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SUMMARY

The compound 2,6-anthracenedicarboxylic acid is used as a comonomer for the
synthesis of a series of copolyesters. The copolymers are characterized and further
functiondized by Dids-Alder grafting or crosdinking through the anthracenate unit. The
Dids-Alder reaction is used to graft N-subgtituted maeimide on to poly(ethylene
terephtha ate-co- 2,6-anthracenedicarboxylate), PET-co-A. Mdemide-capped
poly(ethylene glycal) is grafted onto PET-co-A to improved its hydrophilicity.

2,6-Anthracenedicarboxylic acid is aso incorporated into the known liquid
crysaline polymer, poly(4- oxybenzoate- co- 1,4- phenylene isophthalate) (H1Q40). The
resulting copolymer, poly(4-oxybenzoate- co- 1,4- phenylene isophtha ate-co- 2,6-
phenylene anthracenate), HIQ40-co-A, shows LCP behavior. These HIQ40-co-A
copolymers are grafted with maleimide end- capped monomers and polymers and

crosdinked with bismaemides through a Diels- Alder mechanism.

Xii



CHAPTERI

INTRODUCTION

Poly(ethylene terephtha ate)

Since its introduction into the commerciad market in 1944, poly(ethylene
terephthadate) (PET) has become one of the most important polymersin the plagtics
industry. Production of thermoplastic polyester in North Americain 1998 exceeded 8
billion pounds and total polyester fiber production in 1999 exceeded 35 hillion pounds?
Itisahard, diff, strong, dimensiondly stable materid that absorbs very little water. It
has good chemical resistance, except to alkdis. Its good processahility, glass-like
trangparency, strength, and barrier properties are especialy well suited for food and
beverage containers. One of the world’s mgor synthetic fiber materids, itisdso used in
the manufacture of photographic and drafting films, magnetic, video, and computer tapes,
and dectricd insulators. PET iscommercidly prepared from terephthdic acid and
ethylene glycol viaamelt phase polycondensation reaction. This production method
involves two stages, the firgt to produce bis(2- hydroxyethyl)terephthal ate and smdl linear
oligomers, and the second to remove excess ethylene glycol and drive the molecular to
high vaues Figure 1-1. Meta akanoates, such as Mn(OAC),, are added to catalyze the
initia ester interchange and usudly, a second catdyst, such as S,03, is added to
promote the polycondensation reaction.

These excedlent properties are dso the source of some drawbacks. PET fibersare

difficult to dye; tend to pill; soil easily; and have high satic charge. When blended with



Figure 1-1. Synthetic steps toward the production of PET. i) cat. (if X=OMe), 190 °C,

severd hours. ii) cat., 290 °C, <1 torr, severa hours.



cotton, the resulting fibers have lowered flame resistance. These shortcomings can be
overcome by modification of PET through copolymerization or grafting.

PET copolymerization involves subgtituting a small amount of terephthdic acid or
ethylene glycol with adiacid or diol that can survive polymerization or can be
transesterified with PET. An exampleis the transesterification of PET with small amount
of poly(ethylene glycal) in order to improve dyability and dadticity of PET fibers.
Another example is the copolymerization of 1,4- phenylene bisacrylate with terephthaic
acid and ethylene glycal to form poly(ethylene terephthaate- co- phenylene bisacrylate).
This copolymer was designed to crosdink in the solid state upon wv irradiation.® PET
fibers can be made more fire resstant by copolymerizing with phosphorous containing
compounds.

Grafting of PET isdifficult because PET chains lack reactive groups to graft onto.
Introduction of reective groups can be achieved by tresting the PET surface with free
radicd initiators or radiation in the presence of an unsaturated monomer or other
reactant.**” Thisgenerdly limits PET grafting to modifying only the surface layers of
the treated PET materid. Thus grafting is generdly used to modify PET surface
properties such as increasing biocompatibility and hydrophilicity, lowering Satic
dectricity, and improving adhesion.*°

Previous work on the synthesis of poly(ethyleneterephthalate-co- 2,6-
anthracenedicarboxylate) (PET-co-A) and its Diels-Alder reaction with male@mides
provided anew route to PET grafting.'® Maleimide endcapped compounds or polymers

can be grafted onto the anthracene units via Diels- Alder reections resulting in grafted



polymer. Asisshown in Chapter 2, this new technique can be used for modifying both

the surface and bulk of the polymer.

Thermotropic liguid crygdline polyesters

Thermotropic liquid crystaline polymers (LCP) are able to form partialy ordered
mdts. When properly processed, these can result in materid with high strength, high
modulus, and high therma gtability. They are often blended with other nonLC
engineering polymers to afford structural composites with enhanced properties.

Aromatic homopolymers such as poly(oxybenzoate) (PHB) and poly(p-phenylene
terephthal ate) are so rigid that they do not melt into aliquid crystaline phase (Figure 1-
2).392% 1 order to lower the melting temperature and alow for formation of aliquid
crystdline phase, comonomers must be incorporated into the polymer to disrupt the
strong intermolecular packing of the polymers. Severd copolyesters of PHB are liquid
crysdline. LCP s based on PHB include poly(oxybenzoate- co- 4,4 - biphenoxy
terephthalate) (Xydar™) and poly(oxybenzoate- co- ethylene terephthaate) (Rodrun™)
(Figure 1-3).2*  Copolymers containing 73 mol % hydroxybenzoic acid and 27 mol %
hydroxynaphthoic acid are the basis for the VectraO family of commercid melt
processable, thermotropic, liquid crystaline copolyesters (Figure 1-3).2 While, poly(4-
oxybenzoate- co-p- phenylene isophthalate), which is prepared from 4- hydroxybenzoic
acid (H), isophthdic acid (1), and hydriquinone (Q), (HIQ) (Figure 1-3) dislaysa
mesophases over a broad range of compositions (20 to 80 mol% H).22” Producing melt
processable, thermotropic liquid crystaline polymers from hydroxybenzoic acid,

isophthdic acid, and hydroquinone is an attractive research goa because both isophthalic



acid and hydroquinone are substantidly less expengive than the dternative,
hydroxynaphthoic acid.

2,6- Anthracenedicarboxylic acid is amenable to polyesterification under avariety of
conditions, and possesses two modes of reactivity that alow for post-polymerization
modification: photocycloadditior?® and Diels-Alder reaction.?® We sought to produce a
new LCP containing 2,6-anthracenedicarboxylic acid based on HIQ40. Chapter 3 shows

the synthes's, characterization, and reectivity of this new HIQ40-co-A copolymer.
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CHAPTERII

SYNTHESIS AND GRAFTING OF POLY (ETHYLENE TEREPHTHALATE)-CO-

(ANTHRACENE-2,6-CARBOXYLATE)

Introduction

Polyesters derived from arométic acids and diphatic diols such as poly(ethylene
terephthalate) (PET) have desirable thermomechanica properties, (i.e, Tg=70°C, Ty =
275 °C), that arise from the combination of rigid 1,4- phenylene units, short ethylene
units, and dipolar esters. Modification of PET is desrable to enhance properties such as
dye adhesion, biocompatability,* and antistatic properties.® Various techniques, such as
plasma discharge,® chemica trestment,” physical coatings?® and graft copolymerization,®
have been applied to PET surfaces. However, these grafting reactions are of limited use
dueto lack of reactive sites on in the homopolymer.

Dimethyl 2,6-anthracenedicarboxylate is stable at temperatures required for
polyesterification and it can be incorporated into copolyesters. Previous udies indicate
that poly(ethylene terephtha ate- co- anthacenate) undergoes Dids-Alder additions with a
variety of dienophiles’® This dlows for grafting of groups to PET which may have a
gtrong influence on the physica properties of the polymer. Here PET-co-A copolymers
across the composition range subjected to grafting reactions with malemide-terminated
akyl chainsto study the kinetics of the grafting reaction. These were aso reacted
withmaemide-terminated polyethylene glycols to modify the surface properties of the

copolymers.
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Experimental
Materids
All materids were obtained from Aldrich Chemicd Company and used as
received unless noted. PEG was obtained from Fisher Scientific. Ethylene glycol was
obtained from KoSa and was used without further purification. The O-(2-
maeamidoethyl)- O’ - methyl- polyethyleneglycol 5000 (PEG5000M) was purchased from
Fluka and used without further purification. Dimethyl 2,6-anthracene dicarboxylate, 1,
and dioctyl anthracene-2,6-dicarboxylate, 2, were prepared according to previoudy

reposted methods. *°

| nstrumentation

NMR spectra were obtained on Bruker AMX 500 MHz, Bruker DM X 400 MHz
and Varian Gemini 300 MHz insruments. Thermd trangtions of the polymers were
determined using a Perkin-Elmer DSC 7 with atemperature program of three heating and
cooling cyclesat 10 °C/min under N,. IR spectrawere collected using KBr pdlets,
solutiontcast films (TFA/CHCL) of polymers, or attenuated total reflectance (ATR) cell.
Contact angle measurementson 1im digtilled water drops were performed on alocaly
congtructed contact angle goinometer. The data presented is the average of at least five
measurements. Flms were spin coated from TFA solution (0.1-0.2 g per 10 mL of TFA)
onto glassdides (25~ 25 mm) on a Specidty Coating (modd P-6000) spin coater (speed

2800 rpm for 120 ).
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N-Octadecylmaeamic acid, 3

A solution of N-octadecylamine (4.952 g, 18.37 mmol) in CHCL (25 mL) was
added dropwise to a solution of maeic anhydride (3.248 g, 33.07 mmoal) in CHCl; (50
mL.) and the mixture was dirred for 30 min. The mixture was vacuum filtered and the
solid was washed with CHCL (50 mL) and hexane (50 mL) to yield 3 as a white powder
(6.022 g, 89%). mp. 104-106 °C. lit. mp. 102-104 °C.*! *H NMR (TFA-d) d 6.89 (d, 1H,
J=12.7Hz), 6.80 (d, 1H, J = 12.7 Hz), 3.63 (t, 2H, J = 7.4 Hz), 1.75 (g, 2H, J = 7.4 Hz),
1.2-1.5 (m, 30H), 0.85 (t, 3H, J = 6.9 Hz). IR (neat): 3245 (br), 3070 (br), 2911,

2849,1709, 1637, 1529,1468,1401, 1155, 852, 718, 636 cmi ™.

N-Octadecylmdemide, 4

A mixture of N-octadecylmaeamic acid (5.41 g, 14.7 mmol), sodium acetate (205
mg, 25 mmol) and acetic anhydride (100 mL) was heated to 100 °C for 30 min. The
mixture was cooled to room temperature and poured into an icewater durry. The
resulting solid was vacuum filtered, and purified by column chromatography (CHCL,
slicagd) to yield 4 asawhite solid (3.24 g, 60%). mp. 76-78 °C. lit. mp. 72.-73.5 °C.2
'H NMR (CDCk) d 6.66 (s, 2H), 3.48 (t, 2H, J= 7.3 Hz), 1.54 (m, 6H), 1.23 (m, 32H),

0.86 (t, 3H, J = 6.8 Hz). IR (neat): 2916, 2844, 1699, 1653, 837, 698 cmi ™.

N- (4- Dodecyl phenyl)maleamic acid, 5

A solution of 4-dodecylaniline (5.00 g, 19.1 mmol) in CHCl; (30 mL) was added
dropwise to a solution of maeic anhydride (2.81 g, 28.7 mmol) in CHCl (30 mL) and
the mixture was stirred for 30 min. The mixture was vacuum filtered, and the solid was

washed with CHCk to yield 5 as awhite solid (5.09 g, 75%). mp. 130-135 °C. *HNMR



(DMSO-dg) d 7.49 (d, 2H, J = 8.2 Hz), 7.11 (d, 2H, J = 8.2 Hz) 6.45 (d, 1H, J = 12.1
Hz), 6.27 (d, 1H, J = 12.1 Hz), 2.47 (m, 2H), 1.50 (m, 2H), 1.2 (m, 18H), 0.83 (t, 3H, J =

7.0 Hz). IR (neat): 3305, 3215, 2961, 2912, 2849, 1726, 1628, 1545, 1500, 850 cnil.

N-(4-Dodecylphenyl)male@mide, 6

A mixture of N-(4-dodecylphenyl) maeamic acid (5.00 g, 13.9 mmoal), sodium
acetate (1.825 g, 22.2 mmol) and acetic anhydride (50 mL) was heated at 100 °C for 30
min. The reaction was cooled to room temperature and poured into an ice/water durry.
The solid was vacuum filtered to yied 6 as awhite solid (4.27 g, 90%). mp. 60-65 °C. lit.
mp. 67-68 °C.2® 'H NMR (CDCL) d 7.22 (g, 4H), 6.82 (s, 2H,), 2.62 (t, 2H, J = 7.3 H2),
1.61 (m, 2H), 1.26 (m, 18H), 0.83 (t, 3H, J = 6.9 Hz). IR (neat): 3086, 2911, 2844,

1699, 1514, 1401, 1160, 831, 713, 693 cm'~.

Dids-Alder Adduct of Dioctyl 2,6- Anthracenedicarboxylate

A mixture of Dioctyl 2,6- Anthracenedicarboxylate (9.5 mg, 1.9 x 10°> mol) and
N-Octadecylmaeimide (6.8 mg, 1.9 10" mol) was prepared by dissolving in CHCk (2
mL), then evaporating solvent. The solid mixture was heated at 130 °C for 30 h,
resulting in formation of Dids-Alder adduct. *H NMR (CDCk) d 8.02 (d, 1H, J=1.2
Hz), 7.93(d, 1H, J= 1.2 HZ), 7.88 (d of d, 1H, J = 7.7, 1.5 HZ), 7.84 (d of d, 1H, J= 7.7,
1.5Hz), 7.44 (d, 1H, I = 7.1 Hz), 7.35, (d, 1H, J = 7.1 Hz), 4.9 (multiplet, 2H), 4.27 (t,
2H, J= 6.6 Hz), 4.23(t, 2H, J= 6.6 Hz), 3.21 (d of d, 1H, J= 3.2, 85 Hz), 3.16 (d of d,
1H, J= 3.2, 85Hz), 3.06 (t, 2H, J = 7.32 Hz), 1.72 (m, 4H), 1.57 (m, 8H), 1.23 (m,

50H), 0.86 (M, 9H).
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Polymer Synthes's

Dimethylterephthdate, ethylene glycol, Mn(OAC),, Sb,03, and 1 weremixedin a
stirred glass reactor at 190 °C under nitrogen for severd hours until the distillation of
methanol ceased. A single drop of 10% (w/w) in ethylene glycol was added to the
reaction mixture. The reaction was heated to 290 °C while the pressure was dowly
reduced to below 1 torr over the course of 1 h. The polymer was held at 290 °C for
severa hours, the reaction vessel was flushed with nitrogen, and cooled to room

temperature to give the copolymers as ydlow/green solids.

Bulk Grefting
A mixture of the copolyester containing 15 mol% of the 2,6-

anthracenedicarboxylate repeat unit (PET-co-15A) (387.0 mg) and N-octadecylmaeimide
(140.0 mg) (a1.0:1.4 anthracene to maleimide molar ratio) were prepared in CHCkL
containing 5% Vv/v trifluoroacetic acid (TFA) (10 mL), followed by remova of the

solvent on arotary evaporator. The solid residues were dried under vacuum a room
temperature, overnight, and heated at 225, 200, 150, or 130 °C. The extent of reaction
was determined as afunction of time by *H NMR spectroscopy. Excess N-
octadecylmaeimide was removed by reprecipitation from chloroform solution. A blend

of PET15A (72.0 mg) and 4-(dodecylphenyl)maleimide (26.2 mg) (a 1.0:1.1 anthracene

to malemide molar ratio) was smilarly prepared.

Surface grafting

FiImsof PET, PET-co-15A and PET-co-2.5A were spin coated from TFA

solution (50-70 mg in 5 mL of TFA) onto glassdides. The films were washed with water

14



in sohxlet extractor, dried in avacuum oven a 80 'C, and the contact angle of a1 i
water droplet was measured. One set of films was treated with PEG5000M by
evaporating 400 nL of solution (90 mgin 5 mL of CHCL). Another set was treated with
chloroform (400 L of CHCl; evaporated on films) without PEG5000M according to the
same procedure. These filmswere heated at 160 to 180 °C for 45 min, washed in a
besker with bailing water for 1-2 h, dried, and the contact angle remeasured. Thefilms
were washed repeatedly until the water contact angle on films treeted with PEG5000M

remained congtant between washings.

Results and Discussion

Synthesis

Dimethyl 2,6-anthracenedicarboxylate, 1, was synthesized in Sx stepsfrom p-
toluoyl chlorideand p-xylene!*** A standard two-step procedure was used for the
preparation of N-substituted malemides. A solution of amine was added dropwiseto a
solution of maeic anhydride to afford the corresponding maleamic acid. Ring closure of
the maleamic acid was performed in acetic anhydride containing a catalytic amount of
sodium acetate.

Copolymers of the 2,6-anthracenedicarboxylate were prepared by catayzed melt
transesterification of dimethyl terephthdate, dimethyl 2,6-anthracenedicarboxylate, and
ethylene glycol (Figure 2-1). This polymerization methods proceeds in two steps, an
initid transesterification to form bis(2-hydroxyethyl) terephthal ate and oligomers of PET
aswell as big(2-hydroxyethyl) anthracene- 2,6-dicarboxylate. Mn(OAC),, promotes the

transesterification but also can promote the depolymerization of polyester in the second

15
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Figure 2-1. Synthesis of Anthracene containing colpolyesters. (@) i. Mn(OAC), Sb,Os,

190°C, 2 h.ii. 290°C, 0.5 torr, 2.5 h.
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sep. Poly(phosphoric acid) in ethylene glycol was added to sequester the manganese
prior to raising the temperature and reducing the pressure. A second catalyst, S5,03, was
used to promote the polycondensation reaction and ultimately give high molecular

polymer. The polymerization reaction mixture remained fluid throughout the entire
polymerization reaction. Copolyesters containing 2.5, 5, 10 and 15 mol% anthracene
were polymerized.

Polymer Characterization

The compositions of the copolymers were determined by comparison of the
integrasin the *H NMR spectra for the singlets at 8.97 and 8.71 ppm (corresponding to
two protons each on C-9,10 and C-1,5 of the anthracene units, respectively) to the singlet
at 8.23 ppm (corresponding to the four equivaent protons of the terephthal ate structural
unit). For the copolymers that were soluble, and thereby amenable to study by NMR, the
compositions were in accord with the monomer feed.

Smal amounts of anthracene structurd units in the copolymers of PET resultin
an increase in the glass trangtion temperature, Tg, and a decrease in meting point, T,
(Figure 2-2 and 2-3). The endothermicity of the mdting trangtion decreases upon
increasing the amount of the anthracene comonomer in the polymer, and copolymers with
greater than 15% of the anthracene structurd unit are completely amorphous up to the
temperature at which they decompose, and they do not demonstrate glass transtions or
meting. Annedling these samplesfor 12 to 36 hours did not induce crystalization.

Thermd Andyss of PET15A/maemide blends

Differentid scanning caorimetry (DSC) thermogram of N-octadecylmaemide

shows a complex meting endotherm upon hesating, with two pesks at 60 and 65 °C (DH
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= 147 Jg) and a crystdlization exotherm on cooling with two peaks a 42 and 39°C (DH
=-150Jg). A thermogram of a 1:1 mixture of N-octadecylmaemide and dioctyl 2,6-
anthracenedi carboxylate shows endotherms for the melting of both compounds followed
by a broad exotherm at 114 °C with an enthapy change corresponding to - 101 k¥mol of
Dids-Alder adduct formed. The *H NMR of the sample after the DSC experiment
indicates formation of Dids-Alder adduct (see Exp. Sec.).

Smilarly, amixture of PET-co-15A and N-octadecyl maeimide (1:1.4) dso
shows an endotherm with two pesks at 60 and 67 °C (DH = 150 Jg madeimide; 40 Jg
mixture) upon firgt heeting (Figure 2-4). The heet of enthdpy is congstent with the
melting of phase-separated N-octadecylmaemide in the mixture. Thisisfollowed by a
broad exotherm with apeak a 151 °C, (DH = -49 Jg of mixture; -92.1 k¥mol Dids-
Alder adduct), corresponding to grafting of the malemide to the anthracene structurd
unitsin the copolymer by a Dids-Alder reaction (Figure 2-4). None of these peaksis
gpparent upon cooling or reheeting the sample.  Subsequent heating and cooling cycles
show only aglasstrangtion at 45 °C, (DC,, = 0.4 Jg) (Figure 2-3, 2nd cycle). Theglass
trangtion of the grafted copolymer increases to 59.3 °C after remova of unreacted N-
octadecylmaeimide by reprecipitation from chloroform solution.

Evidence for formation of the Dids-Alder adduct (Figure 2-5) of the copolymers
was obtained by *H NMR spectroscopy. For example, the pesks at d 8.84 and 8.59 ppm
for the C-1,5 and C-9,10 protons of the anthracene unit are absent from the HNMR

spectrum of the product obtained upon trestment of PET-co-15% A with N-
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Octadecylmaemide. Peaks corresponding to the Diels-Alder adduct appear at d 7.96 for

the C-1,5 protons and at 4.95 ppm for the C-9,10 bridgehead protons (numbers refer to
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Figure 2-4. DSC of PET-co-A and N-octadecyl maemide (1:1.4) mixture.
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Figure 2-5. Grafting reaction of PET-co-A and N-octadecyl maemide.



the numbering system for anthracene). The pesks at d 8.05 ppm for the C-4,8 protons of
the anthracene unit shift upfied to d 7.45 ppm after the reaction. A new signd at d 3.08
ppm in the spectrum of the Dids-Alder adduct corresponds to the hydrogen on the fused
maemidering. Since an excess of the maleimide was used, the pesks a d 6.66 ppm for
the protons of the double bond decrease in intensity but do not completely disappesr,
until excess reagent isremoved by reprecipitation. Thetriplet a d 3.48 ppm of the CH,
protons apha to the nitrogen of the maemide shifts upfidd to d 3.38 ppm upon grafting.
The course of the Diels-Alder reaction was followed as afunction of time and
temperature by heating mixtures of N-octadecyl maemide with PET-co-15A (1.4:1.0)
were heated at 225, 200, 150, and 130 °C. The extent of the Diels-Alder reaction was
monitored the decrease in intengity of the anthracene pesks at d 8.84 and 8.59 ppm and
the appearance of the new pesks at d 7.49 and 7.41 ppm for the adduct in the *H NMR
spectrum. Plots of the conversion to Dids-Alder adduct versustime a various
temperatures are presented in figure 1-6. At 200 and 225 °C, the Diels-Alder reaction
goesto completion after lessthan 3 min. At lower temperatures the reaction takes much
longer, dthough it does proceed below the melting point of the copolymer. Upon
complete grafting of PET-co-15A with N-octadecyl maemide, the copolymer is
rendered soluble in chloroform. Blends of PET-co-15A and N-(4-dodecyl)phenylene
maeimide show smilar reactivity. While, blends of PET-co-15A and poly(ethylene
glycoal) (PEG5000M) endcapped with maeimide only showed less than 5% reaction after
heeting for 5 minutes a 200 °C. In this case, phase separation between the polyester and

maemide-substituted polyether impedes the reaction of the diene and dienophile.
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Contact angle measurements of water droplets on maleimide grafted PET-co-15A
were measured. Spin coated films of PET-co-15A grafted with N-octadecyl maemide
gave a contact angle of 83 + 3.0° compared to 74 + 3.0° for PET-co-15A. Thus,
modification of the bulk polymer with N-octadecyl maeimide renders the materid
dightly more hydrophobic.

Surface Modification

In addition to grafting to the anthracene units throughout the bulk of the samples,
we aso sought to perform modification of the interfacid properties of PET by grafting to
the surface of PET-co-A films. In particular, we st out to modify the hydrophilicity of
PET sufaces by grafting long akyl or oligoethylene glycol chainsto the anthracene units
on the surface of films of PET-co-A. We were able to monitor the surface grafting
reaction by measuring the contact angle of water droplets of modified films.

Fimsof PET, PET-co-15A, PET-co-10A and PET-co-2.5A were spin coated on
glass dides and dried under vacuum a 80 °C. Solutions of PEG5000 maemidein
chloroform were evaporated on the crystallized spin-coated films of PET-co-A. The
films were heated to 165-180 °C and washed in a hot water bath to remove unreacted
PEG5000-M. Whereas PET-co-A modified by the Diels-Alder reaction to incorporate
flexible side chains throughout the bulk of the sample is soluble in organic solvents, these
films remain insoluble, consigtent with only asmal amount of modification a surface.
Figure 1-7 shows the contact angle of water before and after grafting. The contact angles

of the control samples (not treated with PEG5000M) remained the same after the heeting
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Figure 2-7. Contact angle of PEG-grafted PET-co-15A.
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and ringng procedure. The contact angle of the PET homopolymer trested with
PEG5000M was also unchanged after removal of physisorbed, unreacted, PEG5000
maemide. However, PET-co-15A , PET-co-10A, and PET-co-2.5A treated with
PEG5000M showed a significant decrease in the contact angle of water, indicative of a
grafting reaction. PEG5000M treated PET-co-15A films showed a22° decrease in the
contact angle of water dropletsto 52 + 2°, while treated PET-co-10A and PET-co-2.5A
films showed a decrease to 54 + 2° and 56 + 2° respectively. Thus, modification of PET-
co-A filmswith PEG5000M is restricted to the surface by this procedure, which renders

the polyester hydrophilic.

Conclusons

The formation of copolyesters containing less than 20mol % of the 2,6-anthracene
dicarboxylate structura units provides materids that are tractable and soluble.
Poly(ethylene terephtha ate- co- anthacenate) copolymers undergo Dids-Alder grafting
with N-subgtituted maleimides to afford side chain-substituted and branched copolymers.
The rate of reaction between the anthracene units of PET-co-A and maemidesis
controlled by the temperature and degree of phase separation between the components.
Modification of the surface of PET-co-A films has been accomplished through the Dids-
Alder reaction of maleimide endcapped PEG to anthracene dicarboxylate resdues. Thus,
incorporation of asmal amount of the 2,6-anthracene structurd unit into PET affords the
opportunity to modify the polyester through chemica reactions without sacrificing many

of the attractive therma (and thermomechanical) properties of the homopolymer.
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CHAPTER I
MODIFICATION OF POLY (4-OXYBENZOATE-co-PHENYLENE

ISOPHTHALATE) WITH 2,6:ANTHRACENE DICARBOXYLATE

[ntroduction

Processing thermotropic liquid crystdline polymers (LCP) from the partidly
ordered met provides highly oriented materids with high strength, modulus and thermal
gability. Problemsin the production of these include the expense of process and starting
materials. Asaresult, LCP sare often blended with other non-L.C engineering polymers
to afford structural composites with enhanced properties.  Thisleads to problems of
blending incompatibility and poor adhesion since not dl polymers are competible with
TLCPs.

Polymeric liquid crystals are based on rod-like structures incorporated ether into
the backbone or aside chain of the polymer. Main chain LCP exhibit the technologicaly
useful property of adopting ahighly pardle arrangement of the polymer chain under
relatively low shear. Polymers of this type consist of a series of short rigid rod-cydic
elements such as 1,4-phenylene or 2,6-naphthalene units. The amplest polyesters
possessing such structures, poly (1,4-oxybenzoul) and poly(1,4-phenylene terephthalate),
(Figure 3-1), mdt at such high temperatures that any thermotropic behavior is masked by
decomposition. In order to revea the thermotropic behavior of such polymers,
comonomers are introduced to reduce the melting point of such fully aromatic polyesters.
One such copolymer is poly(4- oxybenzoate- co-p-phenylene isophthaate), HIQ. Poly(4-

oxybenzoate- co-p- phenylene isophthalate) which is prepared from 4-hydroxybenzoic



acid (H), isophthdic acid (1), and hydriquinone (Q), (Figure 3-1) displays a mesophases
over abroad range of compositions (20 to 80 mol% H).1® Extensive studies of structure-
property relationships of HIQ copolymers appear in the literature? The copolymers
containing 30 to 40 mol% HBA (i.e., HIQ40) exhibit the lowest crystdline to nematic
transitions and highest solubility of the HIQ copolyesters. 2> 1% Thethermd transitions
of HIQ40 show a strong dependence on the therma history of the sample. The glass
trangition temperature in the range of 125 to 141 °C and a crystd to nematic trangtion
appears between 300 and 375 °C.2°  Unfortunately the copolymers start to decompose
before a clearing temperature to the isotropic melt can appear.

Previous studies on the effect of modifying HIQ copolymers show that replacing
the angular isophtha ate units with symmetrica rod-like terephthdate unitsresultsin an
incressein Tee n. Replacement of unsubstituted rod-like hydroguinone unitswith
chloro-substituted hydroguinone resultsin adecreasein Tep n.*

2,6-Anthracenedicarboxylic acid is athermally stable monomer that has been
incorporated into poly(ethylene terephthaate) under standard polymerization
conditions??> The rigid anthracene carboxylate unit increases the glass transition of PET
copolymers (PET-co-A). While the monomer is stable to the harsh conditions required
for the polymerization by virtue of its aromaticity, it possesses two modes of reectivity
that allow for post- polymerization modification of the polymer structure. The anthracene
unit undergoes addition reactions with dectron deficient dkenes via Dids-Alder

reactions.”®
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Fgure 3-1. Aromatic Liquid Crystaline Copolyesters.
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The anthracene units dso undergo photochemicaly-promoted dimerization by a
[4+4] cycloadditon reaction to form crosdinks between polymer chains®* Here we report
on the incorporation of 2,6-anthracene dicarboxylate units into the HIQ40 copolymer.
The anthracene unit provides functiondity, which may be used to improve the physica
properties of the polymers. For example the polymers could be crosdinked, whereby the
liquid crystaline order islocked into place to provide a polymer with increased strength
aong the longitudind axis (or increased strength aong two dimensions instead of just
one), mechanica properties which are stable over amuch greater temperature range,

increased compressive strength, and greater adhesion.

Experimental Section

Materids

All materias were purchased from Aldrich or Fischer, and used as received unless

otherwise noted.

Spectroscopy

Nuclear magnetic resonance (NMR) anayses were performed on a 300 MHz
Varian Gemini 2000 instrument, a Bruker DM X 500 MHz instrument, or a Bruker 400
MHz ingrument usng TFA/CDCk (1:5 viv) assolvent. Infrared (IR) characterization
was performed using a Nicolet 520 FTIR spectrophotometer. UV-VIS characterization

was performed using a Shimadzu UV-160 spectrophotometer.



Thema Andyss

Differentid scanning caorimetry thermograms were obtained using a Perkin- Elmer
Series 7 Differentid Scanning Calorimeter equipped with an intracooler under a nitrogen
atmosphere. Samples were placed in duminum pans. The power and temperature axis
were calibrated againgt an indium standard. The temperature program provided hegting

and cooling cycles at 20 °C/min between 50 °C and 400 °C, unless otherwise stated.

Spin Coated Film Preparation

Films were spin coated from 4 wt% solutions of polymer in trifluoroacetic acid
(TFA)/methylene chloride (CH,Cl,) (3:7 viv) onto glassdides. Films were spin coated

using a Speciaty Coating Inc. P6000 Spin Coater at a speed of 1500 rpm.

Polymer FIm lrradiation

Photoirradiation was performed using a Rayonet photochemica reactor equipped

with medium pressure Hg bulbs producing a maximum intensity a 300 nm or at 350 nm.

Poly(4-oxybenzoate-co-1,4- phenylene isophtha ate) (HIQ40)

HIQ40 was prepared from 4-acetoxybenzoic acid (12.0148 g, 0.6670 mol),
isophthalic acid (8.3082 g, 0.5001 moal), and diacetoxyhydroquinone (9.7142 g, 0.5002
mol) in the absence of catalyst according to a modified literature procedure (Table 3-
1).*"8 Monomers were charged into a glass polymerization reactor equipped with a stedl
overhead mechanicd dirrer and agasinlet. Thiswas purged with nitrogen for an hour,

and placed in an oil bath hested at 300 °C. The reaction mixture was heated with stirring



for 30-45 min, the pressure was decreased to 0.05 mmHg, and heating was continued.
The polymer was removed from the reactor, and dissolved in TFA/CH,Cl, (500 mL, 3:7
viv). The solution was filtered and the polymer reprecipitated by addition of MeOH (1.5
L). The polymer was dried between a 120-140 °C under reduced pressurefor 2 d. Solid
gtate polymerization was performed by hegating the polymers to 260 and 290 °C at 0.05
mmHg for 4h.

'HNMR (10 % TFA-d in CDCk) d 9.14-9.07 (m, 1H, I-H,), 9.00-8.97 (m, 1H,
endgroup, I-Hy), 8.64-8.55 (m, 2H, 1-H,), 8.55-8.50 (m, 2H 1-H,4, endgroup), 8.47-8.44
(m, 2H, benzoate Hy), 8.44-8.28 (m, 2H, H-Ha, end group), 7.88-7.77 (m, 1H, |I-Hs), 7.77-
7.71 (m, 1H, 1-Hs, endgroup), 7.55-7.42 (m, 2H, H-Hs), 7.42-7.29 (m, Q), 7.19-6.96 (m,
Q, endgroup) ppm. *CNMR (TFA-d/CDCI3) d 167.4 (s, C=0, I-Q diad, see discussion),
167.0 (s, C=0 I-H diad), 166.7 (s, C=0 H-Q diad), 166.2 (s, C=0, H-H diad), 155.8-
155.2 (m, H-C4 ), 148.9-148.4 (M, Q-C1.4), 132.8 (d, H-Cz6), 136.4 (S, I-C46), 132.6 (s, I-
Cy), 130.0 (s, I-Cs), 129.8-129.1 (m, I-Cy 3), 127.0-126.5 (m, H-C,), 123.2 (s, Q-C),

122.5 (s, H-C35).

Poly(4-oxybenzoate-co- 1,4- phenylene isophtha ate- co-2,6- phenylene anthracenate).

Copolyesters were prepared from 4-acetoxybenzoic acid, isophthdic acid, 2,6-
anthracenedicarboxylic acid, and diacetoxyhydroquinone in the aosence of catdysts
according to method described above for polymerization of HIQ40 (Table3-1).
Representative data with assgnments of peaks to individua structurd units are provided.
'HNMR (TFA-d/CDCl;) d 9.20 (s, A-Hys), 9.14-9.07 (m, 1H, I-Hy), 9.00-8.97 (m,

1H, endgroup, 1-Hy), 8.81-8.85 (m, A-He 10), 8.85-8.75 (M, A-Hg 10 end group), 8.64-8.55



Table 3-1. Loading and Yield ratios for Synthesis of HIQ-co-A

(@] (@] o]
ZCH;H HCHKQ/%H o oH -
(6]
mass (g) 12,0148 8.3082 - 97142 HIQ40
mmole 66.7 50.0 - 50.0 2.1h%
% load ratio 400 300 - 30.00
% yield ratio 430 310 - 26.0
mass (g) 8.2782 54861 0.3822 75837 HIQ40-1.2A
mmole 459 330 144 391 1.0n?
% load ratio 400 288 1.25 34.00 14h°
% yield ratio 410 29.0 11.0 290
mass (g) 20.0054 12,6795 1.8482 183241 HIQ40-2.5A
mmole 1110 76.3 6.94 936 19nf
% load ratio 400 275 250 340 6h®
% yield ratio 410 27.0 3.00 290
mass (g) 20.0000 115263 36943 180535 HIQ40-5A
mmole 1100 69.4 138 930 15mf
% load ratio 400 250 500 335 gh®
% yield ratio 410 260 500 280
mass (g) 99813 4.6022 36876 9.1448 HIQ40-10A
mmole 554 27.7 139 471 15nf
% load ratio 400 200 10.0 340 6h®
% yield ratio 430 21.0 9.00 27
mass (g) 2.2917 05285 1.6935 2.1018 HIQ40-20A
mmole 127 318 6.36 108 15nf
_ 400 100 200 340 4hP
% load ratio ] ] ] )
% yield ratio
Z polym time
ssptime




(M, 2H, 1-Ha), 8.55-8.50 (M, 2H, I-H., endgroup), 8.47-8.44 (m, 2H, H-H,), 8.44-8.28 (m,
2H, H-H,, end group), 8.20-8.35 (M, A-Hz 4,7.8) 7.88-7.77 (m, 1H, I-Hs), 7.77-7.71 (m,
1H, I-Hs, endgroup), 7.55-7.42 (m, 2H, H-Hs), 7.42-7.29 (m, Q), 7.19-6.96 (M, Q,
endgroup) ppm. *CNMR (TFA-d/CDCh) d 167.4 (s, C=0, 1-Q), 167.0 (s, C=0 I-H),
166.7 (s, C=0 H-Q), 166.2 (s, C=0 H-H), 155.8-155.2 (m, H-ether ipso C ), 148.9-148.4
(m, Q ether ipso C), 132.8 (d, H-C ortho to C=0), 136.4 (s, I-C ortho to C=0), 130.0 s,
I-C metato C=0), 129.8-129.1 (m, I-C ipso to C=0), 127.0-126.5 (m, H-C ipso to C=0),

123.2 (s, Q) 122.5 (s, H-ortho ether C).

Results and Discussion

Polymer Synthes's

Copolyesters containing 2,6-anthacene dicarboxylate together with 40 mol% 4-
acetoxybenzoic acid, isophthdic acid, and 30 mol% diacetoxyhydroquinone (HIQ40-A)
were prepared by an uncatdyzed polymerization according to a modified literature
procedure (Figure 3-2). A mixture of monomers was stirred a 300 °C for 45 minutes to
give ahomogenous met.* During thisinitial and subsequent heeting, asméll amount of
hydroquinone sublimes from the reactor. A smal excess of hydroquinone was added in
order to make up for thisloss. The pressure was then reduced to remove acetic acid from
the mixture.  After 15 min under vacuum, al of the copolymers solidified in the reector.

The solid was removed from reactor, and subjected solid- state polymerization a 260-290
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phenylene anthracenate) (HIQ40-A).



°C under vacuum. The polymers were reprecipitated from TFA/CH,Cl,/MeOH prior to

andyss.

Structura Determination

Therdtio of the four structurd unitsin HIQ-co-A copolyesters was determined by
'H NMR spectroscopy. This showed that the monomers were incorporated in araio
congstent with the loading ratios (see Experimental Section for pesk assgnments). All
of the peaks appear as multiplets, since the chemicd shift of each proton is sengitive to
the sequences of unitsin the backbone. For example, the peak for the proton on C, of the
isophthalate gives three singlets at d 9.1 ppm in the *H NMR spectrum arising from the
three tryads that can form with an isophthlate unit in the middle Q-1-Q, H-I1-H, and H-1-
Q.

Representative *H NMR spectra of HIQ40-2.5A before and after solid-state
polymerization are shown in Figure 3-3. After solid- state polymerization, the molar retio
of theH, I, Q, and A unitsare 41.1: 26.7 : 29.7 : 2.5, in close accord with the ratio of
monomersused.  The spectra clearly show the presence of isophthalate and quinone end
groups. Whereas the peak at 49.14-9.07 ppm is assigned to the proton on Cs of these
isophthaate unitsin the main chain, asmall peak a 8.95 corresponds to the Cs protonin
an isophthalic acid unit located at the chain end. Solid-state polymerization increases the
ratio of main chain to end chain isophthdate unitsfrom 10:1 to 27:1. Similarly, pesks a
a7.42-7.29 ppm and at 7.15 and 7.05 ppm correspond to protons on the quinone in the
main chain and termini, respectively. In this case, solid-state polymerization increases

the main chain to end group ratio from 20:1 to 40:1. The pesks for oxybenzoate and
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anthracenate end groups are too close to those of the main chain to calculate the end
groups ratio to main chain. Assuming equa reectivity of the functiona groups of each
monomer and their incorporation as end groups in the same ratio as the monomer feed.
This corresponds to an approximate molecular weight for the copolymer of 9000.
The *H NMR spectrado not alow us to determine the population of each possible diadin
the polymer. However, the carbonyl region of the *C NMR spectrum®*of HIQ40, Figure
3-4, has a pesk for each of the four possiblediads. 1-Q, I-H, H-H, and H-Q. Theratio of
integrals of each of these Sgndsisin agreement with the ratio predicted for arandom
distribution of dyads 1.6 1-Q:1.4 1-H:1.0 H-H:1.3 H-Q. The 3C NMR spectrum of the
soluble HIQ-co-A copolyesters did not show anthracenate carbonyl pesk because the
concentration of of anthracenate was too small for detection.

Dilute solution viscosities of copolymers were measured in a 30/70 (v/v) mixture
of trifluoroacetic acid and methylene chloride at 22 °C in an Ubbehlode viscometer.
Table 3-2 showsthe intringc viscogties caculated from the y-intercept of plots of Greduced
and Ginherent VS. concentration. The vaue of intringc viscosity for HIQ40 is consstent
with those in the literature for polymers prepared under smilar conditions™” Within the
HIQ copolymer seriesthere is a strong dependence of intringc viscosty on the amount of
oxybenzoate (H) incorporated: theintringc viscosity increases with the amount of
oxybenzoate unit incorporated. Mark-Houwink parameters for HIQ polymers are not

available from the literature and molecular weights are generally not determined. For our
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Table 3.2 Intringc Viscosity Of HIQ40 Copolyesters (dL/g) at 22 °C

[g]* e
HIQ40 144 135+0.06
HIQ-1.2A 135 130+ 004
HIQ40-2.5A 104 098+ 004
HIQ40-5A 0.63 0.67 + 0.04
HIQ40-10A - 061+ 006

dy-intercept of Greduced @Nd Ginherent VS. CONCeNtration plot
averageof single point intrinsic viscosity



anthracenate-containing copolymers, al were prepared under smilar conditions, the
intringc viscosity decreases as the amount of anthracenate units increase (replacing
isophthaate). The correlation between copolymer composition (1:A ratio) clearly has an

influence on the IV of these materids, as wdl as the molecular weight.

Therma Characterization

The therma behavior of HIQ40 is highly dependent on itstherma higtory. On
first heating, reprecipitated HIQ40 shows aTg of 168 °C (DCp, = 0.27 Jg°C) and a
crydaline-to-nematic trangtion endotherm, Tcon, at 335 °C (DH = 6.4 Jg). The Ty of
168 °C is unusualy high relative to previous reports of a Ty between 120 and 140 °C for
non-reprecipitated material. *”* Upon cooling from the nematic and reheeting, the Ty is
lowered to 127 °C (DC, = 0.23 Jg °C) and Tcon lowered to 313 °C (DH = 3.8 Jg).
These trangtions are reproduced upon subsequent thermd cycles. Thisis consstent with
previously reported thermal behavior of HIQ copolymers*”

Table 3-3 shows a summary of therma trangtions for anthracene-containing
copolyesters obtained upon first heating (reprecipitated) and second heating (after dow
cooling from nemétic). Asin the case of HIQ40, when the copolymers are either
guenched or cooled dow (20°C/min) from the nematic phase, they show a higher Teon
and DHcon on 2™ heating than in the 1% heating cycle. On the other hand, upon cooling
samples after they have been annedled at 290 °C for 2 h they display a 20-40 °C increase
in meting points (Table 3-3).  Thusit gppears that the therma behavior hasastrong
dependence on the higtory of the sample. Once the crystdline phase mdlts, the resulting

nematic phase



Table 3.3 DSC Thermal Transitions of First and Second Heating Cycles

2" heating after

2" heating after

Annealing at 290°C

1% heating quench Slow cool for 2h,_ont‘2nd
cooling
T, (DC,”) Tm' Tg" Tm® Ty T Ty Tm®
PPl DHY) | (BC) | (DHY) | (DG | (DHn) | (DC)) | (DHyO)
131 313 127 127

HIQ40 | 163(027) | B5(64) | (oo @ 029 | G | oy | MG
HIQ40- 05 131 313 134 134
1.2A 148029 | 21y | (0 63 | ©20 |30@3 | (o | 33006
HI1Q40- 119 119
2R 120(012) | 314(5.1) 016 | 2069 | o1 | 3865
HIQ40-
c AQ 118(0.16) | 325(65) ((ﬁZG) 302 (4.0) ((ﬁZG) 36(17)
HI1Q40- 117 124
10A 117(018) | 275(36) 019 | D70 | o1 | 2509
HIQ40- 117
N 107(0.16) | 270(L.1) 11 | 20D
aeC
bjigeC
“Jlg

4 H1Q40-10A was annealed at 250 °C




recrystalizes only dowly upon cooling. The morphology of the new crystds formed
depends on the cooling rate and annedling temperature.

Figure 3-5 shows aplot of Tcon and Ty as afunction of mole % anthracenenate.
Overdl, asthe amount of anthracene increases both Tcon and Ty thermal trangtions
decrease. A Smilar trend is seen for the melting trangtions of PET-co-A copolymers.
The anthracenate unit acts as an impurity that partidly disrupts crystdlization, thereby
lowering Tcon.

Attempts at annealing copolymer samples at 380 °C for 2 h, above Teon,
annedled, showed no Tcon subsequent thermd cycles and completdy insoluble materid.

Samples from each of the polymers were observed between crossed polarizersin
an optica microscope while heating up to 380 °C. Before heating, the samples were
amourphous, showed no birefringence. However, once these are completely melted, a
flowing nemdtic texture is seen. Figure 3-6 shows this for plain HIQ40 and HIQ40-co-
5A. The temperature at which this nematic texture is seen is dependent on the copolymer
compogtion. Asthe mole % anthracene increases, the lower the onset temperature. Each
of the as-polymerized HIQ40-co-A samples showed the same birefringence only after

they Started to melt.

Photocrosdinking

Anthracene undergoes rapid [4+4] face-to-face dimerization through the 9- and 10-

positions upon irradiation with visblelight. Irradiation of poly(ethylene 2,6-anthracene-
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Figure 3-5. Thermd transitions as afunction of anthracene content for HIQ40-co-A.
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Figure 3-6. (2) HIQ40-co-5A at 334 °C (b) HIQ40 at 356 °C (200" megnification).



co-terephthalate), PET-co-A, afords a polymer that gelsin trifluoroacetic acid but which
does not dissolve, suggesting the formation of a crosdinked materid.” Previous studies
with PET-co-A suggest that even at alow molar concentration (1% anthracene units),
these polymers undergo photocrosdinking upon irradiaion. With thisin mind, we
studied the photocrosdinking reection of irradiated HIQ40-co-A spin-coated films by UV
spectroscopy. The UV spectrum of HIQ40-co-10A shows the anthracene absorption
between 400 and 500 nm has a énax a 430 nm (Figure 3-7).  Upon irradiation with UV
light with awavelength a 300 nm or 350 nm, the absorption at 430 nm decreasesin
intengity, corresponding to consumption of the anthracene units. Plots of the change of
absorbance a 430 nm as afunction of irradiation time are shown in Figures 3-8.
Irradiation a 300 nm of HIQ40 (which contains no anthracene) results in an increase at
430 nm(Figure 3-83). This process counters the effect of the consumption of anthracene
upon irradiation of the copolymer. Irradiaion a 350 nm does not cause this yellowing
(Figure 3-8b). Asthe concentration of anthracene increases, the disappearance rate also
increases.

Even though UV-Vis spectroscopy shows disappearance of anthracene, thermal
analyss of irradiated films shows no evidence of crossinking. Thermograms of HIQ40-
co-A filmsbefore and after irradiation show smilar trangtions thet are reproduced upon
subsequent therma cycles. Upon irradiation, HIQ40-co-A films Hill remain soluble.
Solution viscosity measurements show irradiated films have the same intringc viscosities
as solutions of non-irradiated polymer. Thus evidence shows that no crosdinking is

taking place.
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Figure 3-7. UV Spectra of HIQ40-10A film.
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Fries rearrangement has been shown to occur in aromatic polyesters upon UV
irradiation.® For example, the photo yellowing of aromatic polyesters is attributed to
formation of o-hydroxybenzophenone though a Fries rearrangement.  Theresulting o-
hydroxybenzophenone then acts as an interna UV stabilizer that blocks UV irradiation.
This explains why consumption of anthracene in HIQ40-co-A is much dower than
photocrosdinking of PET-co-A polymers, which do not undergo facile Fries
rearrangements.

Dids-Alder Crosdinking

Since we were unable to show photocrosdinking of HIQ40-co-A, we explored the
possibility of thermaly crosdinking by a Dids-Alder reaction between the anthracene
ring and amademide. Frst we probed the reactivity of the HIQ40-co- 10A with
maemide by heating blends of N-octadecyl maeimide with HIQ40-co-A at 210 and 290
°C. Differentia scanning caorimetry (DSC) of the N-octadecyl maleimide/HIQ40-co-
10A blend shows no endotherm for the mdting of the N- octadecyl maleimide as was seen
for the PET-co-A blends. However, it does show an exdotherm (DH = -116 Jg) over the
range of 150-300 °C, consstent for the Didls-Alder reaction. Subsequent heating and
cooling cycles show no thermd transitions, not even a Tg.

The extent of the grafting reaction was followed as a function of time by *H NMR
spectroscopy (Figure 3-9, 10). The decrease in intensity of the anthracene Ho 10 peak at d
8.78, and the gppearance of the Diels-Alder adduct pesks at d 5.12 (bridgehead H) and
3.22 (maemide H) ppm corresponds to the cycloaddition reaction. At 210 °C, the Dids-
Alder reaction proceeds to an equilibrium of 50% conversion after 15 min. At 290 °C,

the grafting reaction goes to 80% conversion after the 2 min, Figure 3-10, and during the
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firg 10 min the Dids-Alder reaction proceeds to 90% conversion. After 10 minutes, the
equilibrium of the reaction shifts back toward the product (viaretro Didls-Alder
mechanism), and the relative amount of anthracene observed by *H NMR increases.
During the reaction, the maleimide undergoes both cycloaddition and islost to
decomposition side reactions. After successfully grafting HIQ40-co-A with male@mides,
we wanted to prove we could aso thermally crosdink these copolymers. Blends of
HIQ40-co-5A and hexamethylene bismaemide were prepared and heated at 220°C for
10 min, under N2 atmosphere. All of the blends were rendered insoluble upon hesting.
The thermograms of the resulting copolymers showed no thermd trangtions, giving

evidence of a crosdinked polymer network network.

Concluson
HI1Q40, known thermotropic liquid crystaline polyester, was synthesized and
modified by addition of 2,6-anthracenedicarboxylic acid as a co-monomer. Theresulting
HIQ40-co-A copolymers showed a flowing nematic phase upon melting.

Although the HIQ40-co-A is not amenable to photocrosdinking, we have shown
that we can gill modify these copolymers thermdly by a Dids-Alder mechanism. By
keeping reaction times low and using an excess of malemide, we can produce new
polymer architectures by grafting HIQ40-co-A with desingner maemides. We can dso

thermaly crosdink HIQ40-co-A using abismaemide as crosdinking agent.
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CHAPTER IV

SUMMARY AND FUTURE OUTLOOK

Grafting of Poly(ethylene terephthd ate-co-2,6- anthracenedi carboxyl ate)

Dids-Alder reaction has been used to graft smal molecules and oligomers
endcapped with malemide as dienophiles on to poly(ethylene terephtha ate-co-2,6-
anthracenedicarboxylate), PET-co-A. Mdemide-capped poly(ethylene glycol) has been
grafted onto PET-co-A and improved its hydrophilicity. Fibers spun out of this materid
maybe more “cotton like” and easier to dye. Implants made from this materid may
minimize protein surface interactions.

Fluorinated polymers are another type of materid that maybe desirable to graft
onto PET. Polymers, such as poly(olefins), that normally phase separate when blended
with PET can be modified with dienophiles to provide adheson through Didls-Alder
reaction. Dyesfor PET can be capped with dienophiles and covalently bonded to the
main chain. Antibacterid PET-co-A fibers maybe produced. This technique can be

gpplied to graft amyriad of compounds and polymers on to PET-co-A.



Poly(4-oxybenzoate-co- 1,4- phenylene isophtha ate- co- 2,6- phenyl ene anthracenate)

2,6- Anthracenedicarboxylic acid has been incorporated into the known liquid
crysdline polymer, LCP, poly(4-oxybenzoate- co- 1,4-phenylene isophthalate), HIQ40.
The resulting copolymer, poly(4- oxybenzoate- co- 1,4- phenylene isophthd ate- co-2,6-
phenylene anthracerate), HIQ40-co-A, shows LCP behavior. These HIQ40-co-A
copolymers can be grafted with maemide end- capped monomers and polymers or
crosdinked with bismalemides through a Diels-Alder mechanism. The HIQ40-co-A can
be grafted onto PET-co-A viaabismdeimide, providing amethod for an LCP to be
grafted onto PET.

The 2,6- Anthracenedicarboxylic acid can aso be incorporated into other liquid
crysdline polymers such as Vectra® or Rodrun.© Then used to crosdink the material
giving it grength in three dimensions.  Also it can be used to adhere onto other polymers

such as PET.
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APPENDIX

SPECTRA
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