This article was downloaded by: [Tomsk State University of Control Systems and Radio]

On: 21 February 2013, At: 12:30

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
Publication details, including instructions for authors and subscription
information:

http://www.tandfonline.com/loi/gmcl16

Single Chain Quaternary Ammonium Salts
Exhibiting Thermotropic Mesomorehism
and Organization in Water

A. Malliaius * , C. Christias ® , G. Margomenou-lmonidopoulou ? & C. M.
Paleos *

o) i/ % N.R.C. “Demokritos”, Aghia Paraskevi Attikis, Greece
Version of record first published: 20 Apr 2011.

To cite this article: A. Malliaius , C. Christias , G. Margomenou-Imonidopoulou & C. M. Paleos (1982):
Single Chain Quaternary Ammonium Salts Exhibiting Thermotropic Mesomorehism and Organization in
Water, Molecular Crystals and Liquid Crystals, 82:5, 161-166

To link to this article: http://dx.doi.org/10.1080/01406568208070137

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, 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.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568208070137
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 12:30 21 February 2013

Mol. Cryst. Liq. Cryst. Vol. 82 (Letters), pp. 161-166
0140-6566/82/8205-0161%06.50/0

© 1982, Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

SINGLE CHAIN QUATERNARY AMMONIUM SALTS EXHIBITING
THERMOTROPIC MESOMOREHISM AND ORGANIZATION IN
WATER

A. lVIAI.J_.IARIS’,‘r C. CHRISTIAS, G. MARGOMENOU -
LEONIDOPOULOU and C.M. PALEOS

N.R.C. " Demokritos", Aghia Paraskevi Attikis, Greece
(Sumitted for publication April 27, 1982)

ABSTRACT. 1In this paper the synthesis and orienta-
tional characteristics of two novel quaternary ammoni-
un salts i.e. of dimethyl dodecyl n-propyl ammonium
bromide and dimethyl dodecyl 3-hydroxypropyl ammamium
bromide are reported. These salts, in addition to
their ability to form organizates in water, also
exhibit broad and stable smectic liquid crystalline
phases.

INTRODUCTION. Recently it has been reported1 -3 that when

liquid crystalline moieties are functicnalized with apgro-
piate polar heads they form lamellar and vesicular structu-
res in water while on the other hand certain amphiphiles
bearing two alkyl chains, as phospholipids4, show thermo-
tropic liquid crystalline character. In principle, therefore,
molecules that organize in the bulk may also form organized
aggregates in water. It would be in order therefore to inve-
stigate whether single chain quaternary ammonium salts wide-
ly known to form organizates in water and to induce orienta-
tion to liquid crystals5 might also demonstrate thermotropic
liquid crystalline character. Unfortunately camercially
available n-alkyl trimethyl ammonium bramides such as C9,
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C,IZ,C,| 4 and Cyg axe unstable and decampose before they melt.
Therefore we have prepared two novel quaternary salts i.e.
dimethyl dodecyl n-propyl ammonium bramide (I) and dimethyl
dodecyl 3-hydroxypropyl ammonium bromide (II) and we have
examined them with respect to their possible ability to
organize in the bulk, forming thermotropic liquid crystals,

CH;

|
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|
CHy Br°
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I:R, CH3CI-12C[-12
II : R, HOC[-12CH2CH2

as well as in aqueous media.

EXPERIMENTAL. To 0.01 mole of dimethyl dodecyl amine dis-
solved in ethyl acetate 0,0125 mole of n-propyl bramide or
3-hydroxypropyl bramide respectively were added and the
mixture was stirred for several hours. The pre-
cipitated salts were filtered, recrystallized twice from
ethyl acetate and dried in vacum over phosphorus pentoxide.
Analysis Calcd for I(C17H38NBr): C, 60.75%; H, 11.30%; N,
4.16%. Found: C, 61.24%; H, 11.34%; N, 4.29%. Analysis Calcd
for II (C17H38N0Br): C, 57.98% H, 10.79%; N, 3.97%. Found:
C, 58,04%; H, 11.30% N, 4.03%.

Optical microscopy was performed with a Reichert"Thermo-
pan" polarizing microscope whereas a Dupont 990 thermal ana-
lyser was used for differential scanning calorimetric (DSC)
studies. Specific conductivity was measured with a Methohm
E512 electrical conductometer in conjunction with a thermo-
stated conductivity cell.
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RESULTS AND DISCUSSION. Quaternization was performed in

ethyl acetate since the reaction proceeds at relatively
fast ra\tes5 and the salts precipitate easily due to the

medium polarity of this solvent .

The thermotropic liquid crystalline behavior of these
salts was established by optical microscopy. Thus on heat-
ing I on the hot-stage of the polarizing microscope with
polarizer and analyzer crossed, it melted at about 57°%
to a phase demonstrating almost camplete optical extinction
which,on further heating, was transformed to an isotropic
phase at about 107°%. on displacing the cover slip,however,
the partially extinct phase, occuring between 57° to 107°C,
was transformed to a smectic focal conic texture which also
became isotropic at 107°C. On a second heating, liquid cry-
stalline phases were observed, i.e. by the melting of the
crystals at about 57°C a smectic harmogeneous phase appeared
which was subsequently transformed to a focal conic and
finally to an isotropic phaseat 107°C. Identical behavior
was observed during the third heating run indicating the
thermal stability of this compound. Analogously, when II
was heated on the hot-stage of the microscope it melted at
about 50°C to a highly viscous fluid, of a homogenous
smectic texture, which at about 82°C was transformed to a
smectic focal oconic structure. This phase became isotropic
at about 154°C. The smectic phases were transformed to a
partially homoetropic texture on pressing the cover slip.
The same liquid crystalline textures were observed on se-
cond and third heating runs, a fact attributed to the thermal
stability of the campound. The broader mesamorphic range
and the higher mesamorphic-isotropic transition of II com-
pared to I areapparently due to the stronger terminal forces
because of the hydrogen bonding of the hydroxy group.

The findings of the polarizing microscopy were also con-
firmed by DSC. Thus, for a sample of I, which in the optical
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examination required two heating runs for a clear observa-
tion of its phase transitions, three heating runs were need-
ed in DSC as shown in Fig.1. Thus the peaks corresponding
to the various liquid crystalline transitions were made
clearly discernible only during the third heating run in
DSC. The endothermic peak at about 40°C shown in the second
and third heatingruns should apparently be attributed to a
solid-solid transition. On the other hand a sample of II
clearly exhibited all its phase transition peaks during its
first heating run, Fig. 2.

We have in addition examined microscopically surfactants
bearing C9’C12’C1 4 and C16 long aliphatic chains and we
found that they also exhibit broad liquid crystalline phases
but as it was mentioned in the introduction these compounds
decompose before they melt to isotropic phases.

I and IT when dissolved in water formed micelles having
critical micellar concentrations (amc) 1.2 and 1.4 x 107M
respectively at 25°C. The hydroxy derivative has higher anc
than I apparently because of its higher hydrophilicity due
to hydrogen bonding of the OH group.

In conclusion it appears that campounds of the general
formula A where R is propyl or 3-hydroxypropyl form stable
thermotropic liquid crystals and also aggregate in water
forming micelles. Further study concerning the synthesis and
characterization of a series of derivatives, appropriately
functionalized in order to affect their properties either in
the bulk or in aqueous media, is now under way in our labo-
ratory. The study will also elucidate the structural crite-
ria for the formation of molecular organizates by this type
of ocompounds.
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FIGURE 1. DSC trace of I: (a) first heating run; (b)
second heating run; (c) third heating run.
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FIGURE 2. DSC trace of II.
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