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ABSTRACT

A series of novel polyamides containing triaryl imidazole pendent group
was successfully synthesized by direct polycondensation of a new diamine
monomer, N-(4-(4-(4,5-diphenyl-1H-imidazol e-2-yl) phenoxy) phenyl)-3,5-
diaminobenzamide (DIDA), with various aromatic and aiphatic dicarboxylic
diacids. These polyamides were characterized by elemental analysis, FT-IR
and *H NMR spectroscopy techniques, and their physical properties such
as solubility, viscosity, and thermal propertiesby meansof differential scan-
ning cal orimetry (DSC), dynamic mechanical thermal analysis(DMTA), and
thermogravimetric analysis(TGA) wereinvestigated. These polyamideswith
inherent viscositiesof 0.37 t0 0.51 dL/g werereadily solublein many organic
solvents and gave tough and flexible films by solution casting. These polya-
mides exhibited glasstransition temperatures (Tgs) between 194 and 296°C,
and their initial decomposition temperature varied from 250 to 380°C and for
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atotal weight lossof 10% (T, ) from 360°C to 510°Cin nitrogen.
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INTRODUCTION

Arométic polyamidesaredifficult to processashigh
performance polymersdueto their high softening tem-
peraturesand/or insolubility in most organic solvents®
3. Therehasbeen, therefore, anincreased interest in
the preparation of polyamideswith different substitu-
ents or structural irregularities to improve their
processability without compromisingtheir other desired
properties. Different approaches such asintroducing
flexible and mixed linkages such as-O-, -S-, CO-, -
SO,-, -C(CF,).- into the polymer chain'*#, replacing
symmetrica aromatic ringsby theunsymmetrica ones®

12 introducing noncoplanar and dicyclic monomersinto
the polymerization systemi*%3, weretaken by there-
searcherstoimprovethesolubility of polyamidesinor-
ganic solvents. Generally, one of the successful ap-
proachestoincreasethesolubility and processability of
polymerswithout sacrificing highthermd stability isthe
introduction of bulky pendent groupsinto polymer back-
bone!¢23, On the other hand, somereports have con-
cerned theincorporation of imidazole and itsderiva
tivesinto polymeric frameworks?24, Therigidity, sym-
metry and aromaticity of theimidazolering would con-
tribute to thetherma and chemical stability and reten-
tion of mechanical propertiesof theresulting polymer
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Schemel: Syntheticroutetothetarget diaminemonomer (DIDA)

at elevated temperatures, in addition, increased polar-
izability resulting from the nitrogen atominimidazole
ringimprovesthe solubility of the polymer in organic
solvents®!. Moreover, lophine, 2,4,5-triphjenylimi-
dazole, and itsderivatives are well-known potential
chemiluminescence compounds and have significant
analytica applicationsutilizing their fluorescenceand
chemiluminescence properties®27,

Our synthetic research effort was directed towards
structural modifications designed to disturb regularity
and chain packing, thus providing better process abil -
ity to the polymers. The present investigation deals
with the synthesisand characterization of five polya

midesfrom direct polycondensation of anew diamine
monomer, N-(4-(4-(4,5-diphenyl-1H-imidazol e-2-
yl)phenoxy)phenyl)-3,5-diaminobenzamide (DIDA),
and variousaiphatic and aromatic dicarboxylic acids.
These polyamides contain bulky triaryl imidazole pen-
dent groupswith flexible aryl-ether and amidelink-
agesthat createfunctionalitiesto thesidechainwhich
impart their propertiesto the polymers. The synthe-
sized polyamides have been characterized by means
of elemental analysis, FT-IR and *H NMR spectros-
copy and tested for different physical properties such
as measurements of viscosity, solubility, and thermal
Sability.
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Scheme2: Synthesisof the polyamides

EXPERIMENTAL

M aterialsand measurements

All materials and solventswere purchased either
from Merck or from Fluka Chemical Co. Benzil, 4-
hydroxybenza dehyde, 3,5-dinitrobenzoylchloride, am-
monium acetate, p-fluoronitrobenzene, hydrazinemono-
hydrate, Pd/C, potassium carbonate, triphenyl phos-
phite(TPP), triethylamine (NE,), aceticanhydride, and
reagent-grade aromatic dicarboxylic acidssuch aspy-
ridine-2,6-dicarboxylic acid (PDA), terephthaic acid
(TPA), isophthaicacid (IPA), sebacic acid (SA), adi-
picacid (AA), and solventssuchasDMF, DM SO, m-
cresol, ethanol, methanol, acetone, hexamethyl phos-
phoramide (HMPA) and tetrahydrofuran (THF) were
used without further purification. N-methyl-2-
pyrrolidone (NMP), N, N-dimethylacetamide (DMAC),
and pyridinewerepurified by distillation over cacium
hydride under reduced pressure. LiCl and CaCl,, were
dried at 180 °C in vacuum for 14 h.

FT-IR measurementswere performed on aBruker-
IFS 48 spectrometer (Ettlingen, Germany). *H NMR
and 2C NMR spectrawererecorded in dimethyl sul-
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foxide-d, (DM SO-d,) solution using aBruker Avance
500 MHzingrument (Germany). Elementd andysiswas
performed by a CHN Rapid Heraeus elemental ana-
lyzer (Welledey, MA). Differential scanning cal orim-
etry (DSC) and thermogravimetric (TGA) analyses
wererecorded on a Stanton Redcraft STA-780 (Lon-
don, UK) at heating rate of 10 °C/min under nitrogen
atmosphere. The dynamic mechanical measurements
were recorded on a Polymer Laboratories Dynamic
Mechanicd Thermd Andyzer (DMTA) over atempera:
turerange of 25-300°C at 1 Hz and at aheating rate of
5°C/min. Inherent viscosity was measured by using an
Ubbel ohde viscometer in aconcentration of 0.6 dL/g
inNMPat 25°C. UV-visibleand fluorescence emis-
sion spectra were recorded on a Cecil 5503 and
Perkin-Elmer LS-3B spectrophotometers, respectively.

Monomer synthesis
4-(4,5-diphenyl-1H-imidazol-2-yl)phenol (DI P)

In 2500 mL round-bottomed, two-necked flask
equi pped with acondenser, magnetic stirrer bar and a

nitrogen gasinlet tube, amixtureof (12.21g,0.10mol)
of 4-hydroxy benzaldehyde, (21.02 g, 0.10 mol) of
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benzil, (53.09 g, 0.70 mol) of ammonium acetate and
300 mL of glacia acetic acid was refluxed for 24 h.
Upon cooling, the preci pitated white solid was col lected
by filtration and washed with ethanol. Theyield of the
crude product was 27.42 g (87%). The crude product
was recrystallized from ethanol to afford white solid
withmp=278-280°C. FT-IR (KBr disk) at cm-1: 3423
(NH), 3031(0OH), 1612 (C=C), and 1545 (C=N).

2-(4-(4-nitr ophenoxy) phenyl)-4,5-diphenyl-1H-imi-
dazole(NPDI)

In @100 mL round-bottomed two-necked flask
equipped with areflux condenser and amagnetic stir-
rer bar, amixture of 3.12 g (0.01 mol) DIP, 1.37 g
(0.01mal) p-fluoronitrobenzene, and 1.50 g (0.01 mol)
potassium carbonate was refluxed for 2 hin 40 mL
DMAc. During thistime, the progress of the reaction
wasfollowed by thinlayer chromatography (TLC). Then
the mixture was cooled and poured into 100 mL water.
Theprecipitated solid was collected by filtration, washed
withwater and dried in avacuum oven at 80°C for 12
h. Theyield of the reaction was 96% and mp = 208-
210°C. FT-IR (KBr, cm™): 1522, 1346 (NO2), 1254
(C-O-C dtretching) and 1588 (C=N).Ana. Cacd. For
C,H,N.O, :C, 74.82%; H, 4.38%; N, 9.69%.
Found, C, 74.93%; H, 4.44%; N, 9.59%.
4-(4-(4,5-diphenyl-1H-imidazol-2-yl) phenoxy)ani-
line(DIPA)

In @100 mL two necked round-bottomed flask
equipped with areflux condenser, amagnetic stirrer
bar and adropping funnd, amixtureof 4 g (9.20mmoal)
NPDI, 0.50 g of 10% Pd/C and 20 mL ethanol was
charged. 3.50 mL hydrazine monohydrate was added
drop-by-drop over a30 min period through dropping
funnel. Thereaction mixturewasrefluxed for 1 h, and
then filtered while hot to remove Pd/C and heated to
reduce the volume of solvent. After cooling, the pre-
cipitated crystals were isolated by filtration and
recrystallised from acetonitrile and dried inavacuum
oven at 80 °C. The yield of the reaction was 85%,
mp=198-200°C. FT-IR (KBr, cm?): 3443-3464
(NH,), 1267 (C-O-C), 1520 (C=N), and 1492
(C=C).Anal. Cacd. for C,H, N,O:C, 80.39%; H,
5.21%; N, 10.42%. Found, C, 80.48%; H, 5.35%;
N, 10.52%.

—== Py Paper

N-(4-(4-(4,5-diphenyl-1H-imidazol-2-yl) phenoxy)
phenyl)-3,5-dinitr obenzamide (DIDN)

In a 100 mL two necked round-bottomed flask
equipped with areflux condenser, amagnetic stirrer
bar and adropping funnel, 3g (7.40 mmol) DIPA was
dissolvedin 50 mL acetone. 4 mL triethylamine (Et,N)
was added to the solution and 4.30 g (18 mmal) 3,5-
dinitrobenzoyl chloridein 5 mL of dry acetone was
chargedintothemixturethrough dropping funnd. Then
thereaction mixturewasrefluxedfor 24 h. Theprogress
of thereaction wasfollowed by thin layer chromatog-
raphy. After cooling at room temperature, thereaction
mixture was poured into large volume of water. The
orange powder was collected by filtration, washed and
dried overnightinavacuumovenat 70 °C. The yield of
thereaction was 95%, mp=187-190 °C. FT-IR (KBr,
cm): 1542-1345 (NO,), 1664 (C=0), 1244 (C-O-
C), 1608 (C=N), and 1502 (C=C). Anal. Calcd. for
C,H,.N.O, :C, 68.34%,; H, 3.85%; N, 11.72%.
Found, C, 68.22% H, 3.92%; N, 11.80%.

N-(4-(4-(4,5-diphenyl-1H-imidazol-2-yl) phenoxy)
phenyl)-3,5-diaminobenzamide (DIDA)

In a 100 mL two necked round-bottomed flask
equipped with areflux condenser, adropping funnel
and amagneticstirrer bar, 1 g (1.67 mmol) DIDN was
refluxed in 20 mL of absoluteethanol inthe presence of
0.5gof 10% Pd/C catalyst. 1.5 mL hydrazine mono-
hydrate was added drop-by-drop over a 30 min pe-
riod through dropping funnd. Thereaction mixturewas
further refluxed for 1 h, and then filtered while hot to
removethecatalyst and heated to reducevolumeof the
solvent. Upon cooling, awhite powder precipitated, it
wasisolated by filtration and then recrystal lized from
ethanol and dried inavacuum oven a 70°C overnight.
Theyield of thereaction was 81%, mp = 176-178°C.
FT-IR (KBr, cm™): 3458 and 3367 (NH,), 3347 (NH,
amide), 3408 (NH, imidazole), 1658 (C=0), 1259 (C-
0O-C), 1593 (C=N), 1512 (C=C). *H-NMR (500
MHz, DMSO-d,) 6: 4.96 (s, 4H, NH,), aromatic pro-
tons at &: 6.0 (t, 1H, J=2Hz), 6.29 (d, 2H, J=2Hz),
7.06 (d, 2H, J=8Hz), 7.08 (d, 2H, =8 Hz), 7.31-7.51
(m, 10H), 7.82 (d, 2H, J=7.5Hz), 8.07 (d, 2H,
J=7.5Hz), 10.03 (s, 1H, N-H amide), 12.63 (s, 1H,
N-H imidazole). *C-NMR (500 MHz, DMSO-d,,
ppm) &: 167.2, 157.7, 152.9, 151.1, 149.1, 145.2,
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136.9, 136.8, 135.9, 135.2, 131.1, 128.6, 128.4,
128.2, 127.9, 127.7, 127.0, 126.9, 126.4, 125.1,
121.8, 121.6, 119.7 and 117.6. Anal. Calcd for
C,H,N.O, C, 75.97%; H, 5.02%; N, 13.03%.

34" 27

Found, C, 76.10%; H, 4.97%; N, 12.98%.
Polyamidessynthesis

The polyamides wer e prepared by thefollowing
general procedure

In a 50 mL two necked round-bottomed flak
equipped with areflux condenser, amagnetic stirrer bar
and anitrogen gasinlet tube, amixtureof 1 mmol dicar-
boxylicacid, 0.53g (1 mmol) DIDA, 1.20mL (5mmoal)
triphenyl phosphite (TPP), 0.60g (14.15mmol) lithium
chloride(LiCl), 0.60g (6.21 mmol) CaCl., 1ImL pyri-
dineand 5.0mL NMPwasrefluxed at 100 °C for 12 h
under ablanket of N,,. After cooling, thereaction mixture
was pouredinto alargevolume of methanol andthepre-
cipitatewascollected on afilter paper and washed thor-
oughly with hot water, then driedinavacuum ovenat 80
° C for 24 h. The inherent viscosities of the polymers
wereintherangeof 0.37-0.51 dLg?. Theyieldsof re-
action werein therange of 94-98%.

PA-1

FT-IR (KBr, cm?): 3450 (N-H), 1663 (C=0),
1229(C-0O-C). *H NMR (500 MHz, DM SO-d 5,
ppm): 12.63 (1H, imidazole ring), 11.45 (2H, N-H
amide), 10.61 (1H, N-H amide), 6.85-8.99 (24H,
aromatic protons). Ana. Calcd. for C, H.,N.O,: C,

73.65%; H, 4.19%; N, 12.57%. Found: C, 73.55%;
H, 4.26%; N, 12.49%.

PA-2

FT-IR (KBr, cm): 3358 (N-H), 1642 (C=0),
1233(C-O-C). 'H NMR (500 MHz, DMSO-d,, 5,
ppm): 12.60 (1H, imidazole ring), 10.72 (2H, N-H
amide), 10.48 (1H, N-H amide), 7.09-8.65 (25H,
aromatic protons). Ana. Calcd. for CH./N.O,: C,
75.56%; H, 4.34%; N, 10.49%. Found: C, 75.66%;
H, 4.47%; N, 10.58%.

PA-3

FT-IR (KBr, cm?): 3402 (N-H), 1657 (C=0),
1247(C-0O-C). 'H NMR (500 MHz, DMSO-d,, 3,
ppm): 12.64 (1H, imidazole ring), 10.81 (2H, N-H
amide), 10.50 (1H, N-H amide), 7.05-8.70 (25 H,

Macromolecules « m——

aromatic protons). And. Calcd. for CH,/N.O,: C,
75.56%; H, 4.34%; N, 10.49%. Found: C, 75.68%;
H, 4.46%; N, 10.57%.

PA-4

FT-IR (KBr, cm?): 3418 (N-H), 1664 (C=0),
1244(C-O-C). 'H NMR (500 MHz, DMSO-d,,, 3,
ppm): 12.49 (1H, imidazole ring), 10.38 (1H, N-H
amide), 10.16 (2H, N-H amide), 7.08-8.13 (21H,
aromatic protons), 1.65-2.49 (8H, aliphatic protons).
Anal. Cdcd. for C,0H,,N.O,: C, 74.18%; H, 5.10%;
N, 10.81%. Found: C, 74.29%; H, 5.21%; N, 10.96%.

PA-5

FT-IR (KBr, cm?): 3415 (N-H), 1627 (C=0),
1228(C-O-C). 'H NMR (500 MHz, DMSO-d,,, 3,
ppm): 12.51 (1H, imidazole ring), 10.38 (1H, N-H
amide), 10.22 (2H, N-H amide), 6.78-8.15 (21H,
aromatic protons), 1.29-3.54 (16H, aliphatic protons).
Anal. Cacd. forC,,H, N.O,: C, 75.10%; H, 5.83%;
N, 9.95%. Found: C, 75.23%; H, 5.92%; N, 10.07%.

RESULTSAND DISCUSSION

Monomer synthesisand char acterization

A new aromatic diaminebearing apendent triaryl
imidazole group with an ether linkagewas synthes zed
according to the synthetic route depicted in Scheme 1.
Condensation of benzil with an aromatic ddehydeand
ammonium acetateisaconvenient synthetic method for
preparation of triaryl imidazole. Thisreaction wasap-
plied for the synthesis of DIP, aswasreported inthe
previous publication?, Thediamine DIDA was syn-
thesized by two nucleophilic aromatic substitution re-
actions. First, nucleophilic substitution of p-
fluoronitrobenzenewith DIPinthe presenceof K,CO,
in DMActo givethemononitro compound NPDI, which
wasfollowed by thereduction of nitrogroupinto amine
group by meansof Pd/C-catalyzed hydrazine monohy-
dratein ethanol to afford the monoamine compound
DIPA. Second, nucleophilic substitution of 3,5-
dinitrobenzoyl chloridewith DIPA inthe presence of
triethylamineto givethedinitro compound DIDN, which
wasfollowed by the catal ytic hydrogenation of theni-
tro groupsto afford thetarget diamine DIDA. FT-IR
spectrum of thedinitro compound DIDN showed ab-
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sorption bandsat 1542 cm and 1345 cmr which are
related to -NO, symmetric and asymmetric stretching.
FT-IR spectrum of thediamine DIDA showed the char-
acterigtic absorption bandsof the primary amineat 3458
and 3367 cmr! dueto N-H stretching. TheH NMR
gpectrum of thediamine DIDA infigure1 showssignas
at 12.63 and 10.03 which arerelated to the protons of
NH groupinimidazolering and amidelinkage, respec-
tively. The*H NM R spectrum a so confirmed that the
nitro groupshave been completely transformed into the
amino groupsby thehigh field shift of thearomatic pro-
tonsand by thesignd at 4.96 ppm. The assignments of
each proton and carbon shown inthesefigures agree
well with the proposed molecul ar structure of thedi-
amineDIDA.

Polyamidesynthesisand char acterization

The synthesis methodol ogy for these new polya-
mides (PA1-5) by Yamazaki and Higashi reaction con-
ditiong?** jsoutlinedin scheme 2. The PAswerepre-
paredin good yieldsby direct polycondensation of the
diamine DIDA withfivedifferentaromaticand diphatic
dicarboxylicdiacids(PDA, TPA, IPA, SA,AA) inthe
presenceof TPPand pyridineascondensing agent. This
method isan efficient way to form amide bondsand to
obtain polyamides of moderateto high degree of poly-
merization onthelaboratory scale. Thereaction reedily
proceeded within ahomogeneous solutioninNMPand
in the presence of LiCl and CaCl,,. The precipitates
formed whentheviscous polyamide sol utionsweretrick-
led into stirring methanol. The PAswere obtainedin
amog quantitiveyid dsand thelrinherent viscostieswere
between 0.37 and 0.51 dL/g, indicative of theforma-
tion of moderate molecular wei ghts. The structures of
these polyamideswere confirmed by meansof eemen-
tal analysis, and FT-IR and *H-NMR spectroscopy.
The datafrom FT-IR spectraof polyamides are pre-
sented in the experimental section. Ingeneral, FT-IR
spectraof the polyamides showed the characteristic
absorptions of amidegroup occurred around 3350 cmr
tand 1660 cm', peculiar toN-H stretching and carbo-
nyl stretching, respectively. TheH-NM R spectrum of
the polyamide PA-4isshowninfigure2. Asit can be
seen, the absorption peaks at 10.16 and 10.38 ppm
wereassigned tothe N-H protonsof theamide groups
inthe backbone and in the pendent unit, respectively.

—== Py Paper

The N-H proton of theimidazolegroup wasassigned
at 12.49 ppm. The resonance of aromatic protons ap-
peared intherangeof 7.08-8.13 ppm, and thediphatic
protonsintherange of 1.65-2.49 ppm. Thetotal pro-
tonsin the spectrum are consi stent with the proposed
chemical structure of polyamide PA-4.

Solubility

The solubility behavior of these new polyamides
was determined at concentration of 5% (w/v) inanum-
ber of solvents, and the obtained results are tabul ated
INTABLE 1. All of the prepared polyamides exhibited
excellent solubility in polar aprotic solventssuch as
NMP, DMAc, DMF, DMSO, HMPA and pyridineat
room temperatureand in m-cresol upon heating at 60°C.
The polyamide PA-5withlonger diphatic chaininthe
backbone dissolved in m-cresol at room temperature.
The solubility behavior of the synthesized polyamides
wasamost identical which can bedueto presence of
bulky-flexible pendent group inthe diamine monomer.
Thiscould bebecausethebulk of the pendent groupin
thediamineresdueissufficient to overridethe effect of
theinterchain interactions superimposed by the back-
bone. Comparison of the solubility of the previoudy
reported polyamided?”203 with these polyamidesin-
dicatesthat the presence of bulky polar pendent groups
inthepolymers backbone display an enhanced sol ubil -
ity inorganic solvents. The bulky pendent groupsin-
creasethe chain distance and decrease theinteraction
of thepolymer chains; consequently, the solventsmol-
eculesare ableto penetrate easily. We believe, how-
ever, that the presence of ether linkagesand polar amide
groupsin the pendent units can also contribute effec-
tively inthesolubility of thesepolyamidesby interacting
with thepolar moleculesof solvents. All thepolyamides
filmscould beobtained by castingtheir NM P sol utions.
Ingenerd, thefilmsweretrangparent, flexible, and tough
at room temperature.

Thermal properties

Thermal behavior of the polyamideswas assessed
by using DSC, DMTA, and TGA analyses. TheTg va-
ues of the polyamides were taken asthe midpoint of
the changein slope of the baselinein DSC curve and
themaximum of tand curve in DMTA experiments. DSC
thermogramsand therepresentative DM TA resultsare
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showninfigure3 and 4, respectively. Thefirst DSC
scan of all polyamides showed an endothermic peak
around 100°C whichisrdated totheloss of moisture,
asrevededinfigure3 (top curve). Quenching fromtem-
perature of 350°C to room temperatureyiel ded amor-
phous samplesso that in most casestheTgscouId eas
ily be observed in the second heating traces of DSC.
The DSC curvesdid not exhibit endothermic peak up
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Figure6: Photoluminescence emission of polyamides PA-2,
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to 350 °C which can be associated to the amorphous
nature of the polyamides. The bulky pendent group in-
creases the steric hindrancefor close-chain packing,
thusincreasing thefractiona freevolumebetweenthe
polymer chainsand reduces attraction between mol-
ecules. TheT . wastaken asthe midpoint temperature
of basdine shift onthe second DSC heating trace. The
T, values of the polyamideswerein therange of 194-
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TABLE 1: Inherent viscosity and solubility of the polyamides

Polyamide code n;.,(dl/g) DMA. DMF NMP DMSO Py THF Methanol HMPA m-cresol

PA-1 0.51 ++ ++ ++ o+ - - ++ +
PA-2 0.49 ++ ++ ++ - - ++ +
PA-3 0.46 ++ ++ o+t ++ o+ - - ++ +
PA-4 0.40 ++ ++ ++ o+ - - ++ +
PA-5 037  ++

++ o+ ++ o+ - - ++ ++

The solubility was determined by using 5 g samplein 100 mL of
solvent. (DMAC: N, N-dimethylacetamide; DMF: N, N-
dimethylformamide; NMP: N-methyl-2-pyrrolidone; DM SO:
dimethyl solfoxide; THF: tetrahyro furan; PY: pyridine). (++:
Soluble at room temperature; +: Soluble after heating at 60°C;
+— : partially soluble after heating at 60°C; -: insoluble after
heating at 60°C)

296°C and aretabulated in TABLE 2. Asitisantici-
pated, the T . values of these polyamidespertained to
the structure of the diacid component and increased
withincreasing rigidity of diacid employed. Thearo-
matic polyamides PA-1, PA-2, and PA-3 showed the
highest Ts (275-296°C) duetothe highest rigidity of
the diacidsused, whichinhibited themol ecular motion.
The polyamides PA-4 and PA-5 which have been pre-
pared from aliphatic diacids show lower Ts (194-
204°C) becauseof theflexibility of thediphaticunitsin
their backbones. Viscod astic relaxation behaviors of
these polymerswere subjected to DM TA experiments.
The DM TA resultsdisplayed the dynamic storage modu-
lusand tand as a function of temperature. DM TA was
run from room temperatureto 350°C at 1 Hz at aheat-
ing rate of 5°C/min, and rel axation temperatureswere
determined from corresponding peak top temperatures
seen onthedamping (tand) curves. Two relaxation pro-
cesseswere observed above room temperature. The
B-relaxation processes were observed from room tem-
peratureto 200°C, possibly dueto theloca molecular
motionsrelated to the diamine congtituents of the poly-
mer chain. The hightemperaturerel axationisan o-re-
|axation process; the peak temperatures in the tano
curveswereregarded asthe Ts of thesepolymers. In
genera, DMTA curvesshowed T S of the polyamides
higher thanthosewere obtained from DSC curves. The
T valueof PA-5measured by DM TA wasexception-
ally 50°C higher than that obtained by DSC method
whichisunexplainable. The high Tgs of these polya
mides can be dueto the high barrier for segmental mo-
bility asaresult of bulkinessof the pendent groupsand
aso duetointeractionsof side chainsand sidechains

> Fuff Poper
TABLE 2: Thermal propertiesof the polyamides

Polymer Tg(°C)? Tg(°C)P Ti(°C) T5(°C) T10(°C) Cha(ro/g’;e'dc
PAL 208 320 330 395 410 58
PA-2 201 300 380 460 510 82
PA3 275 320 380 400 68
PA-4 204 - 280 340 380 56
PA5 198 225 250 320 360 61

aMidpoint temper ature of baseline shift on the second DSC heat-
ing trace (10 °C/min, in nitrogen) of the sample after quenching
from 350°C. °DM TA wasrun from room temper atureto 350 °C at
1 Hz at a heating rate of 5 °C/min, and relaxation temper atures
wer edetermined from corresponding peak top temper atur es seen
on thedamping (tand). T, : temperaturefor atotal of 10% weight
loss. “Residual weight percentage at 600 °C in nitrogen
with themain chain through H- bonding. Thermal sta-
bility of thepolyamideswasevduated by meansof TGA
at a heating rate of 10°C/min under nitrogen atmo-
sphere. Figure5 shows TGA curvesof the polyamides.
Thethermo-anaysisdataof these polymersare sum-
marizedin TABLE 2. Theinitial decompositiontem-
peratures (T ) of these polymerswereintherange of
250-380°C depended on the dicarboxylic acid com-
ponent in the polyamide backbone. The TGA datain-
dicated good thermal stability for thearomatic polya
mide PA-2 up to 500°C withaweight loss of 10%in
comparison with the polyamides PA-4 and PA-5 con-
taining diphatic unitinthebackbonewnhichlost 30-40%
weight at thistemperature. The aiphatic polyamides
(PA-4 and PA-5) arethermally stable up to ~320°C,
and they showed dmost two-step decomposition path.
Thefirst step could be assigned to decomposition of
thealiphatic chain whilethe second onecould be asso-
ciated to generalize polymer degradation. Also char
yieldsof the polyamidesat 600°C in nitrogen werein
therange of 56-82% implying that these polyamides
possessrdatively good thermd stability. Thehighther-
mal stability of these polyamides can beattributed to
inter and intra molecular interactions between side
chains-sdechansand sidechains-main chains, result-
inginrestriction of ssgmenta mobility.
Photophysical properties

The photoluminescence (PL) spectraPA-2, PA-3
and PA-5indilute (0.2 g/dL) NMPsolution are shown
in Figure6. The polymersexhibited strong absorption

at 315-319 nm, whichwasassigned to an- * transi-
tion resulting from the conjugation between the aro-
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matic ringsand nitrogen atoms. The UV—vis absorp-
tion of polyamidefilmsa so showed smilar absorbance.
An excitation wavelength of 315 nmwasusedinall
cases. The PL spectraof PA-2, PA-3and PA-5inNMP
solutionsexhibited broad emission from 393 nmto 397
nm. Thehigher fluorescenceintensity of thealiphatic
polyamide (PA-5) compared with the aromatic polya-
mides (PA-2, PA-3) could be attributed to reduced
conjugation and capability of charge-transfer complex
formation by thediphatic diacid with the el ectron-do-
nating diaminemoiety in comparisontothesronger elec-
tron-accepting aromatic diacidg®Y.

CONCLUSIONS

A new diamine bearing apendent group containing
bulky triaryl imidazole(lophine), flexibleether andamide
linkageswas synthesi zed and used for the preparation
of aseriesof novel organosol uble polyamidesviadi-
rect phosphorylation polycondensationwith variousaro-
matic and diphatic dicarboxylic acids. Theattachment
of abulky packing-disruptive pendent group into these
polymersbackboneincreased T, by restricting the seg-
mental mobility, whileproviding an enhanced solubility
because of decreased packing density without sacrific-
ingtheir hightherma stability andimparted photol umi-
nescence activity because of the presence of lophine
group inthe pendent moiety. Thearyl-ether linkagein
the side chainscan also impart properties such as bet-
ter solubility andimprovetoughnessascompared with
polymerswithout an aryl-ether linkage. Thesepolya
midesexhibited excellent solubility incommon aprotic
solvents, with comparable T_sand 10% weight-loss
temperauresto theordinary aromatic polyamide, which
areinsolublein organic solvents.
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