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ABSTRACT

A new series of soluble aromatic polyamides was synthesized by low temperature solution poly-
condensation of novel aromatic diamine namely 3,5-bis-(4"-amino phenyl)-4-(4"-methoxy-2"-penta-
decyl phenyl) 1,2,4-triazole (VIl) with aromatic diacid chlorides, viz. isophthaloyl chloride (IPC) and
terephthaloyl chloride (TPC). The aromaticdiamine (VIl) was characterized by elemental analysis,
FT-IR, NMR ('H, '3C), and mass spectrometry. Copolyamides were also synthesized by employing
various mole proportions of IPC and TPC with diamine (V). Inherent viscosities of these polya-
mides were in the range of 0.50-0.65 dL/g in DMAc, indicating formation of moderate to high
molecular weight of polyamides. These polyamides showed good solubility in polar aprotic sol-
vents such as N,N-Dimethyl acetamide (DMAc), N-Methyl 2-pyrrolidone (NMP), N, N, Dimethyl for-
mamide (DMF), and Dimethyl sulphoxide (DMSO), which may be due to incorporation of pendant
methoxyphenyl moiety with pentadecyl units. The amorphous morphology of polyamides as evi-
denced by XRD. These polyamides had lower glass transition temperatures; as determined by DSC,
compared to the T, of conventional aromatic polyamides due to internal plasticization effect of
long alkyl pentadecyl group. Polymers showed good thermal stability, with initial decomposition
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temperature above 300°C.

1. Introduction

Thermally stable high performance polymers are important
as they can replace metals and ceramics in several industrial
applications. Specifically, some aromatic polyamides exhibit
excellent mechanical, electrical and other properties, making
them high performance materials."~>! However, their indus-
trial processing is affected by their remarkable intractability
caused by the strong molecular interactions through hydro-
gen bonding of amide groups.*) Aromatic polyamides are
the class of thermally stable polymers and have good mech-
anical properties. However these polyamides encounter
processing difficulties because of their infusibility and poor
solubility in organic solvents due to strong interaction bond-
ing of amide and aromatic hydrogens. To overcome these
problems there is need to chemically and structurally modify
aromatic polyamides by the incorporation of pendent, cardo,
aliphatic chain, halo group, methylene spacer group, flexible
ether linkage etc. into the backbone of aromatic polyamide
chain. Thuspi-picatenatedKevlar dissolves only in concen-
trated sulfuric acid from which it has to be processed; Viz.
Kevlar®, Nomex®, With the aim to reduce the intermolecu-
lar bonding energy, many structural modifications have been
made in polyamides, such as the incorporation of cardo or
flexible units, 1,3-substituted aromatic units, bulky pendant
groups or irregular structure in the main chain.”) These
structural'®®  modifications provide increasedinterchain

distance, decreased H-bonding and consequently, higher free
volume and solubility, without affecting the thermal proper-
ties.* ") Several modified aromatic polyamides based on
natural renewable agricultural resources were also reported.
Cashew nut shell liquid (CNSL) based polyamides
showed better processability due to the long linear penta-
decyl aliphatic substituent group.'*"*! Similarly cyclic side
group such as fluorene or cardo moiety were effective to
improve the solubility of the polyamides."*>'®! Polyamides
have wide application in different fields; however, applica-
tion of polyamides as memebrane for gas separation are
generally limited. Many strategies have been proposed for
the improvement in permeability without affecting the
permselectivity of the polymer gas separation membranes,
for example polymers chain consisting alternating bulky
structural unit and flexible segment gave combination of
high selectivity and high permeability. Thus phenylenedi-
amine units, flexible ether, ketone linkages and bulky pen-
dant groups, improved the permeability of the polyamides
with high selectivity. For such application these polyamides
have to be soluble in organic solvents so that desired poly-
mer film can be obtained. Therefore to explore the similar
possible application of polyamides; building block having
1,2,4-triazole  heterocyclic moiety containing pendant
methoxy, pentadecyl substituted phenyl; derived from
renewable agricultural byproductresource CNSL  was
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investigated.!'”'®) In confirmation of our work on (soluble
and processable) derived from CNSL now we report recently
on synthesis and characterization of polyamides containing
both 1,2,4-triazole unit in main polyamide chain and pen-
dant methoxy phenyl units and pentadecyl group with spe-
cial properties. This research work is focused on synthesis of
long durable polymers which became thermally stable and
easily processable. We have worked on sustainable bio-based
high-performance polymers. These polyamides were utilized
in high energy materialsand membrane application for the
development of community in the world.

2. Experimental
2.1. Materials

3-Pentadecyl phenol, 10% Pd/C, Isophthaloyl chloride (IPC)
and Terephthaloyl chloride (TPC), (Aldrich make), Hydrazine
hydrate, Phosphorous penta chloride, 4-Nitro benzoic acid,
Thionyl chloride, Toluene (s.d. fine), were utilized as received.

2.1.1. Measurements

The FT-IR spectra of organic compounds and polymers
were recorded using Nicolet spectrometer. 'H NMR
(400 MHz) and *C NMR (100 MHz) spectra were obtained
with a BrukerAdvance spectrometer at 25°C using CDCl;
and DMSO-dg as solvent. Polyamides inherent viscosities
were obtained with a polyamide concentration of 0.5 g/dL in
DMAc solvent at 30 °C using an Ubbelhode suspended level
viscometer. Differential scanning calorimetry (DSC) was
measured on a Mettler Toledo DSC STAR ¢ instrument at
heating rate of 20 °C/min. under nitrogen. The glass transi-
tion temperatures (Ty) were determined from DSC curves.
Thermogravimetric analysis (TGA) was performed on a
Mettler Toledo STAR © instrument at a heating rate of
10°C/min under nitrogen. Wide angle X-ray diffraction
(WAXD) was measured with a Rigaku X-ray diffractometer
using polyamide powder.

2.2. Synthesis of 3, 5-bis (4'-amino phenyl)-4-(4"-
methoxy-2"-pentadecyl phenyl) 1, 2, 4-triazole (V)
was achieved in six steps on described below

i. Synthesis of 4-Nitro-3-pentadecyl phenol (I)
3-Pentadecyl phenol (20g, 0.065mol) was dissolved in
chloroform (75mL) and (5.3g, 1.2mmol) fuming nitric acid
(sp.gr.1.5) was added to it dropwise with stirring and cooling in
an ice bath maintained at 5-10°C. The reaction mixture was
stirred for another 20 minutes at 10°C; then poured into water,
the organic layer was separated by separating funnel. Chloroform
solvent was removed by distillation using water aspirator, the
residual mass solidified on cooling. After filteration and drying
23 g of red orange solid; mixture of isomeric nitro phenols; was
obtained. Product was crystallized 150 mL of petroleum ether
(60-80°C) to get about 10g of light tan powder of 4-nitro-
3-pentadecyl phenol (I). This on futherrecrystalization from the
pet ether gave the purified 4-nitro-3-pentadecyl phenol (I). Yield
8.0g (71%), m.p 70-71°C (Litmp. 71°C.)

Elemental Analysis found: C 72.45, H 10.33, N 4.07%,

ii

ii

A

V.

—
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Analysis Calculated for C;H3sNO5:C 72, H 10.05, N¥

Synthesis of 4-Nitro-3-pentadecyl anisole (II):
In one neck round bottom flask equipped with magnetic stirrer.
a mixture of 4-nitro-3-pentadecyl phenol (3.63g 10mmol),
in dichloromethane (50 mL), sodium hydroxide (0.7 g, 15 mmol)
in water (50mL); the alkylating agent dimethyl sulphate
(25mL)  (20-30mmol), and phase transfer  catalyst
benzyltriethy-lammoniumchloride (0.1g, 1 mmol), was agitated
with stirringat30°C for12hrs. The organic layer was then
separated and the aqueous layer was extracted thrice (20 mL
%3) with dichloromethane. The organic extract was washed with
2 M ag. ammonia solution to remove residual dimethyl
sulphate, the solvent was evaporated and the solid 4-nitro-
3-pentadecyl anisole (II) was purified by crystalization from
methanol. Yield 2.9g (85%), m.p. 49°C.

"H NMR (in CDCly) (ppm), 0.96 (t, 3H), 1.45 (m, 26H), 2.5
(t, 2H), 3.8 (s, 3H), 6.7 (d, 1H), 7.2 (s, 1H), 7.9 (d, 1H).

Synthesis of 4-Amino-3-pentadecyl anisole (III)

In three neck round bottom flask (250mL) equipped with
magnetic stirrer, reflux condenser, calcium chloride guard tube,
were Placed 4-nitro-3-pentadecyl anisole 3.63g (0.01 mol), 10%
Pd/C (0.2g), ethanol (50mL). The reaction mixture was heated
to 80°C and hydrazine hydrate (8 mL), was added dropwise.
Stirring and heating the reaction mixture at 80°C was
continued for 8 hrs. Reaction mixture was filtered to remove Pd/
C catalyst. Filtrate was cooled to room temperature and poured
into the ice cold water to precipitate solid (III), which was
filtered, washed with plenty of water, and crystalized from
ethanol. Yield 2.4g, (80%), m.p. 44°C. '"H NMR (in CDCl;)
(ppm), 0.96 (t, 3Hy), 1.45 (t, 2H,), 2.5 (t, 2Hy), 3.5 (s, 2H,), 3.8
(s, 3Hy), 6.6 (dd, 1H,,), 6.7 (dd, 2H,), 7.2 (s, 1H.).

Synthesis of bis-(4-Nitro benzohydrazide) (IV).

4-Nitrobenzoyl chloride (20.0g, 0.108mol), hydrazine hydrate
(8.5g, 0.17mol), and NMP (250mL) were introduced into
a two-neck 500mL R.B. flask and stirred at 30°C for 5hrs.
The reaction mixture poured into excess of distilled water to
precipitate the product. Solid was collected by filtration, washed
with ethyl acetate, and dried in a vacuum oven to obtain bis-(4-
Nitro benzohydrazide) (IV) which was crystallized from ethanol.

Yield 30g (95%). m.p. 296°C, (Lit. Mp. 294°C). FT-IR (KBr,
cm1): 3200 (-NH), 1347, 1515 (-NO,), 1614 (-C=0).

Synthesis of 1,
hydrazine (V).
Into a 250 mL three neck round bottom flask, mixture of bis-(4-
Nitro benzohydrazide) (3.93g, 12mmol) and phosphorus
pentachloride (6.12¢g, 30 mmol) was dissolved in toluene (50 mL)
by gentle stirring. Solution were then heated for slow reflux with
stirring at 120°C for 5hrs. Then solvent was removed under
vacuum, and the residue was poured into excess of distilled
water. The precipitated solid was collected by filtration, dried and
recrystallized from (ethanol and dichloromethane) (3:1) to afford
the yellow solid (V) (2.59 g, 60%). m.p. 188 °C.

FT-IR (KBr, cm™'): 1590 (C=N), 1343, 1524 (-NO,);
Elemental Analysis found: C 45.80, H 2.20, N 15.26%;

Analysis calculated for C;,HgN,CLO,, C 4583, H 225,
N 15.22%.

Synthesis of 3, 5-bis-(4'-Nitrophenyl)-4-(4"-methoxy-2"-
pentadecyl phenyl) 1,2,4-triazole (VI)

In 250-mL three-neck round bottom flask fitted with
mechanical stirrer and reflux condenser were charged (III)
(2.2g, 6mmol), (V) (2.4g, 7.2mmol), diisopropylamine (1.30g,

2-bis-(4-nitrophenyl)chloromethylene)



10 mmol) and xylene (65mL). The reaction contents were
heated to 130°C with stirring for 48 h. After cooling, the solvent
was evaporated and the residue was washed with ethyl acetate.
The product (VI) was recrystallized from ethanol. Yield 3.5g
(70%) m.p. 120°C (Lit.mp.120°C). FT-IR (KBr, cm™') 1593
(C=N), 1346, 1526 (-NO,).

vii  Synthesis of 3, 5-bis (4’-amino phenyl)-4-(4"-methoxy-
2"-pentadecyl phenyl) 1, 2, 4-triazole (VII):

In a 250 mL three neck round bottom flask, a mixture of
(6.47g, 0.01mol) (VI), hydrazine hydrate (8 mL), ethanol
(80mL), 10% Pd/C (0.2g) was refluxed at 80°C for 24 hrs.
The mixture was filtered to remove catalyst and the filtrate
was poured into cold water to precipitate the product which
was collected by filtration, dried, recrystallized from toluene
to give (VII). Yield 4.7 g (80%), mp.103 °C.

Elemental Analysis Found: C 75.82, H 8.54, N 12.06%.
Analysis calculated for C3gHygNs: C 76.19, H 8.64, N 12.34%.

ET-IR (KBr, cm™"): 3369, 3461 (-NH,). '"H NMR (CDCls, ppm),
0.96 (t, 3H), 1.2 (m, 26 H), 2.03 (t, 2H), 3.7 (s, 4H, NH,), 3.8 (s,
3H), 6.6 (d, 1H), 6.7 (s, 1H), 7.1(d, 1H), 7.2 (dd, 8H).

OH
fumine nitric acid OH Dimethyl sulphate.
@ uming nitric aci Agq.NaOH,
—_—
0-5°C. BTEAC
CisHay 15H34

3-Pentadecyl phenol 2
4-Nitro-3-pentadecyl phenol
18}

Scheme 1. Synthesis of 4-amino-3-pentadecyl anisole (Ill).

9
OQN@ c—cl

NH,.NH,
—.........._..’.

NMP, room temp.

Il
Oc NH-NH-C

3¢ NMR, (CDCls, ppm) 14.09, 22.67, 28.74, 29.26,
112.49, 114.62, 115.42, 127.20, 129.39, 130.01, 1413
154.69, 160.23.

Mass spectrum of (VII) in (Fig. 6) showed (M + 1) peak
as strong base peak at 568.

2.3. Synthesis of polyamide PA-1 by low temperature
solution polycondensation

In a flame dried 100 mL three neck round bottom flask
equipped with a nitrogen gas inlet, magnetic stirrer, were
placed diamine (VII) 0.587 g (1 mmol) and dry NMP (4mL).
Mixture was stirred at 30°C till clear solution was obtained.
The solution was cooled to 0°C in ice salt bath and solidi-
sophthaloyl chloride 0.203g (1 mmol) was added in small
portion over period of 10min; and mixture was further
stirred at 0°C for 1hr. After 1hr, triethylamine (0.7mL)
was added and the reaction mixture was stirred at 0°C
for 2hr, mixture was allowed to attain 30°C temperature
gradually and stirring was continued for 12hr at this

OCHs Hydrazine hydrate, OCH,
reflux.
10% P4/C, ethanol,
C15H3; C15H31
NO, NHz
4-Nitro-3-pentadecyl anisole, 4-Amino-3-pentadecyl anisole
(In (TIT)
o PCl;
—_—
NO
xylene, | 80°C

(IV)

Bis-(4-nitro benzohydrazide)

N
Watstotue.
N

Triehtyl amine

xylene. 140”(.

{4y, F O

OCH
CisHay 4 (V)
1,2-Bis- (4-nitrophenyl) chloromethylene)
hydrazine
OCH; CigHaq
(VD
NH,
3.5-Bis-(4"-nitrophenyl)-4-(4"-methoxy-2"- M
pentadecyl phenyl) 1,2 4-triazole (I
N—N h
0.N I\ NO, Hydrazine hydrate, HzN@ @NHQ
2 N reflux. N
10% Pd/C, ethanol
C15H31 (] €thano C15H31
OCHs OCHj
(VID)

(VD)

3,5-Bis-(4-amino phenyl)-4-(4"-methoxy-2"-
pentadecyl phenyl) 1, 2, 4-triazole

Scheme 2. Synthesis of 3,5-bis-(4’-amino phenyl)-4-(4"-methoxy-2"-pentadecyl phenyl) 1,2,4-triazole (VII).
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temperature. The viscous solution was then poured into
methanol (250mL), The fibrous polyamide PA-1 was col-
lected by filtration, washed with water, methanol and dried
under vacuum at 80°C for 6hrs. Yield 0.685g (95%).
Similarly other polyamides and co-polyamides (PA-2 to PA-
5) were prepared.

3. Results and discussion

In present investigation we have synthesized aromatic
polyamides containing thermally stable 1, 2, 4-triazole
moiety into the main chain of aromatic polyamide and
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of these aromatic polyamides retaining good thermaf====
stability. For this purpose new building block3,5-bis
(4'-amino phenyl)-4-(4”-methoxy-2"-pentadecyl phenyl) 1,
2, 4-triazolediamine (VII) was synthesized from renewable
agricultural byproduct resource; CNSL. The diamine (VII)
was characterized by TLC, FT-IR, NMR ("H, *C), and mass
spectrometry and elemental analysis.

A new series of soluble aromatic polyamides was
synthesized by low temperature solution polycondensation.
These aromatic polyamides had good molecular weights
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as reflected by their inherent viscosities in the range 0.50 to
0.65 dL/g; and they showed good solubility in polar aprotic
solvents such as N, N, Dimethyl acetamide (DMAc),
N-Methyl 2-Pyrrolidone (NMP), N, N, Dimethyl formamide
(DMF) and Dimethyl sulphoxide (DMSO). Enhanced
solubility of these aromatic polyamides may be due to
incorporation of pendant methoxyphenyl moiety containing
flexible pentadecyl substituent units leading to amorphous
polyamides. Further internal plasticization effect by
pentadecyl group helped in lowering T, of these aromatic
polyamides which can help in processing. These soluble aro-
matic polyamides showed good thermal stability, with initial
decomposition temperatures above 350 °C.

3.1. Synthesis 3,5-bis (4'-amino phenyl)-4-(4"-methoxy-
2"-pentadecyl phenyl) 1,2,4-triazole (VII)

The new aromatic diamine (VII) was successfully synthe-
sized as outlined in Scheme 1 and 2. In order to introduce
pendant methoxyphenyl unit with 3-pentadecyl substituent
and thermally stable heterocycle 1, 2, 4-triazole; a new
diamine namely 3,5-bis-(4'-amino phenyl)-4-(4"-methoxy-
2"-pentadecyl phenyl) 1,2,4-triazole (VII) was synthesized
starting from 3-pentadecyl phenol which is obtained from
agricultural based cheap renewable byproduct resource.
3-Pentadecyl phenol on nitration, methylation and reduction
gave 4-amino-3-pentadecyl anisole (III) (Scheme 1). Further
4-nitro benzoyl chloride on reaction with hydrazine hydrate,

nucleophilic ~ substitution addition eliminatio
between 4-amino-3-pentadecyl-anisole (III) and
nitrophenyl chloromethylene) hydrazine (V) formed
(4'-nitro phenyl)-4-(4”-methoxy-2"-pentadecyl phenyl) 1, 2,
4-triazole (VI) which on catalytic reduction by hydrazine
hydrate gave new targeted aromatic diamine (VII)

All the intermediate organic compounds (I) to (VI) and
diamine (VII) were characterized by Elemental analysis,
TLC, physical constant and FT-IR, NMR ('H, *C); mass
spectrometry. 'H NMR of intermediate (III) is shown
in Figure 1. The chemical structure of the diamine (VII) was
confirmed by FT-IR spectroscopy. FT-IR spectrum of
(VI); Figure 1, showed stretching absorptions band at
3330-3400cm™' indicating the presence of -NH, amine
functional group and stretching absorption band at
1593c¢cm™" indicated (-C=N), illustrating the complete
cyclization to form 1,2,4-triazole moiety in (VII).
The stretching absorption at 1200-1252cm™' showed the
presence of ether linkage; due to methoxy group.

All the intermediate organic compounds (I) to (VI) and
final diamine (VII) were characterized by TLC, physical
constant and spectroscopically by FT-IR, NMR ('H, "C);
mass spectrometry and elemental analysis. Typical 'H NMR
of intermediate (III) is shown in Figure 1. The chemical
structure of the diamine (VII) was confirmed by FT-IR
spectroscopy. FT-IR spectrum of (VII); Figure 2, showed
stretching absorptions at 3330-3400cm™ indicating the
presence of -NH, and absorption band at 1593cm ™" indi-
cated (-C=N), illustrating the complete cyclization to form
1,2,4-triazole moiety in (VII). The stretching absorption

Phosphorous pentachloride, gave 1,2-bis-(4-nitrophenyl)

chloromethylene) hydrazine (V) (Scheme 2). Then at 1200-1252 cm ' shows the presence of ether linkage;
7 oy &5 v o
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Figure 5. DEPT *C NMR spectrum of 3, 5-Bis-(4-amino phenyl)-4-(4”-methoxy-2"-pentadecyl phenyl) 1,2,4-triazole (VII).
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Scheme 3. Polyamide synthesis from aromatic diamine 3,5-Bis-(4"-amino phenyl)-4-(4”-methoxy-2"-pentadecyl phenyl) 1,2,4-triazole (VII) and IPC/TPC by low tem-
perature solution polymerization.
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due to methoxy group. Mass spectrum of (VII) showed
(M + 1) peak as strong base peak at 568 indicating molecu-
lar formula weight of 567 for diamine(VII), corresponding
to molecular formula; C34H,oN50O.

The 'H NMR spectrum of (VII); Figure 3; (CDCl; ppm),
signals at 0.96 (t, 3H, Hy), 1.2 (q, 2H, H,), 2.01 (t, 2H, H,),
3.7 (s, 2H, -NH,), 3.8 (s, 3H, Hy), 6.6 (d, 1H, Hj), 6.7 (s,
1H, Hy), 7.1 (d, 1H, H)), 7.1 (d, 4H, H,), 7.2 (d, 4H, Hy);
support the assigned structure for (VII).

a b

N—N
HN /) NHz
N
J CHy=CHy—{CH}—CH,—CHy
i ¢ d ne f
g
OCH,4

h

(VID)
C NMR spectrum of (VII); Figure 4 showed the peak at

154.2ppm for the triazole ring Carbon (-C=N). The
PCDEPT NMR of (VII); Figure 5 (CDCl;, ppm) shows
methylene carbons of pentadecyl chain at 14 (C'?), 22 (C'?),
28 (C'%), 29 (C'),30 (C?), 31 (C). The signal for methoxy
group carbon appeared at 55ppm. Aromatic carbon peaks
were in the range 112 to 160 ppm.

The *C peak at 147 ppm is assigned to carbon directly
attached to -NH,; 160 ppm peak is due to carbon attached
to —~O- group, and carbon signal at 154 ppm is derived from
triazole ring carbon involving the -C =N linkage.

Table 1. Inherent viscosity, yield of polyamides® from diamine {(vi® and
IPC/TPC.

Mole %
Serial No.  Polymer code IPC TPC  Inherent viscosity (5 inn) (dL/Q)
1 PA-1 100 0 0.65
2 PA-2 75 25 0.62
3 PA-3 50 50 0.50
4 PA-4 25 75 0.54
5 PA-5 00 100 0.56

*Polymerization was carried out with 1mmol each of aromatic diamine and
diacid chloride.

b3 5-Bis-(4'-amino
azole (VII).

“Measured with a 0.5% (w/v) polymer solution in DMA¢ at 30+£0.1°C.

phenyl)-4-(4"-methoxy-2"-pentadecyl  phenyl)  1,2,4-tri-
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In DEPT "*C NMR (Figure 5) the peak -CH,- appeared
downside, -CH- carbons remained upside and tertiary car-
bon peaks disappeared.

Mass spectrum of (VII) in (Figure 6) showed (M+1)
peak as strong base peak at 568 indicating molecular for-
mula weight of 567 for diamine (VII), corresponding to
molecular formula; C3sH4oN50.

3.2. Polymer synthesis

The synthesis of polymers was carried out by low tempera-
ture solution polymerization technique (Scheme 3); reacting
aromatic diamine (VII) with isomeric aromatic diacid chlor-
ides namely lsophthaloyl chloride or Terphthaloyl chloride
(IPC/TPC). Co-polyamides were also synthesized by reacting
aromatic diamine (VII) with various mole proportion of
IPC/TPC. All polycondensationsprocedded smoothly in solu-
tion, however there was precipitation of aromatic polyamide
in later stage of polymerization.

4. Polyamide characterization

The data on polyamides is given in Table 1. The inherent
viscosities of polyamides were in the range 0.50 to 0.65 dL/g
in DMAc solvent at 30+0.1°C. Indicating formation of
moderate to high molecular weight polyamides.

The FT-IR Spectrum of a representative polyamide PA-1,
is shown in Figure 7; which shows characteristic absorption
band for N-H stretching at 3350-3340cm™' and N-H bend-
ing at 1665-1650cm ™", the carbonyl stretching frequency of
amide at 1650 cm ', 3039, (aromatic C-H), 2937 cm ™" (ali-
phatic -CH stretching), the sharp bands at 1670-1650
(amide 1) and 1530-1520cm™" (amide II) confirming forma-
tion of amide linkage in polymer.

T T ¥
4000 3500 3000 2500

¥ T T
2000 1500 1000

Wavenumber (cm ')

Figure 7. FT-IR spectrum of polyamide PA-1.



Table 2. Solubility of polyamides PA-1 to PA-5.
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Polymer —p»
Solvent PA-1 PA-2 PA-3 PA-4 PA-5
DMAC ++ ++ ++ ++ ++
NMP ++ ++ ++ ++ 4
DMSO ++ ++ ++ ++ ++
DMF ++ ++ ++ ++ ++
m-cresol ot En ++ ++ ++
CHCl; - - - = =
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Where, ++: soluble at room temperature, —: insoluble at room temperature.
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Figure 8, TGA curves of polyamides PA-1 to PA-5,
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Figure 9. DSC curves of polyamides PA-1 to PA-4.
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4.1. Polymer solubility

The solubilities of polyamides was tested in various organic
solvents and the results are summarized in Table 2. All
the polyamides dissolved readily at room temperature in
solvents such as DMAc, NMP, DMSO, DMF and m-cresol.
Polyamides were insoluble in common organic solvent
such as acetone and chloroform. The polyamide shows
good solubility probably because of the introduction of
pendant methoxyphenyl moiety with long aliphatic penta-
decyl substituent units in polymer backbone which disrupted
the chain packing close packed structure of the polyamides
was possible. This lead to amorphous morphology, which
is reflected into the solubility in organic solvents.

4.2, Thermal properties

Thermal properties of polyamides were evaluated by TGA;
(Figure 8) and DSC (Figure 9). The Thermal characteristics
such as initial decomposition temperature (T;), 10% weight
loss Temperature (T),) and residual weight loss at 800°C
are given in Table 3. No weight loss observed below 350°C
where as T, values were in the range of 390 to 410°C. All
the polyamides showed T, values between 447 to 473°C
and the char yield at 900°C were in the range 22 to 30%.
In general, all these aromatic polyamides exhibited good
thermal stability indicating that the pendant alkyl groups do

Table 3. Thermal properties of polyamides PA-1 to PA-5.°
Polyamides T,” (°C) TF(°0) Tio® (°C) Tpnae® (°C) Char Yield at 800°C (%)

PA-1 231 360 410 447 22
PA-2 212 355 410 459 28
PA-3 21 365 390 461 30
PA-4 223 350 420 469 29
PA-5 — 370 420 473 25

*Thermogravimetric analysis at a heating rate of 10°C/min in nitrogen.

bGlass transition temperature, determined by Differential Scanning Calorimeter
(DSC) at a heating rate of 20 °C/min in nitrogen,

“Initial decomposition temperature.

“Temnperature at which 10% wt. loss was observed.

“Temperature at which maximum rate of degradation was observed.

not affect thermal stability significantly;""") as
2, 4-triazole and aromatic structure add to thern
of polyamides.

DSC of polyamides was performed in nitrogen at a heating
rate of 20 °C/min; and DSC curves are shown in Figure 9. The
T, values of the polyamides PA-1 to PA-4 were in the
range of 211-231°C (Table 3.) The T, were dependent on
the stiffness of the polyamide backbone which in turn was
dependant on the m or p- catenatednatureofdiacid chloride
as well on the structure of the aromatic diamine remain
constant for PA-1 to PA-4. The polyamide PA-5 synthe-
sized from p-catenated rigiddiacid chloride TPC did not
show the T, The Ty of polyamide PA-1 was 231°C and
there was lowering of T, for PA-2, PA-3 and PA-4 due to
random structure because of copolymer effect. Pentadecyl
moiety helped in lowering in T, because of internal
plasticization in these polyamides.m]g

4.2.1. Morphology of polyamides

In order to study the crystalline or amorphous nature of
these polyamides, wide angle X-ray diffraction, WAXD,
measurements at room temperature, in the region 20 = 10 to
80°, were performed (Figure 10). Wide angle X-ray scatter-
ing patterns showed polyamidesin nature with a broad halos
in the region 20 =15 to 30°% are amorphous may be due to
presence of pendant methoxyphenyl moiety containing long
aliphatic substituent on polymer chain which can disrupt
the chain regularity and close packing of polyamide chains.

5. Summary and conclusions

A series of thermally stable soluble aromatic polyamides
containing heterocyclic 1,2,4-triazole moiety in main poly-
mer chain and pendant methoxyphenyl with pentadecyl sub-
stituent was synthesized by low temperature solution
polycondensationof new aromatic diamine with IPC/TPC.
Diamine (VII) was characterized by spectral techniques and
mass spectrometry it was used as building block to obtain
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Figure 10. XRD curves of polyamides PA-1 to PA-5.
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novel aromatic polyamides. These polyamides exhibited
good thermal stability and solubility in polar aprotic solvent
such as DMAc, NMP, DMSO, DMF and m-cresol.
Transparent and flexible films of polyamides could be cast
from DMACc solutions. Thermogravimetric analysis of polya-
mides under nitrogen showed T; in the range of 350 to
370°C indicating their high thermal stability. The lower
glass transition temperature of polyamides; determined by
Differential Scanning Calorimetry were in the range of 211
to 231 °C and lowering of T, in these due to internal plasti-
cization effect of long aliphaticpentadecyl chain. Wide angle
X-raydiffraction studies of these polyamides revealed broad
halos in the region 26 =15 to 30°; the amorphous nature.
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