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ABSTRACT

Parabanic polymers obtained by heterocyclization reaction of polyureas with
oxalyl chloride are described . These polymers are characterized by elemental
analysis, IR spectra, gel permeation chromatography, thermogravimetry,
differential scanning calorimetry and X-ray diffraction measurements . The
relationships between thermal properties and polymer structures are discussed.
Parabanic polymers present higher thermal stability than the corresponding
polyureas despite of the presence of flexible spacers or asymmetrical aromatic
radicals like 2,4'-dibenzyl . Moreover, parabanic polymers have glass transition
temperatures about 70 'C lower than the decomposition temperatures making
them interesting for moulding or melt processing.
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INTRODUCTION

The polymers containing 1,3-imidazolidine-2,4,5-
trione rings on the macromolecular backbone are
known as poly(parabanic acid)s and represent a
relatively new class of thermoplastic polymers useful
as electro-insulating materials in electronic industry.

There are known two methods to obtain this
kind of polymers starting from diisocyanates . One of
them is based on the polyaddition reaction of
diisocyanates with hydrogen cyanide followed by
hydrolysis [1], the second method consists in a
polyaddition-polycondensation reaction between di-
isocyanates and bis-esteroxalamides [2].

In previous papers [3, 4] we described pre-

liminary original data concerning the parabanic poly-
mers obtained by an intermolecular reaction between
polyureas and oxalyl chloride. Subsequently, other
authors have reported the synthesis of parabanic
polymers by the same way with similar results [5].
The present study deals with poly(parabanic acid)s
synthesis and the effect of their structure on thermal
properties, as compared to the corresponding
polyureas.

EXPERIMENTAL

Materials
Commercial 1,6-hexamethylene diisocyanate (HMDI),
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Table 1 . Characteristics of polyureas (la–k).

Polymer rleh

(dU9)

(a)

Sollability
(b)

TGA (+C)

(c)

DSC (°C)

(d)

DMF
DMF

+LiCI
DCE To M T5 Tn.,

a 0 .30 – + – 210 370 – –

b 0 .35 – + – 300 330

c 0.40 – + – 300 380

d 0.24 – + – 310 330

e inset – – – 310 350 – –

f 0.58 ++ ++ – 300 310 150 180

g 0.38 + ++ – 270 300 227 –

h 0 .34 ++ ++ – 300 330 200 –

1 0 .32 + ++ – 290 315 217 --

0 .30 + ++ – 290 300 217 –

k i

	

0,61 ++ ++ – 280 320 198 –

(a) Determined at 20°C in DMF+UCI on a 0.5 gfdl polymer solution.

(b) Solubility determined for concentration of approximately 1 9 to 100 mL advent (++) soluble at man temperature; (+) soluble on

heating; (u) partially aolubie; (—1 insoluble.

(c) Themxgravirnatric analysis: 5% weight loss (Ta) and temperature of maxima of the decompoeillon rate as determined from DTG

curves (max. DTG 4A).

(d) DUFerendat scanning calodmettyr. T . is determined from the second run of heating-

tolylene diisocyanate (TDI) were purified by
distillation . Commercial 1,6-hexamethylene diamine
(NMDA), 4,4'-oxydianiline (ODA) and 4,4'-methylene
dianiline (MDA) were carefully purified by recrys-
tallization before use. 4,4'-, 2,4'-Dibenzyl diamines and
diisocyanates were synthesized by published methods
[6] . Commercial oxalyl chloride was used as received.
Commercial solvents like dimethylformamide (DMF)
and dichloroethane (DCE) were freshly distilled.

Synthesis of Polymers
Polyureas (la-k) were prepared by solution poly-
addition reaction of diamines with diisocyanates and
purified by precipitation [7] . The structure and
characteristics are presented in Table 1.

Parabanic polymers (2a-k) were prepared by
intermolecular cyclization of corresponding polyureas
with oxalyl chloride by following method:

A suspension of polyurea in dichloroethane
(DCE) was treated with oxalyl chloride at 55—60 +C
with stirring for 2—10 h to complete the reaction . The

product became soluble or only swollen in DCE
depending on their structure. The heterocyclization
was monitored by IR spectra. The polymer was
precipitated in methanol and isolated by filtration,
purified by repeated dissolving in DMF and
precipitation, and finally dried at 100—120 °C.
Polymer structures and characteristics are presented
in Table 2.

Measurements
Thermogravimetric analyses of polymers (TGA), i .e.
differential thermal gravimetry (DTG) were per-
formed with a MOM Budapest derivatograph in air at
a heating rate of 12 'C/min . The differential scanning
calorimetry (DSC) was conducted by a Mettler DSC
12 E on powder samples of 5 mg weight with a
heating rate of 10 °Imin in a nitrogen atmosphere. IR
Spectra of polymers were recorded with a Perkin-
Elmer using KBr pellets. The inherent viscosities of
0.5% polymers solutions in DMF and DMF+2% LiCI
at 20 ' C were measured with an Ubbelohde
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Table 2. Characteristics of poly(parabanic acid)s.

Polymer 2 C (%) H (%) N (°h) nit (dug)

Calcd. Found Calcd . Found Calci . Found (a)
a 55 .10 5529 6.12 ' 6.35 14 .29 13 .86 0 .14
b 57 .29 58 .04 4.52 4.60 14 .07 14 .03 0 .48

c 60 .50 59 .83 4.20 4,42 11 .77 11 .62 0 .51
d 63 .29 63 .49 4.64 4 .70 11 .82 11 .89 0 .25
e 63 .93 63 .50 4.92 4 .88 11 .48 11 .90 0 .16

f 63 .93 63 .79 4.92 4 .95 11 .48 11 .49 0 .24
g 65 .59 85 .79 3.64 3 .95 11 .34 11 .35 0 .25

h 67 .13 67 .02 3 .50 3 .53 9.79 9 .77 0 .12
69.47 69 .52 3 .86 3 .92 9.82 9 .82 0 .38

69.86 69.98 4 .11 4 .18 9.59 9 .74 0.20
k 69.86 69.49 4 .11 4 .32 9.59 9 .83 0.40

Polymer 2 TGA (C) (b) DSC (C) (c) Solubilities (d) Crystallinity

Tp M Tg Try DMF DMF + LICI DCE Acetone
(15°,gldL)"

(%) (e)

a 370 460 52 97 + + 72

b 350 400 183 - + ++ swollen 1 .722 0

c 370 420 172 - ++ ++ 0 .333 0

d 350 410 158 - ++ ++ t 0 .484 0

e 350 410 - + + - 45
f 370 420 137 - ++ ++ t 1 .274 0

g 325 380 255 - ++ ++ swollen 5 .224 0

h 280 385 208 - ++ ++ swollen 2 .852 0

295 370 198 - ++ ++ swollen 0

345 400 220 - ++ ++ swollen 0 .610 0
k 365 400 196 - ++ ++ t 0

(a) Determined at 20°C in DMF on a 0 .5 gfdL potymer solution.

(b) Thermogravimebic analysis : 5% weight loss (ro) and temperature of maxima of the decomposition rate detemtined from DTG curves (max, DTG=M),

(c) Differential scanning calaimaby: Tg are glass transition temperatures determined from the second run of heating; ° Tg,T° .

(d) Solubility investigated for concentration of approximately 1 g to 100 mL solvent : (+•) Soluble at room temperature : (+) Soluble on heating ; (t) Partially soluble ; (-)

Insoluble; (.) Concentration at some saturated poly(parabanic acid) solution in acetone after 24 h at 15 *C.

(e) Crystallinity determined from wide-angle X-ray diffraction pat :ens.

viscometer . Gel permeation chromatography (GPC)
was performed on some polymers with an evaporative
light scattering detector PL-EMD 950 using DMF as
solvent and polystyrene calibration . Wide angle X-ray
diffraction patterns of the polymers were performed
by the powder method using a filtered Co Kate
radiation on DRON-2,0 unit and a filtered Cu Ka i

radiation on a TUR-M62 unit . WAXD was performed
on a diffractometer TUR- M62, using the Ni-filtered
Cu-Ka radiation (X=0.1541 nm) . The working
conditions were 36 kV and 20 mA, the goniometer
speed of 0 .5 /min . All the diffractograms were
investigated in the range of 4 .-40% 20 degrees, at
room temperature .
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RESULTS AND DISCUSSION

Influence of Polymer Structure on the Hetero-
cyclization Process
Our earlier investigations [3, 4] showed the 'possi-
bility to obtain parabanic structures on the model
compounds. The heterocyclization reaction was
quantitatively performed in dry solvents at 50-60 C
in presence of an acceptor like pyridine for any
structure of urea models and it can be easily
monitored by IR spectral . As shown in Scheme I, one
urea group reacts with oxalyl chloride by a cyclo-
condensation reaction and releases two hydrogen
chloride molecules.

The aliphatic polyurea reacts like a urea model
compound, and the product of the reaction is being
entirely soluble . But the behaviour of the other
polyureas during the cyclization process is somehow
different. This fact can be explained by the
macromolecular nature and by the differences
between the structure of the repeating units that
contain Ortho or para substituted aromatic rings
(Table I) as well as by the solubility of the products in

the reaction solvent. The polyureas containing a
symmetrical structure (mainly para-substituted
aromatic radicals) show a strong packing of
macromolecular chains by means of the interchain
hydrogen bonds which may form, in certain cases,
crystalline regions . These regions reduce the access of
the oxalyl chloride to the urea groups during the
cyclization reaction thus, this kind of polymers suffer
only a partial transformation [8] . Polyureas containing
aliphatic and/or non-symmetrical aromatic radicals
(2,4 ' -dibenzyl or 2,4-tolylene) present amorphous
structures that permit the access of the reacting
substance at the urea group.

This work demonstrates that the transformation
reaction of these polyureas into parabanic polymers
can entirely occur owing to the increased solubility of
the parabanic units once they are formed (Scheme I).

As shown in Table 2, the aliphatic-aromatic
polyureas (la-f) were transformed faster or slower
depending on the nature of radicals : in 2 h for
aliphatic polyurea (la) and 2-6 h for other kind of
structures . The heterocyclization reaction proceeds
faster for aliphatic polyurea (la) because the new

- FRS NH +CNH-RZ NBCNH
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formed parabanic polymer is soluble in the reaction
medium while other polymers form only swollen
species . Nevertheless, the polyurea le suffers
completely the heterocyclization reaction in hetero-
geneous system without dissolving the product owing
to the crystallinity induced by the content of
4,4'-dibenzyl radical [9].

In the same way, the fully aromatic polyureas
containing mainly 2,4'-dibenzyl structure can react
leading to partial soluble or swollen parabanic
derivatives (Table 2).

Characterization of Parabanic Polymers
IR Spectroscopy
As mentioned before, the cyclocondensation reaction
can easily be monitored by means of 1R spectroscopy.
Thus, the characteristic absorption bands of urea
groups (ve il at 3300 cm-1 and vco at 1630-1650 cm - )
disappear with the transformation progress while a
new strong band characteristic to parabanic rings (vco
at 1750 cin -l ) appears simultaneously (Figure 1).
Especially, the disappearance of hydrogen atoms
belonging to NH urea groups during the hetero-
cyclization process can be proved by IR spectra, as
well as by the evolution of the gaseous hydrogen
chloride.

The elemental analyses confirm the proposed
structures as well (Table 2).

2a

Figure 1 . IR Spectra of polymer 1, 2, a, c, e, (with flexible
spacers.

Polymers Degree of Crystallinity
Our parabanic polymers were tested by X-ray
diffraction measurements using the powder method at
room temperature . The measurements demonstrated
that only two polymers possess a semicrystalline
nature (2a and 2e), the others being amorphous . The
crystalline character of 2a can be explained by the
dipole-dipole interactions between parabanic rings on
the macromolecular chains ; it is known that the
parabanic acid has the dipole moment of 2 .3 D, and
presents a crystalline structure [10] . In the particular
case of 2a, the flexible aliphatic chain that link the
parabanic rings seems to permit a strong packing
reading to a degree of crystallinity value of 72% . The
same explanation can be given for the crystallinity of
2e and, in addition, this polymer contains 4,4'-
dibenzyl radicals responsible for the crystallization
tendency . These polymers have different behaviours
on heating as shown below . The other polymers
present a greater flexibility of chains and a non-
symmetrical structure of a mer unit.

The degree of crystallinity has been determined
by the ratio of the integrated crystalline scattering to
the total scattering, both crystalline and amorphous,
and is given by:

xe = Es 2 l,(s)dslrs 2 l(s)ds

where,
s :

	

the magnitude of the reciprocal lattice vector
and is given by s = (2sin0)A.

0 :

	

one-half the angle of deviation of the diffracted
rays from the incident X-rays.

2 :

	

the X-ray wavelength.
I(s): the intensity of coherent X-ray scattering from

a specimen (both crystalline and amorphous).
Ic.(s) : the intensity of coherent X-ray scattering from

the crystalline region [11, 12].

Solubility of Polymers
The solubility of polymers was qualitatively investi-
gated for concentrations of approximately I g in 100
mL solvent, at room temperature and on heating as
well . A summary of the solubility properties of
polyureas and parabanic polymers are given in Tables

U

E01
C

3000

	

2000 1600 1200 800
Wavenumber (cm - ')

4000 400

Iranian Polymer Journal . Volume 10 Number 4 (2001) 211



Structure-thermal Properties Relationships of Poly(Parabanic Acids

I and 2, respectively . It can be observed that the
polyureas are soluble in the aprotic solvent DMF
(especially those which contain the 2,4'-dibenzyl
radical) or in a 2% LiCI solution in DMF at room
temperature or finally on heating but not in DCE . This
fact can be explained by the hydrogen bonds between
the solvent molecules and urea groups of polymers,
correlated with the diminishing of interchain hydro-
gen bonds caused by LiCI [13] . In contrast with this
behaviour, the parabanic polymers are soluble at room
temperature in DMF and DMF+LiCI as well . They
are partially soluble in DCE or acetone . In fact, by
mixing the polymers with one of the two solvents, a
limited swelling was observed; two coexisting phases
are formed, one of them being a solution of solvent in
polymer, and the another, a diluted solution of
polymer in solvent. These phases are separated by a
clearly visible interface and are in equilibrium . This
behaviour may be accounted for by the fact that the
energy of interaction of chains with one another is
higher than the energy of their interaction with
solvent molecules [13].

Studying the solubility of parabanic polymers
in acetone, we have obtained a certain number of
saturated polymer solutions at 15 'C (the diluted
phases), as presented in Table 2. Indeed, mixtures of
parabanic polymers with acetone allowed to stand 24
h at 15 'C, can form two distinct phases : a diluted
polymer solution in acetone and a solution of acetone
in polymer. The acetone seems to be a poor solvent
for our parabanic polymers because this solvent can
form only dipole-dipole interactions with polymer
chains . These interactions depend on the shape and
size of macromolecules, or packing density ; polymers
containing non-symmetrical 2,4'-dibenzyl radical
show better solubility in acetone (Table 2) . As shown

earlier [14], the poly(parabanic acid) solutions in
acetone presented temperatures of phase separation;
these solutions were perfectly clear at 10–15 'C but
became first cloudy and then turbid on slow heating
by forming of a new phase. The process can be
observed by repeated heating and cooling the
solutions at known concentrations and noting the
temperatures of phase separations . Depending on
polymer concentrations and chemical structures, the

solutions become cloudy between 24—56 'C, at
concentrations between 0 .03 gfdL and the maximum
concentration of each polymer in acetone (15 'C)
(Table 2). These data were determined by visual
observation and phase diagrams on their basis were
obtained . The shapes of these diagrams present broad
minima, suggesting the existence of some lower
critical solution temperatures (LCST) . A study about
the solution thermodynamics of our polymers is in
progress in our laboratory.

Viscosity Measurements
The values of the inherent viscosities decrease in
some cases (2f-h, 2k) as compared to those of
polyureas . This fact could be explained by the
disappearance of the interchain hydrogen bonds
during the cyclization . It is known that the polyureas
can form associates by the hydrogen bond [9], even in
solution, which produce an increase of the inherent
viscosity values (Table I) . There are other cases when
the inherent viscosities are grown than those of
polyureas, probably, because of the loss of cyclized
oligomers during the purifying process, for example
2b-d, 2i.

In order to determine the molecular weight of
some parabanic polymers, intrinsic viscosities were
calculated by one point method [15, 16] . The molar
masses of these polymers were determined by gel
permeation chromatography (GPC) with DMF as an
eluent using a polystyrene calibration . The calculated
data from GPC curves (Mn ,Ms , polydispersity) as
well as polymerization degree (Pa) are presented in
Table 3 . It was observed however, small values of the
polydispersity, probably due to the loss of soluble
oligomers when polymers were purified.

Thermal Properties of Parabanic Polymers
The thermal behaviour of polyureas and parabanic
polymers were described in Tables 1 and 2, by means
of thermogravimetric analyses and differential scann-
ing calorimetry.

The Influence of Functional Groups on Thermal
Properties
The thermal behaviour of polyparabanic acids shows

212

	

Iranian Polymer Journal / Volume 10 Number 1 (2001)



soma. E . et at

Table 3. GPC's data of some parabanic polymers (polystyrene calibration).

Polymer [nj° Mn (x10 4) M~ (x 104) Polydispersity M° 8 P,
2c 0 .533 6 .856 9 .899 1 .443 476 144
2d 0 .255 1 .289 1 .689 1 .310 474 27

21 0 .245 4.473 7 .584 1 .695 488 92
2g 0.256 3 .619 8 .908 2.460 494 73

2h 0.121 3 .102 5.053 1 .629 572 54
2j 0 .203 3.470 5.157 1 .480 570 60

2k 0.413 0.8675 1 .176 1 .355 584 15

(a) Determined by the relation [n] = f21c[hr.r1-In(nw)) '' calculated by one point method 115 . 16].

(b) M,,,., represents the weight of the structural unit.

(c) P, was determined by the M,JM,,, .. who,

some interesting aspects as compared with those of
corresponding polyureas. Like polyamides, polyureas
are high thermally stable because of the high number of
interchains hydrogen bonds, as well as the nature of
radicals of the structural units . Although the number of
hydrogen bonds was reduced until disappearance as a
result of the heterocyclization reaction of polyureas, the
thermal stability of transformed polymers remarkably
increased, with about 50 'C in some cases. The
improvements are determined by the parabanic rings
presence on macromolecular chain . As mentioned
before, although aliphatic-aromatic polymers contain
high flexible aliphatic radicals, they permit a strong
packing of chains not by means of hydrogen bonds, but
dipole-dipole interactions between parabanic moieties.
If the polymer contains a second radical like the
symmetrical aromatic radical like 4,4'-dibenzyl, the
packing of chains rises even more (2e).

The 5% weight loss temperature (Td) and the
temperatures of maxima of the decomposition rate as
determined from the DTG curves (max. DTG=M) are
presented in Table 2 . Thus, the heterocyclization
process determines, in the case of polymers 2b-f, an
increase of To with 40—70 'C as compared to those of
polyureas . The aliphatic polymer 2a has To-160 'C
higher than those of corresponding polyurea (Table 1).
An increase of the temperatures corresponding to the
maxima of DTG curves (max. DTG) was also

observed : the differences between max . DTG of
polyparabanates and those of polyureas have the values
comprised between 55—110 'C, the highest belonging to

the polymer containing 2,4'-dibenzyl radical (20.
For wholly aromatic polymers, the differences

between the To of the two kind of polymers were
comprised between 5–85 "C and for max. DTG between
55—100 'C, depending on the degree of symmetry of'
radicals. Thus, the polymer 2k (containing only
2,4'-dibenzyl radical) has To values with 85 'C higher
than those of the corresponding polyurea while the
polymer 2j (containing 2,4'- and 4,4'-dibenzyl radicals)
has max. DTG higher by 100 'C.

Influence of the Nature of R t and R2 Radicals on
the Thermal Behaviour
The nature of the two kind of radicals (R I , R 2) of
parabanic polymers, in fact strictly alternating copoly-
mers, determines the differences between some
properties like thermostability, because of their
supermolecular polymer structure. This one depends
on the crystallization tendency of para-substituted
aromatic radicals (for example 4,4'-dibenzyl) and on
the packing degree of chains, like in the case of
aliphatic-aromatic polymers. Thus, parabanic poly-
mers 2a-f exhibit higher thermal stability : Td=350–
370 'C and max. DTG=400—460 'C as compared to the
wholly aromatic polymers (2g-k) with Te = 280—365 'C
and max. DTG=370—400 ' C (Figures 2-4) . One can
observe in Figure 2 that the polymer 2a has the
highest temperature of maximum of the DTG curve
(460 *C) . The others (2b-t) have max . DTG comprised
between 400–420 'C due to less flexible aromatic
radicals .

Iranian Polymer Journal/ Volume 10 Number 4 (2001) 21.E



Structure-therm! Properties Relationships of Poly(Psrabanic Acids

F
1

100 200 300
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500 600
Temperature CC)

2a (—), 2c (--), 2e (- --), 2f (–x–).

Figure 2 . DTG and DTA curves of polyparabanic acids
2a-c,e-f.

It is known that the polymers processing from
the melt can be facilitated by lowering the T, and T,,,
values . There are some ways to achieve this purpose.
In order to disturb the crystallinity (the high ordering
of chains) flexible spacers and/or non-symmetrical
aromatic radicals can be introduced on polymer's

100 200 300 400

	

500

	

600
Temperature (C)

2f (– . -I .2g (–x–x–), 2i (---I . 2j (--), 2k (—)

Figure 4. TG Curves of polyparabanic acids 2f-g , i-k.

main chain . Even aromatic monomers containing
bulky substituents that force the chain apart may be
useful as well [l7] . Poly(parabanic acid)s investigated
in this paper presented glass transition temperatures
and sometimes melting temperatures as shown in
DSC curves (Figures 5 and 6).

The glass transition temperatures and melting
(2f-k) are presented in Figure 5 . The polymer 2a

500100 200

	

300

	

400
Temperature (C)

2a (—). 2b (----), 2c (– .– .–),2d (

	

-) . 2e (–a-) . 2f (–x–)

Figure 3 . TG Curves of polymers 2a-f.
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200

	

250

Temperature (C)

First run (--), second run (—).

Figure 5. DSC Curves of polyparabanic acids 2a-f .
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melted at 97 ' C as shown in first run DSC curve and
presented the most crystalline character (72%) . At the
second run of heating, only the glass transition
temperature appears at 52 'C.

Polymers 2b-f presented T6 temperatures at
137–183 ' C depending on the nature of the second
radical . The flexible aliphatic radicals determined the
expansion of domains of temperatures between T g and
To with about 300 C for 2a, with 167–198 'C for 2b-d,
and 233

.0
for 2f, except the ease of 2e . This ease

shows that the effect of the spacers is not sufficient to
depress the melting point or T, of polymers with rigid
segments (like 4,4'-dibenzyl) below the decomposi-
tion temperature . The polymer 2e has not a Tb
temperature, because their high packing of the chains
hinders the softening before the decomposition
temperature.

The wholly aromatic polymers exhibited glass
transition between 196–255 ' C varying with the
symmetry of aromatic radicals . As in the case of 2f
(containing 2 .4'-dihenzyl radical), the polymer 2k (in
fact the homo-polyparabanic acid containing only
2 .4'-dibenzyl radical) presented a lower T 6 temp-
erature (196 ' C) due to the chain flexibility . The

domains of temperatures between Tb and To of each
polymer varied among 70–169 'C, the last value

50

	

100

	

150

	

200

	

250

	

300

First run {----), second run t—t
Temperature (C)

Figure 6 . DSC Curves of aromatic polyparabanic acids.

belonging to 2k polymer . The polymer 2j (containing
2,4'- and 4,4'-dibenzyl structure) showed a surprising
behaviour . The tendency to crystallize was induced by
the 4,4 ' -dibenzyl radical and in the case of 2e was
disappeared for polymer 2j due to the disturbance
produced by the asymmetry of 2,4'-dibenzyl radical.
This polymer (2j) presented Ts at 220 'C, and a
domain of temperature between T g and To of 125 'C.

One can conclude that the influence of the
radical type on thermal properties of polyparabanic
acids determined by TGA and DSC, operated in
different ways . The aliphatic radical determined the
increase of the decomposition temperatures in the
case of polymers 2a-f by comparison with those of
aromatic polymers while the T s temperatures of
aliphatic-aromatic polymers were smaller than those
of aromatic polyparabanic acids. The presence of

2,4 ' -dibenzyl radical determined the increase of chain
flexibility both of polyureas and polyparabanic acids
as shown from Tables 1 and 2 . We can reflect that the
differences between Tb values of both kinds of
polymers were smaller (up to 30 ' C) than in the case
of To (up to 85 'C).

CONCLUSION

The present work deals with a theoretical study about
the thermal behaviour of a relatively new class of
polymers . Parabanic polymers described in this paper
presented good thermal stabilities (To between 280–
370 'C) and also domains of temperatures between T b
and To conveniently large to make them interesting
for the melt processing or moulding . These character-
istics were determined by the presence of flexible
spacer and/or some non-symmetrical aromatic
radicals like 2,4'-dibenzyl on the main chain of
polymers.
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