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ABSTRACT

The phase behavior of binary mixtures of self-assembled molecular tapers
based on monoesters of oligooxyethylene glycol and 3,4,5-tris[4-(n-dodecan-1-
yloxy)benzyloxy]benzoic acid, their corresponding polymethacrylates, and of 4'-
methyl (benzo-15-crown-5)-3,4,5-tris[4-(n-dodecan- 1-yloxy)benzyloxy]benzoate
within their hexagonal columnar mesophase (®y,) is described. The binary blends
between molecular tapers co-assemble into a single supramolecular column resulting
in isomorphism within their @y mesophase over the entire range of composition. The
binary blends between polymethacrylates containing tapered side groups co-assemble
into a single @y, phase only when the columns of the parent polymers are of similar
diameters. This results in binary mixtures which are isomorphic within the ®p
mesophase over the entire composition range. When the diameters of the columns
formed by the parent polymers are dissimilar, isomorphic mixtures are obtained only
over a narrow range of composition. Binary mixtures between molecular tapers and
macromolecular systems containing tapered side groups co-assemble into a single
column to the extent that intercalation of the molecular taper, within the column
formed by the macromolecular system containing tapered side groups, is permissible.
In all systems increased intracolumnar interactions can be induced by complexation
of LiCF3503 by the oligooxyethylenic receptors leading to isomorphism in otherwise
non-isomorphic mixtures. Ternary mixtures between molecular tapers with non-
specific oligooxyethylenic receptors and specific crown ether receptors and
NaCF3S03 as the third component are non-isomorphic within their @y phase due to
preferential complexation of the alkali metal cation by the column of the crown ether
containing the molecular taper. This results in two columns of dissimilar diameters,

which are isomorphic in the @y, phase only within a limited range of composition.




INTRODUCTION

Disc-like liquid crystals exhibiting thermotropic columnar mesophases have
attracted recently considerable research interest. ! Séveral reviews on this field of research
have been published.2-* It is already accepted, contrary to what has been originally
considered, that the presence of a flat rigid polyaromatic core, like for example in
hexasubstituted triphenylenes,3 is not a necessary requirement for the generation of
molecules which exhibit columnar mesophases. Even compounds that can adopt a quasi-
flat conformation by virtue of their conformational flexibility display columnar
mesophases.  Several examples of such compounds like octasubstituted
cyclotetraveratrylene,5 tetra- and hexasubstituted cyclic polyamines,6 hexasubstituted
scyllo-inositol (benzene-1,2,3,4,5,6-hexol),” hexakis(4-alkylphenoxymethyl)benzenes and
hcxakis(4~alkoxyphenyl)benzcnes,3 have been reported. In addition, even hexasubstituted
cyclotriveratrylene derivatives,92-d and tungsten-oxo calix[4]arene complexes,% which
have a cone-like and respectively a bowl-like shape, as well as compounds that structurally
deviate from a strictly disc-like shape like biforked10 and phasmidic!! derivatives have
been shown to form thermotropic columnar mesophases. Diablo compounds, i.c.,
molecules composed of two disc-like moieties interconnected by a rigid rod through their
centers also exhibit columnar mesophases. 12

Lyotropic columnar mesophases are also exhibited by many biological systems. An
example is DNA which forms a lyotropic columnar hexagonal mesophase in water.!3
Supramolecular disc-like molecules exhibiting columnar mesophases were generated via
molecular-recognition directed self-assembly of complimentary components.!4.15 Endo-
recognition!42 processes generated via both hydrogen bonding!4 and metal complexation!>
were used to produce disc-like molecules.

In biological systems, molecular recognition and self-assembly are the two main

processes utilized by nature for the generation of supramolecular architectures with




remarkable properties. The utilization of these processes is exemplified by Tobacco Mosaic
Virus (TMV) which is one of the best understood self-assembled biological
systems.14b.c.16 TMV consists of a single type of protein molecule (subunit) and a strand
of RNA. The protein subunits can form single- or double-layered discs. In the presence of
the RNA strand or below a specific pH value (in the absence of RNA) the self-assembled
single- or double-layered discs assume a lock-washer shape which is required for the
generation of the helical shaped single rod of TMV. The initial driving force for the seif-
assembly of TMYV is therefore provided by exo-recognition by the tapered shape of the
protein subunits followed by complimentary endo-recognition provided by the RNA
strand.

The simplicity of this fascinating biological architecture has directed our research
towards the development of synthetic approaches to the self-assembly of cylindrical
supramolecular architectures by utilizing synthetic analogs which resemble those used by
TMV. In the first series of experiments on this topic, we used a combination of exo-
recognition generated by the taper shaped 3,4,5-tris[4-(n-dodecan-1-
yloxy)benzyloxy]benzoate group and endo-recognition generated by a benzo-15-crown-5
endo receptor as a driving force for self-assembly.!? The complexation of the benzo-15-
crown-5 endo-receptor of 4'-methyl(benzo-15-crown-5)-3,4,5-tris[4-(n-dodecan-1-
yloxy)benzyloxy]benzoate with NaCF3SO3 or KCF3SO3 destabilizes its crystalline phase .
- and induces its self-assembly into a cylindrical architecture which displays an enantiotropic
thermotropic columnar hexagonal (®}) mesophase.!” In a simpler and more general
approach, we have utilized compounds which are derived from 4'-methyl(benzo-15-crown-
5)-3,4,5-tris[4-(n-dodecan-1-yloxy)benzyloxy]benzoate by replacing its selective benzo-
15-crown-5 endo receptor with the non-selective hydroxyoligooxyethylene group
containing from one to four oxyethylene repeat units.182 The hydroxyl terminated

oligooxyethylenic endo-receptor functions by a combination of hydrogen bonding and




alkali metal salt complexation, while exo-recognition is provided by the tapered shape to
induce the self-assembly into a cylindrical supramolecular architecture which displays a
hexagonal columnar (®y) mesophase. The nonselective complexation of metal salts
enhances the endo-recognition and therefore the driving force for self-assembly as being
reflected in the increased ®y-isotropic (Py-I) transition temperatures of the complexes
versus those of the parent uncomplexed compounds. The corresponding polymethacrylates
of the hydroxyl terminated compounds allowed, for the first time, a comparison between a
"molecular” and a "supramolecular” polymer backbone effect to be made.!82 Both in
polymethacrylates containing tapered side groups,182 as well as in other similar polymer
systemswb": the endo recognition process ("supramolecular” backbone) was replaced by a
polymer ("molecular”) backbone.

Presently, we are investigating the phase behavior of binary mixtures of various
molecular, macromolecular, and supramolecular systems which self-assemble into
cylinders displaying a &, mesophase. A general discussion on isomorphism in crystalline
and liquid crystalline phases of polymers and copolymers is available elsewhere.!9 The
goal of this paper is to discuss the isomorphism of binary mixtures of monoesters of
oligooxyethylene glycol with 3,4,5-tris[4-(n-dodecan- 1-yloxy)benzyloxy]benzoic acid, of
their corresponding polymethacrylates, and of 4'-methyl(benzo-15-crown-5)-3,4,5-tris[4-
(n-dodecan- 1-yloxy)benzyloxy |benzoate within their ®, mesophase using resuits obtained
by a combination of differential scanning calorimetry (DSC) and thermal optical polarized
microscopy. The phase behavior of ternary mixtures with LiCF3S03 or NaCF3SO3 as the

third component will also be discussed.

EXPERIMENTAL
Materials

LiCF3S03 (97%, Aldrich) was dried under vacuum at 120°C for 24 hrs and stored




in a desiccator. NaCF3SO3 was prepared as described previously.!? CH,Cl, was distilled
from CaH. Tetrahydrofuran (THF) was distilled from LiAlH4 under dry nitrogen.

Synthesis of Molecular and Macromolecular Compounds Containing
Tapered Groups

Details of the syntheses of the monoesters of oligooxyethylene glycol with 3,4,5-
tris{4-(n-dodecan-1-yloxy)benzyloxy]benzoic acid, of their corresponding
polymethacrylates,!82 and of 4'-methyl(benzo- 15-crown-5)-3,4,5-tris[4-(n-dodecan-1-

yloxy)benzyloxy]benzoate!7 were reported previously.

Preparation of Binary Mixtures

Binary mixtures were prepared by weighing the individual components in cleaned
and dried glass vials and then adding dry CH,Cl; to an equal final volume so as to obtain a
homogeneous solution. The solvent was removed under a gentle stream of dry nitrogen,
and the vials were placed in a vacuum desiccator at 0.5 mmHg for 12 hrs.

Ternary mixtures with LiCF3SO3 or NaCF3S03 as the third component were
prepared in a similar manner, with the exception that CH2Cly was replaced by dry THF in
order to form a homogeneous solution. In this case, after evaporation of the solvent, the

vials were evacuated at 0.5 mm Hg for at least 24 hrs.

Techniques

A Perkin Elmer DSC-4 differential scanning calorimeter equipped with a TADS data
station was used to determine the thermal transitions which were reported as the maximum
and minimum of their endothermic and exothermic peaks. In all cases, heating and cooling
rates were 20°C/min. Second and subsequent heating scans and first and subsequent

cooling scans were identical. A Carl-Zeiss optical polarized microscope (magnification




100x) equipped with a Mettler FP82 hot stage and a Mettler FP80 central processor was

used to observe the thermal transitions and to analyze the anisotropic textures.

RESULTS AND DISCUSSION

To date only very few investigations on the isomorphism of discotic liquid crystals
within their columnar mesophase have been reported. One example refers to the
isomorphism of binary mixtures of symmetric hexakis(n-pentyloxy)triphenylene with
asymmetric 3,4,3',.4'-tetrakis(n-pentyloxy)-3",4"-bis(n-nonyloxy)triphenyiene.20 The
binary mixtures of these compounds are isomorphic in their columnar mesophase over the
entire range of compositions. Interestingly, the columnar hexagonal-isotropic transition
(®p-I) composition dependence of the phase diagram of these mixtures displays an
azeotropic minimum. A second example of isomorphism was discussed for mixtures of
disc-like molecules based on the flexible core of cyclotetraveratrylene.?! The mixtures
resulting from cocyclotetramerization of 3,4-bis(n-hexyloxy)benzyl alcohol and bis(n-
dodecanyloxy)benzyl alcohol are statistical mixtures of six possible isomers of
octasubstituted cyclotetraveratrylene. Regardless of composition, all mixtures were found
to be isomorphic within their columnar mesophase. Both examples deal with molecular
disc-like liquid crystals.

In the present investigation, the formation of the hexagonal columnar mesophase is
the result of self-assembly of molecular taper shaped groups and of macromolecules
containing tapered side groups via molecular recognition processes.

The chemical structures of all compounds which will be used in the present study
are summarized in Scheme 1. All low molar mass compounds based on hydroxyl
terminated oligooxyethylene segments and 3,4,5-tris[4-(n-dodecan-1-

yloxy)benzyloxy|benzoate moieties (1-4) self-assemble into supramolecular cylinders




which display enantiotropic hexagonal columnar (®y,) mesophases. Their self-assembly is
a result of two processes. Exo-recognition, which is provided by their tapered shape and
endo-recognition, which results via H-bonding of their -OH terminated oligooxyethylenic
segments (Scheme 1).182 Their polymeric analogues (P1-P4) also self-assemble into
cylindrical architectures which exhibit an enantiotropic @, mesophase. In these
compounds, the endo-recognition previously provided by H-bonding is replaced by the
covalent attachment of the tapers onto a polymethacrylate backbone.182 Since this is a
covalent interaction, P1-P4 have higher ®y-I transition temperatures (Tep.j) than that of 1-
4, respectively. The average column diameters of self-assembled cylinders from 1-4 and
P1-P4 were determined by X-ray scattering experiments and their thermal transitions were
determined by DSC (Table 1). The compound 4'-methyl(benzo-15-crown-5)-3,4,5-tris(4-
(n-dodecan- 1-yloxy)benzyloxy] benzoate (S) is only crystalline (Table 1). The crown ether
moiety can complex alkali metal ions, and thus, functions as an endo-receptor. This
interaction leads to the suppression of its crystalline phase and to the generation of an
enantiotropic columnar mesophase.!7 Its thermal transitions are also summarized in Table

1.

Binary mixtures between molecular tapers of monoesters of oligoethylene
glyco! with 3,4,5-tris[4-(n-dodecan-1-yloxy)benzyloxy]benzoic acid

Figure 1 presents the phase behavior of the binary mixture of 1 and 4. During both
heating and cooling (Figure 1a) DSC scans, T¢p-1 of this binary mixture exhibits an almost

linear dependence on composition. The experimental data of Teph.| from the phase diagram

in Figure la can be compared with the data calculated using the Schroeder-van Laar

equation?2 which applies to first-order transitions of ideal binary mixtures:
1
[, AHT,(TTy |
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where F) is the molar fraction of component 1, Ty and AH; are the transition temperature
and the enthalpy change of pure component 1, T2 and AH; have the same meaning for

component 2, while T is the transition temperature corresponding to composition Fy. An

excellent agreement between experimental and calculated T¢p-1 values is observed. The
enthalpy changes (AH) associated with Ti.¢ph and Tpp-k from the cooling scans are
presented in Figure 1b and, within experimental error, they seem to be independent of
composition.

The binary mixtures of 2 and 4 (Figure 2a,b) and of 3 and 4 (Figure 3a,b) display
a similar behavior to the binary mixture of 1 with 4. In all binary mixtures, the
experimentally determined T¢pp.| data are in agreement with the respective data calculated
using the Schroeder-van Laar equation. This resuit demonstrates that all binary mixtures of
compounds 1-4 are isomorphic within their @ mesophase. The isomorphism of these
compounds within their @y, phase is not unexpected since all of them possess the required
features for self-assembly into a single column, i.e., exo-recognition provided by the
tapered shape and endo-recognition provided by hydrogen bonding.182 Both interactions
facilitate the intercalation of various mixtures of compounds 1 to 4 into a column of
intermediary diameter between those of the parent compounds. A schematic representation
of the co-assembly of compounds 1 and 4 within the same supramolecular column is
shown in Scheme 2. Since the only difference between these compounds is the length of
their flexible oligooxyethylene segment, it is expected that it should have very little or no

effect at all on their ability to mix in a single column.

Binary mixtures between polymethacrylates containing tapers of
monoesters of oligoethylene glycol with 3,4,5-tris[4-(n-dodecan-I-

yloxy)benzyloxy]benzoic acid




The thermal transitions of the binary mixture of polymers P1 and P4 that assemble
into columns of dissimilar diameters (Table 1) are presented in Figure 4a (data from second
heating scan) and 4b (data from first cooling scan). At low mole% compositions in P1, the
two polymers form mixtures that exhibit a single ®p-I transitdon. Above a composition of
about 40 mole% of P1, the binary mixture displays two ®@y-I transitions which are almost
identical to the respective transitions of each individual polymer. This behavior suggests
that above this composition, the two polymers are non-isomorphic within their @y
mesophase. While this behavior is not trivial, a possible explanation can be drawn if one
considers the formation of the @ mesophase by these polymers. Although additional
experimental support is required, we can assume that the formation of each individual
column arises from the self-assembly of a single polymer chain since the possibility of
having two polymer chains occupying the inner core of the same column should be both
energetically and kinetically unfavorable. Therefore, based on this assumption, columns
should be formed from each individual polymer. Consequently, any mixture between
polymers P1 and P4 should be composed of columns of two dissimilar diameters (Table
1). Scheme 3 represents two extreme situations of binary mixtures between P1 and P4.
In Scheme 3a, a small number of larger diameter columns (P4) is introduced into the
hexagonal arrangement of smaller diameter columns (P1). This composition is expected to
distort the hexagonal packing as shown by the irregular hexagon drawn in Scheme 3. In
Scheme 3b, a small number of smaller diameter columns (P1) is introduced into the
hexagonal arrangement of larger diameter columns (P4). As is schematically shown, this
composition does not distort much the packing into a hexagonal arrangement. Figure 4¢
presents the enthalpy changes associated with the Ti-h, Tph-dbh and Tpp.K transitions
from the cooling scan of this binary polymer mixture between P1 and P4 as a function of
composition.

The thermal transitions of the binary mixture of P3 and P4 as a function of mole%




composition are plotted in Figure 5a (data from the second heating scan) and Figure 5b
(data from the cooling scan). For all compositions, the two polymers exhibit a single ®p-1
transition on their cooling scans (Figure 5b). The heating scans of the binary mixtures
present a single broad ®y-I transition the maximum of which is plotted as a function of
mole% composition in P3 in Figure 5a. The single ®p-I transition on both heating and
cooling scans suggests that the two polymers P3 and P4 which form columns with very
similar diameters (Table 1) are isomorphic within the whole range of composition of their
binary mixtures. This is expected since the introduction of columns with similar diameter
into a hexagonal arrangement should not distort their packing. Figure 5¢ presents the AH
of all transitions as a function of composition for the binary mixture P3/P4 as determined

from first cooling scans.

Binary mixtures between molecular tapers and polymethacrylates containing
tapers of monoesters of oligoethylene glycol with 3,4,5-tris[4-(n-dodecan-
1-yloxy)benzyloxy]benzoic acid as side groups

The binary mixture of polymer P3 containing a triethyleneoxide spacer and the
hydroxyl terminated low molecular weight compound 3 with the same length of the
oligooxyethylenic segment exhibits the phase behavior presented in Figure 6. Up to a
composition of about 40 mole% of 3, a single ®y-I transition is observed in both heating
(Figure 6a) and cooling (Figure 6b) scans. This behavior suggests that the low molecular
weight compound 3 becomes intercalated within the column formed by polymer P3.
Above a composition of about 40 mole%, the excess 3 that cannot be intercalated within the
polymer structure self-assembles giving rise to a second ®p-I transition at a lower
temperature (Figure 6a,b). The previous statement is supported by the fact that this ®p-I
transition remains constant with increasing concentration of 3. At the same time, the

highest temperature ®y-I transition appears to be constant also above 40 mole% of 3,
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suggesting that this value represents the maximum amount of 3 that has been intercalated
within the column generated by P3. Scheme 4 illustrates the co-assembly of 3 into the
column of P3 via endo-recognition. The enthalpy changes of the ®,-K and I-&dy,
transitions determined from the cooling scan are plotted in Figure 6¢c. The binary mixture
between P2 and 3 behaves in a similar manner as indicated by the data plotted in Figure

7a,b.

Ternary mixtures between molecular tapers and polymethacrylates
containing tapers of monoesters of oligoethylene glycol with 3,4,5-tris(4-
(n-dodecan-1-yloxy)benzyloxy]benzoic acid containing LiCF3S0O3 as the
third component

The effect of complexation of LiCF3SO3 on the phase transitions of a binary
mixture containing 10 mole% of P3 and 90 mole% of 3 is illustrated in Figure 8. The
uncomplexed mixture of P3 and 3 exhibits two ®y-I transitions arising from the columns
self-assembled from each individual component (Figure 8). The data from the first heating
scan are presented in Figure 8a and resemble the phase behavior of the pure 3 complexed
with LiCF3803.182 This is not unexpected since the binary mixture contains 90 mole% of
compound 3. It also indicates that the ability of 3 to complex LiCF3SO3 is much higher
than that of P3. The complexation ability of the oligooxyethylenic group of 3 is higher
than that of the corresponding unit of P3 most probably due to its higher Lewis base
character. Second and subsequent heating (Figure 8b) and first and subsequent cooling
(Figure 8c) scans are different. At low LiCF3SO3 concentrations, two @y-I transitions are
observed. The lowest temperature ®p mesophase, attributed to 3, is affected the most
since its transition temperature clearly increases with increasing the amount of LiCF3SO3
(Figures 8b,c). At a concentration of 0.1 mole LiCF3503/mole of ethyleneoxide repeat

unit and above, the two ®y-I transitions merge into a single one. This transition increases

11




slightly with the increase of LiCF3503 content in the mixture and then becomes essentially
independent of the amount of LiCF3S03. This behavior demonstrates that the introduction
of salt enhances the co-assembly between P3 and 3 due to complexation. The co-assembly
of the tapered 3 into the self-assembled column of P3 transforms the immiscible mixture of
3 and P3 into a miscible one. The enthalpy changes (AH) of all transitions from the

cooling scan of this mixture are plotted in Figure 8d.

Binary mixtures between molecular tapers based on 3,4,5-tris[4-(n-
dodecan-1-yloxy)benzyloxy]benzoic acid with oligoethylene glycol and 15-
crown-5 endo-receptors, and their ternary mixture with NaCF3SO3 as the
third component

The behavior of binary mixtures of compounds 2 and § was also examined.
Compounds 2 and 5 have the same tapered unit but two different endo receptors (Scheme
1). Compound 2 has a hydroxy! terminated diethyleneoxide repeat unit as endo receptor,
while compound § has a benzo-15-crown-5 receptor. Compound 2 displays an
enantiotropic @, mesophase.182 In contrast, compound 5 displays a layered crystalline
phase.l” The binary mixtures of 2 and 5 exhibit a monotropic @y, mesophase up to a
composition of 40 mole% of S (Figures 9a,b). A linear dependence of the I-®y, transition
as a function of composition is observed (Figure 9b). This suggests that 2 and § are
miscible within their @, mesophase. A linear dependence is also observed for the
corresponding AHj.@p (Figure 9¢). In their DSC scans, these mixtures exhibit a
monotropic ®y, phase and multiple melting transitions which most probably arise from an
eutectic mixture (Figure 9a). A similar behavior is observed in the binary mixture of 4
(with a hydroxyl terminated tetraethyleneoxide repeat unit segment) and 5 (Figure 10a,b,c).

Previous experiments involving the complexation of compound 5 with NaCF3S03

and KCF3SQO3 have shown that the crystalline phase of this compound is destabilized upon

12




complexation.!7 In addition, complexation induces its self-assembly into a columnar
architecture which displays an enantiotropic ®p, mesophase.!7 It was therefore interesting
to examine how an equimolar mixture of § with 2 behaves upon complexation with
NaCF3S03. Figure 11a and b plots the phase transition temperatures as a function of the
molar content of NaCF3S03 per mole of § obtained from second heating and first cooling
DSC scans, respectively. The equimolar mixture of 2 and § without NaCF3SO3 is only
crystalline. Upon complexation with NaCF3S03, a monotropic ®y, mesophase is obtained
up to 0.2 mole of NaCF3S0O3/mole of 5§ (Figure 11b). Above this value, all mixtures
display two distinct ®p mesophases during both heating and cooling scans (Figure 11a,b).
Although this behavior is not trivial, it can be explained if one considers the complexation
ability of a crown ether in comparison to that of an oligooxyei' ylene glycol.23 Since the
crown ether is more selective and binds ions much stronger than the glycol, the phase
behavior of the mixture can be explained by considering the presence of two distinct
components. One is the complexed compound 5, the other is the mixture of remaining
uncomplexed 2 and S. Therefore, the single @y, transition present up to a value of 0.2
mole of NaCF3S03/mole of § arises entirely from the complexed 5. As the concentration
of NaCF3S03 increases, the relative mole% of 5 in the remaining uncomplexed mixture of
2 and § decreases, since free § is wransformed into complexed S. This gives rise to the
second ®p, mesophase of the mixture of free 5§ and 2, which also increases with the amount
of NaCF3S803 since the mole% of free § decreases at a constant mole% of 2 (the phase
behavior of the mixture of 2 with § presented in Figure 9). In addition, the complex
between 5§ and NaCF3SQO3 is very strong and should result in a rigid column. This
statement is supported by the fact that complexes of § with salt display a glass transition in
their DSC scans.}? The increased rigidity of the column of complexed 5 and the very weak
competition of the oligooxye'hylenic endo-receptor of compound 2 for Na*, as compared

to that of the crown ether receptor of 5, should prohibit the intercalation of 2 within the

13




column of complexed §. This results in the formation of two columns of dissimilar
diameters (one consisting of the complex of § with Na* and the other consisting of the
mixture of 2 and uncomplexed §), and consequently, to the observed absence of

isomorphism.

CONCLUSIONS

The present results highlight the effect of structural factors on the isomc., .sm of
self-assembled supramolecular liquid crystals within their hexagonal columnar (®y)
mesophases. Our investigation indicates that the primary factors in obtaining isomorphism
in binary mixture is the diameter of the column formed by the self-assembly of t' 2
individual compounds as well as the ability of interaction within the inner core of the
columns. Low molecular weight compounds with the same length alkyl tails and segments
that can interact in the inner core of the column co-assemble into cylinders which are
completely isomorphic within their @y, phase. In contrast, polymeric compounds are
miscible only if their column diameters are approximately the same. When their column
diameters are dissimilar, the two polymers are miscible only at low mole% contents of the
component forming the smaller diameter column. Mixtures between low molar mass and
polymeric components are miscible up to the extent that intercalation of the low molar
compound into the polymeric structure is permitted. Mixtures that are immiscible can
become miscible by increasing the strength of interaction within the inner core of the
columnar architecture. In the present case, this was accomplished by alkali metal salt
complexation. Finally, preferential interaction in the inner part of the column of the one
component in mixtures of low molar mass compounds can induce immiscibility if the
second component can interact only weakly with the first. This was shown by the selective
complexation of alkali metal ions by a crown ether moiety versus the non-selective

complexation by an oligooxyethylene glycol moiety. In an unrelated study involving main

14




chain and side chain discotic liquid crystalline polymers, the induction of hexagonal
columnar mesomorphism, its enhancement, and the induction of compatibility and
mesomorphism in an incompatible polymer mixture via electron-donor acceptor interactions
were reported.424 The enhancement of mesomorphism of liquid crystalline polymers via
non-covalent interactions was recently reviewed.25

The present results provide insight in the manipulation of phase transitions in self-
assembled liquid crystals displaying columnar hexagonal mesophases. This study is
important since it provides complementary information for future research on these
supramolecular architectures. As such, one can foresee interest in mesomorphic ionic
electrolytes, semiconductor nanocluster arrays, reactions in spatially confined dipolar

solvent media including polymerization in hexagonal columnar organized phases, etc.
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FIGURE AND SCHEME CAPTIONS

Scheme 1. The structures of the monoesters of oligooxyethylene glycol with 3,4,5-tris[4-
(n-dodecan-1-yloxy)benzyloxy]benzoic acid (1-4), of their corresponding
polymethacrylates (P1-P4), and of 4'-methyl(benzo-15-crown-5)-3,4,5-
tris[4-(n-dodecan- 1 -yloxy)benzyloxy]benzoate (5).

Scheme 2. Schematic representation of the co-assembly of 1 and 4 into the same
columnar arrangement.

Scheme 3. a) Schematic representation of the columnar hexagonal arrangement resulting
from the introduction of a small amount of larger diameter columns into an
excess of smaller diameter columns (the resulting distortion is illustrated by
the irregular hexagon).

b) Schematic representation of the columnar hexagonal arrangement resulting
from the introduction of a small amount of smaller diameter columns into an
excess of larger diameter columns (in this case, the arrangement does not
become distorted).

In both (a) and (b) parts, the circle diameters have been drawn proportional to
the ones calculated for P1 and P4 from X-ray scattering data.

Scheme 4. Schematic representation of the co-assembly of 3 into the column formed by
the self-assembly of P3.

Figure 1.  a) The dependence of phase transition temperatures on composition for the

binary mixture of 1 with 4 as determined from second heating scan (Q, Tk.

@n), (O, Ton-1); first cooling scan (@, Ti.¢pn), (M, Tdh-K); calculated by
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Figure 2.

Figure 3.

Figure 4.

the Schroeder-van Laar equation for the data corresponding to second heating
scans (+).
b) The dependence of AH associated with the transition temperatures of the

binary mixture of 1 with 4 from first cooling scan (@, AH|.cpp), (M, AH,.

K)-

a) The dependence of phase transition temperatures on composition for the
binary mixture of 2 with 4 as determined from second heating scan (3, Tk.
®h). (O, Top.p); first cooling scan (@, Ti.pn), (B, Tph-k); calculated by
the Schroeder-van Laar equation for the data corresponding to second heating
scans (+).

b) The dependence of AH associated with the transition temperatures of the

binary mixture of 2 with 4 from first cooling scan (@, AH.cby), (W, AHdp,.

K)-

a) The dependence of phase transition temperatures on composition for the
binary mixture of 3 with 4 as determined from second heating scan (4, Tk.
®h), (O, Tpn-p); first cooling scan (@, Ti-dn), (B, Tdh-K); calculated by
the Schroeder-van Laar equation for the data corresponding to second heating
scans (+).

b) The dependence of AH associated with the transition temperatures of the

binary mixture of 3 with 4 from first cooling scan (®, AH1.cbp), (W, AHd,.
K)-

The dependence of phase transition temperatures on composition for the

binary mixture of P1 with P4. a) second heating scan (Q, Tk-dn), (O,
Ton-dn), (O, Tn-1); b) first cooling scan (@, Ti.pn), (@, Tph.bh), (M,
Tdn-K); ¢) the dependence of AH associated with the transition temperatures

of the binary mixture of P1 with P4 from first cooling scan (@, AH|.¢bh),
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Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

(®, AHon-n), (M, AHon-k).

The dependence of phase transition temperatures on composition for the
binary mixture of P3 with P4. a) second heating scan (3, Tx.¢y). (O,
Tdh-dh), (O, Tph-1), (+, calculated by the Schroeder-van Laar equation); b)
first cooling scan (@, Ty.cpp), (M, Tdh.Kx), (+, calculated by the Schroeder-
van Laar equation); ¢) the dependence of AH associated with the transition
temperatures of the binary mixture of P3 with P4 from first cooling scan (@,
AHi.h), (B, AHph-K)-

The dependence of phase transition temperatures on composition for the
binary mixture of P3 with 3. a) second heating scan (Q, Tk.k), (Q, Tk-
@n): (A, Ton-dh), (O, Ton-1; b) first cooling scan (@, T.p), (A, Tdn.
®n), (W, Tdn-K); ) the dependence of AH associated with the transition
temperatures of the binary mixture of P3 with 3 from first cooling scan (@,
AH1.®n), (A, AHOh-@n), (M, AHdh-K)-

The dependence of phase transition temperatures on composition for the
binary mixture of P2 with 3. a) second heating scan (Q, Tk.x), @, Tk.
@h), (A, Ton-dh), (O, Tph-1); b) first cooling scan (@, Tr-dh), (A, Tph-
®n), (B, Tdn-K)-

The dependence of phase transition temperatures on the amount of LiCF3S03
of the 10/90 (mole/mole) mixture of P3 with 3. a) first heating scan (O, Tk.
®n), (O, Tdp-1); b) second heating scan (Q, Tk.k), (Q, TK-®h), (A, Tdh-
®h): (O, Ton.1); ©) first cooling scan (@, T-@h), (A, Tdn-dh), (M, Ton-
K); ¢) The dependence of AH associated with the phase transitions on the
amount of LiCF380j3 of the 10/90 (mole/mole) mixture of P3 with 3 from
first cooling scan (@, AH).dp), (A, AHdh-®n), (B, AHDL-K).

The dependence of phase transition temperatures on composition for the
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Figure 10.

Figure 11.

binary mixture of 2 with 5. a) second heating scan (1, Tk-K), (3, TK-®n),
Q. TK-D, (O, Teph-1); b) first cooling scan (@, Tr.on), (W, Tpn-x), (B, Ty
K); ¢) The dependence of AH associated with the transition temperatures for
the binary mixture of 2 with § from first cooling scan (@, AHL.®n), (W,
AHoh.K), (B, AHLK).

The dependence of phase transition temperatures on composition for the
binary mixture of 4 with 5. a) second heating scan (U, Tk-k), (Q, Tk-bn),
(2. TK-1, (O, Teph.1); b) first cooling scan (@, Tr.n), (W, Tdh-x), (W, T
K); ¢) The dependence of AH associated with the transition temperatures for
the binary mixture of 4 with § from first cooling scan (®, AH|.¢y), (B,
AHon-k), (B, AHLK).

The dependence of phase transition temperatures on the amount of NaCF3SO3
for the 50/50 (mole/mole) mixture of 2 with 5. a) second heating scan (Q,
Tk-x), Q. T-dn), Q, Tk-D, (O, Tdn-®n), (O, Tdn-D; b) first cooling
scan (@, T1-bn), (@, Tdn-h), (W, Tonk), (W, Trx).
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