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Two series of poly(oxadiazole-imide)s based on naphthalene-containing 
anhydrides and aromatic diamines having preformed oxadiazole rings have been
synthesized. One series contains four polymers: two of them are based on 

naphthalene-1,4,5,8-tetracarboxylic dianhydride and the other two are based on
bis(ketonaphthalic-anhydride). The other series contain four copolymers based on 
mixtures of these dianhydrides with hexafluoroisopropylidene-diphthalic anhydride.
Most of these polymers are easily soluble in polar amidic solvents and even in less
polar and convenient solvents, allowing them to be processed in thin films and 
coatings. These polyimides and copolyimides show high thermal stability, with initial
decomposition temperature being above 430°C and glass transition temperature in the
range of 190-318°C. Conformational rigidity parameters of these polymers have been
calculated by Monte Carlo method and discussed in relation with thermal properties.
The values found experimentally for glass transition temperature correlate well with
those calculated by using the conformational rigidity parameters. The dependence of
glass transition temperature of these polymers on Kuhn segment can be described by
linear equations, with a very good factor of convergence.

INTRODUCTION

Aromatic polyimides containing
five-member imide rings exhibit
excellent thermal and thermo-
oxidative stability, and outstanding
mechanical and electrical properties
which make them very attractive for
a variety of practical applications
[1-4]. Polyimides containing 
six-member imide rings with 
naphthylimide structure, although
showing thermal and thermo-
oxidative resistance and very good
hydrolytic stability, have received

little attention primarily due to the
inability of obtaining soluble 
precursors for fabrication. Such
polyimides based on naphthalene-
1,4,5,8-tetracarboxylic acid dianhy-
dride (NTDA) could be of consider-
able interest due to the fact that
NTDA is a widely available dianhy-
dride [5-7]. More recently, the 
naphthalene unit has been 
introduced into the main chain of 
π-conjugated polymers such as
polyphenylenevinylene, polyfluorene,
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polythiophene and polycarbazole with the aim to
develop new emissive materials for use in organic
light-emitting diodes [8].  

Aromatic polymers containing 1,3,4-oxadiazole
ring in the main chain are also well known for their
high thermal resistance in oxidative atmosphere,
good hydrolytic stability, low dielectric constant and
tough mechanical properties [9,10]. In addition, the
1,3,4-oxadiazole ring, due to its electron-withdrawing
character can facilitate the attraction and transport of
electrons, which make the corresponding polymers
very interesting for opto-electronic applications [11].  

In this respect, we found it interesting to synthe-
size two series of polyimides and copolyimides con-
taining both oxadiazole and naphthalene units in the
main chain, so that the resulting polymers have better
thermal and thermooxidative stability. We took into
account that the study of physical properties of such
polymers in connection with conformational parame-
ters of the macromolecular chain is of interest for
future advanced applications. Thus, in the present
work some physical properties of new aromatic six-
membered polyimides containing 1,3,4-oxadiazole
rings in the main chain have been studied with regard
to the conformational rigidity of the macromolecules
and their relationships have been shown. The aim of
this work is to establish new correlations by using
Monte Carlo method that could be used to calculate
the values of glass transition temperature for related
polymers where the experimental determination of Tg
value is difficult.

EXPERIMENTAL

Materials
Acenaphthene from Aldrich was crystallized from
methanol. Isophthaloyl chloride, aluminium chloride,
benzoic acid, p-fluorobenzoic acid, toluene, N,N-
dimethylacetamide and 1-methyl-2-pyrrolidinone
(NMP) (HPLC grade) were purchased from Aldrich
and used as received. Diethyl ether from Aldrich was
dried over sodium wires and freshly distilled. 1,4,5,8-
Naphthalenetetracarboxylic acid dianhydride (NTDA),
and 4,4'-(hexafluoroisopropylidene)diphthalic anhy-
dride (6FDA) have been purchased from Aldrich and
purified by recrystallization from glacial acetic acid

and acetic anhydride, respectively, followed by thor-
oughly washing with anhydrous diethyl ether. Ortho-
phosphoric acid, 4-aminobenzoic acid, 3-aminophe-
nol, 4-aminophenol, pyridine, tetrachloroethane, gla-
cial acetic acid and acetic anhydride were provided
from Merck and used as received. Phosphorus pen-
toxide and hydrazine monohydrate were purchased
from Fluka and used as received. Potassium carbon-
ate, sodium bicarbonate and ethanol were provided
from Chimopar Bucharest.

Monomers
Aromatic diamines containing oxadiazole rings, Ia
and Ib, namely 2,5-bis[4-(p-aminophenoxy)-pheny-
lene]-1,3,4-oxadiazole and 2,5-bis[4-(m-aminophe-
noxy)-phenylene]-1,3,4-oxadiazole have been pre-
pared by a known procedure [12,13]. 

Naphthalene-1,4,5,8-tetracarboxylic acid dianhy-
dride (NTDA), IIa, and hexafluoroisopropylidene-
diphthalic dianhydride (6FDA), IIb, were purchased
from Aldrich and purified by recrystallization from
glacial acetic acid and washed thoroughly with 
anhydrous diethylether.  

The bis(ketonaphthalic-anhydride), IIc, was 
synthesized by Friedel-Crafts reaction, starting from
isophthalic acid chloride and acenaphthene, follow-
ing a published procedure [14,15]. The structures of
all these monomers are shown in Scheme I.

Polymers
Poly(oxadiazole-naphthylimide)s, III, have been 
prepared by solution polycondensation reaction at
high temperature of equimolar amounts of aromatic
diamines containing oxadiazole rings with naphtha-
lene-1,4,5,8-tetracarboxylic dianhydride or with
bis(ketonaphthalic-anhydride). Copoly(oxadiazole-
naphthylimide)s IV have been synthesized by similar
polycondensation technique by using the same 
aromatic diamines containing oxadiazole rings and a
mixture of 1:1 of hexafluoroisopropylidene-diphthal-
ic dianhydride with naphthalene-1,4,5,8-tetracar-
boxylic dianhydride or with bis(ketonaphthalic-anhy-
dride). The polycondensation reaction was carried out
in N-methylpyrrolidinone (NMP), in the presence of
benzoic acid as catalyst, at a concentration of 10-12%
total solids. Their detailed synthetic procedure was
reported previously [16,17]. The structures of the
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resulting polymers III and copolymers IV are shown
in Scheme II. 

Elemental analysis of the synthesized polymers
and copolymers: Polyimide IIIa: Anal. Calcd. for
C40H20N4O7: C, 71.86; H, 2.99; N, 8.38; O, 16.77.
Found: C, 72.29; H, 3.21; N, 8.04; O, 16.46.
Polyimide IIIb: Anal. Calcd. for C40H20N4O7: C,
71.86; H, 2.99; N, 8.38; O, 16.77. Found: C, 72.25; H,
3.24; N, 8.07; O, 16.44. Polyimide IIIc: Anal. Calcd.
for C58H30N4O9: C, 75.16; H, 3.24; N, 6.05; O,
15.55. Found: C, 75.57; H, 3.44; N, 5.81; O, 15.18.
Polyimide IIId: Anal. Calcd. for C58H30N4O9: C,
75.16; H, 3.24; N, 6.05; O, 15.55. Found: C, 75.72; H,
3.57; N, 5.68; O, 15.03. Copolyimide IVa: Anal.
Calcd. for C85H42F6N8O14: C, 67.46; H, 2.78; F,
7.54; N, 7.41; O, 14.81. Found: C, 67.79; H, 3.09; F,
7.53; N, 7.04; O, 14.55. Copolyimide IVb: Anal.
Calcd. for C85H42F6N8O14: C, 67.46; H, 2.78; F,

7.54; N, 7.41; O, 14.81. Found: C, 67.91; H, 3.02; F,
7.39; N, 7.04; O, 14.64. Copolyimide IVc: Anal.
Calcd. for C103H52F6N8O16: C, 69.83; H, 2.94; F,
6.44; N, 6.33; O, 14.46. Found: C, 70.26; H, 3.17; F,
6.10; N, 6.19; O, 14.28. Copolyimide IVd: Anal.
Calcd. for C103H52F6N8O16: C, 69.83; H, 2.94; F,
6.44; N, 6.33; O, 14.46. Found: C, 70.19; H, 3.21; F,
6.14; N, 6.15; O, 14.31.

Measurements
Average-molecular weights were measured by means
of gel permeation chromatography (GPC) using a
Waters GPC apparatus, provided with refraction and
UV photodiode array detectors and Shodex column.
Measurements were carried out with polymer 
solutions having 2% concentration, and by using
DMF/0.1 mol NaNO3 as solvent and eluent, with a
rate of 0.6 mL/min. Polystyrene standards of known 
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Figure 1. FTIR Spectrum of copolyimide IVa.

molecular weights in solution of DMF/0.1 mol
NaNO3 were used for calibration.

Model molecules for a polymer fragment were
obtained by molecular mechanics (MM+) by means
of the HyperChem programme, Version 7.5. The same
programme was used to visualize the structures
obtained after energy minimization. The calculations
were carried out with full geometry optimization
(bond lengths, bond angles and dihedral angles) [18].

The thermal stability of the polymers was 
investigated by thermogravimetric analysis (TGA)
using a MOM Budapest derivatograph, made in
Hungary, operating at a heating rate of 12°C/min, in
air, from room temperature to 750°C. The temperature
of 5% weight loss on the TG curve was considered to
be the beginning of decomposition or the initial
decomposition temperature (Td). The temperature 
of maximum rate of decomposition which is the 
maximum signal in differential thermogravimetry
(DTG) curves was also recorded.

The glass transition temperature (Tg) of the 
precipitated polymers was determined by using a
DSC 12E calorimeter (Mettler-Toledo, Greifensee,
Switzerland). Approximately 3 to 8 mg of each 
polymer were crimped in aluminium pans and run in
nitrogen with a heat-cool-heat profile from room 
temperature to 350°C at 10°C/min. The mid-point
temperature of the change in slope of the DSC signal
of the second heating cycle was used to determine the

glass transition temperature values of the polymers.
The Kuhn segments were calculated by using the

Monte Carlo method as described earlier [19].

RESULTS AND DISCUSSION

The polyimides studied here contain naphthalene
units and oxadiazole rings in the main chain (Scheme
II). Polycondensation reaction at high temperature of
equimolar amounts of aromatic oxadiazole-diamines
with naphthalene-1,4,5,8-tetracarboxylic acid dianhy-
dride (NTDA) or with bis(ketonaphthalic-anhydride),
in N-methylpyrrolidinone (NMP) in the presence of
benzoic acid as catalyst, yielded polyimides IIIa-d
with the formation of intermediate polyamidic acid.
Catalysis of polyimide synthesis by solution poly-
condensation using small amounts of benzoic acid in
high boiling solvents, such as N-methylpyrrolidinone,
was demonstrated first by Korshak et al. [20]. It was
shown that benzoic acid catalyzes the opening 
reaction of anhydride ring in the first step of polycon-
densation, which is the formation of polyamidic acid.
Here, we wanted to use as much as possible eco-
friendly reaction conditions, avoiding the utilization
of m-cresol as solvent, which was used by other
authors in the synthesis of such polymers, because 
m-cresol is a very toxic carcinogen solvent. The
resulting polyimides were isolated by precipitation in
water. Polyimides IIIc and IIId were soluble in NMP
and their solutions were stable when stored for long
time (many months) at room temperature, while poly-
imides IIIa and IIIb separated from NMP solutions
during reaction at high temperature did not re-
dissolve by further heating. In order to obtain soluble
polyimides with NTDA, a mixture of this dianhydride
with hexafluoroisopropylidene-diphthalic anhydride
(6FDA) was used in the polycondensation reaction
with the diamino-oxadiazoles. The resulting copoly-
imides, IVa and IVb (Scheme II) containing naphtha-
lene and flexible hexafluoroisopropylidene (6F)
groups were soluble in polar amidic solvents and their
solutions gave flexible films when spread onto glass
plates. Also, the 6FDA was used in mixture 1:1 with
bis(ketonaphthalic-anhydride) in the polycondensa-
tion with diamino-oxadiazoles to obtain copolyimides
IVc and IVd with the aim to increase the solubility,

Effect of Conformational Parameters on Thermal ...Rusu R-D et al.

Iranian Polymer Journal / Volume 20 Number 1 (2011) 33



the thermal stability, transparency and the free volume
of the polymers, thus improving their high perform-
ance properties.

The structures of the present polymers were 
identified by infrared spectra (Table 1). All the
polyamidic acids showed a broad IR absorption band
at 3350-3450 cm-1 characteristic of NH amide and a
narrow strong absorption peak at 1660-1670 cm-1 due
to CO group in amide linkage. In the IR spectra of
polyimides the absorption band from 3350-
3450 cm-1 and 1660-1670 cm-1 were significantly
decreased, which means that the conversion of the
intermediate polyamidic acid into final polyimide
structure was quantitatively achieved by polyconden-
sation in solution at high temperature. At the same
time new absorption peaks appeared at 1780-
1790 cm-1, 1730-1740 cm-1 and 720-730 cm-1 which
are characteristic to imide ring. In all the spectra the
absorption peaks characteristic for 1,3,4-oxadiazole
ring appeared at 960-970 cm-1 and 1010-1020 cm-1.
C-H linkage in aromatic rings showed a weak 
absorption peak at 3070-3080 cm-1. 

All the oxadiazole-containing poly(naphthyl-
imide)s, except IIIa and IIIb, were soluble in aprotic
amidic solvents such as NMP, dimethylacetamide
(DMAc) or dimethylformamide (DMF), and most of
them were soluble even in less polar solvents such as
chloroform or tetrahydrofurane. The good solubility
of these polyimides compared with that of related
polyimides, based only on NTDA, is explained 
mainly by the presence of meta-catenated phenylene
rings connected to carbonyl groups coming from the
dianhydride monomer, and/or of flexible 6F groups,
respectively. These flexible groups disturb the tight
packing of the polymer chains and make the shape of

the respective macromolecules to be far from a linear
rigid rod which is characteristic to polyimides based
only on NTDA.

Model molecules for four repeating units of the
polymer were obtained by molecular mechanics by
means of the Hyperchem programme version 7.51
[18] to obtain information on the most probable 
conformation. Molecular mechanics calculation treat
atoms as Newtonian particles interacting through a
potential energy function. Potential energy depends
on bond lengths, bond angles, torsion angles and 
non-bonded interactions (van-der-Waals forces, elec-
trostatic interactions and hydrogen bonds). The forces
on atoms are functions of the atomic position. For 
calculations, we used the MM+ force field.
Representative molecular models of these copoly-
imides, as visualized by molecular modelling, are
shown in Figure 2. 

The molecular weights of the polyimides IIIc, IIId
and IV were measured by gel permeation chromato-
graphy (GPC), using polystyrene standards. The

Figure 2. Models of polyimide IIIb and copolyimide IVb.
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Table 1. FTIR (KBr pellets, cm-1) analysis of the synthesized polyimides and copolyimides.

Band assign IIIa IIIb IIIc IIId IVa IVb IVc IVd

aAr. imide, C=O basym.
aAr. imide, C=O csym.
C=O dbend.
Oxadiazole, C-O-C estr.
Oxadiazole, C-O-C estr.
aAr. C-H  estr.

1787
1731
721

1012
962

3071

1783
1732
729

1013
960

3071

1787
1729
719

1012
970

3073

1786
1730
722
1011
961

3070

1785
1737
721

1012
962

3072

1787
1732
726

1012
962

3070

1784
1731
723

1012
961

3069

1783
1733
725

1012
961

3071
(a) Ar:  aromatic; (b) asym: asymmetric stretching; (c) sym: symmetric stretching; (d) bend: bending; (e) str:  stretching.

IIIb

IVb



molecular weight values, Mw, are in the range of
32700-201700 Dalton, Mn in the range of 22600-
139800 Dalton and polydispersity Mw/Mn in the
range of 1.44-1.82. These data show that these poly-
mers have fairly high values of molecular weight and
very narrow molecular weight distribution. It should
be noted that gel permeation chromatography 
measurements by using polystyrene standards 
provide only a crude estimate of molecular weights
and not an accurate evaluation. All these poly(naph-
thylimide)s containing oxadiazole rings are highly
thermostable, as evaluated by thermogravimetric
analysis, their initial decomposition temperature (Td)
being above 430°C (Table 2). The polyimides IIIa-d
begin to decompose at 430-470°C, while those con-
taining 6F groups, IVa-d, start their decomposition at
445-470°C, which shows that the thermal stability
was not significantly modified by inclusion of 6F
groups. Similar effect or slightly increased thermal
stability when introducing 6F groups in polymers
were reported by other researchers [21,22]. The 
temperature of 10% weight loss is in the range of
453-500°C for those containing only naphthalene and 
oxadiazole units, and in the range of 490-520°C for
those containing 6F groups, as well, which shows that
the 6F groups have somewhat higher decomposition
temperature compared to the former. The temperature
of the maximum decomposition rate as evidenced by
DTG curves is above 480°C. These data show that all

these polyimides and copolyimides have high thermal
stability, similar to those of other polyimides based on
the same diamino-oxadiazoles, but without naphtha-
lene units [23]; and similar to those of polyimides
based on the same bis(naphthalic-anhydrides) but
without oxadiazole rings [24,25].

The glass transition temperature of the polyimides
was evaluated by differential scanning calorimetry
(DSC). All these polymers, except IIIa, exhibit glass
transitions, in the range of 190-318°C (Table 2). The
polymer IIIa did not show a Tg in DSC experiment
when the sample was heated up to 350°C, which
means that the Tg may be higher than 350°C. The
polyimides IIIc and IIId exhibit lower Tg values as
compared with polymers IIIa and IIIb due to the 
presence of meta-catenation connected to a kinking
carbonyl group that allows the segmental movement
in the polymer chain. The introduction of 6F groups
in the copolymers IVa-b does not have a clear 
influence on Tg: in some cases Tg decreases (copoly-
imides IVa and IVb) while in other polymers it
increases (copolyimides IVc and IVd). It can be seen
that there is a large interval between Tg and 
decomposition temperature of these polymers, which
can be advantageous for their processing by 
thermoforming technique. A typical DSC curve is
shown in Figure 3.

The thermal properties of the present polymers
were discussed in correlation with conformational 

Effect of Conformational Parameters on Thermal ...Rusu R-D et al.

Iranian Polymer Journal / Volume 20 Number 1 (2011) 35

Table 2. Thermal properties and conformational parameters of  poly(oxadiazole-naphthylimide)s III
and poly(oxadiazole-naphthylimide)s IV.

Polymer I0
(A)

A
(A)

C∞ p Tg*
(°C)

Tg**
(°C)

Td

(°C)

IIIa
IIIb
IIIc
IIId
IVa
IVb
IVc
IVd

30.12
30.05
41.26
41.74
32.61
32.64
38.34
38.16

38.20
24.74
26.36
19.32
38.38
23.53
29.04
19.77

1.27
0.82
0.64
0.46
1.18
0.72
0.74
0.52

7.61
4.94
5.11
3.68
7.65
4.68
5.53
3.88

298
307
201
186
300
280
228
196

Not detected
318
195
190
296
265
245
195

470
450
450
430
470
445
470
465

* Tg was calculated with the equation: Tg = 6.614+7.636 A for polymers IIIa, IIIc, IVa and IVc, and with the 
equation: Tg = -244.233 + 22.263 A for polymers IIIb, IIId, IVb and IVd; ** glass transition temperature measured
by DSC; Td = temperature of 5% weight loss on TG curve.

° °



Figure 3. DSC Curve of polyimide IIId.

parameters such as the Kuhn segment (A), the 
characteristic ratio (C∞), and the number of aromatic
rings (p) in Kuhn segment. The parameter p was
included because in previous works the correlation of
physical properties with the number of aromatic rings
in Kuhn segment is shown [26-29]. 

As it is known, the Kuhn statistical segment (A)
can be written as:

where <R2>/nl0 is the ratio of the average square 
end-to-end distance of a chain to its contour length (L
= nl0 is a parameter independent of the chain 
conformation); n is the number of repeating units; and
l0 is the contour length of a repeating unit. In the case
of polyheteroarylenes in which the macromolecular
unit contains virtual bonds with different lengths and
different angles between them, the length of the 
zig-zag line connecting the mid-points of the virtual
bonds is taken as the contour length. The Kuhn 
segment length was calculated by Monte Carlo
method. We used Volkenstein rotational isomeric state
approximation by consideration of only discrete 
values of rotation angles, and the Flory approximation
by the assumption that rotations around virtual bonds
are independent. The term "virtual bonds" is used to
indicate a rigid section of a chain approximated by a
straight line about which rotation is possible. In a 
particular case, it can be an ordinary valence bond;
more generally, it can contain rings, as well. The con-
formational energy maps for several aromatic poly-

esters and polycarbonates were calculated and the
minimum energy structures were found, in which the
rotation angles about virtual bonds passing through
aromatic rings were 0° and 180°, both values being
equally probable. This means that these virtual bonds
behave as statistically free rotating bonds. With these
assumptions one can write coordinates of any vector
in the reference frame associated with the first vector
as:

where T is the Flory matrix.

and (π - θj) are the angles between virtual bonds. On
constructing the polymer chain, the angles θj recur
periodically with the period depending on the number
of virtual bonds, N, in the repeating structural unit.
The index j runs from 1 to nN. The values of the 
rotation angles, ϕj, were chosen in one of the follow-
ing two ways depending on the nature of the bond: (i)
they were determined by Monte Carlo procedure on
the assumption of a uniform distribution within the
interval (0, 2π); (ii) ϕ was constant, i.e. any rotation
about a bond was forbidden.

The ensamble average <R2/nN> was obtained by
generating on a computer a set of independent chain
sequences (in each sequence n runs from 1 to 2500)
and averaging over the set of R2/nN values relating to
the same n. For each of the polymers, the value of 
n = n' beyond which the average <R2/nN> as a 
function of n tended to converge was found. Usually
n' was found to be of the order of 1000 [19].

Knowing the value of Kuhn segment one can 
calculate the characteristic ratio, C∞:

and the number of aromatic rings in Kuhn segment, p:

where k is the number of aromatic rings in a polymer
structural unit. The conformational parameter, p, takes 
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Figure 4. Dependency of glass transition temperature, Tg,
on Kuhn segment, A, of poly(oxadiazole-naphthylimide)s.

into account both factors: aromatic character of poly-
heteroarylenes and their rigidity.

Table 2 presents the calculated conformational
parameters of poly(oxadiazole-naphthylimide)s III
and poly(oxadiazole-naphthylimide)s IV. The 
interdependencies of glass transition temperature Tg,
determined from DSC curves on the length of Kuhn 
segment, A, and on the characteristic ratio, C∞, are
shown in Figures 4 and 5, respectively.

Using the least-squares method, the dependence of
glass transition temperature of these oxadiazole-
containing polynaphthylimides III and IV on Kuhn 
segment can be described by two linear equations:
one for those polyimides containing m-phenylene
rings coming from the diamino segment of the 
repeating unit, with a very good factor of convergence
(R = 98.37%), and another one for those polyimides
containing only p-phenylene rings in the diamino 
segment of the structural unit of the polymer chains,
also with a good factor of convergence (R = 95.42%).
As it was previously noted in the literature [30,31], if
the dependency is linear with a good factor of 
convergence, that equation can be used for the 
estimation of glass transition temperature and initial
decomposition temperature in case when their 
experimental determination is difficult. In the case of
our polymers, by DSC measurements, the polymer
IIIa did not show clear Tg inflection in DSC curve.
Thus, the glass transition temperature of polymer IIIa

Figure 5. Dependency of glass transition temperature, Tg,
on characteristic ratio, C∞ .

can be calculated by equation: Tg = 6.614+7.636×
38.20 = 298°C. Table 2 presents the calculated values
of Tg in comparison with those found experimentally. 

As can be seen in Figure 4, the dependent nature of
glass transition temperatures on characteristic ratio is
also described by two linear equations: one for all
polymers containing m-phenylene rings coming from
the diamino segment of the repeating unit: Tg =
16.329+358.216 C∞ , with a very good factor of 
convergence (R = 98.72%) and another one for poly-
imides containing only p-phenylene rings in the
diamino segment: Tg = 104.064+165.549 C∞ , with a
good factor of convergence, as well (R = 94.18%). It
can be concluded that the glass transition tempera-
tures of the polyimides of one group based on the
same diamino-1,3,4-oxadiazole are correlated quite
appropriately with the conformational rigidity of
these polymers. The use of correlations established
here made it possible to calculate some values of glass
transition for those related polymers where the 
experimental determination of these values was 
difficult.

The dependency of the initial decomposition 
temperature (Td) of poly(oxadiazole-naphthylimide)s
III and copoly(oxadiazole-naphthylimide)s IV (deter-
mined from TGA curves) on the Kuhn segment is
shown in Figure 6. There is a significant linear 
relationship between thermal stability of most of these 
polymers and their conformational rigidity, described 
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Figure 6. Dependency of initial decomposition temperature,
Td, on Kuhn segment, A.

by the equation: Td = 398.99+1.88A, with a very good
factor of convergence (R = 97.63%). Looking into this
interdependency, the points corresponding to poly-
imides IVc and IVd are out of line. This can be due to
the fact that the introduction of 6F groups into the
rigid polymer chains could have a variable effect:
sometimes, fluorination results in increasing Td, and
other times, Td remains practically the same.
Moreover, a high increase in decomposition tempera-
ture of polymers containing 6F groups, IVc and IVd,
with respect to that of the corresponding polymers
without 6F groups, IIIc and IIId, can be explained by
H-bonding between the hydrogen atoms of the pheny-
lene rings and C=O groups facilitated by the more
flexible nature of the chains having 6F moieties
[16,32].  

CONCLUSION

Aromatic poly(oxadiazole-naphthylimide)s and 
fluorinated copoly(oxadiazole-naphthylimide)s were
obtained by polycondensation reaction of aromatic
diamines containing oxadiazole ring with naphtha-
lene-1,4,5,8-tetracarboxylic dianhydride (NTDA) or
with bis(ketonaphthalic-anhydride). Fluorinated
copoly(oxadiazole-naphthylimide)s were synthesized
by using the same diamino-oxadiazoles and a mixture
of 1:1 of such a dianhydride with hexafluoroisopropy-

lidene-diphthalic anhydride. The polymers based only
on NTDA were not soluble in organic solvents, while
all the other polymers were easily soluble in polar
amidic solvents and some of them in less polar and
convenient solvents as THF or CHCl3, allowing them
to be processed in thin films and coatings. These 
six-member polyimides and copolyimides are highly
thermostable, their initial decomposition temperature
being above 430°C. The majority of these polymers
do exhibit a Tg value, high enough (190-318°C), but
still with a large window between Tg and decomposi-
tion temperature which may be useful for their 
processing by thermoforming techniques. The values
found experimentally for Tg correlate well with those
calculated by using the conformational rigidity
parameters, that is with increasing the rigidity of the
polymer chain, the Tg values increase at the same
time. Similarly, an increase of decomposition 
temperature was found with the increase of conforma-
tional rigidity parameters. The dependency of glass
transition temperature of these poly(oxadiazole-
naphthylimide)s and copoly(oxadiazole-naphthyl-
imide)s on Kuhn segment can be described by linear
equations, with a very good factor of convergence.
The use of correlations established here by using
Monte Carlo method made it possible to calculate
some glass transition data for those related polymers
where the experimental determination of Tg value was
difficult. 
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