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ABSTRACT: The synthesis of hemiphasmidic monomers 4-{3,4,5-tris[S(-)-2-

methylbutan- I -yloxy]benzoyloxy }-4'-(p-allyloxybenzoyloxy)biphenyl (14), 4-[3,4,5-

tris(n-pentan-I-yloxy)benzoyloxy]-4'-(p-allyloxybenzoyloxy)biphenyl (j1), and 4-[3,4,5-

tris(n-dodecan-1-yloxy)benzoyloxy-4'-(p-allyloxybenzoyloxy)biphenyl (_6) and of the

corresponding polymethylsiloxanes (17, .8, and 19) is described. Both monomers and

polymers were characterized by a combination of differential scanning calorimetry (DSC),

WAXS, SAXS, and thermal optical polarized microscopy. 15, 16, and 17 are crystalline.

17 exhibits an enantiotropic double layer smectic A or C mesophase. 18 displays a

monotropic columnar hexagonal and an enantiotropic double layer smectic A or C

mesophases. Due to its close proximity to the glass transition temperature, the columnar

hexagonal phase of 18 is strongly kinetically controlled. 19 exhibits a very broad

enantiotropic hexagonal columnar mesophase. The columns of the mesophases of 18 and

19 are generated by an elongated polymer backbone penetrating through the center of the

column and tapered extended mesogens radiating out of it.
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INTRODUCTION

Previous publications from both our1 -5 and Ringsdorf's 6 laboratories have reported

on the synthesis of polymers containing mesogenic units which represent a combination of

half-disc and rod-like moieties.7

Low molar mass liquid crystals based on various combinations of half-disc and

rod-like moieties represent a novel class of liquid crystals. 7-14 Combinations of two half-

discs and a rod-like moieties are known as phasmidic liquid crystals or phasmids, while

cormbinatioes of a half-disc and a rod-like moieties are known as hemiphasmids. 7 Low

moil3r mass phasmids and hemiphasmids form either columnar hexagonal ( h)8-13 or

biaxial nematic (Nb)14- 16 mesophases.

Although hexagonal columnar mesophases are frequently obtained from flexible or

rigid disc-like mesogens or polymers containing disc-like mesogens 16 ,17 there are many

examples of conventional flexible polymers which exhibit columnar hexagonal

mesophases.17f A recent example of a flexible polymer which displays a hexagonal

columnar mesophase was provided by a non-discotic copolyether based on 1,2-bis(4-

hydroxyphenyl)ethane, 1,8-dibromooctane, and 1,12-dibromododecane. 18 In addition,

lyotropic hexagonal columnar mesophases are traditionally formed by surfactants. 19

We believe that hemiphasmids and related structures, can map the borderline

between rigid and flexible, disc-like and rod-like, thermotropic and lyotropic, as well as

other nonconventional and conventional molecules which display hexagonal columnar

mesophases. Consequently, on one side polymers containing hemiphasmidic mesogens

are of interest since they can bridge between these multiple mesogenic architectures. On the

other side they may provide an entry to the molecular understanding and design of novel

supramolecular polymer architectures by using more conventional synthetic approaches.

The goal of this paper is to describe the synthesis and characterization of the

hemiphasmidic monomers 4- ( 3,4,5-tris[S(-)-2-methylbutan- 1-yloxy]benzoyloxy) -4'-(p-

allyloxybenzoyloxy)biphenyl (14), 4-[3,4,5-tris(n-pentan- 1-yloxy)benzoyloxy]-4'-(p-

allyloxybenzoyloxy)biphenyl (.15), and 4-[3,4,5-tris(n-dodecan-1-yloxy)benzoyloxyl-4'-

(p-allyloxybenzoyloxy)biphenyl (16), and of the polymethylsiloxanes derived form them

(i.e., 17, 18, and 19).
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EXPERIMENTAL

Materials

Propyl 3,4,5-trihydroxybenzoate (97%, Aldrich), methyl p-hydroxybenzoate

(99%, Aldrich), 4,4'-dihydroxybiphenyl (97%, gift from Amoco), 1-bromopentane (99%,

Aldrich), 1-bromododecane (98%, Aldrich), S(-)-2-methyl-l-butanol (95%, Fluka), 4-

dimethylaminopyridine (DMAP) (98%, Fluka), allyl chloride (98%, Aldrich), SOC1'2 and

the other conventional reagents were used as received. Tetrahydrofuran (THF) was

distilled from LiAlH 4 . CH 2 C12 was distilled from CaH2 . Dimethylsulfoxide (DMSO) and

dimethylformamide (DMF) were stirred overnight at 100 0C over CaO and then distilled

from CaO under vacuum. Pyridine was heated overnight at 1000 C over KOH, distilled

from KOH, and then stored over KOH. 1,3-Dicyclohexylcarbodiimide (DCC, 99%,

Aldrich) was dissolved in hexanes, filtered, and the solvent evaporated. p-Toluenesulfonic

acid (p-TsOH, 98%, Aldric-,) was dried in a desicator under vacuum for 24 hrs. The

polymethylsiloxane (Mn=15 0 0 as reported by Petrarch, Mn= 2 7 0 0 as determined by 200

MHz 1H-NMR spectroscopy) was used as received. Toluene and xylene were both

washed with 50 ml portions of H2SO4 until the portions were relatively uncolored, washed

with water until neutral pH, dried over MgSO4, filtered, allowed to reflux overnight over

Na and then distilled from Na. The platinum divinyltetramethyldisiloxane catalyst (solution

in xylene from Petrarch) was purified by placing it in a clean flamed dried round bottom

flask with gas inlet adapter which was attached to a vacuum line (0.2 mm Hg). A beaker of

warm tap water was placed up under the flask so as to partially submerge it. The tap water

was replaced as it cooled and the vacuum maintained for 8 hrs, after which the remaining

catalyst was diluted to 30 times its original volume with the previously dried xylene,

sealed, and stored in a desicator. The benzoic acids and phenols used in the esterifications

and the monomers used in hydrosilations were dried under vacuum in a desicator for 24 hrs

prior to use.

Technioues
1H-NMR (200 MHz) spectra were recorded on a Varian XL-200 spectrometer.

Infrared (IR) spectra were recorded on a Perkin Elmer 1320 infrared spectrometer.

Relative molecular weights of polymers were measured by gel permeation chromatogaphy
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(GPC) with a Perkin Elmer Series 10 LC instrument equipped with an LC-100 column

oven and a Nelson 900 series integrator data station. A set of two Polymer Laboratories

PL gel columns of 5 x 102 and 104A with CHC13 as solvent (lml/min) was used. The

measurements were made at 400C using the UV detector. Polystyrene standards were used

for the calibration plot. High pressure liquid chromatography (HPLC) experiments were

performed with the same instrument. 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 20oC/min unless specified.

Glass transition temperatures (Tg) were read at the middle of the change in heat capacity.

First heating scans differ from second and subsequent heating scans. However, second

and subsequent heating scans are identical. The difference between various DSC scans will

be discussed. X-ray scattering patterns were recorded using either a flat plate wide angle

(WAXS) vacuumr camera (room temperature and elevated temperatures) or a pinhole

collimated small angle (SAXS) camera (room temperature). Ni-filtered CuKca radiation

was used. The samples were in the form of: a) as prepared polymers in the form of a free

standing powder or b) bulk samples in Lindemann capillaries cooled from the melt. The

temperature stability of the X-ray heating cell was ±0. 10C. A Carl-Zeiss optical polarized

microscope (magnification 100x) equipped with a Mettler FP82 hot stage and a Mettler

FP800 central processor was used to observe the thermal transitions and to analyze the

anisotropic textures.

Synthesis of the Monomers and Polymers

Monomers and polymers were synthesized as outlined in Scheme I.

The synthesis, purification, and characterization of methyl-p-allyloxybenzoate (2),4

p-allyloxybenzoic acid (4),4 4-hydroxy-4'-(p-allyloxybenzoyloxy)biphenyl &),4 S(-)-2-

methyl-I-butyl tosylate (0,5,20 3,4,5-tris[S(-)-2-methylbutan-1-yloxy]benzoic acid (11.),5

3,4,5-tris(n-pentan- 1-yloxy)benzoic acid (.12),5 3,4,5-tris(n-dodecan- 1-yloxy)benzoic acid

(•3)5 were described in previous publications from our laboratory.
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Synthesis of 4-f3.4.5-TrislfS(-)-2-methv1butan-l-vloxvlbenzoyloxvl-4'-(o-

allvloxvbenzoyloxv)biohen vl (14)

A solution of 1.58g (4.1 mmol) of 3,4,5-tris[S(-)-2-methylbutan-1-yloxy]benzoic

acid (.9L), 1.45g (4.2 mmol) 4-hydroxy-4'-(p-allyloxybenzoyloxy)biphenyl (6), 0.85g (4.1

mmol) of 1,3-dicyclohexylcarbodiimide (DCC), 0.1g (1 mmol) of 4-

dimethylaminopyridir e (DMAP), and 0.1g (1 mmol) of p-TsOH 2 1 in a mixture of 50 ml

dry CH2Cl 2 containing 10% dry DMF was stirred at room temperature for 16 hrs. The

resulting precipitate was filtered and the CH2Cl2 was evaporated in a rotary evaporator.

THF (20 ml) and H20 (Imi) were added and the solution was allowed to stir for 1 hr. The

mixture was poured into 200 ml H20 and the product was extracted with CH2 Cl2 . The

volume of the CH 2C12 was reduced on the rotary evaporator and the the solution was

precipitated into its 10 times excess of methanol (MeOH). The resulting precipitate was

filtered and allowed to dry in air. The product was purified by flash chromatography (basic

alumina, CH2C12 eluent), the volume of the CH2C12 was reduced on the rotary evaporator,

and the solution was precipitated into MeOH. The precipitate was filtered and dried

yielding 1.02g (35%) of a white solid. Purity: 99% (HPLC). mp, 143oC (DSC,

20°C/min). 1H-NMR (CDCL 3 , TMS, 5, ppm): 0.96 (t, 9H, CH3-CH)2-CH*), 1.06 (d,

9H, CH 3 -CH*), 1.31, 1.61, 1.91 (3 m, 9H, CH3-CH2-CH*), 3.90 (overlapped t, 6H, -

CH 2 -O-), 4.64 (d, 2H, -CH 2 -CH=CH 2), 5.37 (d, 1H, -CH=CH- trans), 5.44 (d, 1H, -

CH=CH- cis), 6.08 (m, lH, -CH=CH2), 7.01 (d, 2H, CH2 =CH-CH 2-0-PhH-COO ortho

from -0-), 7.29 (d, 4H, biphenyl ortho from -OOC-), 7.42 (s, 2H, PhH-COO-), 7.63 (d,

4H, biphenyl meta from -OOC-), 8.17 (d, 2H, CH 2=CH-CH 2-O-PhH-COO meta from

-0-). IR (KBr plate): 1720 cm-1 (v-,C=O).

Synthesis of 4-I3.4.5-Tris(n " - ntan-l-vloxv)benzovloxvl-4'-(o-

allvloxvbenzovloxv)biohen vl (15)

Compound 15 was synthesized and purified according to the same procedure as the

one used for the preparation of 14 except that the esterification was performed in the

absence of p-TsOH, and the precipitations in MeOH were done at a tempreature <-10OC.

Starting from 2.2g (5.8 mmol) of 3,4,5-tris(n-pentan-1-yloxy)benzoic acid (1() and 2.Og

(5.8 mmol) of 4-hydroxy-4'-(p-allyloxybenzoyloxy)biphenyl & were obtained 1.02g

(25%) of a white solid. Purity: 99% (T4PT ). mp, 93 0C (DSC, 200 C!min). 1H-NMR
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(CDCL 3 , TMS, 8, ppm): 0.97 (t, 9H, C..3-), 1.46 (m, 12H, -(CH,))-), 1.83 (m, 6H, -

CH2-CH2-O-Ph), 4.06 (overlapped t, 6H, CH2-CH-_-O-Ph), 4.63 (d, 2H, -CH__-

CH-I=CH 2 ), 5.34 (d, IH, -CH=CH-) trans), 5.42 (d, 1H, -CH=CH__ cis), 6.07 (m, IH, -

CH=CH 2 ), 7.00 (d, 2H, CH 2=CH-CH2-O-PhH-COO ortho from -0-), 7.28 (d, 4H,

biphenyl ortho from -OOC-), 7.43 (s, 2H, PhH-COO-), 7.63 (d, 4H, biphenyl meta from -

OOC-), 8.17 (d, 2H, CH 2=CH-CH 2-O-PhH-COO meta from -0-). IR (KBr plate): 1715

cm-1 (v-C=O).

Synthesis of 4-f3,4.5-Tris(n-dodecan-l-vloxv)benzovloxv-4'-(-.

allvloxvbenzovloxv)binhenvl (16)

Compound 16 was synthesized and purified according to the same procedure as the

one used for the preparation of 14. Starting from 1.5g (2.2 mmol) of 3,4,5-tris(n-

dodecan-l-yloxy)benzoic acid (L2_) and 0.8g (2.3 mmol) of 4-hydroxy-4'-(p-

allyloxybenzoyloxy)biphenyl (6) were obtained 1.6g (71%) of a white solid. Puritv: 98%

(HPLC). mp, 910C (DSC, 20°C/min). 1H-NMR (CDCL3, TMS. S. ppm): 0.85 (t, 9H,

CH3-), 1.27 (m, 54H, -(CH 2 )-), 1.77 (m, 6H, -CILI-CH2-O-Ph), 4.03 (t, 6H, -CH-,-O-),

4.60 (d, 2H, -CH 2-CH=CH 2 ), 5.36 (d, 1H, -CH=CH_, trans), 5.43 (d, 1H, -CH=CH-2

cis), 6.08 (m, 1H, -CH=CH2), 6.99 (d, 2H, CH2=CH-CH 2-O-PhH-COO ortho from -0-

), 7.25 (d, 4H, biphenyl ortho from -OOC-), 7.40 (s, 2H, PhH-COO-), 7.61 (d, 4H,

biphenyl meta from -OOC-), 8.14 (d, 2H, CH 2=CH-CH 2-O-PhH-COO meta from -0-).

IR (KBr plate): 1715 cm-1 (v-C=O).

Synthesis of Polvmethvlsiloxanes (17. 18. and 19)

The polymethylsiloxanes 17, 18, and 19 were synthesized by the hydrosilation of

monomers 14, 15, and 16 with a poly(hydrogenmethylsiloxane). A general method for

their preparation and purification is described below: To a flame dried 5 ml test tube

containing a microstirring bar were added 0.60g (0.85 mmol) of 15, 0.050g (0.83 mmol)

poly(hydrogenmcthylsiloxane), 2-3 ml dry toluene, and five drops (about 0. lg) of purified

platinum divinyltetramethyldisiloxane complex. The reaction was purged with nitrogen and

the tube was sealed with a cork stopper covered with teflon tape. The reaction mixture was

heated for 24 hr at 600C, after which 0.04g (0.4 mmol) of 1-octene and two additional

drops (about 0.04g) of catalyst were added ana the reaction was continued at o0OC for 2
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hrs. The solution was then cooled and precipitated into methanol. The precipitate was

filtered, dissolved in CH 2C12 and precipitated in acetone cooled to <-10o0C, filtered and

dried to yield 0.13g (22%) of a white solid. Purity: 99% (HPLC). Mn=20,000,

v1w/%/n=l.6 (GPC). The analysis of all polymers by IH-NMR showed no detectable

incorporation of 1-octene into the polymer structure. Nevertheless, the addition of 1-octene

was used in all cases in order to prevent the presence of any unreacted Si-H groL~ps in the

final polymers.

RESULTS AND DISCUSSION

The synthesis of monomers 14, 15, 16 and of polymers 17, 18, 1Q is described in

Scheme 1 and is based on a modified reaction scheme which was used for the preparation

of other polymers containing hemiphasmidic mesogens.1- 5 The characterization of both

monomers and polymers was performed by a combination of DSC, WAXS, SAXS, and

thermal optical polarized microscopy. Monomers 14, 15, and 16 are only cr.ystalline. As

predicted based on thermodynamic assumptions,2 2 and observed experimentally,-2 upon

polymerization virtual and monotropic mesomorphic phase transition temperatures of

monomers became enantiotropic. This has been also the case for side chain liquid

crystalline polymers containing hemiphasmidic mesogens synthesized previously in our

labora;.ory.1 -5

Figure 1 presents the DSC traces of the second heating scan and of the first cooling

scan of polymers 17, 18, and 19. In the case of polymers 18 and 19 the first DSC heating

scans are slightly different from second scans. However, second and subsequent heating

scans and first and subsequent cooling scans are identical. Phase transition temperatures

collected from first and second heating and from the first cooling DSC scans are

summarized in Table I.

First, second, and subsequent heating DSC scans of polymer 17 are identical

(Figure la and Table I). Polymer 17 exhibits an enantiotropic mesophase. X-ray

scattering experiments, which will be discussed in the latter part of this paper, have shown

that the mesophase of 17 is of smectic type. This mesophase is characterized by a very low

isotropization enthalpy T-able I). The isotropic-smectic phase transition temperature of 17

exhibits only a low degree of supercooling.
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Polynt-- A displays multiple phase transitions on its heating and cooling DSC

scans (Figure Ic, Id). On the first heating scan, above the glass transition temperature, 18

exhnbits a hexagonal columnar (Dh) mesophase which changes at 660C into a smectic

phase (see further discussion on X-ray scattering experiments). The smectic phase

undergoes isotropization at 1930C (Table I). The main difference between the first and

second heating DSC scans consists of the lower enthalpy associated with the Dh---s phase

transition from 660 C in the second heating scan (Table I). In addition, the isotropization

peak at 1930C in the first heating scan gets split into two peaks in the second DSC heating

scan (185 and 19-10C). X-ray scattering experiments, which will be discussed later,

showed that there is no phase change associated with the peak at 1850C. On cooling ,rom

the isotropic phase, polymer 18 shows only an isotropic-smectic phase transition at 1900C.

We can speculate that the (h phase of this polymer is strongly controlled by kinetics due to

its close proximity to the glass transition temperature of the - Ivmer. This assumption w.as

confirmed bv X-ray scattering expcriments and is in agreement with similar results

observed on other side chain liquid crystalline polymers reported from our laboratory. 24

In the first DSC heating scan polymer 19 presents an endotherm at 1260C followed

by an isotropization transition at 1930C (Table I). In the first heating scan X-ray scattering

experiments showed the generation of the (Dh mesophase above the peak at 1260C. Below

this peak, the polymer shows only one broad peak in the SAXS curve which sharpens up

above this temperature to become the 1 10 hex peak. What actually happens is that the
"endotherm" from 1260C appears to be some kind of glass transition so that a poorly

ordered as precipitated polymer becomes a well ordered columnar hexagonal phase at that

temperature. Presently we do not understand this behaviour. On the second and

subsequent heating and first and subsequent cooling DSC scans, polymer 19 exhibits an

enantiotropic hexagonal columnar mesophase (Figure le,f).

The assignment of the mesophases of polymers 17, 18, and 19 was performed by

X-ray scattering experiments. Discrimination between smectic (s) and hexagonal columnar

(Oh) mesophases relies on the presence (in the case of Oh:) or the absence (in the case of s)

of an X-ray reflection with d=dov-3, in addition to the d=dJ/2 reflection which is present in

both OIh and s phases [where do is the basic intense reflection, i.e., 001 (in the case of s)

or 100 (in the case of (h)]. In the absence of oriented samples all but do rings are weak.

No wide angle reflection is observed in any polymer at any temperature. Only a diffuse
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halc centered at a Bragg spacing of 4.5A is observed. This indicates that none of these

polymers display crystalline phases.

The low temperature phase of the thermally untreated polymer 18 (i.e., povder

separated by precipitation, above its glass transition temperature) is characterized bv

d0=46.5A(stronmg)=dh• , dj=26.5(±0.5)A(weak)= d , (dh/d0 = 1 .75=v). No 220

reflection could be discerned, and the wid:,; if both observed diffraction maxima suggests

relatively poor order. Annealing at temperatures significantly above Tg coulu not be

performed due to the phase transition taking place around 66 0 C (Figure Ic). From the

observed 100 and 110 diffraction peaks, the radius of the column is calculated as

R=d 10 0/3-1=27A, and its diameter 2R as 54A. Let us compare the experimental value of R

with the length of the extended conformation of the molecular model of the planar tapered

shape of the structural unit of 18 (Scheme Ila). This value calculated from the Si atom to

the hydrogen end is '2.SA, and after including the Van der Waals radius of hydrogen it

becomes 34A. Scheme Ilb shows a projection down the column which assumes that each

column occupies a hexagonal cross-section. From Scheme rib, a=(2/J3)R=3lA.

According to these data, it seems reasonable to assume that the polymer backbone is

located in the center of the column. The hemiphasmidic tapered side groups are radiating

out of the center of the column. Both R and a values from Scheme IIb are less than the

extended conformation of the side groups i.e., 34A. This difference can be explained by:

a) a contraction of the pentyl tails; b) a contraction of the propyl spacer; or c) an

interdigitation of the pentyl tails from the neighboring columns. A discrimination between

these three possibilities is not yet possible.

Upon heating above the endotherm from 660C (Figure 2c) the (h phase of 18

changes into a new phase. Various thermal treatments (i.e. heating, and cooling with

different rates from the smectic or isotropic phase; annealing below 660C) failed to

regenerate the (th phase. Most probably the (h phase is kinetically difficult to obtain

through thermotropic transitions due to its close proximity to the glass transition

temperature of 18 (Tg=490 C). However, the (Dh phase formed easily when the polymer 18

is reprecipitated from solution and heated above its glass transition temperature.

At 160oC, 18 shows an inner ring due to do=55(± 1.5)A=d0 0 1 (at room temperature

do=53A) and an outer ring due to dj=26.5A=d0 0 2. Since dI/d0 =2, this phase is most

probably a layered phase i.e., SA or sc. The end to end length of the side group from
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Schieme Ila (i.e. from -H to -H) is 34.8A . After including the Van der Waals radii of

hydrogen it becomes 37A . Therefore, the smectic phase should be based on a double layer

as shown in Scheme lIc and d. It is very probable that at high temperature the tapering of

the side group disappears due to the coiling up of the spacer and/or backbone (Scheme lId).

Additional experiments are requested to discriminate between the sA or sc character of this

mesophase.

Regardless of the thermal history of the sample, polymer 17 exhibits only a double

layer smectic phase which appears to be of the same type as the high temperature smectic

phase of 18. The smectic layer periodicity of 17 after annealing at 1200C is:

do=53(± .0),A=d001 . The end to end length of the side groups of 17 calculated in the same

way as the one of 18 is 35.6A.

Polymer 19 exhibits an enantiotropic columnar hexagonal ((Dh) phase which

extends from the glass transition (480C) to its isotropization temperature (1930C). As

obtained by precipitation from solution 19 has no long range positional order, but it appears

to possess short range columnar order. However, once heated above its glass transition

temperature and particularily above the endotherm at 1260 C it exhibits a (Dh mesophase.

This mesophase is characterized by d0=57.4A (strong)=dh, , dl=33.3A(v.weak)= dhex10 11l0,

and d2=28.5A (v.weak)=dh2o. The radius of the column is R=33.5A and its diameter is

2R=67A. The length of the extended conformation of the molecular model corresponding

to the planar tapered shape of the structural unit of 19 was calculated from the Si atom to

the H of the end of the dodecyl tail in the same way as in the calculation performed for the

case of 18, and is 41.2A . After including the Van der Waals radius of hydrogen this

difference becomes 42A. These data can be accomodated by a columnar hexagonal

structure in which the columns are similar to those of Scheme Ilb. Since the extended

conformation of the structural unit of 19 (42A) is much longer than the radius of the

column (R=33.5A), a column like that depicted in Scheme Ilb can be constructed only if

the dodecanyl tails of the mesogen are largely coiled on the surface of the column or

strongly interdigitated between two neighboring columns. Only a contraction of the propyl

spacer is not sufficient to account for this difference.

Figure 2 presents some representative textures exhibited by the smectic phase of 17

(Figure 2a) and ia (Figure 2b), and by the hexagonal columnar mesophase of 19 (Figure

2c). Upon slow cooling from the isotropic phase and annealing at 168 0 C for 30 min the



11

texture of the smectic mesophase of 17 displays batonnets which are characteristic of a sA

phase (Figure 2a). Upon cooling from the isotropic phase with 0.50 C/min and annealing at

1790C for 10 min, polymer 18 forms first bftonnets which merge into a focal conic texture

(Figure 2b). This texture is also characteristic of a sA mesophase. Finally upon cooling

with 50C/min from the isotropic phase to 1800C polymer 19 forms the texture in Figure 2c

which is representative of a hexagonal columnar mesophase exhibited by discotic liquid

crystals. 25 Since this mesophase is generated very fast, i.e., is characterized by low

viscosity, we believe it may indicate that the alkyl tails of the mesogens are more probably

coiled on the surface of the column than interdigitated between two vicinal columns.

Definitive assignments of the nature of the smectic mesophase of 17 and 18 requires

additional X-ray scattering experiments performed on aligned samples. At the present time

these experiments are not very important for our goals since we are mostly interested in the

molecular design of polymers exhibiting hexagonal columnar mesophases.

So far these preliminary X-ray scattering experiments have demonstrated that long

alkyl tails in hemiphasmidic mesogens of the type 14, 15, and 16 are favoring the

formation of hexagonal columnar mesophases, while short alkyl tails are favoring the

formation of smectic double layer mesophases. These data suggest that the length of the

alkyl tail of the hemiphasmidic mesogen has an important contribution to the overall shape

of the mesogenic group. Short alkyl tails permit a rod-like conformation which can be

packed into a bilayer smectic phase. However, long alkyl tails generate a tapered shape

which is better accomodated in a cylindrical or columnar shape. At first sight these

principles agree with those encountered in lipids or surfactants. 26 Single-chained lipids

with large or small head group areas generate spherical and cylindrical micelles due to their

cone or truncated cone shape. However, double-chained lipids with small head group or

with large head group areas generate planar bilayers and flexible bilayers or vesicles due to

their cylindrical or truncated cone shape.

To our knowledge polymers 17 and 18 are providing the second examples of

mesomorphic systems based on hemiphasmids which exhibit smectic mesophases. The

first one was reported by Ringsdorf et al.6 We think that polymer 18 represents the first

example of a hemiphasmidic compound which exhibits a columnar hexagonal (Dh) to

smectic (s) phase transition on heating. In most low molar mass biforked liquid crystals

(i.e., rod-like mesogens containing two aliphatic tails at each end) both hexagonal columnar
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and smectic phases occur separated by a thermotropic transition. 27 However, in biforked

low molar mass compounds the columnar phase occurs at higher temperatures. In addition

to 18 there are only a few polymers which exhibit a (h to s phase transition. They are

based on biforked mesogens. 28

Additional X-ray experiments are required to elucidate the structure of the

hexagonal columnar mesophases displayed by these polymers. Nevertheless, the results

presented in this paper are suggesting synthetic procedures for the molecular engineering of

polymers exhibiting hexagonal columnar mesophases and containing both functionalized

surfaces of their columns and channels penetrating through the column. Research on this

line is in progress and will be reported in due time. Last but not least, since liquid

crystalline polymers containing hemiphasmidic mesogens are much easier to synthesize

than the corresponding polymers containing disc-like groups,29 they may represent more

suitable materials for the molecular understanding of polymers exhibiting hexagonal

columnar mesophases.
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LIST OF SCHEMES AND FIGURES

Scheme I. Synthesis of polymethylsiloxanes based on 4-[3,4,5-tris(alkan-1-

yloxy)benzoyloxy]-4'-(p-allyloxybenzoyloxy)biphenyl groups.

Scheme I. (a) Planar tapered extended conformation of the structural unit of polymer 18;

(b) top view of a column from the hexagonal columnar phase ((Ih) exhibited

by polymers 18 and 19; (c) the double layer smectic structure of 18 with an

extended spacer (too large); (d) the double layer smectic structure of 18 with

coiled spacer.

Figure 1. Heating and cooling DSC traces of: 17 (a) second heating scan (b) first cooling

scan); L8 (c) second heating scan (d) first cooling scan; j9 (e) second heating

scan (f) first cooling scan.

Figure 2. Representative optical polarized micrographs (lOOx) of the textures displayed by:

(a) smectic phase of 17 after annealing at 1680C for 30 min; (b) smectic phase of

18 after cooling to 179 0C at 0.5 0C/min from the isotropic state; (c) hexagonal

columnar phase of 19 after cooling to 1800C at 50C/min from the isotropic state.



Table I Characterization of Polysiloxanes L7, 1. and 12 (g=glassy phase, (b=hexagonal columnar

mesophase, s-smectic mesophase: data on the first line are from the finst hea.ti and cooling scans, data on

the second line from the second heating scan).

M= MV/w n Purity Phase transitions ("C) and

Polymer. (%) Yield corres;onding enthalpv changes rkcalom')a

(GPC) (HPLC) (%) heatinz cooling

17 21,000 1.4 99 53 g59s 168(0.11)i i 160(0.11)s54g

g 60 s 168(0.11) i

18 20,000 1.6 99 22 g 48 (Dh 66(1.0) s 193(0.08) i i 190 ,18 2 (0. 1 1)b s 49 g

g 49 (Dh 66(0.09) s 185 ,19 4 (0 .0 6)b i

12 23,000 1.7 98 55 g 48 (Zh 126(3.0) (Dh 193(0.4) i i 175(0.06) Oh 33 g

g 40 (Dh 191(0.08) i

amru--mole repeat unit ; bcombined enthalpy for overlapped ransitions
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