppm.

Polymer VIIa

IR(KBr, m cm�1): at 1590 cm�1 (s, C¼¼C), at 1640 cm�1

(s, C¼¼N), at 1730 cm�1 (s C¼¼O), at 2995 cm�1

(ArAH stretch), and at 3145 cm�1(NAH stretch). 1H-
NMR (DMSO-d6): at 8.20 (s, H of NH), at 7.95–7.10
(m,8 H of ArAH of dibenzylidene and 4 H of ArAH
of terphthalate), at 5.70 (s, H of CH¼¼C), at 2.90 (s, H
of CH benzal), at 2.50 (s, 1H at C3a of cyclopentapyr-
azoline), at 1.30 (s, 2H of ACH2A at C5 of cyclopenta-
pyrazoline), and at 1.25 (s,2H of ACH2A at C4 of
cyclopentaapyrazoline) ppm.

Polymer VIIb

IR(KBr, m cm�1): at 1595 cm�1 (s, C¼¼C), at 1615 cm�1

(s, C¼¼N), at 1725 cm�1 (s C¼¼O), at 2960 cm�1

(ArAH stretch), and at 3155 cm�1(NAH stretch). 1H-
NMR (DMSO-d6): at 8.10 (s, H of NH), at 7.95–7.20,
at 5.50 (s, H of CH¼¼C), at 2.95 m,8 H of ArAH of
dibenzylidene and 4 H of ArAH of isophthalate), at
2.85 (s, H of CH benzal), at 2.50 (s, 1H at C3a of
cyclopentapyrazoline), at1.35 (s, 2H of ACH2A at C5
of cyclopentapyrazoline), and at 1.15 (s,2H of ACH2A
at C4 of cyclopentapyrazoline) ppm.

Polymer VIIc

IR(KBr, m cm�1): at 1595 cm�1 (s, C¼¼C), at 1620
cm�1 (s, C¼¼N), at 1730 cm�1 (s C¼¼O), at 2980 cm�1

(ArAH stretch), and at 3145 cm�1(NAH stretch). 1H-
NMR (DMSO-d6): at 8.15 (s, H of NH), at 7.80–7.30
(m, 8 H of ArAH of dibenzylidene), at 5.80 (s, H of
CH¼¼C), at 3.00 (s, H of CH benzal), at 2.55(s, 1H at
C3a of cyclopentapyrazoline), 2.3–1.6 (m, 8 H of CH2

adipate), at1.40 (s, 2H of ACH2A at C5 of cyclopen-
tapyrazoline), and at 1.25 (s,2H of ACH2A at C4 of
cyclopentapyrazoline) ppm.

Polymer VIId

IR(KBr, m cm�1): at 1959 cm�1 (s, C¼¼C), at 1630
cm�1 (s, C¼¼N), at 1730 cm�1 (s C¼¼O), at 29 cm�1

(ArAH stretch), and at 3150 cm�1(NAH stretch). 1H-
NMR (DMSO-d6): at 8.00 (s, H of NH), at 7.85–7.35
(m, 8 H of ArAH of dibenzylidene), at 6.00 (s, H of
CH¼¼C), at 3.10 (s, H of CH benzal), at 2.60 (s, 1H at
C3a of cyclopentapyrazoline), 2.4–1.6 (m, 16 H of
CH2 sebasate), at1.30 (s, 2H of ACH2A at C5 of
cyclopentapyrazoline), and at 1.15 (s, 2H of ACH2A
at C4 of cyclopentapyrazoline) ppm.

RESULTS AND DISCUSSION

Monomers

In 1964, by using Michael condensation, Sammour
et al22 has reported some substituted cycloalkanones
with phenyl hydrazine. In another study,23 doubly
unsaturated ketones such as dibenzylideneacetone
showed the two double bonds in dibenzylidene ace-
tone underwent Michael condensation independent
on each other. In this study, new monomers based
on cyclopentapyrazoline moiety were prepared by
condensation of 2,5-bis(p-hydroxybenzylidene)cyclo-
pentanone I or 2,5-divanillyidene cyclopentanone II
with hydrazine hydrate, as shown in Scheme 1.
The structures of these new monomers were eluci-

dated by elemental and spectral analyses (see Exper-
imental Section).

Polymerization

The polymerization of 3-p-hydroxyphenyl-6-p-hydro-
xybenzylidene cyclopentapyrazoline III or 3-vanillyl-
6-vanillylidene cyclopentapyrazoline IV with adi-
poyl, sebacoyl, isophthaloyl, or terephathaloyl
dichlorides resulted in the formation of novel unsat-
urated polyesters. Typical polymerization conditions
involved in the reaction of the stoichiometric amount
of III or IV with diacid chlorides Va–d and the appli-
cation of interfacial polycondensation with NaOH/
CH2Cl2 at ambient temperature to afford new unsat-
urated polyesters was shown in Scheme 2.

Figure 4 1H-NMR spectrum of polymer VIa.
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Reaction times varied from 1 to 2 h and the result-
ing dark yellow solid polymer were isolated imme-
diately at the end of the reaction period. The ele-
mental analyses of newly synthesized monomers as
well as polymers (Table I) were found in accordance
with their theoretical values showing a deviation of
0.30 to 0.80%. However, it is common for polymers
to trap solvent molecules within the polymer matrix,
especially polymers of high molecular weight and
those polymers containing polar groups that are ca-

pable of hydrogen bonding with solvent molecules.
IR data obtained in KBr disks for all polyesters indi-
cated the disappearance of the characteristic absorp-
tion band of the OH group and the appearance of
the of ester groups at 1730–1757 cm�1, at 1615–1640
cm�1 for the C¼¼N of cyclopentapyrazoline, at 1590–
1600 cm�1 for C¼¼C groups, at 2876 cm�1 for CAH
aliphatic, ANH group of cyclopentapyrazoline at
3145–3155 cm�1; and other characteristic absorption
bands as well as 1H-NMR spectral data for rest of
the molecules are given in Experimental Section. The
number average molecular weight (Mn) of the unsat-
urated polyesters was determined using end-group
titration techniques, and it ranges between 6440 and
8345 g per mol, and the analytical data are presented
in Table I.
The inherent viscosities (ginh) of polyesters VIa–d

and VIIa–d were determined in DMF at 25�C with
an Ubbelohde suspended level viscometer. The in-
herent viscosity value is defined as:

ginh ¼ ð2:3 log t=t0Þ=C

Where to and t represent the viscometer flow periods
for DMF and the polymer solution, respectively, while
solution concentration C is 0.5 g/100 mL. It can be
clarified from Table I that polyesters having high in-
herent viscosity values ranged from 0.55 to 0.97 dL/g.

Scheme 1 Synthesis on monomers III and IV.

Scheme 2 Synthesis of polyesters VIa–d and VIIa–d.
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POLYMER CHARACTERIZATION

Solubility

The solubility of unsaturated polyesters synthesized
in this study was determined for the powdery sam-
ples in various organic solvents including dimethyl-
sulfoxide (DMSO), N-N dimethylformamide (DMF),
N-methylpyrrolidone (NMP), tetrahydrofuran (THF),
dichloromethane (DCM), tetrachloromethane (TCE),
chloroform-acetone (1 : 1), and concentrated sulfuric
acid at 3.0% (w/v), and the results are presented in
Table II. It was found that all the polymers dissolved
readily in concentrated H2SO4 at room temperature
giving deep red color due to unstability of the poly-
mers. All polymers were soluble in various aprotic
polar solvents such as DMSO, DMF, NMP, and THF.
The good solubility of these polymers may be eluci-
dated by loose of packing of the macromolecules
because of rigid pyrazoline rings and low crystallin-
ity.24 Moreover, introducing the pyrazoline ring as
polar group into polyheterocyclic polymers gives
rise to slight increase in solubility of the polymers.
In common organic solvents and halogenated hydro-
carbons, the polymers VIa,b,c and VIIa,b were partly
soluble (except polymer VId, and VIIc,d are soluble)
that may be attributed to the presence of aliphatic
chain with four and eight methylene groups, with
the rigid cyclopentapyrazoline position of the main
chain causing increase in solubility. It should be
realized that the polymer VIIc is more soluble than
VIc, and this behavior could be attributed to the
steric hindrance effect of the methoxy group, which
causes unsymmetrical orientation thereby making
solvation easier.25 Therefore, the bulkiness of the
cyclopentapyrazoline rings may play a more impor-
tant role than rigidity in the improvement of the
polyester solubility.

X-ray analysis

The X-ray diffraction confirmed that the poly-
mers were semicrystalline because of a small portion
of crystalline peaks in the region 2y ¼ 10�–60� or

(d in A�) as shown in Figure 5. Inspite of small crys-
talline regions in every case, amorphous patterns are
due to a lower packing of the unsymmetrical poly-
mer back bones. In particular, the bulky cyclopenta-
pyrazoline rings along the backbone most probably
is the main reason for the amorphous nature of the
present polyesters; it is also evident that the pres-
ence of the pyrazoline ring in the polymer main
chain tends to destroy the efficiency of polymer to
form crystalline structures. The presence of four and
eight methylene groups in polymers VIc,d and

TABLE II
Solubility Characteristics of Polymers VIa–d and VIIa–d

Polymer number DMF DMSO NMP THF DMC Chloroform þ Acetone (1 : 1) TCE Concentrated H2SO4

VIa þ þþ þ þ þ þ � þþ
VIb þþ þþ þþ þ þ þ � þþ
VIc þþ þþ þþ þþ þ þ þ þþ
VId þþ þþ þþ þþ þþ þþ þ þþ
VIIa þþ þþ þ þ þ þ � þþ
VIIb þþ þþ þ þ þ þ þ þþ
VIIc þþ þþ þþ þþ þþ þþ þ þþ
VIId þþ þþ þþ þþ þþ þþ þþ þþ

þþ, Soluble at room temperature (RT); þ, Partially soluble at (RT); �, Insoluble at (RT).

Figure 5 X-ray diffraction patterns of polymers VIb,c and
VIIb,c.
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VIIc,d increases polymer chain flexibility and that
might be responsible for the approach and mutual
attractions of adjacent chains and thus induce small
crystalline peaks. Moreover, the presence of NAN or
C¼¼N as polar groups in addition to high C¼¼C
bond levels induces some order between two adja-
cent chains in the polymer, leading to some extent
of crystallinity.26 It should be also noted that the
inclusion of pyrazoline moiety as rigid group in the
polymer main chain causes slight decrease in the
degree of crystallinity compared with those polyest-
ers based on diarylidene cycloalkanones that were
revealed in literature.27,28

Thermal properties

DSC and TGA measurements were performed to
study the thermal behavior and thermal stability of
the prepared unsaturated polyesters. The results are
summarized in Table III. Investigation of DSC curves
(Fig. 6) showed that the glass transition tempera-
tures (Tg) of polyesters as a second order transition
were in the range of 190–260�C, and the Tg decreases
as the number of methylene groups of the polyesters
increases. The polyesters derived from diols with
bulky pyrazoline group and aromatic diacid chlor-
ides with more ordered structures showed higher Tg

values. As expected, and shown in the Table III, the
polyester VIb, which was prepared from unsymmet-
rical diol IIIa and diacid chlorides Va, has the high-
est Tg. This is reasonable because a bulky cyclopen-
tapyrazoline ring inhibits the free rotation of the
polymer chain and leads to an enhanced Tg value.29

Polymer VIId, which was prepared from diol IV
containing methoxy group and diacid chlorides Vd,
has the lowest Tg. This decrease in the glass transi-
tion temperature can be explained by some compati-
bilization of flexible methylene units and rigid
blocks, whereas polyesters containing 4 and 8 meth-
ylene groups has crystallization temperature as
reflected by Tc in DSC plot. It can be suggested that

the methylene chain breaks during heating and rear-
range to form a closely packed polymer chain. The
DSC curves also showed endothermic peaks of poly-
esters appearing at around 372.81–420.48�C which
can be interpreted as a melting process accompanied
by decomposition.
The thermal behavior of these polyester VIa-d and

VIIa-d was evaluated by TGA in air at a heating rate
10�C/min. The thermographs of these polymers are
given in Figure 7. Table III gives the temperature for
various percentages of weight loss. In Figure 7 the
TGA curves show a small weight loss in the range
of 2–6% starting at 120�C until 185�C, which may be
attributed to loss of adsorbed moisture and
entrapped solvents. The thermographs also indicated
in Figure 6 that the polymers decompose in two
stages and the mass loss is seen to be rapid between
� 200 and 500�C for the polymer VIa in the first
region and between � 500 and 560�C in the second
region. For the polymer VIc, the mass loss was rapid
between � 185 and 450�C in the first region and
between � 450 and 550�C in the second region. All
the studied polymers decompose in the first stage
between 185 and 500�C, whereas in the second stage

TABLE III
Thermal Properties of Polymers VIa–d and VIIa–d

Polymer number

Temperature (�C) for various %
decompositiona Thermal behavior of polyesters

10 20 30 40 50 Tg (
�C)b Tc (

�C)c Tm (�C)d Td (
�C)e

VIa 260 350 410 465 525 208.81 – – 420.48
VIb 250 360 395 435 530 202.25 – 381.22 407.22
VIc 200 250 340 395 460 123.72 291.82 365.82 396.38
VId 195 240 325 375 430 113.46 278.53 – 397.59
VIIa 250 355 405 450 520 197.92 – 398.41 415.17
VIIb 245 365 400 430 515 178.56 – – 412.83
VIIc 195 240 335 385 450 106.57 298.63 325.42 372.81
VIId 190 235 320 375 430 103.34 384.25 318.72 365.25

a The values were determined by TGA at a heating rate of 10�C/min.
b-e Measured by DSC at a heating rate of 10�C/min in nitrogen.

Figure 6 The TGA and DTG traces of polymers VIa,c in
air at a heating rate of 10�C/min.
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they decompose from 500 to 560�C, which depends
on the nature of the polyester. The expected nature
of decomposition of these polymers is a pyrolytic ox-
idation of AC¼¼CA,30 scission of many bonds, in
addition to the formation of char as an end product.
The temperature for 10% weight loss is considered
to be polymer decomposition temperature, and it
ranges between 190 and 260�C, and the temperature
for 50% weight loss was found between 430 and
530�C. Therefore, the data in Table III indicate that
the thermal stabilities of these polymers are in the
order VIa > VIIa > VIb > VIIb > VIc > VIIc > VId
> VIId. It should be noted that the aromatic based
polyester VIa,b and VIIa,b are more thermally stable
than the aliphatic based polymers. In particular, the
inclusion of the cyclopentapyrazoline ring as a rigid
group into the polymer chain increases the thermal
stability of these polymers.

Electrical conductivity

The electrical conductivity of the pyrazoline poly-
mers ranged from 10�11 to 10�12 X�1 cm�1 at 30�C
(Table IV). Polymers VIc,d and VIIc,d, which contain
four and eight methylene groups respectively, were
the less conductive among these examined polymers.
The doping with iodine as an electron acceptor was
performed until the polymer was saturated with io-
dine. The doped polyesters (VIa–d and VIIa–d),
which had an affinity (absorbed amount) of circa 15
wt % toward iodine, were light to dark brown in
color. Those with more than 70 wt % were black af-
ter being left overnight, whereas the undoped ones
were pale orange to deep orange solids. Polymers
VIa,b and VIIa,b absorbed 85, 84, 80, and 81 wt % of
iodine per polymer, respectively. As can be seen
from Table IV, the electric conductivities were suc-
cessfully raised by iodine doping and reached as
high as 10�7–10�8 X�1 cm�1 upon iodine doping of

circa 70 wt %. Thus, the unsaturated polyesters con-
taining pyrazoline moiety are good insulators, but
they have been converted into semiconductors by
doping with iodine. Moreover, the study of the elec-
trical conductivity temperature dependence, curing,
and irradiation of these polymers is in progress and
the results will be published in the near future.

CONCLUSIONS

Linear unsaturated polyesters based on diarylidene-
cyclopentapyrazoline derivatives have been pre-
pared. An interfacial polycondensation synthesis
technique at ambient temperature was used. The
majority of the polyesters were soluble in aprotic po-
lar solvents and H2SO4. TGA showed that the ali-
phatic based polyester were somewhat less ther-
mally stable than their aromatic counterparts. X-ray
diffraction analyses showed that the inclusion of
pyrazoline group in the polymer chain causes
decrease in the degree of crystallinity. Upon doping
with iodine, the synthesized polymers became semi-
conductors (10�7–10�8 X�1 cm�1).
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