Available online at www.sciencedirect.com

ScienceDirect

EUROPEAN
POLYMER
JOURNAL

www.elsevier.com/locate/europolj

. ; s
ELSEVIER European Polymer Journal 43 (2007) 5017-5025

Microwave-assisted clean synthesis of aromatic photoactive
polyamides derived from 5-(3-acetoxynaphthoylamino)-
isophthalic acid and aromatic diamines in ionic liquid

Shadpour Mallakpour *, Zahra Rafiee

Organic Polymer Chemistry Research Laboratory, Department of Chemistry, Isfahan University of Technology,
Isfahan 84156-83111, Islamic Republic of Iran

Received 17 May 2007; received in revised form 10 July 2007; accepted 12 July 2007
Available online 19 July 2007

Abstract

Dicarboxylic acid, 5-(3-acetoxynaphthoylamino)isophthalic acid was prepared in three steps. The direct polycondensa-
tion of this novel diacid with several aromatic diamines was studied in 1,3-diisopropylimidazolium bromide as an ionic
liquid (IL) under microwave irradiation and conventional heating. The polymerization reaction was effectively preceded
in IL, and triphenyl phosphite as an activating agent, and the resulting novel photoactive polyamides were obtained in
high yields and moderate inherent viscosities in the range of 0.44-0.69 dL/g. Thermogravimetric analysis showed that poly-
mers are thermally stable, 10% weight loss temperatures in excess of 390 and 470 °C, and char yields at 600 °C in nitrogen
higher than 60%. These macromolecules exhibited maximum UV-vis absorption at 265 and 300 nm in N, N-dimethylform-
amide (DMF) solution. Their photoluminescence in DMF solution demonstrated fluorescence emission maxima around
361 and 427 nm for all of the polyamides. It is very important to note that, because of, high polarizability of ILs, they
are very good solvents for absorbing microwaves.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction for use as flame-resistant, high-strength, high mod-

ulus fibers and high efficiency semipermeable mem-

Wholly aromatic polyamides (PAs) are high per-
formance heat resistant polymers and have received
particular attention [1]. Some of them are available

* Corresponding author. Tel.: +98 311 391 3267; fax: +98 311
391 2350.
E-mail address: mallak@cc.iut.ac.ir (S. Mallakpour).

branes as well as high performance plastics [2-4].
Due to stiffness of the polymer chains, and the
strong molecular interactions through hydrogen
bonding of amide groups, aromatic PAs, show lim-
ited solubility in organic solvents. The introduction
of bulky pendent groups, packing-disruptive, flexi-
ble bonds and unsymmetrical or polar substituents
into the macromolecular chain has been established
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as a convenient approach to modify the properties
of PAs without affecting their thermal stability.
Many PAs with various pendent bulky groups have
been synthesized [5-13].

Recently many organic synthesis and polycon-
densation reactions were carried out in room tem-
perature ionic liquids (RTILs) as an alternative to
volatile organic solvents [14-16]. The RTILs are
entirely constituted of ions and have aroused
increasing interest universal due to their high fluid-
ity, ability to dissolve a variety of materials, non-
flammability, low toxicity, low melting point and
considerably no measurable vapor pressure [17].

Microwave irradiation as a non-conventional
energy source has become a very popular and useful
technology in organic chemistry as well as polymer-
ization for optimizing and accelerating of chemical
reactions [18-20]. These reactions are very fast and
completed within a short period of time. Microwave
enhanced synthesis actually generates higher yields
and purer products than conventional heating.
From the viewpoint of microwave chemistry, one
of the key significant advantages of RTILs is the
presence of large organic positive ions with a high
polarizibility. Therefore, RTILs are very good sol-
vents for absorbing microwaves, thus leading to a
very high heating rate. To combine the advantages
of microwave irradiation and ILs, recently, several
organic reactions and polymerization have been
investigated in IL under microwave technique [21—
24].

The direct polycondensation between diacids and
diamines is a recognized technique for the prepara-
tion of PAs with high molecular weight. In this tech-
nique many volatile aprotic organic solvents such as
N-methyl-2-pyrrolidone (NMP), N,N-dimethylace-
tamide (DMAc), N,N-dimethylformamide (DMF),
activating agent such as triphenyl phosphite (TPP),
CaCl,, and pyridine have been used. When this
technique is applied in industry, it will produce a
large amount of toxic waste. Therefore there is a
need for the replacement of these solvents with
eco-friendly, nonvolatile solvents for the prepara-
tion of PAs.

Herein we wish to report a simple, fast, green and
convenient method for the synthesis of novel photo-
active PAs by using of a safe medium, 1,3-diisopro-
pylimidazolium  bromide under  microwave
irradiation. The introduction of thermally stable
side chain, acetoxynaphthalamide should disrupt
interchain hydrogen bonding and reduce packing
effectiveness and crystallinity, so all of the polymers

are expected to show good solubility in many
organic solvents.

2. Experimental
2.1. Materials

All chemicals were purchased from Fluka Chem-
ical Co. (Buchs, Switzerland), Aldrich Chemical Co.
(Milwaukee, WI), Riedel-deHaen AG (Seelze, Ger-
many) and Merck Chemical Co.). 5-Aminoisophtha-
lic acid was recrystallized from a mixture of DMF/
water (v/v ratio 3:1). 4,4’-Diaminodiphenylmethane
(5b), 4,4'-diaminodiphenylether (5d), 2,5-diamino-
toluene (5f), 1,3-phenylenediamine (5g) and 1,4-
phenylenediamine (5h) were purified by sublimation.
Naphthalene-1,5-diamine (5a), 4,4’-diaminodiphe-
nylsulphone (5e) was used without purification.
1,3-Diisopropylimidazolium bromide was prepared
by reported procedure [15,16]. DMAc was purified
by distillation under reduced pressure over barium
oxide.

2.2. Techniques

The apparatus used for the polycondensation
was a Samsung microwave oven (2450 MHz,
900 W). Proton nuclear magnetic resonance ('H
NMR, 500 MHz) spectra were recorded on a Bruker
(Germany) Avance 500 instrument. Dimethyl sulf-
oxide (DMSO)-ds was used as solvent, lock and
internal standard. FT-IR spectra were recorded on
(Jasco-680, Japan) spectrophotometer. Inherent vis-
cosities were measured by a standard procedure
using a Cannon Fensk routine viscometer. Fluores-
cence and UV-vis spectra were recorded in DMF on
a JASCO, FP-750 and UV/VIS/NIR, JASCO, V-
570, spectrophotometer, respectively. Thermal
gravimetric analysis (TGA) data for polymers were
taken on TGA-PerkinElmer (Pyris 1) in nitrogen
atmosphere at a heating rate of 10 °C/min. Elemen-
tal analyses were performed by Malek-Ashtar Uni-
versity of Technology (Tehran, Iran).

2.3. Monomer synthesis

2.3.1. Preparation of 3-acetoxynaphthalene-2-
carboxylic acid (2)

Into a 100 mL round bottom flask, 3-hydroxy-
naphthalene-2-carboxylic acid (1) (3.00g, 1.59 x
1072 mol), 7 mL of acetic anhydride and two drops
of sulfuric acid were added. The suspension was
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stirred for 1 h between 50 and 60 °C and then was
poured into 100 mL of water. The precipitate was
collected by filtration, and dried to give 3.49 g
(95%) of off-white solid 2; The purity of this com-
pound was checked with thin layer chromatography
(TLC) in a mixture of 50/50 of ethyl acetate/cyclo-
hexane, m.p. 172-174 °C; (Lit [25], m.p. 173.5 °C);
IR (KBr, cm™'): 3000 (s, br, COOH), 2950 (m,
CH), 1760 (s, C=0), 1690 (s, C=0), 1290 (s, C-0).

2.3.2. Preparation of 3-acetoxynaphthalene-2-
carbonyl chloride (3)

Into a 25 mL round bottom flask was placed,
acid 2 (2.00 g, 8.69 x 10~ mol) and 6 mL of thionyl
chloride (excess amount). The suspension was stir-
red for 1 h at 70 °C which gave clear pale-yellow
solution. Unreacted thionyl chloride was removed
under reduced pressure, and the residue was washed
with n-hexane. The product was dried to leave
2.70 g (96%) of acid chloride 3; m.p. 94 °C; IR
(KBr, cm™1): 3000 (w, CH), 1760 (s, C=0), 1700
(s, C=0), 1290 (m, C-O).

2.3.3. Preparation of 5-(3-acetoxynaphthoylamino )-
isophthalic acid (4)

Into a 25 mL round-bottomed flask fitted with a
magnetic stirrer was placed a solution of 0.73 g
(4.02x 102> mol) of S5-aminoisophthalic acid in
3mL of DMAc. The reaction mixture was cooled
in an ice water bath. To this solution 1.00 g
(4.02x 10> mol) of acid chloride 3 in 2mL of
DMACc was added dropwise. The mixture was stir-
red for 3 h, then 0.56 mL (4.02 x 103 mol) of trieth-
ylamine was added. The whole solution was stirred
vigorously for 2 h at low temperature and for an
overnight at room temperature. Then, the solution
was poured into a mixture of 100 mL/5 mL of cold
water/concentrated HCI. The precipitate was
collected by filtration and washed thoroughly with
water and dried at 70 °C for 7h, to yield 1.39 g
(88%) of diacid 4. Recrystallization from acetone/
water gave white crystals, m.p. 300 °C (dec), IR
(KBr, cm™'): 3330 (m, NH), 2963 (m, br, COOH),
1750 (s, C=0), 1670 (s, br, C=0), 1280 (s, C-0).
'"H-NMR (500 MHz, DMSO-d;): & 2.27 (s, 3H,
CH3), 7.62-7.69 (m, 2H, Ar-H), 7.80 (s, 1H, Ar—
H), 7.99-8.00 (d, 2H, Ar-H, J=28.01 Hz), 8.10—
8.11 (d, 2H, Ar-H, J=28.01 Hz), 8.24 (s, 1H,
Ar-H), 8.41 (s, 1H, Ar-H), 8.60 (s, 2H, Ar-H),
10.90 (s, 1H, N-H), 13.35 (s, 2H, COOH) ppm.
UV (DMF): Amax (8) =266 (160689), 307 nm
(91304 L mol ' em ™).

2.4. Polymer synthesis

2.4.1. Method I: polymerization of diacid 4 with
diamines in 1,3-diisopropylimidazolium bromide [1,3-
(isopr ) im | Br under microwave irridiation

Before each experiment, the [I,3-(isopr),im]|Br
was dried at 75 °C under reduced pressure.

The PAs were prepared by the following general
procedure: as an example for the preparation of
polymer 6al, 0.10 g (2.54 x 10~* mol) of diacid 4,
0.0402g (2.54x 10 *mol) of diamine 5a and
0.15 g of [1,3-(isopr),im]Br were placed in a porce-
lain dish and the mixture was ground completely
for 5min, then 0.1671 mL (6.35x 10*mol) of
TPP was added and the mixture was ground for
3 min. The whole reaction mixture was irradiated
in this dish, in the microwave oven for a period of
60 + 30 s at 70% of power level. The resulting vis-
cous solution was dissolved in minimum amount
of DMF and was poured in 30 mL of methanol, fil-
tered, dried under vacuum to give 0.133 g (95%) of
polymer 6al.

2.4.2. Method II: polymerization of diacid 4 with
diamines in [1,3-(isopr),im]Br under conventional
heating

The PAs were prepared by the following general
procedure: as an example for the preparation of
polymer 6all, 0.10 g (2.54 x 10~* mol) of diacid 4
and 0.0402 g (2.54 x 10~* mol) of diamine 5a were
dissolved in 0.30 g of [l,3-(isopr),im]Br, then
0.1671 mL (6.35x 10 *mol) of TPP was added.
The whole solution was heated at 110 °C for 2.5 h.
As the reaction proceeded, the solution became vis-
cous. The resulting product was dissolved in mini-
mum amount of DMF and was poured in 30 mL
of methanol, filtered, dried under vacuum to give
0.123 g (88%) of polymer 6all.

FTIR (KBr, cm™'): 3286 (m), 3063 (w), 1739 (m),
1659 (s), 1598 (s), 1532 (s), 1490 (s), 1448 (s), 1411
(s), 1336 (s), 1269 (m), 1212 (s), 1161 (m), 1071
(m), 1024 (m), 901 (m), 782 (m), 748 (m), 689 (m),
583 (w), 536 (w), 477 (w); elemental analysis calcu-
lated for (C31H,oN30), (514.5),: C, 72.37; H, 3.92;
N, 8.17; found: C, 72.41; H, 4.45; N, 9.71. UV
(DMF): Apmax (¢) =268 (221265), 308 nm (146269 L
mol~'ecm™1).

The other PAs 6b—6h were prepared with an anal-
ogous procedure.

Polymer 6b: FTIR (KBr, cm™'): 3297 (m), 3195
(w), 2997 (w), 1733 (m), 1655 (s), 1595 (s), 1513
(s), 1448 (s), 1408 (s), 1316 (s), 1224 (s), 1073 (m),



5020 S. Mallakpour, Z. Rafiee | European Polymer Journal 43 (2007) 5017-5025

1019 (m), 916 (m), 813 (m ), 748 (m), 690 (m), 626
(m), 508 (w), 476 (w). 'H-NMR (500 MHz,
DMSO-dg): & 2.02 (s, 3H, CHj3), 3.87 (s, 2H,
CH,), 7.17-8.55 (m, 17H, Ar-H), 9.86 (s, 1H, N—
H), 10.43 (s, 2H, N-H) ppm.

Polymer 6¢: FTIR (KBr, cm™!): 3293 (s), 3086
(m), 1736 (m), 1656 (s), 1597 (s), 1532 (s), 1490 (s),
1448 (s), 1411 (s), 1384 (s), 1336 (s), 1210 (s), 1070
(m), 902 (m), 782 (m), 747 (m), 688 (m), 476 (m).

Polymer 6d: FTIR (KBr, cm™'): 3296 (m), 3058
(m), 1735 (m), 1654 (s), 1597 (s), 1539 (s), 1497 (s),
1448 (s), 1406 (s), 1338 (m), 1304 (m), 1218
(s), 1164 (s), 1100 (m), 1012 (m), 875 (m), 831 (m),
746 (m), 688 (m), 625 (m), 514 (m), 476 (m).

Polymer 6e: FTIR (KBr, cm™'): 3317 (s), 3101
(m), 1733 (m), 1664 (s), 1590 (s), 1526 (s), 1449 (s),
1401 (s), 1318 (s), 1228 (s), 1149 (s), 1106 (s), 1073
(s ), 1012 (s), 902 (s), 838 (s), 749 (s), 691 (s), 611
(s), 571 (s), 553 (s), 476 (s). "H-NMR (500 MHz,
DMSO-dg): & 2.09 (s, 3H, CHs), 7.36-8.54 (m,
17H, Ar-H), 10.38 (s, 1H, N-H), 10.82 (s, 2H, N—
H) ppm.

Polymer 6f- FTIR (KBr, cm™'): 3308 (m), 3085
(w), 1742 (m), 1661 (s), 1597 (s), 1529 (s), 1449 (s),
1408 (m), 1336 (m), 1208 (s), 1161 (m), 1098 (m),
1071 (m), 1024 (m), 955 (m), 899 (m), 818 (m), 747
(m), 689 (m), 593 (m), 537 (m), 477 (m); elemental

analysis calculated for (C,gH,1N3Os), (497.5),: C,
67.60%; H, 4.25%; N, 8.45%; Found: C, 66.99%;
H, 4.64%; N, 8.84%.

Polymer 6g: FTIR (KBr, cm™'): 3352 (m), 1774
(m), 1714 (s), 1665 (s), 1593 (s), 1501 (s), 1445 (m),
1385 (s), 1321 (m), 1244 (m), 1078 (m), 1004 (m),
821 (m), 721 (m), 528 (m).

Polymer 6h: FTIR (KBr, cm™') 3397 (m), 3095
(w), 1736 (m), 1655 (s), 1597 (s), 1533 (s), 1491 (s),
1448 (s), 1411 (s), 1385 (s), 1336 (s), 1210 (s), 1070
(m), 902 (m), 782 (m), 747 (m), 688 (m), 476 (m).

3. Results and discussion
3.1. Monomer synthesis

As shown in Scheme 1, 5-(3-acetoxynaphthoyla-
mino)isophthalic acid (4) was synthesized in three
steps.

The IR spectrum of compound 2 showed a
broad and strong peak at 3000 cm~' which was
assigned to the COOH group and two absorption
bands at 1690 and 1760 cm™' are characteristic
peaks of carbonyl groups. Disappearance of strong
acidic hydroxyl peak in IR spectrum of compound
3 confirmed a complete conversion of acid 2 to
acid chloride 3.

0 o) (0] (0]
| I Il Cl—g OyJCH
HO—C OH HO—C OCCH3 3
Q (CH3CO0),0 Q SOCl, Q
o =0 s
1 3
HOOC COOH
HOOC COOH
H—N (0]
NH, | Il
0=C OCCH;

Scheme 1. Synthesis of novel monomer 4.
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Fig. 1. "H-NMR (500 MHz) spectrum of diacid 4.

The new monomer 4 was characterized by FT-
IR, and "H-NMR spectroscopic techniques. The
compound 4 displayed the characteristic absorp-
tions of the amide group around 3300 cm~' (N-H
stretching) and broad band at 2936cm™' (O-H
stretching), this compound also showed strong
absorption bands at 1750, 1670 and 1630 cm ™" asso-
ciated with the carbonyl groups. Fig. 1 shows the
"H-NMR spectrum of monomer in DMSO-dg
solution. It exhibited peaks at 13.35 (COOH),
10.90 (N-H) ppm and the peaks at the 8.60, 8.41,
8.24, 8.10-8.11, 7.99-8.00, 7.80 and 7.62-7.69 ppm
for aromatic protons.

3.2. Polymer synthesis

In this study, we describe an efficient direct poly-
condensation of diacid 4 with diamines 5a-5h both
under microwave conditions (method I) and con-
ventional heating (method II) in [1,3-(isopr),im]Br
as a solvent and TPP as a condensing agent. In
the first step, we examined the formation of PAs
via polycondensation of diacid 4 with the diamine,
5a under microwave irradiation (method I). The
effect of microwave power levels and period of heat-
ing was examined to provide the optimum reaction
conditions. A series of experiments which were per-
formed with different reaction times and power lev-
els under microwave irradiations revealed that the
optimal results were obtained after 60+ 30s at
70% of power level. It is very important to mention
that the shorter period and lower microwave power
level was required; otherwise too vigorous a reac-

tion could occur leading to the degradation of the
reaction mixture. This problem could be explained
by the fact that ILs are highly polar media and
likely to be strongly microwave absorbing. To evade
this problem, we carried out the polymerization
reaction with intermittent heating and mixing at a
moderate power level to give better yields and clea-
ner polymers creation. After the first irradiation for
1 min at 70% of power level, there was a practical
formation of PA (viscous solution, pale yellow).
The reaction mixture is then taken out, mixed for
10 s and then was heated again at the same power
level for 30 s. At this stage a highly viscous solution
was formed. Because of the strong microwave
absorption capability of ILs, the reaction tempera-
ture increases rapidly, so when the amount of IL
was higher, the reaction mixture changed to dark
color and burned. On the other hand, the amount
of IL that was used under microwave conditions
was less than conventional heating circumstances.
To compare the microwave-assisted method with
conventional heating, we also performed the poly-
merization reactions under conventional heating in
[1,3-(isopr),im]Br (method II) as a reaction medium.
When the same experiment was conducted by con-
ventional heating in the presence of [1,3-(iso-
pr),im]Br as a solvent, it took longer time (2.5 h
of heating at 110 °C) for completion of the reaction
and usually requires a large molar excess of IL to
attain good results. Under this conditions, yields
and inherent viscosities of the polymers were rang-
ing of 82-89% and 0.38-0.66 dL/g, respectively.
On the other hand, a more homogeneous heating
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and exceptional rate acceleration were observed
under microwave irradiation. This demonstrated
the advantageous effect of microwave as the energy
source. The yields and inherent viscosities of the
resulting polymers obtained by microwave irradia-
tion verses thermal heating are comparable. The
optimum conditions which were obtained under
microwave and conventional heating have been
applied for the preparation of other PAs by the
reaction of compound 4 with other diamines
(Scheme 2) and the results are demonstrated in

Tables 1 and 2. All of the polymers precipitated in
a fiber-like form when the resulting polymer solu-
tions were slowly poured into methanol. The inher-
ent viscosities of the resulting polymers under
microwave irradiation were in the range of 0.44—
0.69 dL/g and the yields were 89-95%, respectively.

3.3. Polymer characterization

The formation of PAs was confirmed by FT-IR
spectroscopy analysis. FT-IR spectra of all polymers

H,;N—Ar—NH, + N @N‘ S

4 +
v ~N
5a-5h R N7 R
R = CH;CHCH;
TPP
o) 0o H H
I || |
C C—N—Ar—N
n
H—T (ﬁ
o= OCCH;
6a-6h
I
v OO OO 00~
| a,
H
a b c
ﬁ H;C
—<>—o—<>——<>—s—<>——{>—
Il
0
d e f

o O

Scheme 2. Polycondensation reactions of monomer 4 with aromatic diamines in 1,3-diisopropylimidazolium bromide.
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Table 1
Synthesis and some physical properties of PAs 6al-6hl prepared
by method I

Entry Diamine Polymer

Polymer  Yiled  #jny® Color

(%) (dL/g)
1 5a 6al 95 0.61 White
2 5b 6bI 91 0.52 White
3 Sc 6cl 95 0.59 Off-white
4 5d 6dI 95 0.48 White
5 Se Gel 89 0.69 White
6 sf 6f1 94 0.44 Off-white
7 sg 6gl 92 0.41 Off-white
8 5h 6hI 88 0.45 Off-white

* Measured at a concentration of 0.5 g/dL in DMF at 25 °C.

Table 2
Synthesis and some physical properties of PAs 6all-6hIl
prepared by method II

Entry Diamine Polymer

Polymer  Yiled  #j* Color

(%) (dL/g)

1 5a 6all 88 0.58 White
2 5b 6bII 82 0.50 White
3 5¢ 6cll 86 0.48 Off-white
4 5d 6dII 88 0.49 White
5 Se 6ell 83 0.66 White
6 5f 6f11 89 0.43 Off-white
7 5g 6gll 85 0.38 Off-white
8 5h 6hII 85 0.41 Off-white

# Measured at a concentration of 0.5 g/dL in DMF at 25 °C.

show the characteristic absorption peaks for the
amide and ester at 1733 and 1664 cm ™', respectively,
due to the symmetrical and asymmetrical carbonyl
stretching vibrations. Band of amide N-H group
appeared around 3350 cm™'. A strong band corre-
sponding to C-N stretching can also be observed
at 1316 cm™'. The "H NMR spectra (500 MHz) of
polymers 6b and 6e were consistent with their struc-
tures. The results of elemental analysis were in agree-
ment with the calculated values.

3.4. UV-vis absorption and fluorescence
characteristics

These polymers exhibited maximum UV-vis
absorption at 265 and 300 nm in DMF solution
because of the m—m* transitions of the aromatic
chromophore (naphthalene). In comparison of
UV-vis absorption of the resulting polymers with
a series of segmented poly(urethane-urea)s contain-
ing naphthalene show that the later polymers gave

absorption at 300 and 360 nm in DMF solution
[26]. The fluorescence spectra of the monomer,
and PAs were recorded in DMF. For example, in
the case of the PAl, the polymer was excited at
260 nm, and emission fluorescence wavelengths
were observed at 361 and 427 nm, respectively.
The emission fluorescence pattern of these polymers
was also compared with the same segmented
poly(urethane-urea)s which gave similar pattern,
but the emission intensity is lower than those of
poly(urethane-urea)s [26]. All of these compounds
show almost similar UV-vis and fluorescence spec-
tra pattern.

3.5. Solubility of PAs

The solubility of PAs was tested quantitatively in
various solvents. All of the PAs, are soluble in
organic solvents such as DMF, DMAc, DMSO,
NMP, pyridine and in H,SO,4 at room temperature,
and are insoluble in solvents such as chloroform,
methylene chloride, methanol, ethanol and water.
The good solubility of these PAs was compared with
that of related aromatic PAs which do not contain
side acetoxynaphthalamide group is due to the
presence of bulky side group which prevent the
packing of the macromolecules through hydrogen
bonds between amides groups in the chain and thus
facilitate the diffusion of solvent molecules among
the polymer chains. Also the solubility of these
polymers is comparable with that of related aro-
matic PAs having pendent substituted benzamide
groups which do not contain naphthalene units [12].

3.6. Thermal properties

The thermal properties of the PAs 6c¢l and 6dI
were evaluated by TGA/DTG at a heating rate of
10 °C/min under a nitrogen atmosphere. TGA ther-
mograms (Fig. 2) of above polymers reveal that they
are thermally stable. The thermoanalyses data of
these polymers are summarized in Table 3. These
polymers exhibited good thermal stability. The
10% weight loss temperatures of the aromatic PAs
in nitrogen were recorded in 470 and 390 °C for
the polymers 6cl and 6dl, respectively. The amount
of residue (char yield) of these polymers in a nitro-
gen atmosphere was more than 60% at 600 °C. The
high char yields of these polymers could be ascribed
to their high aromatic content. On the other hand
when compare these polymers with PAs containing
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Fig. 2. TGA of (—) PA 6cI and (---) PA 6dI at a heating rate of 10 °C/min under a nitrogen atmosphere.

Table 3
Thermal properties of PAs, 6¢I and 6dl

Polymer Decomposition temperature (°C)  Char yield® (%)
Ts' Ti°

6¢cl 396 470 63

6dI 353 390 60

# Temperature at which 5% weight loss was recorded by TGA
at a heating rate of 10 °C/min in a nitrogen atmosphere.

® Temperature at which 10% weight loss was recorded by TGA
at a heating rate of 10 °C/min in a nitrogen atmosphere.

¢ Percentage weight of material left undecomposed after TGA
analysis at maximum temperature 600°C in a nitrogen
atmosphere.

1,3,4-oxadiazole or benzonitrile units in the main
chain and 5-(4-acetoxybenzamido) groups in the
side chain it can be seen that the initial decomposi-
tion temperature and the temperature of 10% weight
loss are higher in the case of polymers which contain
acetoxynaphthalamide units [12]. This finding indi-
cates that the naphthalene units preserve the high
thermal stability. All these results demonstrate that
incorporation of acetoxynaphthalamide pendent
groups into the polymers backbone effectively
enhances the solubility while maintaining good ther-
mal stability.

4. Conclusion

In summery, we have developed an efficient, con-
venient and practical approach for the synthesis of
thermally stable aromatic photoactive PAs using
microwave irradiation in conjunction with a green
solvent, [1,3-(isopr),im]Br. A comparable result on
the isolated yields and inherent viscosities was
obtained by microwave irradiation verses thermal
heating with remarkable reduction in reaction time.

The incorporation of an acetoxynaphthalene group,
through an amide unit, into PAs backbone gave
polymers with remarkable solubility in common
organic solvents. These polymers showed good opti-
cal properties and thermal stability. This environ-
mentally-friendly green technique is a fast, high
yielding and simple manipulation route, which
avoids the usage of volatile organic solvents and
catalyst. Because of these PAs have naphthalene
functional group; they have potential to be used as
photolabling and photoresponsive materials.
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