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ABSTRACT

A new-type of sulfide containing diacid (2,2'-thiobis (1-naphthoxy acetic
acid)) (NA) was synthesized from 1-naphthol in three steps. The obtained
diacid (NA) was used to prepare novel thermally stable poly (sulfide ether
amide)s via polyphosphorylation reaction. The properties of these new
polyamides were investigated. These polyamides showed inherent vis-
cositiesintherange of 0.47-0.59 dL g* in N,N-dimethylsulfoxide (DM SO)
at 30°C and at aconcentration of 0.5 g dL*. All the polyamideswere readily
soluble in avariety of polar solvents and showed thermal resistance. The
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morphology of polymers shows nanoparticles and nanostructures.
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INTRODUCTION

Aromatic polyamideshave good thermal stability,
high chemica res stance, and excedllent mechanicd prop-
ertiesthat make them important candidatesfor appli-
cationsin many areas of scienceand technology™!.
However, someof disadvantages such as poor sol ubil-
ity and high melting point makeall of these polymers
difficult to processand application. Thereasonsfor these
propertiesarestronginterchain interactions, high sym-
metric unitsand chainsand thusmacromolecular rigid-
ity and semicrystallinity. A large number of researches

were performed to prepare polyamideswith substitu-
entsgtructurd irregularitiestominimizecrygdlinity, chain
symmetric and macromolecular rigidity and improve
solubility without compromising their other desired prop-
erties. Theseeffortsincludeintroducing flexibleandir-
regular segmentsinto the polymer chain®>!, replacing
symmetrica aromatic ringsand substituentsby unsym-
metrical ones™®, introducing bulky and diphétic pen-
dant groupsto minimizeinterchain forcesandinterac-
tions and thus, preparation of apolyamidewith low
crystallization properties's"l, and asaresults synthe-
sisof apolyamide with non-coplanar structure®-231,
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Generdly, oneimportant gpproach to increasethe solu-
bility and processability of polyamideswithout sacrific-
ingtheir highthermd stability istheintroduction of large
and nonpolar pendant groupsinto polymer backbone.

Insertion of flexiblelinkages and groupsinto the
polymer main chain (e.g.-S-, -SO-,—O— and —SO2—
) lowersthe segmentd rotational barrier and increase
the degree of conformationa freedom, thustheglass
transition temperature (Tg) and crystallinity werere-
duced and sol ubility and processability wereincreased.
Theintroduction of polyalicyclic aromatic unitssuch as
naphthal eneinto the polymer backbonewould facili-
tatelesspolymer-polymer chaininteraction andincrease
the solubility of polymer. Naphthaleneisabulky and
rigid structurewhich a so hashigh heat resi stance®2,
Incorporation of naphthal ene group may disrupt and
reduced the crystal packing, reducing interchain inter-
actionsand improving solubility of the polyamide?®!,
Poly (phenylene sulfide)s (PPS) are classified as
processable thermoplastic with flame-resistance char-
acterl?, Asaresult, insertion of sulfidein the polymer
backbone enhancesthe processability, thermd stability
and solubility of resulting polymers®.

In continuation of our researchesonthesynthesis
of new polyamides?, in thisresearch, new high ther-
mal res stance polyamidesbearing sulfideand ngphtha:
lene unitsin the pol yamide backbonewere prepared™,
we proposed improved solubility together with retained
high thermd stability could be achieved by introduction
of bulky naphthal eneringswith bridged sulfide group.
The present study describesthe synthesisof new ether
diacid monomer and itsderived polyamides. The ob-
tained diacid wasreacted with aromatic diaminesvia
phosphorylation polycondensation reaction to synthe-
sizenovd thermdly stablepoly (sulfide-ether-amide).
The surface morphol ogy of polymerswas evaluated
usi ng scanning el ectron microscopy and their SEM im-
ageswere showed the nanoparticleand nanostructures.

EXPERIMENTAL

Thereactionsfor the synthesis of monomer were
carried out inan 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)
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werepurified by distillation under reduced pressureover
cacium hydrideand stored over 4A° molecular sieves.
Triphenyl phosphite(TPP, Merck) waspurified by frac-
tiona ditillation under vacuum. Reagent gradearomatic
diamines (Aldrich) including 1,5-diaminonaphthaene
(DAN) and 3,3’-diaminodiphenylsulfonewererecrys-
talized fromethanal. 4,4'-Oxydianiline (ODA) and p-
phenylenediamine (PPD) were purified by sublimation.
Themdting points (uncorrected) were measured with
aBarnstead El ectrotherma engineering LTD 9100 ap-
paratus. Elemental andysiswasperformed by aCHN-
O- Rapid Heraeuselementd analyzer. IR spectrawere
recorded in potass um bromide pdletsonaPerkin Elmer
843, the 'H NMR and *C NMR spectra were ob-
tained using BRUKER AVANCE DPX 300 MHz ap-
paratus and mass spectrawere obtai ned with Shimadzu
GC-MS-QP 1100 EX model. Scanning electron mi-
crograph (SEM) imageswereobtained usingaXL30
(Philips) gpparatus. TheMicroSYNTH system of Mile-
gonewhichisamulti-mode platform and equipped with
amagnetic stirring plate was used for the microwave
synthesis. Inherent viscosities (n, , =Innr/c ata con-
centration of 0.5 g dL!) were measured with an
Ubbel ohde suspended-level viscometer at 30°C using
DM SO assolvent. Thermogravimetricandysis(TGA)
wererecorded onaV 5.1A DuPont 2000 system un-
der argon atmosphereat aheating rate of 10°C Min.?,
and differentia scanning calorimetry (DSC) recorded
onaV 4.0B DuPont 2000 system under argon atmo-
sphere at aheating rate of 10 °C Min. ™.

Synthesisof 2,2’-thiobis-(1-naphthoxy acetic acid)
(4,NA)

Intoa250 mL sngle-necked flask containing metha-
nol (20 mL), water (40 ml) and diester (3, 2 mmol,
0.924 g)BY at 25 °C, sodium hydroxide pellets (8.5
mmol, 0.34 g) wereadded, and the mixturewas stirred
a roomtemperature. After 24 h, thereactionwascom-
pleted (monitored by TLC), water (30 ml) wasadded
and acidifiedwith HCI (10%). Theresulting white pre-
cipitate was coll ected, washed with water and dried.
Pure4 (NA) wasobtained after recrystallization from
ethanol, with melting point of 254-255°C. IR (KBr):
3450, 3125, 2921, 2470, 1720, 1420, 1223, 800 cm!;
'HNMR (500 MHz, DM SO-d,) 5: 4.84 (s, 4H), 7.27
(d,J=9.5Hz, 2H), 7.29 (d, J=4Hz, 2H), 7.37 (t, J=
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7.5Hz, 2H), 7.76 (d, J=8Hz, 2H), 7.84 (d, J= 9.5Hz,
2H), 8.51 (d, J = 8.5Hz, 2H), 13.10-13.14 (b, 2H)
ppm, *C NMR (500 MHz, DMSO-d,) &: 171.17,
157.08, 135.49, 130.85, 130.17, 129.05, 127.83,
126.17,124.66, 117.79, 115.15, 66.45 ppm; Elemen-
tal analysis calculated for C H..O.S: C, 66.35; H,

24" 1876

4.18. Found: C, 66.32; H, 4.16.
Synthesisof polyamides

Polyamideswere synthes zed through the phospho-
rylation reaction of 2,2’-thiobis-(1-naphthoxy acetic

OH OH OH
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Schemel: Synthesisof diacid (4, NA).
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Figurel: IR spectrum of diacid (4, NA).
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acid) (4, NA) with aseries of diaminesasshownin
Scheme 2. A typical example for the preparation of
polyamidesisgiven. A mixtureof 4 (1 mmol, 0.434g),
p-phenylenediamine (1 mmol, 0.11 g), 0.3gof CaCl,,
0.6 mL of TPP, 0.5 mL of pyridine, and 4 mL of NMP
were added to the tube and irradiated under micro-
wavein 600W for 9 Min. (3x3 Min.) and the rest time
of 10Min. (2x5 Min.). After cooling to room tempera-
ture, aviscose reaction mixture was obtained and the
polymer affordedinamost quantitetiveyield after puri-
fication. Spectral data, thermad properties, viscosity and
solubility of these polyamideswerereportedin thefol -
lowingtablesand figures.

RESULTSAND DISCUSSION

A new diacid wassynthesized accordingto thesyn

OOH HO_ O
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Scheme 2 : Synthesisof polyamides.
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Figure2: IR spectrum of 5 (NAPH).
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TABLE 1: Inherent viscosity and theyieldsof polyamides.
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TABLE 2: Elemental analysesof polymers.

Polymer Yield (%) nInh (g/dL)? Elemental Analysis
NAPH (5) 96 0.51 Polymer Formula Calculated (%) Found (%)
NAPE (6) 91 0.47 C H N C H N
NAPN (7) 97 0.57 5  CyHzN,0,S 7113 438 553 71.19 435 556
NAMS (8) 96 0.59 6 CyHxN:OsS 72.22 4.38 4.68 7231 433 475
aMeasured at a polymer concentration of 0.5 g/dL in DM SO ! CaH2N-O,S - 73.36 4.35 5.03 7343 4.39 511
solvent at 30 °C. 8  CaHxN,0sS, 63.71 3.86 4.13 63.75 3.82 4.16

TABLE 3: Spectral dataof polymers

Polymer IR (cm™) "H NMR (500 M Hz, DM SO-dg): 6 (ppm)
3292, 3053, 2361,  4.58(s, 4H), 7.23-7.28 (m, 2H), 7.36-7.40 (d, J= 7 Hz, 2H), 7.65 (d, J=8.5Hz, 2H),
NAPH (5) 1677, 1516, 1263, 7.67 (d, =7.6Hz, 2H), 7.84 (t, J=7.6Hz, 2H), 8.11 (t, J=8.5Hz, 2H),
804. 8.34 (d, J=9Hz, 2H), 8.79 (d, J=9.1Hz, 2H), 9.83 (s, 2H)
3380, 2972, 2 468, 4.77 (s, 4H), 6.92-6.95 (m, 4H), 7.28-7.32 (b, 24H), 7.34-7.43 (m, 4H),
NAPE (6) 1685, 1498, 1218, 7.54-7.58 (m, 4H), 7.78-7.80 (b, 2H), 7.85-7.87 (b, 2H), 8.50-8.53 (b, 2H),
1072, 748. 10.01 (s, 2H).
3356, 3271, 2429, 4.95 (s, 4H), 7.18-7.21 (m, 2H), 7.28-7.32 (m, 3H), 7.46-7.55 (m, 4H),
NAPN (7) 1672, 1617, 1049, 7.66-7.69 (m, 2H), 7.78-7.82 (m, 3H), 7.85-7.92 (m, 4H),
788. 8.51-8.53 (m, 2H), 9.91 (s, 2H).
3386, 3089, 2477, 4.66 (s, 4H), 7.15-7.19 (m, 2H), 7.25-7.35 (m, 4H), 7.45-7.52 (m, 2H),
NAMS (8) 1719, 1608, 1153, 7.55-7.59 (m, 2H), 7.61-7.74 (m, 3H), 7.75-7.78 (m, 3H), 8.24 (s, 2H),

725, 809.

8.54 (d, J=8.5Hz, 2H), 10.32 (s, 2H).

thetic procedure shown in Scheme 1. Thereaction of
1-naphthol and sulfur dichloride afforded adinaphthol
(2) according to reported procedures®. Thereactions
of alkoxides and akyl halides are well known as
Williamson’s reaction as a classical but convenient syn-
thetic method for preparation of ethers. Thisreaction
was applied for the synthesis of diester (3) from the
reaction of dinaphthol (2) and methylchloroacetatein
nucleophilic conditions®). Thediacid compound (4)
was synthesized by hydrolysisof diester (3) inbasic
condition using methanol and KOH (10%) & roomtem-
perature. Thestructure of diacid monomer was con-
firmed by FTIR, *H and BC-NMR, Mass spectros-
copy and elementa analysis(Figure 1.FTIR).
Theobjectiveof this study wasthe preparation of
novel thermally stable polyamidesunder microwaveir-
radiation andimprovement of their solubility. Four new
polyamidescontaining thiodi (1-hydroxy naphtha ene)
groupswere prepared from the reaction between di-
acid monomer (4) and variouscommercidly available
diamines, such as 1,4-phenylene diamine, 4,4’-
diaminodiphenylether, 1,5-diaminonaphthalene and
3,3’-diaminodiphenylsulfone by direct polycondensa-
tion reaction using triphenyl phosphiteand pyridineas
condensing reagents(Yamazaki reaction conditions)i3,
inthe presence of N-methylpyrolidinone (NMP) and
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calcium chloride (CaCl,) under microwaveirradiation
asshownin Scheme2. Theinherent viscosities of the
polyamides were in the range of 0.47-0.59 dL/g
(TABLE 1). Astheinherent viscosity isagood crite-
rion for estimation of molecular weight, the prepared
polyamides shoul d have medium mol ecular weights.
FTIR spectrum of arepresentative polymer, 5 (NAPH),
isshown in Figure 2 and the FTIR data of polymers
appeared in TABLE 3. Theelementd analysisvalues
were in good agreement with the calculated ones
(TABLE 2). Thefurther resultsfrom *H-NMR spec-
troscopy demonstrated that the polyamides havethe
expected chemicd structures(TABLE 3).
Thesolubility behavior of the new polyamideswas
determined at concentration of 5% (W/V) inanumber
of solvents, and theresults are tabulated in TABLE
5.Almost all prepared polyamides exhibited excel lent
solubility in polar aprotic solvents such as N-
methylpyrolidinone (NMP), N,N-dimethylacetamide
(DMAC), N,N-dimethylformamide (DMF), dimethyl
sulfoxide (DM SO) and eveninlesspolar solventslike
Tetrahhydrofuran (THF). Thegood solubility should be
theresult of theintroduction of the bulky naphthalene
groupsin polymer backboneand thus, weeker interchain
hydrogen bonding and interactions and thuslesscrys-
tdlinity. Thebulky and flexiblegroupsincreasethechan
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distance and decreasethe chain interactions, inhibit the
chain packing; consequently, thesolventsmoleculesare
able to penetrate easily and interact with the polar
groupsof polymer chainsand to solubilizethe polymer
chains. The nanostructure of the polyamideswasalso
reflecting their good organosol ubility. Webeieve, how-
ever, that the nanostructure of polymersincreasesthe
interaction of solventsand polymer chainsand thusim-
provethesolubility of polyamides.

DSC and TGA methods applied to evaluate the
thermal propertiesof the polyamides. Thermal analy-
sisdatafrom the TGA and DSC curvesof the polya-
midesare summarized in TABLE 4. The polyamides
showed Tgintherange of 161-232 °C under argon
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Figure3: TGA of polyamide(5).
TABLE 4: Thermal propertiesof polyamides.

a b . c

Payme o8 08 68 Gk emoc
NAPH(5) 199 287 321 34
NAPE(6) 161 212 309 13
NAPN (7) 208 276 325 26
NAMS(8) 232 262 332 19

aTemperature of 10% weight loss determined in argon atmo-
sphere, "Temperature of 50% weight loss determined in argon
atmosphere, cChar yield calculated as the percentage of solid
residue after heating from room temperature to 580 °C under
argon.

TABLE5: Thesolubility of polyamides(5-8).

Polymer®* NMP DMAc DMSO DMF THF
NAPH (5) ++ ++ ++ ++ +
NAPE (6) ++ ++ ++ ++ +
NAPN (7) ++ ++ ++ ++ +
NAMS (8) ++ ++ ++ ++ +

(++) Soluble at room temperature; (+) soluble upon heating;
() partially soluble;

(-) insoluble; 2Solubility measured at a polymer concentra-
tion of 0.05 g/ml

== Full Paper

atmosphere. As we expected, the Tg values of the
polyamides showed dependence on the structure of
the diamines component and decreased with increas-
ingflexibility of the polyamidesbackbone. It isevident
that ether group in diaminestructure, facilitating bond
rotation, reduced Tg. Among al thesynthesized polya
mides, 8 based on the3,3’-diaminodiphenyl sulfone
showed the highest Tg value because of the highest
rigidity, whichinhibited the molecular motion. Therma
stability of polyamideswasevaluated by TGA inar-
gon atmosphere at a heating rate of 10 °C /min. Be-
causethepolyamidesare hygroscopic materias, asmal
weight 10ss (1-2%) is recorded between 90 and 210
°C due to loss of moisture. The temperatures of 10%
weight losswerein therange of 212287 °C and the
temperatures of 50% weight loss arein the range of
309-332 °C. In addition, the residual weight reten-
tionsat 550 °C for the resulting polyamides were in
therangeof 13-34%. The TGA curve for one polya-
mide (5) isshown in Figure 3. To compare thermal
behavior, the polyamides8 and 6 havethe highest and
thelowest thermal stability, whichisdueto thepres-
enceof rigid diphenylsulfoneand flexiblediphenyl ether
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Fi.gure4: SEM imageof 5.
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Figure5: SEM imageof 6.
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Figure7: SEM imageof 8.

The surface morphol ogy of polymers (precipitated
inmethanol) were studied using scanning el ectron mi-
croscopy (SEM) images, and showed thenanoparticles
and nanostructures (Figures4,5,6 and 7).

CONCLUSION

A novd diacid based on thedingphthosulfide struc-
turehasbeen synthesized in good yieldsand high purity
fromreadily available reagentsand in reliable condi-
tions. A series of polyamideshave been prepared from
thisdiacid and variousaromatic diaminesviathedirect
phosphorylation polycondensation. Theintroduction of
thedinaphthosulfide group into the polymer backbone
leadsto significantly improved solubility of the polymer
invariousorganic solvents. Most of these polymersex-
hibited adesired combination of properties, such as
highthermd stability and excdllent solubility inorganic
solvents, required for high-performance materials.
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