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ABSTRACT

New polyamides containing a,o’-Xylyldithiophenoxide Unitswere prepared
under microwave irradiation and their solubility, thermal behavior, viscosi-
ties and nanostructures were evaluated. These polyamides showed good
solubility in a series of organic solvents. The viscosities of these polya-
midesareintherange of 0.41-0.54 dl/g. Glasstransition temperaturesarein
the range of 214-251°C. Temperatures for 10% weight loss (T10) are in the
range of 286-323°C, temperatures for 50% weight loss (T50) are in the range
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of 463-535°C and char yields are in the range of 21-41%; and these results
shows the thermal stabilities of the prepared polyamides. Supramolecular

assemblies showed nanostructures.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Polyamides are high performance polymers bear-
ing theamidelinkagesin the polymer backbone. Aro-
matic polyamidesareaclassof hightemperatureress-
tance polymerswith good chemical resistance, ther-
mally stable, tough, trand ucent, semi-crystalline, low
flammabl e, very good mechanical propertiesand mod-
erately low cost™4. However, because of their limited
solubility inaseriesof organic solvents, high melting
and glasstransition temperatures, because of crystal-
lineand close packing structures, they havedifficulties
infabricationand processng. Theintroduction of flex-
ible bondsinto therigid polymer backboneimproves

the solubility and melting behaviord®". However, some
effortsinusng monomerswith bulky flexiblesdegroups
have been led to polymerswith poor solubility in or-
ganic solvents®l. Practicaly, introduction of aflexible
bond into the polymer backboneisknown to be effec-
tiveinimproving solubility and processability whilemain-
taining thehighthermal stability of the polymert®.
Theapplication of microwaveirradiationinorganic
synthesisand material scienceshasbecomeincreas-
ingly popular, becauseit isan enabling technology for a
large number of research areas such asgenera organic
synthesis, drug discovery, polymer chemistry and
nanotechnol ogy’®. By taking advantage of thisefficient
source of energy, compound librariesfor lead genera-
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tion and optimization can be assembled in afraction of
thetimerequired by conventiond thermal methods. Re-
cently, thermally driven organi c transformationstake
place by either of two ways: conventiona heating or
microwave accel erated heating. Inthefirst way, there-
action mixtureisslowly activated by aconventional
external heat source. Heat isdriveninto the substance,
passing first throughthewallsof thereactionvessd in
order to reach the solvent and reactants. Thisisadow
and inefficient method for transferring energy into the
reacting mixture. In the second way, microwavescouple
directly with the microwave absorbing moleculesof the
entirereaction mixture, leadingto arapidriseintem-
perature of that moleculesand asaresult the matrix of
reaction. Theprocessisnot limited by thethermal con-
ductivity of thevessd, theresult isan instantaneous|o-
calized superhesating of any substancethat will respond
to either dipolerotation or ionic conduction and thus
absorbsthemicrowaveirradiationl®d,

In thisresearch work new polyamides containing
pyridinethioether unitsinthemain chain were synthe-
sized under microwaveirradiation and characterized.
They are solublein a series of organic solvents and
showed thermd res stance. SEM images of these poly-
mers showed nanoparticlestructures.
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Scheme1: Synthesisof diacid (3).
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Scheme 2 : Synthesisof polyamides(4-7).
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RESULTSAND DISCUSSION

The diacid monomer was synthesized by a one-
step route, asshownin Scheme 1. Inthisroute nucleo-
philicreaction of thiosalicylic acid (2) with dibromide
(1) inDMF afforded diacid monomer (3). The struc-
tureof diacidwasconfirmed by IR, *H NMR and mass
spectroscopy and elementa analysis. The FTIR spec-
trum of diacid (3) isappearedin Figure 1.

Among various methodsfor polyamidation reac-
tion, direct polycondensation methods have been de-
veloped by severa investigators and especially by
Yamazaki and Higashi***3, Direct polycondensation
of dicarboxylicacid (3) with diamineusing TPP and
pyridine as condens ng agent under microwaveirradia
tion (MW) toform amidebondsisan efficient routeto
offord polyamides of moderateto high degree of poly-
merization onalaboratory scde. All of the polymeriza
tionreactionswerecarried out in NMPinthe presence
of CaCl, and preceded homogeneously. The synthetic
route and designation of polyamides are shown in
Scheme2. Thepolyamideswereobtainedingoodyidds
(TABLE 1, 94-98%) and had inherent viscositiesrang-
ing between 0.41 and 0.54 dL/g. The structures of
polyamides were confirmed by elemental analysis
(TABLE 2), FTIR and *H-NMR spectroscopy (TABLE
3). TheFTIR spectraof the polyamides exhibited the
characteristic absorption bands(TABLE 3). TheFTIR
spectrum of polyamide (4, PPH) isappeared if Figure
2. Thetota protonsintheH NMR spectraareconsis-
tent with the proposed chemica structuresof the poly-
mers(TABLE 3).

Thesolubility behavior of the new polyamideswas
determined for the powder samplesinexcess solvents.
All thepolyamidesexhibited excellent solubility inthe
polar aprotic solvents such as NMP, DMAc, N, N-
dimethylformamide, dimethyl sulfoxide (DM SO) at
room temperature, and were solublein THF under hesat-
ing conditions(TABLEDS5). Thesolubility of anarométic
polyamidewithandl-metaaromaticring substitutionin
thediamineresidue can bedifferent from an aromatic
polyamidewithanall paraaromatic ring substitution.
However, the solubility of the synthes zed polyamides
wasidentical duetothepresenceof rigid diamineres-
due. Thiscould bebecause of thediamineresidueis
aufficient smooth structuretoimprovetheinterchainin-
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teractionsinthe backbone. the presenceof flexible CH,
groupsin the polymer backbone have opposite effect
incomparisonwith symmetricand smoothdiaminesand
then theinterchain interactionsreduce and asaresult
solubility improves. Polar amidegroupsinthe polymer
chain can also form the intramolecular hydrogen
bondings, because of ortho substitution of diacid (3)
and thisphenomenon lowerstheinterchain interactions
andthuscrystalinity and asaresultimprovesthe solu-
bility. A densechain packing of thepolymer chainswas
probably disturbed by theflexiblegroups; consequently,
the solvent moleculeswere ableto penetrate easily to
solublethepolymer chains.

Thetherma behavior of the polyamideswasevau-
ated by DSC and TGA. Theglasstransition tempera-
tures (Tg) of the polyamides, as determined by DSC,
are between 214 and 251°C as shown in TABLE 4.
Among al the synthesized polyamides, (PPS,6) based
on 4,4’-diaminodiphenyl sulfone content in the main
structural unit showed the highest Tg va ue because of
the highest rigidity, which inhibited themolecular mo-
tion. Ingenerd, polymerswith moreflexiblegroupsin
themain chainleadstolower Tg’s than polymers with-
out thesegroups dueto the greater interchain distance
andinteractions, whichlowersthestrength of theamide-
amide hydrogen bondsthat are partly responsiblefor
thegenerdly high Tg’s of these aromatic polyamides.
Thehigh Tg of the polyamides can beduetothe high
barrier for segmental mobility asaresult of strongmain
chain-main chaininteraction through H-bonding. Aswe
expected, Tg of the polyamides showed dependence
on the structure of the diamine component, and de-
creasedwithincreasngflexibility of thepolyamidesmain
chan.

Thethermd stability of polyamideswasinvestigated
by TGA in aheating program under Ar to elucidate
how the chemica structureinfluenced thevalue of the
decomposition temperatures. TGA dataarelistedin
TABLE 4. Thetemperaturesof 10%weight loss(T10)
areintherange of 286 and 323°C. The breaking of a
bond inthemain chain structure givesriseto the ther-
mal degradation of thearomatic polyamides. Thetem-
peraturesof 50% weight loss(T50) areintherange of
463 and 535°C. To compare thermal behavior, the
breaking of abond probably inthemain chain of these
polyamides, because of flexible bonds, caused these
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polymersto havelower therma stability thanthedl aro-
matic polyamides (aramids). In addition, theresidua
welight retentionsfor theresulting polyamideswerein
therange of 2141 % at 550 °C, implying that these
polyamides possessreasonablethermal stability.

The surface morphology of polyamideswasinves-
tigated using scanning el ectron microscopy and their
SEM images show the nanostructures (Figures 4, 5, 6
and7).

EXPERIMENTAL

Thereactionsfor the synthesis of monomer were
carried out in an efficient hood cupboard. All the mate-
rialswere purchased from Merck, Fluka, Across Or-
ganicsandAldrich chemica companies. N-Methyl-2-
pyrrolidinone (NMP, Merck) and pyridine (Py, Merck)
werepurified by distillation under reduced pressureover
calcium hydrideand stored over 4A ° molecular sieves.
Triphenyl phosphite(TPP, Merck) waspurified by frac-
tiona ditillation under vacuum. Reagent gradearomatic
diamines (Aldrich) including 1,5-diaminonaphthalene
(DAN), 3,3’-diaminodiphenyl sulfone (MDAS) and
4.4’ -diaminodiphenyl sulfone (PDAS) were recrystal-
lized from ethanol. p-Phenylene diamine (PPD) was
purified by sublimation. Themdting points (uncorrected)
were measured with aBarnstead El ectrothermal engi-
neering LTD 9100 apparatus. Elemental analysiswas
performed by a CHN-O- Rapid Heraeus elemental
analyzer. FT-IR spectrawererecorded in potassium
bromide pelletson aBruker apparatus. TheH NMR
spectrawere obtained using BRUKER AVANCE DPX
300 MHz and BRUKER AVANCE DrX 500 MHz
apparatus. Mass spectrawere obtained with Shimadzu
GC-MS-QP 1100 EX model. Scanning electron mi-
crograph (SEM) imageswereobtained usingaXxL30
(Philips) gpparatus. TheMicroSYNTH system of Mile-
gonewhichisamulti-mode platform and equipped with
amagnetic stirring platewas used for thesynthesis. We
used the high-pressurevessel (teflon (TFM) inserts)
(vessel volume 100 mL, max pressure 1450 psi, max
temperature 300 °C). Temperature is controlled inter-
nally by fiber optic probein onecontrol referenceves-
sdl. Inherent viscosities (n, , =Innr/c at a concentra-
tion of 0.5 g dL*) were measured with an Ubbelohde
suspended-level viscometer at 30 °C using DMSO as

e, P aterioly Seience

Hn Tndéan g%wumé



248

New polyamides bearing a,a’ -xylyldithiophenoxide units

MSAIJ, 8(6) 2012

Full Poper =

solvent. Thermogravimetric analysis(TGA) wasre-
cordedonaV 5.1A DuPont 2000 system under argon
amosphereat aheating rate of 10°C Min. . Differen-
tial scanning calorimetry (DSC) recorded onaV 4.
OB DuPont 2000 system under argon atmosphereat a
heating rate of 10°C Min. .

Synthesisof benzodiacid (3, BDA)

To the mixture of 1 (a,a’-Xylyldibromide, 0.264
g, 1 mmol) and DMF (20 mL) was added thiosalysilic
acid (0.308 g, 2mmol) and K,CO, (0.56 g, 4mmol) at
roomtemperature. Themixturewasdtirred a roomtem-
peraturefor 24h. After completion of thereaction (moni-
tored by TLC), water was added and the mixturewas
nutraized usng HCI solution. Theresulting precipitate
left for 12h and thenfiltered. Crystallizationin ethanol
afforded diacid as awhite powder in 97% yield and
melting point of 204-205°C (uncorrected); IR (KBr):
2964, 2639, 1678, 1253, 1052, 740 cm®; *H NMR
(300 MHz, DMSO-d,) 6: 4.32 (s, 4H), 7.21 (t, 2H,
J=6Hz), 7.28 (t, 2H, =3 Hz), 7.47 (s, 6H), 7.89 (d,
2H, =6 Hz), 12.36 (s, 2H) ppm; MS (El) m/z (rela-
tiveintensity %): 395 [M-15]* (6%), 362 (2%), 339
(3%), 317 (8%), 257 (42%), 228 (48%), 179 (27%),
151 (26%), 121 (100%), 105 (29%), 91 (49%), 72
(56%0), 28 (42%); Anayticd cdculated for C,_H,O,S,
(410.51): C,64.37; H, 4.42; Found, C, 64.39; H, 4.41.

Waverumbers icon-1)

Figurel: FT-IR spectrum of benzodiacid (3, BDA).
Synthesisof polyamides

Polyamideswere synthes zed by the phosphoryla-
tion reaction of diacid (3, BDA) with variousdiamines
asshownin Scheme 2. A typical examplefor theprepa

ration of polyamidesisgiven. A mixtureof 3 (1 mmoal,
0.42 g), p-phenylenediamine(1 mmol, 0.11 g), 0.3 g of
CaCl,, 0.6 mL of TPP, 0.5mL of pyridine, and4 mL of
NMPwereadded to thequartz tubeandirradiated under
microwavein 600W for 9 Min. (3x3 Min.) and the rest
time of 5Min. After cooling at room temperature, the
resulting viscosereaction mixturewas poured into 300
mL of boiling methanol. Theresulting crude product
was precipitated and then filtered. Theresulting poly-
mer waswashed with hot methanol (50 mL), hot water
(twice, 50 mL) and then hot methanol (50 mL), re-
spectively; and dried under vacuum at 100 °C over-
night. Theyieldswereamost quantitative. Thermal
properties, viscosty and sol ubility of these polyamides
werereported inthefollowing TABLES and Figures.

TABLE 1: Inherent viscosity and theyieldsof polyamides.

Polymer Yield (%) Ninn(g/dL)?
PPH (4) 94 0.51
PIS (5) 9% 0.58
PPS (6) 98 0.64
PPN (7) 97 0.57

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

TABLE 2: Elemental analysesof polymers.

Elemental Analysis
Calculated (%) Found (%)
C H N C H N
CosH2oN-0,S, 69.68 4.59 5.80 69.73 4.67 5.91
PIS(5) Caz4H2N20,S; 65.57 4.21 4.50 65.58 4.26 4.55
PPS(6) Caz4H2sN20,S; 65.57 4.21 4.50 65.60 4.24 4.53
PPN (7) CzHN2O,S, 72.15 4.54 5.26 72.23 4.59 5.34

Polymer  Formula
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Figure2: FT-IR spectrum of polyamide (4, PPH).
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TABLE 3: Spectral dataof polymers.

'H NMR (500 MHz, DM SO-

Polymer IR (cm™) de): & (ppm)

3422, 2460,
1653, 1511,
1401, 1314,
1224, 745.
3311, 3258,
2458, 1674,
1576, 1523,
1341, 1314,

4.34 (s, 4H), 7.16-7.38 (m,
10H), 7.49 (s, 3H), 7.65 (s, 3H),
10.33 (s, 2H).

PPH (4)

4.34 (s, 4H), 7.21 (t, 2H,
J6H2), 7.28 (t, 2H, J=3Hz),
7.46-7.49 (m, 8H), 7.75 (m, 4H),

7.91 (d, 2H, J=6Hz), 8.26 (s,
115%1;103’ 2H), 10.82 (s, 2H).

3305, 2471, 4.29 (s, 4H), 7.10 (b, 3H), 7.20-

1665, 1588,  7.25 (m, 4H), 7.31-7.33 (m, 2H),
PPS(6) 1521,1398, 7.44(d, 2H, J=5Hz), 7.51 (dd,
1319, 1148, 3H, J= 5,10Hz), 7.88-7.94 (m,
835,739.  6H), 10.83 (s, 2H).

4.35 (s, 4H), 7.24 (dd, 2H,
;’f{gf’ fg%’ J=4,10Hz), 7.34 (dd, 2H, J=4,
161> 1073 TH2), 7:427.46 (m, 2H), 7.54 (s
1051 758 6H), 7.91(d, 2H, J=7Hz), 7.95-
» 9% 7,98 (m, 4H), 10.35 (s, 2H).

PIS (5)

PPN (7)

TABLE 4: Thermal propertiesof polyamides.

H C
Polymer T, (°C) Ty’ (°C) Tee’ (o) CNar Yields (%)

550 °C
PPH(4) 230 2% 472 23
PIS(5) 245 314 512 37
PPS(6) 251 323 535 41
PPN (7) 214 286 463 21

TABLE5: Thesolubility of polyamides(4-7).
Polymer® NMP DMAc DMF DMSO m-Cresol THF

PPH (4) ++ ++ ++ ++ + +
PIS (5) ++ ++ ++ ++ + +
PPS (6) ++ ++ ++ ++ + +
PPN(7) ++ ++ ++ ++ + +

(++) Soluble at room temperature; (+) soluble upon heating;
(+) partially soluble; 2Solubility measured at a polymer con-
centration of 0.05 g/ml.
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Figure3: TGA of polyamide (4, PPH).
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CONCLUSION

A novd diacid containing flexiblegroupsinthemain
chain hasbeen synthesi zedin good yiel dsand high purity
from readily availablereagents. A seriesof polyamides
have been prepared from thisdiacid and various aro-
matic diaminesviathedirect phosphorylation polycon-
densation. Theintroduction of unsymmetric bondsinto
the polymer backboneled toimprovement in solubility
of the polymer, because of decreasein the ability for
polymer chainsto pack and reduction of interchaininter-
actions, and thisalso increased Tg of thepolymer asa
result of decreaseinthe segmental mobility duetoflex-
iblegroupsand lessmain chain-main chaininteraction
through H-bonding. Most of these polymersexhibited a
desired combination of propertiesrequiring high-perfor-
mance materid sthat include high therma stability, and
excdlent solubility inorganic solventsfor fabricationand
goplications. Thenanogructureof these polymersshows
thelessinterchaininteractionsand moresolubility.
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