
Thermoplastic and Thermoset Main Chain l
Polymers Prepared from Biphenyl Mesogen

SYNOPSzS

Maan chain IEquEd crystal thermoplastic polyesters and thennosetting epoxy m ins wem
prepared using biphenyl mesogens- The melting points d the polyesters wen eRect ively
deereað d by incorporating h xible methylene spae@m into the polymer main chain. The
liquid crystal epoxy resins exhibit high Elam transit ion temperature-low thermal u pansmn
coemdents, high dielect ric stmEEP h. - and low dielectric loss. They are suitable for the
preparation of self-reinforcing molecular composites-@1993John wiley & Sons. Inc.
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ENTRODUCTION

In the malm of high-performance polymers, them
is a never-ending quest for materials with higher
thermal and dimensional stability, higher modulus
and tensile strength, lCwer coemcient of thermal ex-
partSion- and lighter mass. Liquid crystal polymem
have h m developed recently to meet them de-
mands.1

w hile large numbers of thermoplast ic liquid
crystal polymers have been synthesized, relat ively
few thermoset liquid crystal polymers have [ en
prepared-M w ith mesCgenic groups along the main
chain of the polymer, and cmsslinking capability
between chains, therms ett ing liquid crystal pCly-
mer would exhibit desirable pmpert ies in both the
uniaxial and transver" dirmtions and should be
good candidates for self-reinforcing composite ma-
terials. In this article, we pmmnt the synthesis of
thermoplast ic å Ed thermoset liquid crystal polymers
from biphenyl m" Cgens, and discuss the stmcu re-
property relationships of the prepared polymers.
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suberoyl chloride, sebacoyl chloride, and epichlo-
mhydrir1) were purchased from Aldrich-The chem-
icals were used as rmeived without further Puri6.
cat ion. Samples of bisphenol A epoxy (Epon 828)
wen obtained from Shell Co. and uk d " mceivea
Curing agenu (diaminodiphenylsulfone and tri-
EEBellitic anhydride } were purchased from Aldrich
and used s received.

Synthesis of Rigid-Rod Aromatic Potyesterether
copoIymers {Scheme t of Figure 1j
pmm mtmn of 4,4'-DLchb RqformyMPhew tetpur. nEe
acid chlor ide was prepared by reauxing 4,4'-oxydi-

benzoic acid (0.02 m) with exceu t tZionyl chh dde
(0.M m) in t he pmmnce of 1 dmp of ] y N ,N .d -
methylformamide for 3 h. Exceu thionyl chloride
was remCved under reduced pmÖure. T he solid
pmduct wm recrystall ized from hexane/ heptane
mixture (5 : 1by volume). Recrystallized solids gave
a melt ing m nt d 87.M y CC ( lit .7 874 90C) . IR
( KBr ): 1720 cm- 1.

pmpu atmn of AmmatiC Polyesterether Comdymer
fPotymer I J. The polymer was synthesimd mMg
interfacial condensation. A mixture consisting of
sT ium hydrCxide (2Ommol ), water (1Û mL ), 4.4'-
biphenol (1O mmol ), and benzyltrimethylammo-
nium chloride (1.63 g d a 10% aqueous solution)
was prepared. The mixtum was transferred s a
w aring blender and st irred while a ß COnd solution

S2 5 1



3 2 6 2 SU

Sº .m- E ¯ }. . .õ d LTuMCrysuI Msnauc pdyesw . . aw Cúmwmer

sdRem- u sy@,§ { Cf LHuM CWS¿ AzC",athPAIlphauc ps yÉ tw

s d Emn. tll

bO C M -A£ ,w

û ×Ì º n º ºu Z C C Z T

c o n s i s t i n g o f 4 ,4 ' . d i e t zl o r 0 . f o r m y l d i p h e n y l e t h e r i n

c h l o r o f o r m ( 1 0 % s o l u t i o n ) w a s a d d e d r a p i d l y . T h e

t h i c k w h i t e s l u r r y w a s s t i r r e d a t h i g h s p e e d f o r 1 O

m i n a n d t h e n p o u n d i n t o a c e t o n e t o c o a g u l a t e t h e

p r o d u c t . T h e p r e c i p i t a t e d p o l y m e r w a s w a s h e d w i t h

a c e t o n e , w a t e r , a n d m e t h a n o l i n se q u e n c e ; t h e w h i t e

p o w d e r y s o l i d w a s t h e n d r i e d i n a v a c u u m o v e n a t
7 0 CC o v e r n i g h t . I R ( K B r ) : 1 7 2 0 , 1 5 8 0 , 1 4 8 0 , 1 2 4 0 ,

1 1 9 0 , 7 5 0 c m - 1 . m p r 5 Û Cc -
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Preparation ot Aromatic Aliphatic Polyesters
(Scheme Hof Figure 1)

T he same procedure descr ibed in the previous k ß
t ion was followed. T he polyesters were prepared by
interfacial condensat ion
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F t g u r e 1 . Re act ion sch em es.

mmol ) and an aliphat ic diacyl chloride ( 1Ommol ) .
T he aliphat ic acid chlorides used wen adipoyL pi -
meloyl, suberoy1, and mbacoyl chlorides.

Preparation ot t iquid c rystal Epoxy from
Biphenol and Epichloroh^drin (Scheme il l of
Figure 1)
To 0.01m 4,4,-biphenol,0.1m epichlorohydrin,and
1drop of water was addeti The mixture wasstirmd
and heated to 100Cc followed by cooling to v CC.

Then ss ium hydroxide (0.02m) was added and the
mixture was maintained at 1Û Cc for 30 min. The
excess epicMorohydzOin was removed at reduced
pressure-The white residue was washed twice with
toluene. The toluene washings were combined andUSErzg 4,4'-biphenol (10



the solvent evaporated under reduced prs sum to
yield t he polymer as a white solid which melted at
140- 142. C.

Characterization of Liquid Crystal Properties of
Synthesized Polymers

T he thermotropic property of synthesized polymers
were studied via Perkin-Elmer DSC-2 for phase
transit ion and via Leitz Ortholtzx II POL-Bk mi -
croscope equipped with polarizing light and heat ing
stage for birefringence.

Preparation ot Cured Liquid c r^stal Epoxy and
Bisphenol a Epoxy Samples with
Diaminodiphenylsultone (DDS) and Trimellitic
Anhydride (TMA) Curing Agents

A molar equivalent of DDS to both epoxies ws umd.
T he liquid crystal epoxy was cured at 170CC, 02 5
mm Hg, for Æh, then 180CC, 1 atm for 2 h. T he

bisphenol A epoxy (Shell , Epon 828) was cured at
180CC, 1 atm for 4 h.

A molar equivalent of T MA to both epoxies was
used-The curing condit ions were the same for liquid
crysu l epoxy and Epon 828. The samples wen CU ed
at 150CC/ 2 h, 2Û CC/ 2 h, 250CC/ 2 h.

T he completeness cure of samples was checked
by IR. All samples show the absence of the epoxide
ring IR absorpt ion (ca. 910 cm- 1); thus, they were

well cured.

Thermal and Electrical Properties of Cured t iquid
c rysta1Epoxy

The glass transition temperatures and Z-axis ther-
mal expansion coeå d ents of the samples were de-
termined by thermal mechanical analysis (TMA)
using a Perkin-Elmer TMS-2 analyzer.

The dielectric strength and dielectric loss of the

Table I . ERect of Flexible Spacer Ideagth on the
Melting Point of Liquid Crystal Polyesters

MAIN CHAIN LIQUID CRYSTAId POLYMERS 3 2 5 3

Figure 2. Optical micrographof lü Ôd cwsu l pol" -u r
(polymer IE. m = 8) under crossed polars (Á Ñ}.

cured samples were measured according to AST M
D149 and AST M D150, respect ively.

RESUt TS AND DISCUSSEON

An aromat ic rigid-rod polyesterether copolymer
(polymer I ) was prepared in quant itat ive yield ac-
cording to Scheme I of Figure 1 by interfacial POW-
condensat ion via t he Schotten- Bauman react ion.
However, the polymer melted above sÛ CC. To lower
the melt ing point of polymer I , we replaced its bi-
phenol ether moiety in polymer I with aexible
methylene units as shown in Scheme I I of Fiî É 1.

T he eEect of the length of aexibie spacers on t he
melt ing point of polymer H is shown in T able l

T he synthesis and characterizat ion of polymer H
has been studied extensively by Blumstein et al a
and Asrav et a1.9Our results am consistent with their

results. T he highlights of our observat ion are dis-
cussed here.

T he melt ing point of polymer I E decreases with
increasing methylene unit length- Except for poly-
mer EI ,where m is equal to 4, all t he other molecules,
when observed under crossed polars in a hot -stage
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Figure 3. DSC thermogram of liquid crystal polyÓteH polymer H , m z º .

microscope, exhibit nematic (m = 5) and smectic
(m = 6 and m z 8) birefringences. FiBzre 2 shows
a smectic birefringence and Figum 3 gives the DSC
thermogram of polymer I I containing 8 methylene
units.The DSC curve shows double meltingat 197Cc
and mr c , a charmu rist ic of rigid b xible powes-
tem." Annealing egects wen observed during the

cÛ ling cycle, involving loss of some solid-solid
transition and changes in temperature, shape, å Ed
an a of exothermic/ endothermic peaks.

A thermoset iiquid crystal epoxy (polymer HI )
was prepared according to Scheme II I of Figure 1.
The IR spectmm (Fig. 4) shows the characteristic

~

ê ê

bands for epoxy resins at 916 and 863 cm-1. The

DSC 8tudy of this epoxy is shown in Figure 5. Two
translt lon temperatures wen exhibited upon hs t -
ing. The epoxy started to melt at 115CC and became
isotropic at 152CC. The opticì micrograph of the
epoxy is shown in Figure 6. Smectic bimfringent
patterns wen obtained when the epoxy was obsewed
under the polarized microscope at 135CC.

The liquid crystal epoxy was cured with diami-
ns iphenyl sulfone (DDS) and trimellit ic anhydride
(TMA) separately. The properties of cured samples
wen compared with those of conventional bigphenol
A epoxy (Epon 828) cured with the same CU ing

Micmmeters

Figure 4. IR spectmmof liquid crystal epoxy (polymer HE).

. . . . . .



Figure 5. DSC thermogram of liquid crystal epoxy (polymer EI I ).

agents. As shown in T ables I I and II I , the liquid
crystal epoxy exhibits bet ter t hermal and elect ric
properties than does bisphenol A epoxy- In the case
of thermal propert ies, t he liquid crystal epoxy
showed increased glass t ransit ion temperature
( 15.5% for DDS curing agent and 44% for T MA

Figure 6. Optical micrograph of liquid crystal epoxy
(polymer HE) under crossed polars (50Ñ).

MAIN CHAIN LIQUID CRYSTAId POLYMERS 3 2 5 5

curing agent } and reduced coeå cient of t hermal ex-
panSion ( 18.9%, DDS curing agent ) . Ochi et a1.u
reported the glass t ransit ion temperature was in-
creased and internal st ress was decreamd by intm-
ducing the tet ramethyl biphenyl st ruetur@s the
epoxy resin networks, i .e., diglycidylether tetra-
methyl biphenyl (DGET MB ) . Our results wen
consistent with their observat ion, alt hough they
didn't descr ibe any liquid crystal property of

DGE TMB. w hen the liq l id cwsu l epoxy wm curs
with t rimellit ic anhydride, the cured material
showed increased dielect ric st mngth ( 13.7%) and
decreased dissipat ion factor ( 14.2%). T he msu1ts
are expected because of the highly ordered rigid rod
st ructure d the liquid crystal epoxy- Although the
react ivity of l iquid crystal epoxies versus curing
agents was not quant it at ively evaluated, a shorter
gel t ime than that of bisphenol A epoxy was ob.

" w ed-
T he possibility of using l iquid crystal epoxies for

molecular composites is current ly under invest iga-

Table I I . cCmParison of Thermal Pmperties
between Liquid Crystal Epoxy and Bisphenol A Epoxy
(Epon 828), Both Cured with Molar Equivalents of
DiaminT iphenylsulfC" (DDS)

Y CTEPC} {ppm Oc-2)
Sample

§ -9
67.7

LC Epoxy/DDS
Epon 828/DDS

231
2Û
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TabEe EEE. cCmmdmn of Thermal and El@ctrieal pm" ¹ ¡ between Limid cwaMEpmy and Bi-phenol A Epoxy
(Ï Cn 828), Both CUM with Molu Equivalentsof TrimelliticAnhydride(TMA}

Á Dielectric Str-ngth Diu ipathCn FÆGCr
h mpu tB , L V/1OBU} a I MHZ}
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t ion- Crosslinked liquid crystal epoxy resins can
el iminate the anisot ropic propert ies of convent ional
liquid crystal polymem. T he mechanical propert ies
of l iquid crystal epoxy could be improved further by
using rig d rod curing agents instead of convent ional
cur ing agents.

CONCUJS1O NS

T hermot ropic main chain l iquid crystal polyester
and epoxy resins have been prepared using biphenyl
mesogen. T he melt ing point of t he polyester was
reduced by introducing h xible methylene units intj
the polyester main chain. T he liquid crystal epoxy
resin exhibited better t hermal and elect rical prop-
ert ies t han a d convent ional bisphenol A epoxy res-
ins when cured with convent ional curing agents-T he
liquid crystal epoxy is suitable for t he preparat ion
of self-reinforcing molecular composites.

The author would like to thank C. Go for the synthesis
work- and L. C. Scala and G. Berry of Carnegie-Menon
University for st imulat ing discussions.
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