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ABSTRACT

New polyamides containing aminothiophenol, xylyl and thioether unitswere prepared under microwaveirradiation
and their solubility, thermal behavior, viscosity and surface morphology were evaluated. Theviscosities of polyamides
areinthe range of 0.39-0.49 and glass transition temperatures (Tg) areintherange of 245-276°C. Decomposition
temperatures of 10% weight loss T (10) rangingfrom 133 to 274 °C,also, the temperature of 50% weight loss T (50)
areinthe range of 291-318 °C and char yields ranging from 5 to 17% at 540 °C. These polyamides showed good
solubility in common organic solvents. Surface morphology of these polymers showed amorphous and microsphere

structure. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Aromatic polyamidesarehigh performancepolymers
with some advantages such as, good thermal stability,
efficient mechanica properties, low flammable, good
processable, easy applicableand low density materid §*
4. Because of their excellent properties, they areused as
good dternativesfor aseriesof industrid materidssuch
asmetasand ceramicsin gpplications®. Thenew indus-
try and technol ogy requireshigh performance materias
with severd propertiesand stablein vigorousconditions
such as elevated temperatures, high acidic and basic
mediaand humid and cold regiond®. Polyamidesare
important candidatesfor theseadvanced materialshave
ability to changetheir propertieswith aseriesof modifi-
cationsand gain desired agpplication”. Wholly aromatic
polyamides (aramides) haveafew disadvantagessuch
aspoor solubility, difficult processability andhighmdting

and asaresult restricted applicationd®. Severd proce-
dureswereexamined for achievethesedrawbackscon-
taining theuse of softening diphatic chains, ethersand
aulfidesinthepolymer main chain, insertion of threedi-
mensond and bulky pendant groups (for example; akyl,
sulfone, thioand ether groups) for avoid crystdlinity, dose
packing and gain low melting, good soluble and
processable polymerswith good thermal stability 24,
Microwaveirradiation (MW), asanonconventiond
heating procedure, wasused for the preparation of alarge
number of compounds*3. In comparison with conven-
tiona heating thismethod of synthesishaveaseriesof
advantagessuch ashighyields, short reactiontimes, the
useof smal volumeof solventsor thesynthesesindry
mediawithout solvent (ol ventlesssynthess), ecofriendly
and environmental ly benign™®. In polymer and materid
science, microwaveirradiation wasused in broad range
from polymer synthesisto processing4. A large number
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Scheme 2 : Synthesisof polyamides(8-11)

of polymer synthetic routeswere reported using micro-
waveirradiation™. Variouspolymericmaeridssuch as
polyamides, polyesters, polyimides, polyethylene, poly-
styrene and polyureaand pol ythioureawere prepared
under microwaveirradiationusing different kindsof poly-
mer synthesesroutes, for example, sep-growthand chain
growth polymerization*>19,

In continuation on previousresearchworksonthe
synthesisof polyamides®”, in thisresearch work new
organosul oble and thermally stable poly (thioether-
amide)scontaining aminothiophenoland xylylunitsinthe
main chain were synthesized under microwaveirradia
tion. The morphology of these polymerswas studied
using scanning el ectron microscopy and showed amor-
phousand microsphere structures.

MATERIALSAND METHODS

Thereactionsfor thesynthesisof monomer and pu-

rification of polymerswere carried out in an efficient
hood. All the material swere purchased from Merck,
Fluka, Across Organicsand Aldrich chemical compa
nies. N-Methyl-2-pyrrolidinone (NMP, Merck) and
pyridine (Py, Merck) were purified by distillation under
reduced pressureover cal cium hydrideand stored over
4A © molecular sieves. Triphenylphosphite (TPP,
Merck) was purified by fractional distillation under
vacuum. FT-IR spectrawere recorded in potassium
bromide pellets on aBruker apparatus. TheH NMR
and *C NMR spectrawere obtained usng BRUKER
AVANCE DRX 500 MHz apparatus and mass spec-
trawere obtained with Shimadzu GC-MS-QP 1100
EX mode. Scanning e ectron micrograph (SEM) im-
ageswereobtained using aX L 30 (Philips) apparatus.
TheMicroSY NTH system of Milestonewhichisamullti-
mode platform and equipped with amagnetic stirring
platewas used for the synthesis. Inherent viscosities
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Figurel: FT-IR spectrumof diamine (3, DA)
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Figure2: FT-IR spectrum of polyamide (10, PPY)

(0., = IMr/c at a concentration of 0.5 g dL™) were
measured with an Ubbe ohde suspended-level viscom-
eter at 30 °C using DMSO as solvent.

TABLE 1: Inherent viscositiesand theyieldsof polyamides

Polymer Yield (%) Ninn(g/dL)?
PPH (8) 98 0.49
PMP (9) 9% 0.41
PPY (10) 94 0.42
PAD (11) %5 0.39

@M easured at a polymer concentration of 0.5 g/dL in DM SO
solvent at 30 °C.

Thermogravimetric andysis(TGA) wererecorded on
aV 5.1A DuPont 2000 system under argon atmosphere
at aheating rate of 10°C Min.?, and differential scan-
ning caorimetry (DSC) recorded onaV 4.0B DuPont
2000 system under argon atmosphereat aheating rate
of 10°C Min. ™.
Synthesisof diaminemonomer (3, DA)

To 1 (2mmol, 0.18g) under N,,, was added potas-
sium carbonate (4 mmol, 0.56 g), dimethylformamide

(DMF, 30 mL) and 2-aminothiophenol (4 mmol) at
room tempearture. Themixturewasstirred at room tem-
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TABLE 2: Spectral data of polymers

Polymer IR (cm™) 'H NMR (500 MHz, DM SO-dg): & (ppm)
3339, 3105, 2986, 4.19 (s, 4H), 7.05-7.08 (m, 3H), 7.14-7.17 (m, 3H), 7.29-7.36 (m, 3H), 7.41-7.45
PPH (8) 1733, 1676, 1499, (m, 1H), 7.48-7.52 (m, 2H), 7.58-7.62 (m, 2H), 7.95-7.97 (m, 2H), 8.34 (s, 1H),
1431, 1068, 754. 10.06 (s, 2H).
3342, 3145, 2982, 451 (s, 4H), 6.76-6.78 (m, 1H), 7.06-7.08 (m, 1H), 7.11-7.14 (m, 3H), 7.25-7.27
PMP (9) 1677, 1578, 1510, (m, 3H), 7.29-7.32 (m, 3H), 7.91 (dd, J= 1, 8Hz, 1H), 7.69-7.71 (m, J= 7.5 Hz,
1042, 755. 1H), 8.23-8.25 (m, 2H), 856 (d, J= 1Hz, 1H), 10.39 (s, 2H).
3343, 3121, 2991, 450 (s, 4H), 6.77-6.80 (m, 1H), 7.07-7.09 (m, 1H), 7.13-7.16 (m, 3H), 7.28-7.31
PPY (10) 1687, 1515, 1070, (m, 3H), 7.32-7.36 (m, 3H), 7.95 (dd, J= 1, 8Hz, 1H), 8.20 (d, J= 7.5 Hz, 1H),
754. 8.31-8.32 (m, 1H), 8.44 (d, J= 8Hz, 1H), 10.41 (s, 2H)
3331, 3107, 2985, 1.53 (s, 4H), 2.24 (s, 4H), 4.19 (s, 4H), 7.05-7.08 (m, 3H), 7.14-7.17 (m, 3H),
PAD (11) 1731, 1678, 1495, 7.29-7.36 (M, 3H), 7.41-7.45 (m, 1H), 7.95-7.97 (m, 2H), 8.34 (s, 1H), 10.06 (s,
1436, 1062, 755. 2H)
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Figure3: TGA of polyamide(8, PPH)

TABLE 3: Thermal propertiesof polyamides

TABLE 4: Thesolubility of polyamides(8-11)

Char yields® (%)540 °C Ty’ (°C) T3 (°C) T4 (°C) Polymer THF m-Cresol DMSO DMF DMAc NMP Polymer®
17 301 147 276  PPH (8) + ++ ++ ++ ++ ++ PPH (8)
12 311 136 271 PMP(9) + + ++ ++ ++ ++ PMP (9)
5 318 274 267 PPY (10) + ++ ++ ++ ++ ++ PPY (10)
11 291 133 245 PAD (11) + ++ ++ ++ ++ ++ PAD (11)

aTemperature of 10% weight loss determined in argon atmo-
sphere; "Temperature of 50% weight loss determined in argon
atmosphere; °Char yield calculated as the percentage of solid
residue after heating from room temper ature to 550 °C under
argon.

peraturefor 24h. After completion of thereaction (moni-
tored by TLC), water was added and extracted to chlo-
roform (3x50 mL). The combined chloroform layers
weredried (sodium sulfate) and evaporated to afford
crudereaction mixture. Theresulting mixturewas puri-
fied with short column chromatography on silicagel
using n-hexane/ethyl acetateasd uent to afford diamine

(++) Soluble at room temperature; (+) soluble upon heating;
(%) partially soluble; Solubility measured at a polymer con-
centration of 0.05 g/ml

(3,DA) asanoil in91%yidd; IR (KBr): 3436, 3351,
2981, 1604, 1476, 1447, 1306, 748 Cm*; *H NMR
(500 MHz, DM SO-d,) 5: 4.03 (s, 4H), 5.33-5.37 (b,
4H), 6.44-6.45 (m, 2H), 6.73 (d, J=8Hz, 2H), 7.01-
7.07 (m, 6H), 7.18-7.20 (m, 2H) ppm; BCNMR (125
MHz, DMSO-d)) 6: 150.22, 136.95, 135.94, 133.98,
131.18, 130.80, 130.36, 130.02, 129.61, 128.63,
127.98, 127.77, 120.17, 117.33, 116.49, 115.22,
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48.41, 36.33, 36.04 ppm; MSEI (electronimpact) m/
z (relativeintensity %): 352 [M]* (49), 228 (76), 194
(100), 124 (78), 80 (100).

Synthesisof polyamides

Polyamides were synthesized by the Yamasaki
phosphorylation reaction of diamine (3, DA) withvari-
ousdiacids (terphthalic acid (4), isophthalicacid (5),
2,6-pyridinediarboxylic acid (6) and adipic acid (7))
asshownin Scheme2. A typica examplefor theprepa
ration of polyamidesisgiven. A mixtureof 3 (1 mmoal),
terphthaic acid (4, 1L mmol), 0.3g of CaCl,, 0.6 mL of
TPPR, 0.5mL of pyridine, and4 mL of NMPwereadded
to themicrowave cdl andirradiated under microwave
in600W for 9 Min. (3x3 Min.) and the rest time of 10
Min. After cooling at room temperature, the resulting
viscose reaction mixture was poured into 300 mL of
boiling methanal. Theresulting crude polymer waspre-
cipitated and then filtered. The polymer waswashed
with hot methanol (50 mL), hot water (twice, 50 mL)
and then hot methanol (50 mL), respectively; and dried
under vacuum at 100 °C overnight. Theyieldswere
amog quantitative. Therma properties, viscosty, solu-
bility and surface studies of these polyamideswerere-
portedinthefollowingtablesand figures.

RESULTSAND DISCUSSION

In thisresearch work, wewish to report the syn-
thesisand characterization of new organosolubleand
thermally stablepolyamides. Diaminemonomer (3, DA)
was prepared fromthereaction of 1,2-bischloromethyl
benzene (1) and 2-aminothiophenal (2) inthe presence
of K,CO, indimethylformamide (DMF) a roomtem-
perature (schemel). ThelR spectrum of monomer (3,
DA) isappeared infigure 1. Polyamideswas prepared
from thereaction of monomer (3, DA), containing sul-
fide and benzene units and appropriate diacids
(terphthalic acid (4), isophthaic acid (5), 2,6-pyridine
dicarboxylicacid (6), adipicacid (7)) under microwave
irradiation. Polymerization were performed using
Yamazaki phosphorilation reaction of diamine(3) and
diacids (4-7) in the presence of triphenylphosphite
(TPP), pyridine(Py), N-methylpyrolidinone(NMP) and
cacium chloride (CaCl,) under microwaveirradiation
and four new polyamideswereprepared (8-11, scheme

Woateriolsy Science  mmm——

2). Polymerswerepreci pitated in boiling methanol (300
ml) and washed with hot distilled water and methanal,
respectively, and then dried under vacuum. Theinher-
ent viscostiesand theisol ated yiel ds(94-98%) of polya-
mideswerereportedin TABLE 1. ThelIRand*HNMR
spectraof polyamides showed the correct structures
(TABLE 2). ThelIR spectrum of polyamide (10, PPY)
isappeared in Figure 2; and showed the corresponding
structure according to themgor functiona groups.

Thesolubility’s of polyamides was investigated in a
series of common organic solvents such as N-
methylpyrrolidinone(NMP), N, N-dimethylformamide
(DMF), tetrahydrofuran (THF), dimethylsulfoxide
(DM SO), N,N-dimethylacetamide (DMACc) and m-
cresol, and theresultsare summarized in Table 4. All
the polymers showed excellent solubility in polar or-
ganic solvents. Thismight be dueto the presence of
polarized and tetrahedra thioether groupswithflexible
andthreedimensiond structures, increased solvent dif-
fusionand chain solvent interaction, intramolecular hy-
drogen bonding and reduced thedose packingand crys-
tallinity. Also, very flexible CH, groupsinthemanchan
increasethediffusion of solvent and thusthe solubility
ishigh. Theviscostiesof polyamidesweremeasuredin
DMSO at 30 °C and are in the range of 0.39-0.49
(TABLEY).

Thethermal behavior of polyamideswas studied
by thermogravimetric andysis(TGA) and differentia
scanning calorimetry (DSC). The entire polymers
showed good thermd stahility, theresultsare summa:
rizedinTABLE 4 andfor 8 (PPH) isappearedin Fig-
ure 3. Glasstrangtion temperatures (Tg) of polyamides
were obtained by differential scanning calorimetry
(DSC) and areintherange of 245-276°C. The results
arereported in TABLE 3. According to the structure
of diacid, insertion of the aliphathic groups in the
diacidgtructureisincreased theoverdl flexibility of the
polymer chainsand decreased the T, vaue. Thepoly-
mers containing diacidswithout flexible groups have
hi gherTg values, because of thelower flexibility of the
overd| polymer chains, increased crystd linity and close
paking.

All thepolymersusing thermogravimetricanalysis
(TGA) showed good thermd stability, their decompo-
sition at argon atmosphere for temperature of 10%
weight lossT (10) wasintherange of 133-274°C and
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Figure4: SEM image of polyamide8 (PPH)

Acc My Spob Ma

917 0 kV z%ﬁﬁﬁﬂx qg @‘\xsﬁ

Detwul————l 2um't

F|gure5 SEM |mageof polyamdeg(PM P)

the temperature of 50% weight loss T (50) wasin the
range of 291-318 °C which indicates good thermal sta-
bility in the prepared polymers. The polymer decom-
position temperaturefor various percent of decompo-
stion and char yield (in therange of 5-17%) at 540 °C
for al polymersare summarizedin TABLE 3 and ac-
cording to the obtained datafor thermal stability, the
polymer with diacid containing the aliphatic subunits
show thelower thermd stability in comparison withthe

polymers containing diacidswithout these groupsand
more Symmetric structures.

The surface morphol ogy of polymerswas studied
using scanning el ectron microscopy (SEM) images,
and showed amorphous and nanoparticle structures
(Figures4, 5, 6 and 7). Polymers bearing aromatic
diacid are amorphous structure and aiphatic diacids
inthe polymer main chain lead to microsphere mor-

phology.
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Figure7: SEM image of polyamide 11 (PAD)

CONCLUSON

A seriesof new polyamidesbased on ortoxylyl, 2-
aminothiophenol and appropriatediacidswere success-
fully obtained through the direct polycondensation re-
actionviaYamazaki method under microwaveirradia-
tion (MW). Thepolymers showed enhanced solubility
and highthermal stability. Thisisdueto the presence of

B, &
b L ! ¥."
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tetrahedral sulfidegroupsin the polymer main chain.
Thethioether interact with polar solventsand increased
diffuson of solvent to the polymer main structureand
decreased interchaininteractions. The presence of me-
thylenegroupsin the main chainincreased sol ubility and
decreased thermal stability. Thus, weafforded polya-
mideswhichlead toimproved sol ubility and higher heet
resistance. Surface study of these polymersshowed the
amorphousand microsphere structures.
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