
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 10:27
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

A Novel Class of Amphotropic
Mesogens Displaying SA-
Polymorphism, Nematic and
Lyotropic Columnar Phases
Marius Kölbel a & Carsten Tschierske a
a Department of Organic Chemistry, Martin-Luther-
University Halle, D-06120, Halle, Kurt-Mothes-Str. 2,
Germany

Version of record first published: 24 Sep 2006

To cite this article: Marius Kölbel & Carsten Tschierske (1999): A Novel Class of
Amphotropic Mesogens Displaying SA-Polymorphism, Nematic and Lyotropic Columnar
Phases, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 332:1, 75-82

To link to this article:  http://dx.doi.org/10.1080/10587259908023746

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908023746
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

27
 1

7 
A

ug
us

t 2
01

2 



M o l .  Crys~. Liq. Cryrr.. 1999, Vol. 332, pp. 75-82 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1999 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint 
Printed in Malaysia 

A Novel Class of Amphotropic Mesogens 
Displaying SA-Polymorphism, Nematic and 

Lyotropic Columnar Phases 

MARIUS KOLBEL and CARSTEN TSCHIERSKE 

Department of Organic Chemistry, Martin-Luther-University Halle, 0 -061  20 
Halle, Kurt-Mothes-Str. 2,  Germany 

Two novel amphiphiles without flexible alkyl chains, but instead with extended aromatic 
units and head groups of different size have been synthesized and investigated by polarized 
light optical microscopy, differential scanning calorimetry, and X-ray diffraction. They show 
formation of nematic phases and SA subtypes as known from polar smectics. On addition of 
glycerol columnar phases were observed. 

Keywords: calamitic amphiphiles; SA-polymorphism; lyotropic mesophases; columnar mes- 
ophases; amphotropic liquid crystals 

INTRODUCTION 

Most liquid crystalline phases are formed by molecules which have either an 
anisometric or an amphiphilic structure. In most of these compounds flexible 
alkyl chains provide a certain degree of mobility, whereas rigid rod-like, 
disc-shaped or polar groups are responsible for the order in the mesophases. 
Mesogens - anisometric as  well as amphiphilic - without flexible chains are 
quite rare. Examples are p-oligophenylenes"', high molecular weight 
condensed polyaromatic compounds (carbonaceous materials)"', some 
indene derivatives and pseudoa~ulenes'~', salts of 2-benzyl-3-phen 1 
propionic acidi4] and 2-(3-phenyloxyphen 1)propionic acid (fenoprofens) L- , 
and the class of chromonic liquid crystals I 6 7  

One aim of our work is to study systematically the mesogenic properties 
of amphiphilic molecules, the flexible alkyl chains of which have completely 
been replaced by rather rigid, all-aromatic segments. To this purpose we 
have synthesized a series of novel calamitic mesogens with diol head 
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76/[2586] MARIUS KOLBEL and CARSTEN TSCHIERSKE 

groups"'. 4-(2,3-Dihydroxypropyloxy)-4'-benzyloxybiphenyls with lateral 
methyl substituents at the biphenyl rigid core, such as 1, were the first 
examples of this class of compounds. They showed the same diversity of 
mesophases as classical amphiphiles forming thennotropic andor lyotropic 
smectic 4 smectic C, columnar and optical isotropic, probably cubic phases 
depending on the position of the methyl substituent"]. In the case of these 
amphiphiles, the hydrophobic interactions of the alkyl chains are replaced by 
interactions between aromatic segments and their columnar phases are of the 
ribbon type. 

Here we report on the properties of novel amphiphiles of this type with a 
more extended aromatic segment. Beside compound 2 with a small and 
compact 2,3-dihydroxypropyloxy head group also compound 3 with a larger 
hydrophilic group was synthesized'". 

R =  
A A  

SYNTHESIS 

SCHEME 1 Synthesis of compound 2; reagents and conditions: a) ally1 
bromide, K2C03, acetone, reflux, 3 h; b) 0 ~ 0 4 ,  N-methylmorpholine-N- 
oxide, acetone, H20, 20 "C, 24 h; c) 2,2-dirnethoxypropane, pyridiniurn 
tosylate, 20 "C, 12 h, d) 4-benzyloxyphenyl boronic acid, Pd(PPh& 
NaHC03, glyme, H20, reflux, 6 h; e) H2, Pd/C, EtOAc, 20 "C; 9 4- 
phenylbenzyl chloride, K2CO3, acetone, reflux, 8 h; g) pyridinium 
tosylate, H20, MeOH, reflux, 3 h. 
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ALL-AROMATIC AMPHIPHILES [2587]/77 

Compound 2 was synthesized according to Scheme 1. WILLIAMSON 
etherification of 4-bromo-3-methyl phenol with allyl bromide yielded the 
ally1 ether 4, the double bond of which was dihydroxylated employing VAN 
RHEENEN'S methodig1. After protection of the hydroxy groups, the aryl 
bromide 6 was coupled with 4-benzyloxyphenyl boronic acid in a SUZUKI 
reaction"''. Then the benzyl protecting group was removed by 
hydrogenolysis, and the phenol thus obtained (8) was etherified with 
commercially available 4-phenylbenzyl chloride. Cleavage of the acetonide 
protecting group by acidic hydrolysis yielded the desired diol 2, which was 
purified by crystallization from n-hexandethyl acetate. The synthesis of 3 
followed an analogous route, using the tosylate of 2-allyloxyethanol instead 
of allyl bromide and carrying out the deprotection of the diol group before 
etherification with 4-phenylbenzyl chloride. - 

MESOMORPHIC PROPERTIES 

ThermotroDic DroDerties 
The transition temperatures of the compounds 2 and 3 as obtained by 
polarized light optical microscopy (OM) are summarized in Table 1. On 
cooling from the isotropic melt, formation of a nematic schfieren texture is 
observed for compound 2. It converts into a typical SA fan shaped texture at 
168 "C. On hrther cooling with a rate of ca 5Wmin this texture is replaced 
by a pseudoisotropic one in a distinct transition at 153 "C. On heating with 
the same rate, separation and coexistence of two immiscible, 
homeotropically aligned phases can be observed in the temperature range 
between 153 "C to 156 "C. Above this temperature range only one 
homogenous phase is observed. These observations are essentially confirmed 
by DSC investigations (Fig. 1). 

TABLE 1 
values AH /kJ mol" (lower lines in italics) of compounds 2 and 3. 

Comp. phase transitions 

Transition temperatures T/"C and corresponding enthalpy 

-o~Q4Tw cr 148 SA2 153 Sad 168 N 171 is 
H f  OH 22.6 4.7 0.2 1.5 2 

cr 103 SA+ 148 is 
H F  22.4 3.5 3 

Obviously, compound 2 shows SA polymorphism. This phenomenon is 
fi-equently observed for so called polar smectics"". Nevertheless, the 
behavior of 2 is a surprising result because to our knowledge up to now the 
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existence of different SA subtypes within the phase sequence of one 
compound has never been reported for highly polar amphiphilic molecules, 
the aggregation of which is based on hydrogen bonding or ionic interactions. 

1 7b.O 

I 
I 1 I I I I I I 

130 140 150 160 170 
TI"C 

FIGURE 1 DSC plot of compound 2, heating and cooling rate 5Wmin 

The structure of the nematic phase could not be investigated by X-ray 
diffraction due to the small temperature range of its existence. By cooling 
down the sample in a magnetic field well oriented domains have been 
obtained, the patterns of which prove clearly the presence of a smectic A- 
phase. The d-value was found to be 3.2 nm which corresponds to 1.2 
molecular lengths. It points to a Su structure of the high temperature SA- 

phase with a complete overlapping of the aromatic parts. Below 153 "C 
different patterns have been obtained. In most cases the pattern does not 
change on cooling until crystallization sets in at 140°C. Sometimes an 
additional reflection is observed which would provide a d-value of 4.8 nm 
and its intensity changes with temperature. This points to a coexistence of 
two smectic phases. By chance, repeating measurements gave also a pattern 
with exclusively a sequence of (001) reflections (I = 1-3) with a period of 4.8 
nm (1.8 molecular lengths). This indeed points to the existence of a SAz- 
phase without or with only slight intercalation, but its appearance depends 
very sensitively on the boundary conditions (heating or cooling rates, surface 
interactions). The same feature has been found by microscopic and DSC- 
studies. It seems that the Sa-phase is the thermodynamically more stable 
mesophase below 153 "C, however its formation from the SAd-phase is 
hindered and strongly depends on the experimental conditions. 
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ALL-AROMATIC AMPHIPHILES [2589]/79 

195 is N 
1 8 p 7 ; F  

Compound 3 does not exhibit a nematic phase and no SA polymorphism. 
Although its mesophase displays a typical fan-shaped texture which clearly 
points to an SA phase, X-ray studies, however, gave no evidence for a layer 
structure. Only a difise scattering indicating short range order is observed 
instead of a layer reflection (SA+). This observation is related to those made 
with smectic phases of some polyelectrolyte-lipid complexes which were 
assigned as superundulated layer structures'12'. 

Mesomorohism in the presence of elvcerol 
Because of the combination of rigid structure and amphiphilic nature, 
compounds 2 and 3 fUlfill the typical requirements for amphotropic 
 material^"^]. As the high melting points of the compounds do not allow the 
investigation of water-containing samples, we investigated the influence of 
glycerol on their aggregation. Glycerol was chosen because of its high 
boiling point and because it represents the basic unit of the hydrophilic 
groups of these compounds. Both compounds do not dissolve in excess 
glycerol, but take up a limited amount of ~olvent"~! The results as obtained 
by OM of the glycerol saturated samples are summarized in Table 2. 

TABLE 2 
glycerol saturated state. 

Mesomorphic properties of compounds 2 and 3 in the 

Comp. transition temperatures, TI'C 
2 cr 118 Col 136 SA,~ 193 is 
3 cr 85 Col 109 SA 177 is 
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The qualitative phase diagram in Fig 2 was constructed by investigation 
of the contact region between 2 and glycerol. Because these investigations 
were done in the presence of excess glycerol the amount of glycerol taken 
up may change as a hnction of temperature In the contact region of 2 with 
glycerol (see Fig 2) the nematic phase is replaced by the stabilized SAd 
phase The SAJ - Snz transition temperature decreases with increasing solvent 
content In a medium concentration range exclusively the SM phase is 
observed. On hrther increased solvent content an additional mesophase is 
induced below the S,wphase 

In the contact region of 3 with glycerol a continuous stabilization of the 
smectic phase is observed. No phase boundary was detected in the region of 
this SA-phase on increasing solvent concentration. Thus, either the phase 
type does not change or a continuous transition to another SA-subtype 
occurs However, also in this case an additional mesophase is induced at 
higher solvent content below the &-phase The lyotropic low temperature 
phases of 2 and 3 occur from the homeotropically aligned SA phases with the 
texture shown in Fig. 3a. On shearing it turns to a nongeometric texture 
(Fig 3b) These observations point to columnar phases. From their position 
in the phase diagram and taking into account the limited solvent uptake, we 
can assume that the columnar lyomesophases of 2 and 3 should represent 
ribbon phases (modulated smectic phase) resulting from a breaking up of the 
smectic layers due to the enlargement of the head goup  region 

FIGURE 3 Polarized optical photomicrographs of 3 in the glycerol 
saturated state at 104 "C, a) appearance on cooling from the 
homeotropically aligned SA phase, and b) after shearing. 

(See Color Plate I11 at the back of this issue) 
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ALL-AROM ATIC AMPHIPHILES [2591]/8 1 

These results show once more that rigid amphiphiles without flexible 
lipophilic chains are able to form a great variety of thermotropic and 
lyotropic mesophases. Though many questions remain open, their self- 
organization can be located at the borderline between that of classical 
amphiphiles, polar smectics and chromonic liquid crystals. 

EXPERIMENTAL 

dioxolan 9: 
A mixture of 1 g (3.28 mmol) 81'51, 0.72 g (3.25 mmol) 4-phenylbenzyl chloride 
Uldrich) and 6 a  (42mmol) KXOa in 60mL acetone was stirred under reflux 
(monitored by TLC: 5 h). After the reaction was finished, 40 mL water were added, 
the layers separated and the aqueous phase was extracted three times with 40 mL of 
CHClp. The combined extracts were washed with 60 mL portions of 2M Na2C03, 
water and brine, dried with Na2S04 and the solvent was removed under reduced 
pressure. The product was purified by crystallization from 50 mL methanollethyl 
acetate (3:2), and 50mL n-hexandethyl acetate. (3:2). Yield: 0.56g (58 %). 
Transitions/"C: cr 123 (SA 77 N 96) is. C32H32O4 requires (found): C, 79.97 
(79.93); H, 6.71 (6.95 %); 'H-NMR (200 MHz; CDC13; JRIZ): 6 = 7.59 - 6.93 (m, 
14 H, Ar-H), 6.75 (s, 1 H, Ar-H), 6.74 (m, 1 H, Ar-H), 5.07 (s, 2 H, Ar-CH2), 4.40 
(m, 1 H, sec. CH), 4.1 1 - 3.80 (m, 4 H, OCH2CH(0)CH2), 2.18 (s, 1 H, ArCHa), 
1.41 (s, 3 H, CH3), 1.34 (s, 3 H, CH,). 

3-12-Methv l -4 ' -~4 -~henv lbenzv lo~~b~ohenv l -~v lo~ l~ro~~~1 ,2 -d~o l2 :  
A mixture of 0.5 g (1.04 mmol) of 9,0.05 g pyridinium tosylate and 3 mL water in 
30 mL methanol was stirred under reflux for 8 h (monitored by TLC). After the 
reaction had finished, the solvent was removed in vucuo. The residue was taken up 
in 30 mL ethyl acetate and washed with 20 mL portions of sat. aq. NaHC03, water 
and brine and dried with Na2SD4. The solvent was distilled off and the product was 
purified by repeated crystallization from 15 mL n-hexandethyl acetate (2: 1). Yield: 
0.09 g (20 %). C2&IZ8O4requires (found): C, 79.07 (78.69); H, 6.41 (6.46 %); MS, 
m/z (rel. intensity %): 440 (17, M'), 167 (100); 'H-NMR: (500 MHz; DMSO-Dc,; 
JIHz): 6 = 7.68 (m, 4 H, ar. H), 7.56 (d, 2 H, J8.1,  Ht,, H,), 7.47 (m, 2 H, Ar-H), 
7.37 (m, 1 H, Ar-H), 7.22 (d, 2 H, J8.7, Ar-H), 7.06 (d, 2 H, 5 8.7, Ar-H), 7.05 

5.18 (s, 2 H, Ar-CH2), 4.91 (d, 1 H,J5.2, sec. OH), 4.62 (m, 1 H, prim. OH), 3.98 
(m, 1 H, ArOCH.Hb), 3.84 (m, 2 H, ArOCH.Hb), 3.78 (m, 1 H, sec. CH), 3.43 (m, 

(d, 1 H,58.5,  Ar-H), 6.84 (d, 1 H, 52.5, Ar-H), 6.79 (dd, 1 H, 58.5,  2.5, Ar-H), 

2 H, CHzOH), 2.19 (s, 3 H, ArCH3). 

6-12-Methvl-4'-~4-~henvlbenzvloxv~bi~henvl-4-vlorvl-4-oxahexane-l .2-diol3 
Synthesized as described above from 0.5g ( 1  S7mmol) 6-(4'-hydroxy-2- 
methylbiphenyl-4-yloxy)-4-oxahexane-1,2d1ol~'~~ and 0.35 g (1.73 mmol) 4- 
phenylbenzylchloride; Yield: 0.22 g (29 %). C3'Ha205 requires (found) C, 76.84 
(76.64); H, 6.66 (6.72); 'H-NMR (200 M H z ;  DMSO-D,; d ppm): 7.69 (m, 4 H, 
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Ar-H), 7.60 - 7.30 (m, 5 H, Ar-H), 7.22 (d, 2 H, J =  8.6 Hz, Ar-H), 7.06 (m, 3 H, 

4.63 (d, 1 H, J =  5 . 1  Hz, sec. OH), 4.46 (m, I H, prim. OH), 4.08 (m, 2 H, 
ArOCH2CH20), 3.73 (m, 2 H, ArOCH2CH20), 3.63 - 3.30 (m, 
OCHZCH(OH)CH20H, overlapped by H20), 2.17 (s, 3 H, -CHI). MS d. (rel. 
intensity, %): 484 (10, M'), 167 (100). 

Ar-H), 6.85 (s, 1 H, Ar-H), 6.79 (d. 1 H, J =  8.6 Hz, Ar-H), 5.18 (s, 2 H, Ar-CHz), 
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