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Novel Liquid Crystalline Epoxides Containing Azomethine Mesogen

Mangeng Lu and Sangwook Kim*

Department of Chemical Engineering, The University of Seoul, Seoul 130-743, Korea
Mija Shim
Department of Life Science, The University of Seoul, Seoul 130-743, Korea
Received July 27, 1999

Abstract : This article describes the synthesis and characterization of new liquid crystalline thermosets
with a side group or a flexible spacer. Nematic diepoxides based on a triaromatic azomethine mesogen are
obtained and cured with different amines. The formation of liquid crystalline phases depends on the struc-
ture of epoxide, curing agent and curing conditions. The smectic organization appeared when the
epoxides cured with sulphanitamide within some time range. The crosslinking helps to retain a uniform
spacing and aids formation of the smectic arrangement.

Introduction

Polyazomethines are known as a class of maieri-
als that have excellent thermal stability, good
mechanical strength, and enviromental resistance,
but more particularly as promising materials with
optoelectronic and photonic applications’” It has
been reported that many of these thermoplastic
polymers form mesomorphic phases on heating.
However, their meliing point and low solubility
usually make them inacceptable for processing by
conventional methods. It is also common knowl-
edge that liquid crystalline (LC) main-chain poly-
mers show a high modulus and a very low thermal
expansion in the direction of the macroscopic ori-
entation. In the direction transverse to the orienta-
tion of the chains, however, the properties are
rather poor>*

In order to decrease this anisotropic pattern
without sacrificing the enhanced properties of L.C
polymers, a crosslinked liguid crystalline thermo-
set (LCT)} network has been introduced. With
mesogenic groups along the main chains of the
polymer, and crosslinking capability between
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chains, thermosetting LC polymers would exhibit
desire properties in both the uniaxial and trans-
verse directions. Besides, the LCTs exhibit rela-
tively low processing temperatures’

Epoxides constitute a most important class of
thermosetting polymers. The properties of epoxy
resins, for example, excellent chemical resistance,
very good mechanical and thermal properties and
good electrical insulation, have been utilized in
many applications. Although epoxy resins may not
suitable to be considered as ideal model systems
because various side reactions occur simulta-
neously. The great commercial importance of
epoxy resins and the potential advantages which
LCTs can have over conventional isotropic materi-
als, caused us to look at this class of materials.
Recently, it has also been recognized that these
properties could be greatly enhanced if LC like
structures are incorporated into the epoxy net-
works.®’

LC diepoxides with different mesogenic units
have been investigated by some researchers®
Most of these studies were based on just a single
mesogen which, because of its characteristic tran-
sition temperatures, restricted the temperature
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range available for curing reaction. To study the
influence of crosslinking on the phase behavior,
monomers are required, which cover a wide
range of melting and clearing temperatures in
combination with different liquid crystalline range
(T!* Tm)'

In a previous article we desctibed the study of
the synthesis and L.C phase behaviour and curing
conditions relationship in several LC epoxides
with biphenyl and azomethine mesogen’®’ Some
other LC thermosets from traromatic ester, o-
methylstilbene containing epoxides were also
reported. For example, Mormann and Brocher
studied the liquid crystal properties of adducts
from mesogenic diaromatic monoepoxides and
diamines, and the synthesis and properties of
diepoxides with triaromatic ester groups.”! Mal-
lon and Adams synthesized the epoxy monomers
with biphenyl mesogen and ester group by per-
acid epoxidation of the corresponding diallyl
ether.”? Modified diepoxides with a flexible spacer
were also synthesized by Shiota and Ober*
Recently, the aromatic azomethine based diep-
oxides with methyl and chloro substituents were
reported.”*

In this paper we describe the LC monomer and
epoxide/amine thermoset properties, and ana-
lyze the influence of the presence of ortho meth-
oxy group in the mesogenic core and the flexible
spacer on the thermal and mesogenic properties
of epoxides.

Experimental

Materials. All starting materials for diepoxides
synthesis were obtained commercially (Aldrich
Chemical Co.) and used as received. The curing
agents, methylene dianiline and sulphanilamide,
were purchased from Fluka AG.

The preparations of epoxy monomers 1 and 2
are illustrated in Scheme I. 4-Hydroxylbenzalde-
hyde 60 mmol was stirred with 4-phenylenedi-
amines 30 mmol in ethyl alcohol 50 mL at reflux
temperature for 5 h. The resulting precipitate was
filtered and was recrystallized in 95% ethanol.
The synthesized bisphenols were converted into
the diepoxides by the reaction with excess
epichlorohydrin at base condition.
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Scheme 1. Epoxy monomer 1 (R=H) and 2 (R=Meth-
oxy).

The preparations of epoxy monomers 3 and 4
are illustrated in Scheme 1I. 4-Hydroxyibenzalde-
hyde 60 mmol was stirred with 1,6-dibromohex-
ane 30 mmol and potassium carbonate 66 mmol
in DMF 50 mL at reflux temperature for 5 h. The
suspension was cooled to room temperature,
poured into 1 liter of water, and left overnight at
about 3 °C. The resulting precipitate was filtered
and washed throughly several times with water.
The final product was obtained by recrystalliza-
tion from 95% ethanol. The synthesized bisphe-
nols were also converted into the diepoxides by
the reaction with excess epichlorohydrin at base
condition,
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Scheme II. Epoxy monomer 3 (R=H) and 4 (R=Meth-
oxy).
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Characterization. The epoxy monomer and
hardener in a molar stoichiometric ratio of 2/1
were dissolved in acetone or chloroform, and
then the solvent was immediately removed under
reduced pressure at room temperature. The
resultant mixture was dried under vacuum and
stored in a freezer. Thermal transitions were inves-
tigated with a NIKON Optiphot Z polarizing
microscope equipped with a Mettler FP 82 hot-
stage. DSC traces, transition enthalpies, and tem-
peratures were recorded with Solomat DSC-4000
(& heating rate of 10 K/min, nitrogen as a purge
gas). Investigation of the curing reaction was
made with isothermal differential scanning calo-
timetry without waiting for temperature equilib-
rium in the DSC cell. The glass transition
temperature (T,) of the cured samples was also
evaluated during dynamic scans at a heating rate
of 10 K/min.

Results and Discussion

LC Epoxy Monomers. The diepoxides were
obtained from the diols by reaction with the
excess of epichlorochydrin. The chlorohydrins
were converted into the epoxides with a molar
amount of sodium hydroxide. The diepoxides
were purified by recrystallization. Due to the high
excess of epichlorohydrin used in the synthesis,
no oligomeric diepoxides were found as con-
firmed by the absence of a band in the infrared
spectrum between 3300-3500 cm'. It would
show the presence of hydroxy groups resulting
from the incompleted reaction of phenolic
hydroxy groups or the condensation reaction of

epoxy groups and phenol hydroxy groups. The
structural formulae and thermal properties of
diepoxides are listed in Table I. The further discus-
sion on the synthesis of LC monomers was
described elsewhere.’

The epoxy monomers form nematic meso-
phases as most of those azomethine group con-
taining polymers.”® Diepoxide 1 was reported by
Mormann et al.,'’ of which the melting point and
isotropization temperature were 193 and 257°C,
respectively. The melting point of the correspond-
ing phenol and diepoxide was decreased by the
substituted ortho methoxy group because of its
volume restriction which increases the distance
between molecules, thus decreasing the inter-
molecular force. As expected, the flexible spacer

Endotherm
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Figure 1. DSC trace of diepoxide 3 conducted at 10K/
min.

Table I. Thermal Properties of Epoxy Monomers

No Structure

Transition temperature, "C
T T:

1 AN U, W WY, Y 201 277

2 (AN e i CWY 188 249

3 é’n‘,\mcmo—O—N—c—O—Otmo—@—m-O—m&n, 165 226
CHG Ohto

: B Qe s Gpome ool 169 27
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in main chains decreases further the meliing tem-
perature of monomers. However, POM observa-
tion shows that the ortho methoxy groups do not
affect the mesophases formation of LC epoxides.
A typical DSC curve of diepoxide 3 from dynamic
scan at 10 K/min is shown in Figure 1. Two transi-
tion temperatures are exhibited upon heating; the
peak positions are 179 and 226 °C. Nematic bire-
fringent patterns were obtained when the epoxy
was observed under the polarized microscope.

The epoxides are cured with different amines,
methylene dianiline (MDA), and sulphanilamide
(SAA), under the polarized microscopy or in a
DSC pan with a heating rate of 10 K/min in all
cases. The initial melt mixture of the epoxy mono-
mer and curing agents did not show liquid crystal-
linity since it formed an isotropic liquid above the
melting point. As the reaction proceeded, the
reactant mixture first developed a fluid texture
which then became locked-in as the network
formed. The isoiropization temperatures of the
mixtures are listed in Table II.

Epoxides/Amines Thermosets. An epoxy
monomer reacts faster with MDA than with SAA.
The lower reactivity of SAA comes from the low
electron density on the nitrogen atom of the sul-
fonamide group, and from the low solubility. Fig-
ure 2 shows the DSC curves for diepoxides 1
cured with MDA. No melting endotherm is
observed. The first exotherm has a maximum in

Endotherm
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Figure 2. Curing of epoxide 1 with MDA at 10 K/min.
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the wide range of 110-240 °C, which may be
associated with the primary and secondary amine
addition. The second exotherm is centered at
around 280 °C, which is attributed to the
homopolymerization of residual epoxide! 2 For
diepoxide 2 the DSC curves have a similar shape,
but the reaction is shifted to little lower tempera-
tures.

The introduction of the flexible spacer seems to
decrease the solubility between epoxy monomers
and the curing agent, SAA, because of its low
polarity. As can be found from DSC curves (Figure
3) that the 3/MDA system almost does not exhibit
any melting endotherm before the curing occurs.
However for SAA systern little curing reaction is
observed in DSC traces as the curing agent melts
at near 145 °C. This results implies that the solubil-
ity between 3 and SAA is rather poor, and epoxy
monomer is only melted at the higher temperature.
This is consistent with the observation on POM.

For epoxides 4 similar observation can be
obtained. However, the DSC trace for the epoxy
monomers with a flexible spacer cured with MDA
exhibits two exothermic peaks, and shows that
the monomer is parily melted as curing reaction
takes place. In other words, at the first stage the
hardener reacts only with the melted part of the
epoxy monocmer, As the temperature increases,
more monomer is melted, and at approximately
212 °C the remaining diepoxide melts. These

Exotherm

Al T T El T T T T T T T
0 50 100 150 200 250 300 350 400
Temperature, ‘C

Figure 3. Curing of epoxide 3 with different amines.
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Table I1. The DSC Analysis of Epoxides Cured with

MDA
Epoxide gesst?:jfi AH, Jig T, °C
1 nematic 296.3 121.1
2 nematic 3159 106.4
3 nematic 348.6 79.8
4 nematic 310.7 82.0

observations are confirmed by polarized light
microscopy. Nematic mesophases are formed
immediately after first melting.

As can be seen from Table II, the reaction
enthalpies of the epoxy/amine curing are in the
range of 240-350 kJmol', which are lower than
that found in LC diepoxides with biphenyl
mesogen. However, the curing under dynamic
scans is complete as no residual heat of reaction
can be detected on the second run. It is possible
that the melting heat of the epoxides affects the
data of reaction heat to some degree*"*

The glass transition temperatures (I} of the
cured epoxy with MDA are also listed in Table II,
which are in the range of 803-120 °C. It is clear
that the methoxy group and flexible spacer
decrease the T,.

POM observation shows that the 3/SAA forms
smectic phase when it cured for 2 h at 150 °C
(Figure 4). This is different from the observation
under dynamic runs where only nematic phase is
formed. It is thought that the difference in reactiv-
ity between the amine and sulfonamide groups
enables the build-up of linear sections which form
a highly ordered smectic phase prior to linking

Figure 4. Mesophases of 3/SAA during cure at 150 °C.

308

Intensity [cps]

L L
10.000 20.000 30.000 40060

2 Theta {deg 1

Figure 5. WAXD pattern of the cured diepoxide 3/MDA
polymer taken at room temperature.

together, while the lower reaction rate of epoxy
with SAA enables more time to occur organiza-
tion at these high tempera\tures.15 However, after
curing for 5 h, no LC phase is observed, but a
crystalline region. This is in agreement with the
DSC results. On the other hand, 3/SAA polymer
has only a mesophase between 112-200 °C
within a shorter cure time (e.q. < 2 h). As the cure
time increases, it converts into a solid crystalline
structure. The transition of mesophase to crystal
must be associated with the flexible spacer, which
makes the molecular chains flexible enough so
that they are able to change their conformations
with time under the curing temperature and con-
vert into the higher order. Under dynamic condi-
tions the relaxation time is too short to complete
the conformation transition. However, the same
results can also be observed for epoxide 4/SAA
system, [t indicates that the substituent of meth-
oxy group restricts the rearrangement of molecu-
lar segments.

A typical WAXD pattern for the cured diepoxide
3/MDA is shown in Figure 5. The powder diffrac-
tion pattern revealed that there is a strong peak at
4.9 A, a medium peak at 6.6 A, a medium peak
at 3.3 A and a weak peak at 2.1 A. These peaks
are associated with the {110}, (002), (211/210},
and (006) reflections, respectively, of an orthor-
hembic unit cell.”

Conclusions

The experiments were undertaken to study the

Korea Polym. J., Vol. 7, No. 5, 1999
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effects of structure on mesophases in a
crosslinked polymer networks. The well-defined
diepoxides were synthesized with and without
side group and flexible spacer in the backbone. A
substituted group and flexible linkage not only
tend to decrease the melting and glass transition
temperatures, but also change the mesophases.
The results show that the curing agent and reac-
tion condition also take an important role in the
formation of liquid crystalline phase. SAA com-
posed of low and unequal reactive amine func-
tions seems to favour formation of a smectic
phase of an orthorhombic unit cell. Under
dynamic cure additional reaction also occurs due
to the non-homogeneous melting of mixture.
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