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ABSTRACT

Some high molecular polymers with imide or parabanic structures were
synthesized and characterized . The improvement of their film-forming ability
by the addition of small quantities of 2,2',4,4'-dibenzyl tetramine was studied.
The synthesis of the polyfunctional monomer was conducted . The prepoly-
mers like the polyamic acids and polyureas were obtained by using strict
controlled concentrations of monomers, as well as, by carefully watching the
reaction time and temperature . Heterocyclic polymers were produced by
cyclodehydration of polyamic acids into polyimides or by intermolecular
heterocyclization of polyurea with oxalyl chloride yielding polyparabanic acid.
The polymers were characterized by solubilities, viscosities, IR spectra,
thermogravimetric analysis, differential scanning calorimetry, X-ray diffraction
measurements.
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INTRODUCTION

The study of dibenzyl structural influence concerning
the properties of different kinds of polymers consti-
tuted the objective of our earlier researches.

As shown elsewhere, we studied the syntheses
and characteristics of some types of linear polymers
like : polyamides [1], polyureas and poly(parabanic
acid)s [21, polyimides [3], polybenzimidazoles [4],
polyquinazolinedions [4], all these polymers being
obtained from dibenzyl isomers : 2,2'-2,4'- and 4,4'-
dibenzyl diamines or diisocyanates.

It is known the_ polyimides represent a very

interesting class of heterocyclic polymers with a re-
markable high thermal stability, so that, for example,
they are used on a large scale as a thermo-insulating
coatings. On the other hand, there are many kinds of
polymers, such as polyureas . which form thermal and
chemical resistant and flexible films, especially those
that contain 2,4 '-dibenzyl structures [2].

4,4'-12,2'-Dibenzyl isomers induce an increased
crystallinity in the polymers structure [5] leading to
certain products with low molecular weight because
of the premature precipitation from the reaction
mixture . Generally, only linear and high molecular
weight polymers have the film forming ability. This

(•) To whom correspondence should be addressed .
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property can be improved by the introduction of a
small quantity of a polyfunctional monomer leading
to branched.polymers [6].

In the present work, we studied some polymers
with imide, urea or parabanic structures which were
obtained and characterized also from the viewpoint of
the film forming ability. Therefore, we used reaction
mixtures containing small quantities of a polyfunct-
ional monomer: 2,2',4,4'-dibenzyl tetramine.

High molecular weight polymers were pro-
duced by using some strictly controlled concen-
trations and careful supervision of the reaction time
and temperature . The obtained polymers can form
tough and flexible films by casting from polymer
solution.

EXPERIMENTAL

Materials
4,4 ' -Dinitrodibenzyl was obtained according to pub-
lished methods [7] by the oxidative coupling reaction
of p-nitrotoluene in alkaline medium, and it was
purified by recrystallization from dichloroethane.

4,4 ' -,2,4 '-,2,2'-Dinitrodibenzyls were produced
by the nitration of the dibenzyl [8].

2,2',4,4'-Dibenzyl tetramine was obtained by
the method described further and purified by repeated
recrystallization from water (on activated charcoal),
mp 149—150 °C (lit. [9] mp 150 °C).

Commercial 4,4'-oxydianiline was purified by
recrystallization from benzene (mp 190—191 °C).

Commercial pyromellitic dianhydride was re-
crystallized from ethyl acetate.

2,4'-/4,4'-Dibenzyl diisocyanates (DBDI) were
obtained according to published methods [10] and

were purified as follows : 4,4'-DBDI was recrystal-
lized from cyclohexane and 2,4'-DBDI was freshly
distilled (>98% purity).

Commercial solvents dimethylformamide
(DMF) and N-methyl-2-pyrrolidone (NMP) were
purified by keeping them on calcium hydride ; then
they were freshly distilled. Commercial toluene and
dichloroethane were distilled before use. Commercial
oxalyl chloride was used as received.

Equipment
Infrared spectra of the polymers were recorded with
Perkin Elmer using KBr pellets . The differential
scanning calorimetry (DSC) was made with a Mettler
DSC 12E with a heating rate of 10 °C/min in nitrogen
atmosphere . The thermogravimetric analyses of poly-
mers (TGA) were performed with a MOM-Budapest
derivatograph in air at a heating rate of 6-12 °Clmin.
Wide angle X-ray diffraction patterns of the polymers
were determined by the powder method using filtered
Co1c12 on DRON-2,0 Unit.

The inherent viscosity of the polymer solution
was performed in DMF at 20 °C with an Ubbelohde
viscometer.

Synthesis of the Multifunctional Monomer:
2,2',4,4'-Dibenzyl Tetramine
2,2',4,4'-Dibenzyl tetramine was obtained by a
succession of reaction starting from one or more
dinitrodibenzyl isomers (Scheme I).

The first step consisted in the synthesis of the
2,2 ' ,4,4' -tetranitrodibenzyl by nitration of some di-
nitrodibenzyl isomers . We have used either 4,4'-
dinitrodibenzyl obtained by the oxidative coupling
reaction of p-nitrotoluene in alkaline medium [7], or
4,4'-,2,4'-2,2'-dinitrodibenzyl isomers, singles or
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mixed, produced by the nitration of the dibenzyl [8].
In the second step, the 2,2',4,4'-tetranitrodi-

benzyl was transformed into 2,2',4,4'-dibenzyl tetra-
mine by a reduction reaction with water in presence
of ferrous salts (B6champ method). The hydro-
chloride of 2,2',4,4'-dibenzyl tetramine was then
neutralized and it was purified many times.

Preparation of Monomers
Synthesis of2,2 ;4,4 -Tetranitrodibenzyl
4,4'-Dinitrodibenzyl (1) (27 .2 g, 0 .1 mol) was
introduced stepwise into a stirred mixture of 46 .4 mL
of fuming nitric acid (d= 1 .505) and 64 mL of
concentrated sulphuric acid (d=1 .84), maintaining the
temperature between 50–60 °C . The mixture was
stirred on heating at 90–95 °C for 40–60 min and then
it was cooled at room temperature and poured over
crushed ice . The yellow precipitate (2) was collected
by filtration and washed with water until neutral pH.
The wet cake was also washed with 5% Na2CO 3
solution and methanol as well . The crude product was
dried at 90–100

	

(27 .33 g, 75 .5% yield). Yellow
crystals of 2,2',4,4'-tetranitrodibenzyl (21 g), mp
169–170 °C were obtained by recrystallization in
dichloroethane p.a. (–77% recrystallization yield) (lit.
[9] mp l68–169 °C).

The Reduction Reaction of 2,2 ;4,4'-Tetranitrodi-
benzyl (2)

This reaction was made with powdered iron and
hydrochloric acid in methanol-water medium
(Bechamp reaction).

The 2,2',4,4'-tetranitrodibenzyl (21 g, 0.058
mots) was added to a mixture of 90 mL methanol and
90 mL water and 70 g powdered iron, then stirred and
heated under reflux on oil bath. A solution prepared
from 15 mL methanol, 15 mL water and 7 mL
concentrated hydrochloric acid was dropped to the hot
mixture and the reduction reaction was continued
under reflux for another 4 h . The reaction mixture
was neutralized with ammonia diluted with 150 mL
methanol and heated to reflux. The hot mixture was
filtered over 150 mL concentrated hydrochloric acid.
The precipitate (20 .5 g, 91% yield) was then collected
by filtration, dissolved in a small amount of water and
decolourized with activated charcoal.

The filtrate was then acidified again, yielding
2,2',4,4'-dibenzyl tetramine tetrahydrochloride (3)
(16.13 g, 78 .7% recrystallization yield) . The HCI
present in 2,2',4,4'-dibenzyl tetramine hydrochloride
(C 14 H 18N4.4HC1) was determined by titration to be
37 .7%, whereas, the calculated value is 37 .63%.

2,2',4,4'-Dibenzyl tetramine (4) was obtained
from the purified tetrahydrochloride by treating it (lit.
[9] mp 150 'C) . Usually, some purifications were
necessary until a pure product (about 50% purifi-
cation yield). The product structure was confirmed at
each step of the synthesis by 1R spectra (Figure 1).

1600
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Figure 1 . IR Spectra of 2,2',4,4'-tetranitrodibenzyl (TNB) and 2,2',4,4'-dibenzyl tetramine (TAB).
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Synthesis of Polymers
In order to obtain the desired polymers, we have
chosen a ternary mixture of monomers. 4,4'-Oxydi-
aniline was used to improve the macromolecular
chain flexibility, the molar ratio of mixtures being
1 :6 :8 for dibenzyl tetramine, oxydianiline and respec-
tive, diisocyanates or tetracarboxylic dianhydride. We
have chosen such a molar ratio of the monomers to
ensure a convenient length of the linear chain
between two successive branch points.

Synthesis of Polya,nic Acid (PA) andPolyimide (Pi)
Polyamic acids were synthesized by the copolycon-
densation reaction in solution between the monomers
4,4'-oxydianiline, 2,2',4,4'-dibenzyl tetramine and
pyromellitic dianhydride, in molar ratio: 6 :1 :8 . In the
first step the branched polyamic acid was formed as
shown in Scheme II:

As the average functionality (f) was greater
than 2, the viscosity of the system rose rapidly until
swelling . By carefully checking the reaction time and

temperature, the polymer was tested for casting into
films from the reaction mixture, a short while before
the gel point. The films were dried in vacuum. The
heterocyclization process to polyimide was achieved
by heating in vacuum at 250—270 °C . Thus tough and
flexible cream films were produced.

Synthesis of Polyureas and Poly(parabanic acid)
Polyureas were obtained by copolyaddition reaction
in solution of 4,4'-oxydianiline, 2,2',4,4'-dibenzyl
tetramine with 2,4'- or 4,4'-dibenzyl diisocyanate at a
molar ratio 6 :1 :8, as shown in Scheme III.

Polyureas can be obtained as precipitated
polymers by addition of a nonsolvent to the reaction
mixtures or by processing as cast films from the
reaction media before the gel point.

Polyurea Conversion to Polyparabanic Acid
The polyurea PU4 entirely underwent the transform-
ation to polyparabanic acid by an intermolecular
heterocyclization reaction with oxalyl chloride as
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below (Scheme IV).

Polymerization Procedures
Palyamic Acid (PA) and Polyimide (PI)
A solution of amines was formed from 0 .25xl0 -3 mol
dibenzyl tetramine and 1 .5x10-3 mol 4,4'-oxydi-
aniline in 40 mL DMF and it was bubbled with
nitrogen for 5 min . A solution of 2 .0x10-3 mol
pyromellitic dianhydride in 20 mL DMF was added
dropwise to the amines solution at 15 C . The mixture
was stirred 1 h at 15 °C . Then, the temperature was
raised until 50 °C (oil bath). An increase of the
reaction mixture viscosity was observed after 30 min.
After heating for 50 min the reaction mass became
film formable by casting due to the rise of viscosity
(in gel point neighbourhood).

The polyamic acid (PA) was obtained as film
by quick casting from a viscous solution, or as a
precipitate by rapid stop of the polymerization
reaction using an excess of toluene . The product was
dried for 2 h at 100 'C under vacuum . Details of the
syntheses are given in Table 1.

The polyamic acid film was transformed to
polyimide (PI) film by the cyclodehydration reaction
at 250—270 °C in vacuum.

The polymers were characterized by using
thermogravimetric analyses ; the polyamic acids were
also tested concerning their solubilities, IR spectra
and even the inherent viscosity was determined to a
sample of the reaction mixture before the gel point
(sol fraction) . Thus the inherent viscosity of polyamic

acid PA2 was determined at a polymer quantity taken
from the reaction mixture before the gelling and
diluted to a concentration of 0.414 g/dL . The filtered
solution (by a G3 type filter funnel) had the inherent
viscosity of 1 .54 dUg.

Polyureas (PUs)

A nitrogen stream was passed through a solution of
1 .5x10-3 mol 4,4' -oxydianiline and 0 .25x10`3 mol
dibenzyl tetramine in 15 mL NMP . To this solution, a
solution of 2 .0x10-3 mol 4,4-dibenzyl diisocyanate in
15 mL NMP was added dropwise under stirring at
20 °C. After 90 min the gel point was attained.

The polymer can be processed by casting from
the viscous solution a little before gelling or by
precipitation with an excess of l :1 mixture methanol:
water. In Table 2 the details of the syntheses of
polyureas (PUs) are given.

The polyureas obtained were characterized by
solubilities, IR spectra, thermogravimetric analyses,
differential scanning calorimetry and x-ray diffraction
measurements.

Poly(parabanic acid)
To a stirred suspension of 0 .35 g (9 .85)(10-5 mol)
polyurea PU4 in 50 mL dichloroethane containing 5
drops of pyridine, 0 .675 g (0.45 mL, 5 .3x10-3 mol)
oxalyl chloride was added at room temperature. The
mixture was then heated for 15 h at 50—60 °C . The
polymer was separated by filteration, and then, it was
suspended in methanol over night . The washed

Table 1 . Syntheses of polyamic adds.

Sample PMDA ODA TAB Solvent Monomers Reaction Reaction Appearance
designate g (mol) g (mol) g (mol) . DMF (mL) conc. (%) temp . (°C) time

PAt 0 .44 0.30 0.0615 60 1 .38 15 1 h flexible film°
(0 .002) (0 .0015) (2 .54x10) 50 50 min

PA; 0.4431 0 .3054 0.0616 60 1 .39 20 4 .5 h flexible filmb
(0 .002) (0 .00153) (2 .54x10)

PA3 2.1801 1 .5011 0.3090 50 7 .75 15 5 min gel'
(0 .010) (0 .0075) (0.00127)

"The inherent viscosity was determined before gelling.

Observations' (a) and (b) The reaction was stopped before gel point (c) Rapid gelling.
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Table 2. Syntheses of branched polyureas.

Sample DBDI ODA TAB Solvent Monomers Reaction Reaction Appearance
designate g (mol) g (mol)

-

g (mal) NMP (mL) conc. (%) temp. (°C) time

PU 1 0.5280 0 .300 0 .065 60 3.014 20 1 .5 h gel
(0.002) (0.0015) (2.5x10)

PU 2 0.45 0.253 0 .05 38 2.08 20 ca . 3 h precipitated
(1 .7045x10) (1 .256x10-g) (2.066x10) polymer

PU 2 0.5285 0.3003 0 .0607 45 2.03 20 2h flexible film
(2 .0018x10) (1 .5015x10"3) (2.508x10) 40 20 min

50 45 min .

PU4 0.5285 0.3002 0 .0608 30 3.017 20 82 min flexible film
(2 .0019x10) (1 .501x10

-3}
(2 .515x10)

PUS 0.53 0.30 0 .060 60 1 .53 15 1 h precipitated
(2 .0075x10 -3 ) (0.0015) (2 .479x10) 20 1 h polymer

50 1h

60 1h

PU8 0 .5278 0.300 0.0605 30 3 .013 20 3 It precipitated
(1 .999x10-3) (0 .0015) (2.5x10) 50 2 .5 h polymer

Polyureas containing 2,4•-dibenzyl aWClure

Observations: PU1 - The inluture became get alter exactly 1 .5 h; PU2 and PU 3- The reaction was stopped before gelling ; PU4- The reaction was stopped strictly

before gelling ; PU 5- Soluble polymer (ad fraction); Pile- Soluble polymer (sol Traction).

polymer was dried at 120 °C.
The 1R spectrum and the elemental analysis

confirm the total heterocyclization of the polyurea to
poly(parabanic acid).

Nitrogen analysis calculated for C 244H 154N 32O54
is 10 .16 (%), and found : 10.05 (%).

Polymers were characterized by IR. spectra,
thermogravimetric analyses, solubilities and some of
them were tested by viscosity, differential scanning
calorimetry and x-ray diffraction measurements.

RESULTS AND DISCUSSION

Polymers were synthesized by polycondensation or
polyaddition reactions in solution of dipolar solvents .

Some attempts were made in order to find out the best
reaction conditions with a view to facilitate the
polymers processing as casted films solution just
before the gel point. This fact was possible because
the polyfunctional monomer 2,2',4,4'-dibenzyl tetra-
mine reacted stepwise. The amino groups from 4 and
4' positions were firstly consumed and then those of 2
and 2' positions owing to the different basic
capacities of amino groups were induced by the steric
hindrances [11] . In this way the processing can be
made when the polymer is found in solution (sol
fraction) . In order to know the critical extent of
reaction at gel point, two methods can be used to
calculate the conversion at which the gel occurs on
the basis of the initial conditions (functionality,
groups mole ratio, etc .) [12].
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The first method deals with Carothers equation
adjusted to ternary systems of condensation reactions
with a polyfunctional monomer (multifunctional
polycondensation) where the critical extent of
reaction at gel point is:

c 2
a tria

	

f

where f is the average functionality of the system.

4rfm
f _ flit + 2rp + rfp l (1– p)

N l fl +Nmfm
r=

N a f„

	 N m fnl 	
P= Tl l fl +N mfm

where fl , fa and fm are the diamine, diisocyanate or
pyromellitic dianhydride and, respective, tetramine
functionalities ; and N(I), N(n) and Nan) are moles of
4,4'-oxydianiline, pyromellitic dianhydride (or di-
benzyl diisocyanate), and respective, dibenzyl tetra-
mine; r is the equimolar initial mixture and p is the
mole fraction of the amine groups in polyfunctional
monomer.

In this way, ax, i, becomes:

ac – I—P +I + P
""– 2

	

2r flll

The second method consists of a statistical
method of calculation of J . P. Flory that defines a
branching coefficient at gel point:

ye"` -fmm

This coefficient depends on the conversion a
(the consuming of amino groups) as below :

ra2 PY= 1–ra 2 (1–p)

From Flory's equation of the critical branching
coefficient, yC11 ,, the critical conversion, aC1 ;,, at the gel
point can be determined:

Iir[ l -- p+ p(flil -1)]

According to this equation the number-average
degree of polymerization, X,,, of "sol phase" can be
calculated [13] :

fnl(l –p+ !)+2p
r

In Table 3 the theoretical values of the critical
conversion calculated after Carothers and Flory, as
well as the number-average degree of polymerization,
X ., on the basis of the functionality, groups mole
ratio, the concentration of monomers used in the
syntheses described in the experimental section are
presented . The obtained X. values are the limit
values which could be experimentally reached in the
case when the side reactions (the intramolecular
cyclization reactions) as well as the effects of the
dilution or temperature reaction are not considered.
The differences between the amino groups reactivities
situated in 2 or 4 positions of 2,2',4,4'-dibenzyl
tetramine are also not considered.

The effect of the reaction conditions about the
gelation can be observed from Tables I and 2. At a
certain concentration of monomers, the condensation
reaction rate can be controlled by means of temp-
erature in order to process the polymer as casted films
directly from the reaction mixture . For example, the
polyamic acid PAI needed about 2 h heating by light
to attain the gel point, while the polymer PA 2 became
gel after 4 .5 hat room temperature.

Nevertheless, the reaction conditions can not
explain entirely the behaviour of the reaction mixture

and

Xn =
fm (1–p+

	

2a m)+2p
r
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Table 3 . Theoretical number average degree of polymerization, in , at the gel point in multifunctional polymerization.

Sampo r(a) p(e} yla} (tat
%it (b)

(~)

PAl 0.995 0.253 2 .129 0 .939 0 .817 7.68
PA2 1 .002 0.250 2 .135 0 .937 0 .816 7 .75
PA3 1 .006 0.254 2 .142 0 .934 0 .812 7 .68
PUS 1 .000 0.250 2 .133 0 .937 0 .816 7 .75
PU2 0.985 0.246 2 .113 0 .946 0 .825 7 .80
PU3 1 .001 0.255 2 .134 0 .937 0 .816 7 .74
PU4 1 .001 0.251 2 .135 0 .937 0 .816 7 .73
PU5 0.994 0.248 2 .126 0 .941 0 .820 7 .77
PU 5 1 .000 0 .250 2 .134 0 .937 0.816 7 .75

(a) r. p, f (average hrnctlonaliry) were calculated an Oven in this work

(b) uQ e = critical extent of reaction for gel formation, adculated after Carothers (44 = u), or alter P .J . Flory (aFa „) as deacrlbed in the present work.

(c) The number average degree of polyrnarizaten, %r, ,calculated as shown in alis work.

before the gel point . With increasing time in
proximity to the gel point, the extent of reaction and
branching coefficient a, as well as, the number-
average degree of polymerization, X., increase
progressively, however, less rapidly than the viscosity
of the reaction mixture that, particularly, increases
rapidly [13] .

	

_
Practically, the X. values have the significance

of a virtual limit as the branching begins and the first
microgels appear . In our case, we have found these
calculated limits ranging between 7 .68-7 .80 . In the
case of the polymer PA 2, we tried to take advantage
of this moment by measuring the inherent viscosity
that was of 1 .54 dL/g. By comparing this value of the
viscosity with the theoretical X., we can conclude
that the cross-linking process is already begun . It can
also be concluded that the rise of the molecular
weight, over the theoretical limit calculated after the
Flory method, has an exponential development in
respect to time and at a certain moment, the process
tends to high values of the molecular weight until the
total insolubility. The fact that the polymer PA 2 re-
mains in solution at a superior polymerization degree
value, even after the gel point, might be explained by
the presence of pendant polar groups (carboxyl
groups) on the main chain of polymer making them
much more soluble than other condensation polymers.
The risen value of the viscosity might be explained
also by the polyelectrolyte character of the polyamic

acid attributed to the presence of the pendant carbo-
xylic acid groups . It is known that the viscosity values
are increased in the case of polyelectrolytes [12, 13].

In the case of polyureas (Table 2), the poly-
addition reaction operated in the best way for the 4,4'-
dibenzyl diisocyanate isomer (PU 1 ), at room temper-
ature and at a monomer concentration of 3 .014%. In
the same conditions, the reaction mixture containing
2,4'-dibenzyl diisocyanate isomer (PU6 ) was not
reached the gel point probably because of smaller
reactivity of NCO groups found in the 2 positions
[11], suggesting that some side reactions could appear
(like the intramolecular cyclization reaction between
the o-isocyanate groups of 2,4'-dibenzyl diisocyanate
and new formed urea groups) . Such a polymer can be
obtained from the solution by precipitating with
water-methanol (1 :1) mixture.

The separated polymers in the shape of
precipitates or films were characterized by IR spectra,
thermogravimetric analyses, and solubilities . Thus,
polyamic acids (PA) present IR absorption bands
characteristics to amidic groups (vim at 3300-3400
cm-' and vee at 1610, 1630-1650, 1720 cm- ' ),
carboxyl groups (2400-2700 cm- ' ) and disubstituted
aromatic rings (vMX2 , at 825 cm -' for 1,4-substitutions
and at 875 cm-' for 1,3-substitutions) . The IR
spectrum of polyimide presents imide (v CO at 1710-
1720 and 1770 cm-' and vi4X2 at 720 cm' as well as
aromatic bands at 820 and 870 cm-').
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The cyclodehydration domain of the polyamic
acid to polyimide was determined from the thermo-
gravimetric curve (150–270 °C). The obtained poly-
imide shows a decomposition temperature, T4, at 390
°C in air and MaxDTG of 570 °C as well as a 10%
weight loss at 450 °C (Figure 2).

From the viewpoint of the solubility, the poly-
amic acids, precipitated or films, were partially
swelled in aprotic polar solvents as DMF or NMP,
with or without LiCI (about 10% LiCI) . The dissolv-
ing of polymers in hot concentrated H2SO4 produced
polymers scissions (soluble and green decomposition
products).

Polyureas present IR absorption bands chara-
cteristic to urea groups (vim at 3300 cm- 1 and vco at

1630–1650 cm-') and aromatic rings substituted in
the 1,4-positions (820 cm-'), in the 1,2-positions (750
cm- ') or in the 1,3-positions (870 cm- ').

The IR absorption bands of 820 and 750 cm-I
were of different sizes depending on the kind of the

diisocyanate used : polyurea containing 4,4'-dibenzyl
diisocyanate has a stronger band at 820 cm-' while

the polyurea with 2,4'-dibenzyl diisocyanate structure

has stronger band at 750 cm-'.
The absorption band at 870 cm-' is smaller than

the other two and it can be attributed to the
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Figure 3. Spectra of polymers obtained from 4,4'-DBD

(PU4) and 2,4'-DBDI (PU 6).

multifunctional monomer (Figure 3).
Polyureas suffer a partial dissolution in aprotic

polar solvents with or without LiCl, while attempting
to dissolve polymers in hot concentrated H 2SO 4 will

damage the polymers. Polyureas obtained possess a
good thermal stability, and the initial decomposition
temperatures, To, being of 290 °C for PU4 (with 4,4'

-dibenzyl diisocyanate) and,270 °C for PU6 (with 2,4'-

dibenzyl diisocyanate) . The maximum points of DTG

were 320 °C for PU 4 and, 310 °C for PU6. The poly-

mers did not present glass transition temperatures, Ta,
because of their branched structure (Figure 4) despite
of the fact that they are amorphous polymers as

100 200 300 400
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Figure 2. Thermal behaviour of polyamic acid (TG and

DTG) (--) and polyimide (- - - -) .
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Figure 4. DSC curves of branched polyureas PU4 and PU6;

first run (—), second run (- - - -).

252

	

Iranian Polymer Journal / Volume 7 Number 4 (1998)



Sealant' E. et al.

3000

	

2000

	

1600

	

1200

	

800

	

400,
v(cm ')

Figure 5 . IR Spectrum of polyparabanic add with dibenzyl
tetramine structure.

shown from the X-ray diffraction measurements
determined for PU4 and PU 6 polyureas.

The heterocyclization reaction of the branched
polyurea PU4 with oxalyl chloride took place entirely
owing to their amorphous structure that allowed the
access of the reagent inside the partial swollen
polyurea suspended in the reaction solvent (dichloro-
ethylene) . This fact was proved both by the elemental
analysis of nitrogen and by the IR spectrum of the
transformed polymer. Both the disappearance of the
absorption band at 1610 cm-' characteristic to urea
carbonyl group and the appearance of the strong band
at 1720 cm-', attributed to vco parabanic band can be
observed (Figure 5).

The thermogravimetric analysis of the paraban-
ic polymer confirmed the complete heterocyclization:
the initial decomposition temperature, T 0 ,was 300 °C
and the maximum DTG was 400 °C.

CONCLUSION

The paper deals with the syntheses and characteristics
of some polymers with dibenzyl structure introduced
by a few monomers with isomeric dibenzyl structures,
especially the polyfunctional monomer 2,2',4,4'-di-
benzyl tetramine. Polyimide and poly(parabanic acid)
were obtained via polyamic acid and, respectively, by
cyclization of polyurea used as prepolymer . All
polymers were able to form flexible and resistant
films in certain conditions of the reaction .

The polymers were characterized by IR spectra,
thermogravimetric analyses (TGA), solubilities. In
some cases differential scanning calorimetry and X-
ray diffraction measurements were also performed . A
heterocyclization reaction between a polyurea and
oxalyl chloride was successfully achieved, and the
structure of the obtained parabanic polymer was being
confirmed by IR spectrum, TGA and the elemental
analysis.
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