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ABSTRACT

Aromatic-aliphatic polyamides containing azo groups were synthesized by
both low-temperature solution and phosphorylation polycondensation
methods from 2,2'-dimethyl-4,4'-azodianiline (2,2'-dimethyl-4,4'-diamino azo
benzene) and 2,3-dimethylpentanedioic acid, malonic, succinic, glutaric,
adipic, pimelic, suberic, azelaic, sebacic, chlorosuccinic acid and a-chloro-a'-
methyl adipic acids. In addition to this, based on 2,2'-dimethoxy-4,4'-azodi-
aniline and succinicladipic acid, polyamides have been synthesized following
the above polymerization procedures . The polymers were characterized by
viscosity, solubility, IR, UV-visible, TGA and DTA studies . Activation energy
has been calculated for the thermal degradation of the polyamides.
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INTRODUCTION

The commercial nylon (polyamide) is well known for
its high temperature resistance and good mechanical
properties. In recent years attention has been given to
the synthesis of thermally stable, rigid, high molecul-
ar weight aromatic-aliphatic polyamides [1].

The thermal properties of a set of experi-
mental polyamides containing ether linkages were
investigated as a function of their chemical structure
by Garica and coworkers [2] . Yoshio Imail et at.
studied the mechanical properties of hot pressed and
cast polyamide films [3] . Aliphatic aromatic poly-
amides containing oxyethylene units were synthesiz-

ed and characterized by Garcia and coworkers [4].
Among the several classes of thermally stable

polymers, azo polyamides are of importance . The azo
chromophore in a polymer backbone increases the
chain stiffness and imparts colour to the polymer.
Such polymers may, therefore, have potential
applications as high modulus fibres/films and high-
grade pigments of good stability towards light and
organic solvents . The synthesis, characterization, and
fibre/film studies of several wholly aromatic and
aromatic-aliphatic azo polyamides were reported
earlier from this laboratory [5-12] . - In this article we
report the activation energy of thermal degradation of
13 new aromatic-aliphatic polyamides containing
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methyl and methoxy-substituted azodianilines and
correlations have been made . Also structure-property
relationship has been studied in detail.

EXPERIMENTAL

Materials
2-Methyl-4-nitroaniline (Fluka, puriss) was refluxed
with potassium persulphate in presence of dilute
H 2 SO 4 for 3 h . The azo and azoxy compounds
obtained were reduced by sodium hydrosulphide.

Dark-red shiny crystals of 2,2'-dimethyl-4,4"-
diaminoazobenzene were obtained by recrystalliza-
tion from absolute alcohol using a soxhlet-apparatus
(mp 239°C).

By following the same procedure with slight
modification in experimental conditions, 2,2'-di-
methoxy-4,4'-diaminoazobenzene (mp > 320°C) was
obtained . Succinic acid (E Merck, mpl85°C), adipic
acid (SDS, mp 150°C), azelaic acid (Fluka, mp
107°C) and sebacic acid (Fluka, mp 133°C) were
purified by recrystallization from hot water using
animal charcoal. Malone acid (SDS, mp 136°C) was
recrystallized from ether.

Glutaric acid (Ranbaxy, mp 97°C) was recrys-
tallized from chloroform using a soxhlet extractor.
Pimelic acid (Ranbaxy, mp 104°C), suberic acid
(Ranbaxy, mp 143°C), and chlorosuccinic acid (mp
154°C), a'-methyl adipic acid and 2,3-dimethyl-
pentanedioic acid (mp 87°C) all Fluka, were used as
such . Respective diacid chlorides were prepared by
refuxing the diacids with excess of thionyl chloride.

Triphenyl phosphite was purified by vacuum
distillation, bp 235°C/7 mbar . Anhydrous LiCI
(Lancaster) was obtained by drying LiCI over P 2O 5 in
vacuum at 100°C . NN"-Dimethylacetamide, DMAc
(Fluka, puriss) was kept over KOH overnight, filtered
and distilled over P,O5 (bp 161-162°C) . l-Methyl-2-

pyrrolidone (Koch-light, pure) was dried, first over
KOH pellets, then over P205 and finally distilled over
freshly added P2 0 5 (bp 196-197°C).

Polymerization
The following procedures were followed for the

preparation of polyamides [7,9,12]:
- In the low temperature solution (LTS) procedure, a

mixture of diamine (0 .005 mol), DMAc (20 mL),

LiCI (1 g) was stirred in N2 atm at -10 to -5°C.
After 15 min diacid chloride (0 .005 mol) was

added with vigorous stirring . The polymer formed
was precipitated in water, filtered, washed with
dilute HCl, dilute Na2 CO 3 and acetone and then
dried.
In the phosphorylation polycondensation (p) proce-
dure, a mixture of diamine (0 .005 mol), diacid
(0 .005 mol), triphenyl phosphite (0 .0105 mol),
LiCI (1 g) and NMP (25 mL) was heated at 110°C
for a minimum of 2 h with stirring under nitrogen.
The polymer formed was precipitated in aqueous
methanol, filtered, washed and dried.

Characterization
The following physical properties have been studied
using the polyamides synthesized:

Inherent viscosity : Viscosity measurements were
made at 25°C using conc . H 2 SO4 as solvent for all
polyamides in an Ubbelohde viscometer . The con-
centration used was 0 .5 g/dL throughout for all the
measurements.
Solubility : A 10 % solution was prepared and
allowed to stand for few hours. It' insoluble in cold,
the solution was heated.

The following spectral studies have been carried out:
IR spectra (in KBr) were recorded with a Brukel
Vector 22 Spectrometer.
The UV-visible spectra were recorded with a Carl-
Zeiss UV-visible specord spectrometer in concent-
rated H 2 SO4 (98 %).
Thermal analyses (TGA & DTA were recorded in
nitrogen for all the polymers using Stanton-
Redcraft simultaneous TG-DTA apparatus or a
Dupont 990 thermal analyzer . Abdut 5-10 mg of
the sample was heated at a heating rate of
5°C/min for all the polymers.

RESULTS AND DISCUSSION

The synthesis of the polyamides may be represented
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Scheme I
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Table 1 . Properties of noI amides
Polymer Polymerization method rlColour UV-Visible

(dllg) )y„s (in nm)

MSAZ-MA P 0.32 Dark brown 255 .5 495

MeAZ-SU P 0.34 Brown 255 .5 488

MeAZ-GL P 0 .44 Reddish brown 252 .0 484

MeAZ-AD P . LTS 0.80, 0.75 250.0 482

MeAZ-PI P 0 .62 Brown 242.0 474

MeAZ-SUB P 0 .64 Light brown 242.0 455

MeAZ-AZ P 0 .60 241 .0 460

MeAZ-SE P 0 .63 241 .0 457

MeAZ-C1SU P, LTS 0.45, 0.60 240.0 488

MeAZ-McC1AD P, LTS 0.70, 0.80 ,. 234.0 481

MeAZ-DiMeGL P . LTS 0.62, 0.68 " 245 .0. 460

MeOAZ-SU P . LTS 0.29, 0.36 Dark brown 250.8 476

McOAZ-AD P, LTS 0.51, 0.53 Reddish brown 245 .5 470

(a) Inherent viscosity measured at a concentration of 0 .5 g dl ' In concentrated sulphuric acid at 25°C.

by scheme I.
Scheme 1 gives the structures and codes of the

polyamides . The inherent viscosities of the azo poly-
amides synthesized are given in Table 1 . Data in this
Table show that generally the solution method yields
higher viscosities than the phosphorylation method
[9-10] due to initial insolubility of diacids in phos-
phorylation media . In addition, the acid chlorides
used in the LTS method are highly reactive compar-
ed to the respective acids used in the phosphorylation
method at 100°C.

. The inherent viscosity values for most of the
polyamides synthesized are well above 0 .30 dL/g.
The syntheses of polyamides from 4,4'-diaminoazo-
benzene and aliphatic diacids such as malonic,
succinic, glutaric, adipic acids etc ., with viscosities
in the range of 0 .19 to 0 .24 dUg [12] show that the
introduction of a methyl group in the diamine
because of its positive inductive effect (+I), increases
the reactivity of the amino group thereby increasing
the viscosity [10].

This is evidenced by a polymer derived from
4,4'-diaminoazobenzene and adipic acid by the
phosphorylation method, which yields a viscosity of
0 .24 dL/g compared to the polymer MeAZ-AD

(tl i„t,= 0.80 dL/g) derived in the present work.
Polymers MeAZ-MA and McAZ-SU derived from
malonic and succinic acids may undergo partial
decomposition under the reaction conditions affect-
ing the stoichiometry of the reactants and hence the
molecular weight of the polymer [12,13] . This is
corroborated by the comparatively low yield of the
two polymers (Table 2).

From Table 2, it is clear that the order of
substituents which favour chain formation is CH 3>

Table 2. Various polyamides and their corresponding

viscosities.

Polyamide Viscosity*

(dL/g)
4,4'-Diaminoazobenzene + adipic acid

2,2 "-Dimethyl-4,4'-diaminoazo-

0.24

benzene + adipic acid

2,2 ' -Dichloro-4,4 '-diaminoazo-

0 .80

benzene + adipic acid

2,2'-Dimethozy-4,4"-diaminoazo-

0.18

benzene + adipic acid 0 .51
(a) Phosphorylation method
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Table 3. Polymer solubility in different solvents.

Polymer Solvent

Acetone Ethanol CHCI_, m-Cresol
i

DMSO DMF DMAc +
LiC1

NMP +
LiCI

TFA Conc.
HZSO4

MeAZ-MA - - - -+ -4- -+ ++ ++ -H- ++

McAZ-SU - - - -+ -+ -+ ++ ++ ++ ++

MeAZ-GL - - - -+ -+ -+ ++ ++ -H- ++

MeAZ-AD - - - -+ -+ -+ -H- -H- ++ ++

MeAZ-Pl - - - -+ -+ -+ ++ ++ ++ ++

MeAZ-SUB - - - -+ -+ -+ ++ ++ ++ ++

MeAZ-AZ - - - -+ -+ -+ ++ ++ ++ ++

MeAZ-Sg. - - - - -+ -+ ++ ++ ++ ++

MeAZ-CISU - - - - S -+ S. S . ++ +4

MeAZ- - - - - S -+ S . S . ++ ++
MeCIAD

MeAZ-
DiMeGL - - - - S -+ ++ ++ ++ ++

MeOAZ-SU - - - -+

McOAZ-AD

(-) Insoluble ; (++) soluble ; (-+) partially soluble', (S. ) soluble on heating ; {-+ I slightly soluble on heating, (S) swelling.

OCH 3 > H> Cl i .e ., the polyamides in which methoxy
groups are substituted in the benzene ring will have
fairly higher viscosities than the chlorine substituted
polymers but will have lower viscosities than the
methyl substituted polymer.

Solubility tests (Table 3) showed that all the
Polymers are insoluble in common organic solvents
such as ethanol, chloroform, and acetone but soluble
in concentrated H2 SO4 , DMAc/LiCl, NMP/LiCI, and
CF3 COOH . It is of interest to note that the unsub-
stituted polymers derived from 4,4'-diaminoazo-
benzene and aliphatic diacids are soluble only in
concentrated H 2 SO 4 but insoluble in all the organic
solvents . In general, methyl substituents in stiff-chain
polymers are known to increase solubility because of
their capacity to disrupt the -chains [10] . The high
solubility of MeOAZ-SU and McOAZ-AD is due to
the steric factor and the ether linkage of the methoxy
group .

The absorptions observed in the visible region
are associated with n-R* transitions and those in the
UV region are associated with fl-fl* transitions

[6,12] . All the polyamides absorb at 250 nm in the
UV region and at -- 250 nm in the UV region and at --
480 nm in the visible region.

The IR spectra (Table 4) of all the poly-
amides are almost identical . The N-H stretching
frequency appears as a broad peak around 3400 cm-I .
The fact that the band is broad it does indicate the
involvement of NH groups in H-bonding [14-16].
The amide-I band, associated with stretching of the
C-O bond, appears at 1660 cm-1 . The amide-II band
ascribed to the coupling of the in-plane deformation
of the N-H bond with the stretching vibration of the
C-N bond, appears around 1520 cm-I .

Thermal analyses (Table 5) of the polymers
were carried out in a nitrogen atmosphere to evaluate
their relative thermal stability . Typical curves are
given in Figure 1 . Most of the polyamides undergo
drastic degradation in the temperature range 300-
450°C . In general, the TG curves show three stages
of weight loss . In the first stage, an initial weight loss
of 1-5 % occurs in the temperature range 100-
200°C, which may be due to the removal of absorbed

Iranian Polymer Journal / Volume 11 Number 4 (2002) 261
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Table 4. IR Spectral data of the aromatic-aliphatic azo polyamides (frequency, cm -t ).

Polymer Amide A Amide I Amide II Amide Ill in-plane of Amide V band out of C-C CHr group C-H
C O C-N stretching+N-H in group andN-H stretching

stretching
N-H balding

C-N deformation
plane NH deformation stretching of

aromatic aur of phase aromatic
stretching

stretching rings
vibrations of H-

atoms

MeAZ-MA 3400 1660 1520 1290,1256 680 1580 2910,2840 3030

McAZ-SU 3400 1660 1510 1290,1250 680 1580 2910,2840 3030

MeAZ-GL 3400 1660 1520 1260,1250 680 1580 2910,2840 3030

McAZ-AD 3400 1660 1520 1290,1240 680 1580 2910,2840 3030

MeAZ-P1 3400 1660 1520 1295,1250 690 1580 2910,2840 3030

McAZ-SUB 3400 1660 1510 1290,1250 680 1580 2910,2840 3030

MeAZ-AZ 3400 1660 1510 1280,1250 690 1580 2910,2840. 3030

MeAZ-SE 3400 1660 1510 1280,1240 690 1580 2910,2840 3030

McAZ-C1SU 3400 1710 1510 1290,1240 680 1580 2910,2840 3030

MeAZ-MeCIAD 3400 1710 1510 1290,1250 680 1580 2910,2840 3030

McAZ-DiMeGL 3400 1660 1510 1290,1250 680 1580 2910,2840 3030

MeOAZ-SU 3400 1660 1500 1290,1250 680 1580 3010,2940 3030

McOAZ-AD 3400 1660 1500 1290,1250 680 1580 3010,2940 3030

moisture, which is accompanied by a broad

	

in the TG curves is steady . This is also supported by
endotherm in the DTA curve (Figure 2) . The second

	

a number of broad exothermic peaks observed in the
stage corresponds to steep fall (300-500 °C) in the

	

DTA curves, possibly due to cross-linking reactions.
TG curve . The weight loss in this portion is about

	

All the polyamides show a rapid degradation in the
20%. In the third stage, above 430°C, the weight loss

	

temperature range 300-400°C.

Table 5. Thermal properties of the polyamides (in N 2 atmosphere).

Polymer Percent weight loss T,, Number of Exothemt

0 20 30 40 50 (°q stages of
weight loss

temperature (°C)

MeAZ-MA 260 400 445 465 540 270 2 270

MeAZ-SU 250 380 420 450 520 255 3 210,255

MeAZ-GL 310 340 380 460 525 370 3 370,410

MeAZ-AD 340 365 390 430 540 360 4 360,445

MeAZ-PI 330 360 380 415 515 340 3 335,355

MeAZ-SUS 335 360 375 420 520 330 2 330, s40

MeAZ-AZ 250 260 310 375 480 255 3 210,250

MeAZ-SE 325 350 365 410 510 320 2 320,330

MeAZ-CISU 258 390 415 440 510 265 3 215,250

MeAZ-MeCIAD 355 380 410 440 560 370 3 375, 360

McAZ-DiMeGL 330 370 420 480 510 340 2 360, 415

MeOAZ-SU 268 302 340 415 460 305 3 230,265

McOAZ-AD 358 305 310 405 530 390 4 370, 450
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Figure 1 . TG Curves of polymers in N2 measured at a
heating rate of 5° Clmin

The TG curves of MeAZ-MA, MeAZ-SUB,
MeAZ-SE and MeAZ-DiMeGL show a clear two-
phase degradation. The first phase is possibly due to
the cleavage of the bond between N and the C of the
amide group . The second phase may be due to the
cleavage of the azo group that can be seen in all the
polymers in the temperature range of 470-530°C as
also evidenced by the exotherm in DTA . The TG

Figure 2 . DTA Curves of polyamides in N2 measured at a
heating rate of 5° Cl min.

curves of MeAZ-SU, MeAZ-CISU and McAZ-
McC1AD show a clear three-phase degradation
(Figure 1) . It is worth comparing the substituted
polymer synthesized in the present study with the
unsubstituted polymer i .e ., the polyamide obtained
from 4,4'-diaminoazobenzene and aliphatic diacids
[12] .

Thermal stability of the polyamides
corresponding to 20 % weight loss may be given as
H < OCH3 < CH3 . Cross-linking reactions that may
occur on heating above 400°C may also contribute to
the higher Tmax values observed . The effect of the
substituent becomes significant only after 350°C.
This may be due to the fact that at higher
temperatures (> 350°C) the phenylene rings might
rearrange wherein the substituents play their role
more effectively.

Representative DTA curves are given in
Figure 2. No endotherms, indicating glass transition
(T5 ) or melting (Tm) were observed for the poly-
amides . The thermal stability of these azo poly-
amides seems to depend on the number of carbon
atoms in the aliphatic moiety . Those with an even
number of aliphatic carbon atoms are more stable
than the next higher odd numbered homologues . This
can be attributed to the fact that the polyamides
derived from odd carbon diacids possess only
longitudinal order [17].

However, in certain polymers (MeAZ-MA,
MeAZ-SU and MeAZ-GL), the odd-even effects (due
to the number of methylene groups) are not revealed
clearly .

This may be due to comparatively low
molecular weights of these polyamides and the
experimental conditions such as time factor in the
addition of LiCI . It is known that in low molecular
weight samples, the melting point and thermal
stability are governed by molecular weights [l8].

The higher the molecular weight, the greater
will be the stability and melting of the polymer.
Thus, the Tm,x is the highest for MeAZ-GL
(i .e ., 370°C), which has the highest molecular weight
as revealed by its viscosity and it is the least (i .e .,
255°C) for the MeAZ-SU, which has the lowest
molecular weight.

80
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Figure 3 . Calculation of activation energy using . Coats and
Redfem (B) and Foyle's methods (C).

Activation Energy From TGA
From the primary thermograms obtained for the
above azo polyamides by plotting the percent weight
loss against temperature activation energy can be
calculated. The temperature at which major decomp-
osition started was noted as the initial decomposition
temperature . The energy of activation for the major
decomposition reaction steps was calculated by
various methods [19-22] . The results obtained by (i)
Murray and White, (ii) Coats and Redfern, (iii)
Doyle's and (iv) Freeman and Carroll's Method are
given in Table 6 and in Figures 3 & 4.

The kinetics of decomposition is dependent on
(i) particle size (ii) thermal stability (iii) orientation
of benzene rings in the main chain (iv)
substituents present in the polymer backbone and (v)
atmosphere in which degradation was carried out
which may partially account for the high or low
activation energies . Long linear chains present in the
aliphatic diacid moiety undergo degradation very
easily vis-a-vis low activation energy . Malonic acid

0

	

4

	

8

	

12

	

16
1167.10 !ra
ALapw,

Figure 4 . Calculation of activation energy using Freeman
and Caroll 's methods.

(where n = 1) absorbs very high activation energy.
Equivalent stability is also shown by chlorine
substituted adipic acid.

On the basis of weight loss occurring during
thermal degradation, it is evident that the azo group
is cleaved as N2 , which has been supported by mass
spectroscopy [1 1] (Scheme II).

It has been reported that both heterolytic and
homolytic cleavages occur in these polymers . For
these polymers two distinct reactions are apparent:

-Decomposition of azo group as N, moiety.
-Decomposition of CH2 moiety.

These minimum two steps are shown in all the
thermograms of azo polyamides.

MeAZ-AZ shows less activation energy than
MeAZ-MA. This may be due to the, chain length of
the diacid.

Comparing the substituents -Cl, -CH 3 -OCH3
in the benzene nucleus of azo diamine, the higher
activation energy in MeAZ polymers is attributed to
the substituent -CH 3 groups [11] (Scheme III).

The possible structure of the stable polymer is
(A) and is supported by pyrolysis-GC-mass spectral

6 .5

5 .9

• McAz-AO

MAAz-GL
12

3 14

4

12
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Table 6. Activation energy" of polymers using different approximation methods.

Serial
No .

Polyamides Murray and White Coats and Redfern Doyle's Average Freeman and Carroll

A B C A+B+C

3
1 MeAZ-AZ 6 .49 6 .62 6 .50 6.54 32 .60
2 MeAZ-GL 7 .15 7 .09 7 .28 7.17 29 .88
3 MeAZ-SE 7 .58 7 .43 7 .15 7.39 18 .66
4 MeAZ-DiMeGL 7 .63 7 .40 7 .63 7,55 12 .48
5 MeAZ-SU 7 .63 7 .40 7 .67 7 .57 20 .59
6 MeAZ-PI 8 .15 8 .10 8 .17 8 .14 22 .88
7 MeAZ-AD 8 .01 8 .34 8.19 8 .18 34 .78
8 MeAZ-SUB 8.12 8.22 8.39 8 .24 19 .61
9 MeAZ-CiSU 8.17 8.58 8.34 8 .36 36 .07
10 MeAZ-MA 8.47 8.19 8.58 8 .41 l 17 .36
11 MeAZ-MeCIAD 8.80 8.87 8.67 8 .78 37 .98
12 McOAZ-SU 7.04 7.54 7.67 7 .42 22 .42
13 MeOAZ-AD 7.04 7.12 7.43 7 .20 20 .46

(') Activation energy in Kcallmol

studies [7] . The very low activation energy of -OCH3
substituted azo polyamides as evidenced by Murray
and White, Coats and Redfem, Doyle, and Freeman
and Carroll methods are due to the best leaving group
or volatile nature of -OCH3 substituent . The azo
polyamides obtained from chlorine-substituted
diacids have higher activation energies than the
corresponding unsubstituted diacids . For example,
the activation energy of MeAZ-SU is 7 .63 kcal/mol,
whereas, for MeAZ-C1SU is 5 .17 in Murray and
White method .

Scheme II

Similar observations have been made in the
case of MeAZ-AD and MeAZ-MeCIAD as evidenced
by all the four methods.

The activation energies obtained from Murray
and White, Coats and Redfern, and Doyle's method
are all in good agreement with each other within the
experimental error. The large difference in the
Freeman and Carroll's method is found to be the
determination of the different differential functions
over short temperature intervals . One of these
involved is the tangent dw/dt . Therefore, any
inaccuracy in determining a single value for dw/dt
affects the position of the two points in the plot,
which are needed to determine the activation energy.
Hence, Freeman and Carroll's method was less
satisfactory and of limited applicability.

N=N

(A)

Scheme III

CHz

CH2

N = N

CH = CH
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Further work involving film studies and their
characterization in terms of tensile strength, X-ray
diffraction pattern, Py-GC-mass spectra, dielectric
constant, biological studies will be published
separately.

CONCLUSION

The application of both low temperature solution and
the phosphorylation technique for the synthesis of
polyamides has been well established by the success-
ful synthesis of several polyamides . The thermal
behaviour of the polyamides synthesized was studied
by thermogravimetry and differential thermal analy-
sis in N2 atmosphere . Thermal stability order of the
unsubstituted and two substituted diamine based
polyamides corresponding to 20 per cent weight loss
may be given as H<OCH 3<CH 3 . The energy of
activation for the major decomposition reaction steps
was calculated by various methods . The activation
energies obtained from these methods are all in good
agreement with each other within the experimental
error .

MeAZ-AD polymer synthesized in the present
study is used as coating material on some of the
leathers available from "Central Leather Research
Institute", Madras - 20 . It has been observed that the
coating is perfect, coloured and heat resistant except
for the lack of adhesive property. This will be
improved further in our laboratory . Another applica-
tion, which has been tried with this polymer, is
preparation of thermosetting material using some
previously formed moulding die materials . The
optimum temperature range and composition of raw
materials are being evaluated so that it will meet the
requirements of plastics industry.

REFERENCES

1 . Surdhakar S . et al . "Synthesis and characterisation of

aromatic-aliphatic polyamides containing tetraphenyl

thiophene units into the backbone ", Palyat . Bull.(Berlin), 24,

2, 143-149 (1990) .

2. Garcia J .M., Alvarez J .C ., De ' La Campo 1 .G ., and De Abajo

J ., "Thermal behaviour of aliphatic-aromatic poly (ether-

amide)s ", J.Appl . Polym .Sci., 67, 6, 975-981 (1998).

3. Yoshio lmail, Mikio Kajiyama, Shin-Ichi Ogata, and Masaaki

Kakimoto, "Preparation properties of polyamides from 3,4'-

and 4,4'-oxydianiline and various aliphatic and aromatic

diacids ", J.Polym, Sci ., 22, 3183-3188 (1984).

4. Garcia, J .M. De La Campa J .G . and De Abajo J., "Synthesis

and characterization of aliphatic-aromatic poly (ether amides

containing oxyethylene units ", J.Polym, Sci., Part A:

Polym.Chem ., 34, 4, 659-67 (1996).

5. Jayaprakash D ., Ravikumar L., and Nanjan M .1 ., "Synthesis of

polyamides containing azo groups ", Makromol. Chem . Rapid.

Commun. 2, 611 (1981).

6. Balasubramanian M., Nanjan M .J., and Santappa M .,

"Synthesis of a polyamide containing an azo group in the

polymer chain", Makromol. Chem. 180, 2517 (1979) ; ibid,

853 (1981).

7. Balasubramanian M., Nanjan M .J ., and M . Santappa,

"Synthesis, characterization and fiber studies of certain

aromatic polyamides", .I Appl. Polym. Sci., 27, 1423 (1982).

8. Sachindrapal P., Ramasamy S., and Nanjan M.J ., "Synthesis

of aromatic-aliphatic polyamides containing azo linkage",

Polym. Bull., 5, 417 (1981).

9. Sachindrapal P . and Nanjan M .J ., "Synthesis and characteriza-

tion of certain aromatic polyfumaramides", J.Polym. Sci.

Polym. Chem. Ed., 21, 2301 (1983).

10. Rajendran V. and Nanjan M .J., "Synthesis and characteriz-

ation of certain aromatic azo polyamides", .1 . Polym.Sci., 25,

829-838 (1987).

11. Rajendran V. and Nanjan M .J., "Thermal behaviour and

fiber studies of certain azo aromatic polyamides", J. App!.

Polym. Sci., 37, 3281-3290 (1989).

12. Chidambaram S. and Nanjan M .J.,"Synthesis and character-

ization of some aliphatic polyamides containing 4,4'-azodi-

phenylene units", Makromot Chem., 184, 2225 (1983).

13. Yamasaki N. and Higashi N .F., "Studies on reactions of N-

phosphonium salts of pyridines.Vllf. Perparation of

polyamides by means of diphenyl phosphate in pyridine", J.

Polym. Sal., Polym . Chem . Lett Ed. 12, 185-191 (1974).

14. Riordan I.E. and H .S . Blair, "Synthesis and characterization

of inherently coloured azo polyamides", Polymer, 20, 196-

202 (1979).

15. Arthur E ., Infrared Spectra and Structure of Organic Long

Chain Polymers, Edward Arnold, London, p . 86, (1969).

266

	

Iranian Polymer Journal / Volume II Number 4 (2002)



Ttayanmmawanry S.M. a at

16. Dieter P. Yenisei, lhfrmed Spectra of Polymer in the

Medium and Lang Wavelength Regions, Inter-Science,

London, p.62, (1966).

17. Station W.O. Ann., Characterization, and Evaluation of

Springy Polypropylene as a Prosthetic Device, N .Y . Acad . ,

Sci ., 83, 27 (1975).

18. Frazer A.H . High Temperature Resistant Polymers, Inter-

Science, New York, pp.8-14 (1968).

19. Murray P . and White J.," Isothermal decomposition study of

the clay materials ", Trans. Br. Ceram. Soc., 54, 151 (1955).

20. Coats A .W. and Redfern J.P ., " Kinetic parameters from

Thennogravimetric data ", Nature, 201, 68 (1964).

21. Doyle, C.D. "Estimating isothermal life from thermogravi-

metric data", J. Appl. Polym. Sc:,.6, 639 (1962).

22. Freeman E .S. and Carroll B ., "The application of

thennanalytical techniques to reaction kinetics ", J. Phy.

Chem. 62, 394 (1958).

Iranian Polymer Journal/ Volume 11 Number 4 (2002)

	

267

a


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11

