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ABSTRACT

A diamine, 4-(4-phthalimidophenyl)-1,2,4-triazolidyne-3,5-diamine (UD) as
urazolediamine was synthesized in 8 steps from 4-nitrobenzoic acid. The
diamine was characterized using FTIR, *HNMR and melting point. Thenit
was used to prepare novel polyamides. Two novel phthalimide-containing
aromatic—aliphatic polyamides, polyurazolterephtaloyl (PUT) and
polyurazolsebacoyl (PUS), were prepared from the new diamine. Thelow
temperature solution polycondensation of diamine with two aromatic and
aliphatic diacid chlorides afforded diamine-containing polyamides with
inherent viscosities of 0.32 and 0.36 di/g in H,SO, at 25 °C. Polyamides
were generally soluble in a wide variety of different solvents such as
dimethyformamide (DMF), N-Methyl pyrolidone (NMP), tetrachl oroethane
(TCE), dimthylsulfoxide (DMSO) and H,SO,. Thermal analysis showed
that these polyamideswere practically amorphous and exhibited 10% weight
loss at about 250 °C. The glass transition temperatures (Tg) of the poly-
merswereintherange of 144-183 °C. The temperatures at 10% weight loss
(T4, fromtheir thermogravimetric analysis curveswere found to bein the
range of 251-275 °C in nitrogen atmosphere.
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Phthaimide-containing compounds haveattracted
attention of scientistsin different fields*4. In recent
years, theneed for nove polyamideswhich havearo-
matic groupswith improved specific propertiessuch as
high thermal stability and good mechanica properties,
has strongly affected the production strategy of com-
postemateria §°™. Introduction of bulky akyl and aryl

substituentsreduce the hydrogen bonding at theamide
linkage, flexiblelinkage'>1®l, asymmetric/symmetric
bulky unitsinthearometic rings, pendent phenyl group
into the polyami de backbone*”#l, and etc. Aromatic
and aiphatic polyamidesarewel | known as high per-
formance engineering thermoplasticsand have been
widely usedin variousindustries because of their good
thermal stability, chemicd resistance, and mechanical
properties'd. Thermdly stablepolymershaveattracted
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extensveinterestsdueto increasing demandsfor high
temperature polymersasreplacementsfor ceramicsand
metalsin the automotive, aerospace, and microel ec-
tronicsindustries. Aromatic polyamidesare oneof the
most important classesof high performance polymers,
becausethey possessexcellent mechanical properties,
thermal stability, chemical resistance, and low flamma-
bility!?, However, they haveencountered difficultiesin
processing dueto limited solubility in organic solvents
and highglasstrangtion or melting temperatures. These
can beasaresult of chain stiffnessand intermol ecul ar
hydrogen bonding between amide groups?.

Inthisarticle, wereport thesynthesisof polyamides
containing phthalimide group by low temperature solu-
tion polycondensation of diacid chlorides such as
terephtha oyldichloride(TPDC) and sebacoyldichloride
(SCDC) with diamine4-(4-phthalimidophenyl)-1,2,4-
triazolidyne-3,5-diamineasUD. Physical propertiesof
polymersindudinginherent viscosty and solubility, ther-
mal propertiesand dementd andyssared so reported.
Theobjectiveof thispaper istoachievethermdlly stable
polymerswhich benefits advantages of many physical
propertiescompared to conventiond synthesized ther-
mally stablepolymers.

EXPERIMENTAL

Materialsand instruments

4-nitrobenzoic acid, thionylchlorideand other re-
agents and solventswere purchased from Flukaand
used without purification. 'HNMR spectrawere re-
corded on a500 MHz Bruker Advance DRX instru-
ment using DM SO-d, as solvent and tetramehyl silane
asaninternal standard. FTIR spectrawere recorded
using aBruker Vector 22 specterometer on KBr pel-
lets. The CHN- 600 Leco analyzer was used for el-
ementd analysis. Thermal gravimetricanalysis(TGA)
and differentid scanningdorimeter (DSC) andysiswere
performed using Perkin-Elmer Pyrisand Metler Tolledo
822¢, respectively. Inherent viscosity (n, =L /C) of
polymerswere determined for solution of 0.5g/dl in
NMPat 25 °C using an ubbelohde viscometer.

Prepar ation of monomers
4-Nitrobenzoylchloride®
A 100 ml flask was charged with amixture of 4-
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nitrobenzoic acid (5.00g, 29.9 mmol), 5ml thionyl chlo-
rideand 20 ml ethylacetate. Subsequently the mixture
wasdtirred at reflux temperaturefor 2 hoursto obtaina
transparent solution. Next, the additional content of
thionyl chloride and solvent was extracted out of solu-
tion by using distillation and was poured into cold wa-
ter. The yellow powder produced was separated by
filtration. Then theproduct dried in vacuumoven at 50
°C. A purified samplewas obtai ned by recrystallization
from carbontetrachl orideand obtainedina95%yield
(5.439.) withthemelting point of 71-72°C.

IR (KBr): 3100 (m), 1950(m), 1755(s), 1600(s),
1520(s), 1395(s), 1345(s), 1310(s), 1190(s), 1105(s),
1005(m), 890(s), 865(s),830 (s), 755(m), 690(s),
630(s), 550(s) cm™.

4-Nitrobenzoylazide?

A 100 ml flask was charged with 4-
nitrobenzoylchloride (5.43 g, 29.2 mmol) and 10 ml
acetone. Themixturewas subsequently stirred at 5°C
temperature and then added dropwise asolution with
sodiumazide (1.96 g, 30.1 mmol) in 7 ml water for 30
minutes. The solution was stirred for 1 hour and the
whiteprecipitatewasfiltered and dried at air. A purified
samplewas obtainedin a90% yield (4.95 g) with the
melting point of 73-75°C.

IR (KBr): 3100 (m), 2330 (w), 2190(s), 2110 (9),
1960 (w), 1820 (w), 1690 (s), 1600 (s), 1535 (),
1410 (m), 1350 (s), 1320 (m), 1330 (s), 1280 (s),
1105 (s), 990 (s), 870 (m), 840 (s), 705 (s) cn™.
1-Ethoxycar bonyl-4-(4-nitrophenyl) semicar ba-
zidd#

A 250 ml flask was charged with 4-
nitrobenzoylazide (4.00 g, 21 mmol) and 75 ml dried
toluene. The mixturewas subsequently stirred under
N, at reflux temperaturefor 6 hours. The solution was
cooled and filtered. The solution put In Balloon that
cooled and stirred. The solution was cooled at 5 °C
and then charged dropwise with a mixture of
ethylhydrazin carboxilate (ethyl carbazate)(2.70g, 21
mmol) and 40 ml dried toluenein 15 minutes. The solu-
tionwasstirred for 30 minutesinicebed and for 1 hour
at roomtemperature. Thesolution refluxedfor 3 hours
and cooled and thenfiltered and dried a 70°Cfor one
day. A purified sample was obtained in a93% yield
(4.8 g) with the melting point of 219-220°C.
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IR (KBr): 3300 (s, sh), 3150 (m), 3100 (m), 3000
(w), 1700 (s), 1670 (s), 1625 (s), 1580 (s), 1510 (s,
sh), 1410 (m), 1370 (m), 1340(s), 1300 (s), 1240(s),
1175 (m),1110 (m), 1050 (w), 1010 (m), 890 (w), 850
(m), 830 (m), 750 (m), 700 (m), 630 (M) cm'™,
1-Ethoxycar bonyl-4-(4-aminophenyl) semicar ba-
zide?

A 250 ml flask was charged with 1-ethoxycarbonyl-
4-(4-nitrophenyl)semicarbazide (3.04 g, 11.3 mmoal),
SnCl.,.2H,0 (9.73 g, 4.3 mmol) and 15 ml ethanol.
The mixturewas subsequently stirred under N, at re-
flux temperaturefor 4.5 hoursto obtain atransparent
solution. Thesolutionwascooledwithicebed and water
anddtirredfor 15 minutes ThePH of solutionwasraised
to 10 with asolution of sodium hydroxide 30%. The
mixturewasput in 30 ml ethylacetate. Afterward the
white powder wasfiltered and dried at 70 °C for one
day. A purified sample was obtained in a82% yield
(2.2 g) withthem.p. > 340°C.

IR (KBr): 3350 (m), 3250 (m), 3130 (w), 2980
(m), 2900 (m), 1720 (s), 1650 (s), 1600 (m), 1560
(9), 1505 (s), 1305 (m), 1230 (s), 1170 (w), 1090
(w), 1030 (m), 930 (w), 875 (m), 855 (M), 825 (m),
785 (w), 770 (w), 750 (w), 700 (w), 665 (m) cn.
4-(4-aminophenyl)-1,2,4-triazolidyne-3.5-dione
(Urazole)?d

A 100 ml round flask wascharged with puresodium
(0.23g, 10mmol) dissolvedin 14 ml absolute ethanal.
Thesolutionwasunder N,,and added 1-ethoxycarbonyl-
4-(4-aminophenyl)semicarbazide (2 g, 8.4 mmoal). The
mixturewas subsequently stirred under N, at reflux tem-
peraturefor 4.5 hoursand cooled withicebed. Theso-
lutionwasneutraized with HCl 30%. Thewhite product
wasfiltered (1.38 g., 86%) and recrystallized with hot
water and dried. A purified samplewas obtainedin a
86%yidd (1.38 g) withthemelting point 270- 273°C.

IR (KBr): 3430 (m), 3350 (m), 3000-3200 (s, br),
2800 (w), 1770(m), 1720-1640 (s, br), 1615(s), 1515
(9), 1460 (s), 1280 (m), 1220 (m), 1170 (m), 1110
(m), 1030 (w), 925 (w), 820 (m), 780 (s), 760 (s),
660-680 (m, br) cm™.
4-(4-phthalimidophenyl)-1,2,4-triazolidyne-3,5-
dione?

A 25 ml round flask was charged with 4-(4-
Macromolecules « m——

aminophenyl)urazole(0.2 g, 1.04 mmol) and amixture
of solvents, acetic acid/ pyridine(3/2), and anhydride
phthaic (0.15g, 1.04 mmol). Themixturewas subse-
quently stirred at room temperaturefor 2 daystill the
amic acid was produced as awhite precipitate. The
solutionwasstirred at reflux temperaturefor 8 hours
and then filtered and thewhite preci pitatewashed with
ethanol and filtered and dried. Thewhitepurified sample
(1.38g) wasobtainedina76%yield (0.46 g) withthe
melting point of 363 - 365 °C.

IR (KBr): 3200 (w), 3100 (m), 2800 (w), 1760
(w), 1700 (s, br), 1520 (s), 1460 (s), 1380(s), 1290
(m), 1220 (m, sh), 1160 (w), 1120(s),1080 (s), 880
(s), 840 (s), 790 (m, sh), 770 (m), 720 (s), 680 (s),
660(m), 530 (s) cm™.

IH-NMR (DM SO-d6, TMS): § 10.57 (s, 2H, br),
8.00(m, 2H, J=10Hz), 7.93 (m, 2H, J=10Hz), 7.63
(d, 2H, J=10Hz), 7.58 (d, 2H, J=10 HZ).
4-(4-phthalimidophenyl)-1,2,4-triazolidyne-3,5-di-
amine

A 10 ml round flask was charged with 4-(4-
phthalimidophenyl)-1,2,4-triazolidyne-3,5dione
(2.59, 7.7737 mmol), and hexamethylenediisocya-
nate (0.2615 g, 1.555 mmol) and 3 ml dimethlforma-
mide. The mixturewas subsequently stirred at room
temperature for 2 days and the precipitate was ob-
tained inaSolution with low concentration of water/
acid andfiltered and dried. The purified samplewas
obtained in a85% yield with themelting point 124 -
125 °C.

IR (KBr): 3480 (w NH), 3150-3100 (s, br NH2),
1720 (s, br, C=0), 1577(w), 1520 (s), 1500(m,
br),1423 (s), 1250 (m), 1145 (m), 764(m), 737(m),
715-686 (s, sh), 639 (w), 432 (m) cm™,

Prepar ation of polyamides
Polyur azoleter ephthalte (PUT)

A typical procedurefor the preparation of polya
mides is given in Scheme 2. A two-necked flask
equipped with adropping funnd and gasinlet tubewas
charged with amixture of 4-(4-phthalimidophenyl)-
1,2,4-triazolidyne-3,5-diamine (1.012 g, 2 mmoal), 20
ml dimethylformamide(DMF) andtriethylamine (0.8ml).
Terephtha oyledichloride (TPDC) (0.406gr, 2 mmol)
dissolved in 20 ml DMF was added dropwiseto the
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stirred solution at 0°C under N, Themixturewassub-
sequently stirred at ambient temperaturefor 5 hours
under N, and then pouredinto cold water. Theyellow
solid product was separated by filtration and washed
withNaHCO, solution. Thenthered solid product dried
invacuum oven at 70 °C. A purified samplewas ob-
tained by soxhlet from methanol for 24hours.

IR(cm?) 3247(NH), 1655(C=0), 1608(C=N),
and'HNMR (DM SO-d,): 3(ppm), 10.45-11.52(4H,
NH), 7.2-7.9(12H, phenyl), 1.1-1.3(24H, diphatic).

Thepolyurazolesebasate (PUS)
This was a so prepared by the same mentioned

—= Pyl] Peper

procedure using different acid chlorides such as
sebacoyledichloride.

IR(cmt) 3242(NH), 1686(C=0), 1608(C=N),
and '"HNMR (DMSO-d,): 8(ppm), 11.95(2H, NH),
10.45(2H, NH), 7.3-7.5(8H, phenyl), 2.8-2.9(16H,
diphatic), 1.2-1.6(24H, aiphatic).

RESULTSAND DISCUSSION
Themonomer, urazolediamine (UD), wasprepared

according tothe proceduresgivenintheliterature. The
chemical structureof UD isshownin Scheme1.

Ox /OH Ox ,CI SRS /Na 1) A, Toluene P| 8
NH—C—NH—NH—C—OCH,CHg
SOC|2 NaN3 2) H2NHNC02Et
KOH 4M
EtOAc HZO/Acetone >
H, H, H
N_ SNnCl,.2H,0 I I NN
n
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AN I d
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-2 CO,
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Schemel: The8step procedurefor theprepar ation of thediamine,

Theregionsof the IR spectraof dione(ref.22) are
of particular interest, the 3200 (w), 3100 (m), 2800
(w), 1760 (w), 1700 (s, br), 1520(s), 1460(s), 1380(9),
1290 (m), 1220 (m, sh), 1160 (w), 1120(s),1080 (s),

880 (), 840 (s), 790 (m, sh), 770 (m), 720 (s), 680

(s), 660(m), 530 (s) cm and NMR data of dionein
Figure 1 with'H-NMR (DM SO-d6, TMS): 8 57/10
(s,2H, br), 00/8 (m, 2H, =10 Hz), 93/7 (m, 2H, J=10
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Hz), 63/7 (d, 2H, J=10 Hz), 58/7 (d, 2H, J=10 Hz).

F|gure1 1H NMR of dlonelzzl

Theregionsof thelR spectraof UD inFigure2 are
of particular interest, IR (KBr): 3480 (w NH), 3150-
3100 (s, br NH2), 1720 (s, br, C=0), 1577(w), 1520
(9), 1500(m, br),1423(s), 1250 (m), 1145 (m), 764(m),
737(m), 715 - 686 (s, sh), 639 (w), 432 (m) cn™.

ol |
A
il HMN
! 1

Figure2: IR of diamine

Thepolyamides (PUT, PUS) were synthesi zed by
direct polycondensation of aromatic and aliphatic
diacidchloridesin Scheme2with UD usingtriethylamine
as catalyst. The reactions were carried out in DMF
solution of thediacidchlorideand UD inanitrogen at-
mosphere at room temperature.

The polymeri zations proceeded in homogeneous
solution and theyields of the polyamideswere quan-
titative. The elemental analysisvalues of the polya-
mides, TABLE 1, weregenerally in good agreement
with the cal culated val ues of proposed structures.
Asrepresentative example, the complete elemental
analysisof PUT wasasfollows: C, 62.7% (62.1%

Macromolecules « —

00

H2N=(CH,)g—HN—C=N—N-CO-NH—(CHp)s—NH,

(ix
)r

N O

+ CIOC—R—COC| —>»

0
C—N—N-CO-NH=(CH,)s-NH-

oA\ Ao "

Scheme 2 : Thetypical procedurefor the preparation of
polyamides.

calculated); H, 5.6% (6.1%); N, 15.8% (15.5%).
The polyamides were a so characterized by IR and
NMR spectrometers.

Theamidic protonat ca 11.95 and 10.45 ppmin
theHNMR spectraof PUSin Figure 3 confirmed the
amidic structureof polymers.

Thelimiting viscosty number [n] of polyamides was
determined for extracted and dried polymersinH,SO,,
depending on the solubility of the polyamide. For the
sameor Smilar typeof linear polymersthe[n] value is
proportional to themolecular mass. Theinherent vis-
cositiesof polyamides (PUT, PUS), obtainedinH,SO,
wereintherange of 0.32-0.36 dl/g that revealed rea-
sonablemolecular weights.

One of themajor objectivesof thisstudy was pro-
ducing modified polyamideswithimproved solubility.
Thesolubility of these polyamideswas determined for
the powdery samplesin excess solventsand theresults
arelistedinTABLE 2.

All the polyamideswerereadily solublein com-
mon polar aprotic solventswithout need for heating.
Also, by heating they were solublein alessefficient
solvent such as THF. The good solubility behavior of
most prepared polyamides can be explained through
the enhancement of solubility induced by the side
phthalimide groups of the diamine moiety. Thether-

oc R—=OC—HN~-(CH,)g—HN-

R: _©_ —(CHz)g—

PUT
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TABLE 1: Spectradata, elemental analysisresultsof polyamides.

Elemental analysis
Substrate IR (KBr,cm_1) NMR (DM SO-d6, 8, ppm) Calc. Found

C H N C H N

3247(NH), 11.52(2H, NH), 10.45(2H, NH),
1655(C=0), 1608(C=N)  7.2-7.9(12H, phenyl), 1.1-1.3(24H, diphatic)
) 11.95(2H, NH), 10.45(2H, NH),
16'8Fé(c'"ﬂl) 3242(NH), 7.3-7.5(8H,(phenyl),)2.8-2.9216H, ali)phatic), 632 65 149 629 69 15.1
(C=0), 1608(C=N) 1.2-1,6(24H, liphatic).
mal behavior of polyamideswas studied by DSC and
TGA. Thermal propertiesof the prepared polyamides
were eval uated by means of DSC and TGA. Repre-
1 sentative DSC thermograms are shownin Figures 4,
u\ 5for polyamides.
Thefirst DSC scan up to 300 °C showed exother-

PUT 62.1 6.1 155 62.7 56 158

PUS

104881

mic peek at 144 °C and 183 °C as glass transition tem-

N‘J ‘\* JJ JJ\ peraturefor PUT and PUS respectively which disap-

‘ J . peared completely in the second DSC scan. The DSC

il o curves of Polyamides (PUT, PUS) were shown the

T 1 g 76 15 74 melting point of these polymersat 242 °C and 259 °C

l respectively which appeared in the second DSC scan.

I JK bW N —— Thethermd stability of polyamideswasdso evau-

ated by TGA. Thetemperatures of the 10% and 50%

T welght lossand the remained polyamidesat 600 °C in
Figure3: 'HNMR of PUS nitrogen atmosphereweregivenin TABLE 3.

TABLE 2: Solubility of polyamides.

Polym.code NMP DMF DMSO TCE THF H2SO, HMPA DMAC Aceton Ethanol Methanol CHCI;
PUT + + + + + + + + + - - +
PUS + + + + + + + + + - - +

(1) Soluble (+), partially soluble (+), insoluble (-); (2) Solubility tested with 0.5 g of polymer in 100 ml of solvent; (3) NMP = N-
methylpyrolidone, DMF = dimethylformamide, DM SO = dimetylsolfoxide, TCE = tetrachloroethane, Py = pyridine, THF =
tetrahydrofurane, HM PA = hexamethylenphosphoramide, DMAC = dimethylacetamide

20

104 /ls’r Scan

Q 2 T
5 1st Scan 2nd Scan

Heat Flow Endo Up { mW)
Heat Flow Endo Up { mW )

2nd Scan
s

T T T T T T T T T T T T
1} a0 100 150 200 250 300 350 0 50 100 150 200 250 300 350

Temp.(°C) Temp.(°C)
Figure4: DSC of PUT (Run 1,2) Figure5: DSC of PUS(Run 1,2)
The representative TGA curves of two PAs are lossof polymerswasin temperature range up to 380
showninFigure®6. °C. The polyamides (PUT, PUS) remained 14.5% and

Thepolymerswerestableupto 200 °C in nitrogen  6.5% of the original weight at 600 °C in nitrogen in
and show almost the same stability. The 50% weight  comparisonwith their aromeatic and aiphatic structures.
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TABLE 3: Thermal analysis, viscosity and yield of the
polyamides.

Compound TaTa Tiw Tswe %Ch. minn  Yield
code 9 'm C) CC)F Y0 (dlg)® (%)
PUT 144 242 275 380 145 032 94
PUS 183 259 251 415 65 036 95

afrom DSC curves, "10% weight loss; ©50% weight loss; Char
yield percent at 600 °C, obtained from TGA; *M easured inH,SO,
at 25 °C (C=0.5 g/dl).

Wl 08) —— —— =
8 & 8 8 3 B 8 8

]

Figure6: TGA of PAs

CONCLUSION

Two polyamides, containing phthaimidegroupwere
prepared fromthereaction of two diacid chlorideswith
adiamineasurazolediamine (UD). Themolar ratio of
diacid chloridetothediaminewas 2:2 and thereaction
wascarried out at ambient temperaturefor 5 hoursun-
der N, atmosphere. The polyamideswerefully charac-
terized and their thermal propertieswerestudied. The
introduction of phthalimidependant groupsin structure
of thediamineresulted in amorphous polyamideswith
very good solubility in aprotic solventssuchasDMF
(dueto presence of thesegroupsin polymer structure).

REFERENCES

[1] H.Huang, M.Zhu, F.Yang, Y.Chen, Z.H.Miao,
X.H.Qian, Y.F.Xu, Y.X.Qin, H.B.Luo, X.Shen,
M.Y.Geng, Y.J.Cai, J.Ding; Mol.Cancer Ther., 6,
484-495 (2007).

L.M.Lima, PCastro, A.L.Machado, C.A.M.Fraga,
C.Lugnier, V.L.Gde Moraes, E.Barreiro; Bioorg.
Med.Chem., 10, 3067-3073 (2002).
A.L.Machado, L.M.Lima, JX.Araujo, C.A.M.Fraga,
V.L.GKoatz, E.J.Barreiro; Bioorg.Med.Chem.
Lett., 15, 1169-1172 (2005).

[4] C.Shinji, T.Nakamura, S.Maeda, M.Yoshida,

[2]

[3]

Y.Hashimoto, H.Miyachi; Bioorg.Med.Chem.Lett.,
15, 4427-4431 (2005).

[5] T.Noguchi-Yachide, A.Aoyama, M.Makishima,
H.Miyachi, Y.Hashimoto, X.Liver; Bioorg.Med.
Chem.Lett., 17, 3957-3961 (2007).

[6] M.L.Lima, F.C.F.de Brito, S.D.de Souza,
A.L.PMiranda, C.R.Rodrigues, C.A.M.Fraga,
E.J.Barreiro; Bioorg.Med.Chem.Lett., 12, 1533-
1535 (2002).

[7] T.Noguchi, H.Fujimoto, H.Sano, A.Miyajima,
H.Miyachi, Y.Hashimoto; Bioorg.Med.Chem.Lett.,
15, 5509-5513 (2005).

[8] N.J.Lee, I.C.Jeong, M.Y.Cho, C.W.Jeon, B.C.Yun,
Y.0.Kim, S H.Kim, I.Chung; Eur.Polym.J., 42,
3352-3359 (2006).

[9] C.Feger, M.M.Khojasteh, M.S.Htoo; Lancaster, 56-
108 (1993).

[10] M.JM.Abadie, B.Sillion; Polyimidesand Oder High-
Temperature Polymers, Elsevier, Amsterdam, 215-
232 (1991).

[11] K.L.Mittal; Polyimide, Synthesis, Characterization
andApplication, Plemnum, New York, 1& 2,1 (1984).

[12] C.Feger, M.M.Khojasteh, J.E.McGrath; Polyimides,
Chemistry and Characterization, Elsevier,
Amsterdam, 695-703 (1989).

[13] D.Wilson, H.D.Senzenberger, PM.Hergenrother;
Polyimideswith Pendent Ethynyl Groups, Polyimides,
Black and Son, Glasgow, 416-534 (1990).

[14] M.K.Ghosh, K.L.Mittal; Polyimides: Fundamentals
andApplications, Dekker, New York, 759-814 (1996).

[15] J.J.Preston; Polym.Sci., A, 4, 529-539 (1966).

[16] J.Preston; Polyamides Aromatic. Encyclopedia of
Polymer Scienceand Engineering, New York: Wiley,
11, 381-396 (1988).

[17] M.Takayanagi, T.J.Katayose; Polym.Sci., Part A:
Polym.Chem., Ed., 19, 1133-1145 (1981).

[18] B.Reck, H.Ringsdorf; Makromol.Chem.Rapid
Commun., 7, 389-396 (1986).

[19] H.Ringsdorf, P.Tshirner, O.H.Schonherv,
T.H.Wendroff; Makromol.Chem., 188, 1431-1438
(1987).

[20] PE.Cassidy; Thermally Stable Polymers. Synthe-
sis and Propertie. Marcel Dekker, New York, 99-
129 (1980).

[21] A.H.Frazer; High Temperature Resi stant Polymers.
Polymer Reviews, New York, Interscience, 17, 159-
175 (1968).

[22] E.Shadpour-Mallakpour, H.Nasr-Isfahani; Indian
J.of Chemistry, 41B, 169-175 (2002).

Macromolecules « —
ﬂuVWMW



