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

On: 21 February 2013, At: 12:40

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

Nonaqueous Lyotropic Liquid
Crystals from Lecithin and

Nonionic Surfactants

Li Gan-zuo ? , Magda El-nokaly ® & Stig E. Friberg ?

& Chemistry Department, UMR Rolla, MO, 65401, USA
Version of record first published: 21 Mar 2007.

To cite this article: Li Gan-zuo , Magda El-nokaly & Stig E. Friberg (1982):
Nonagueous Lyotropic Liquid Crystals from Lecithin and Nonionic Surfactants,
Molecular Crystals and Liquid Crystals, 72:5-6, 183-188

To link to this article: http://dx.doi.org/10.1080/01406568208084056

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



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568208084056
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 12:40 21 February 2013

whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 12:40 21 February 2013

Mol. Cryst. Lig. Cryst. Vol. 72 (Letters), pp. 183-188
0140-6566/82/7205-0183%06.50/0

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

NONAQUEOUS LYOTROPIC LIQUID CRYSTALS FROM
LECITHIN AND NONIONIC SURFACTANTS

Li Gan-zuo,
Magda E1-Nokaly
and
Stig E. Friberg*
Chemistry Department

UMR
Rolla, MO 65401 USA

(Submitted for Publication: 30 September, 1981)

ABSTRACT

Lyotropic liquid crystals were prepared from mixtures
of lecithin and nonionic surfactants with the general for-
mula polyethylene glycol dodecyl ethers with no low molecu-
lar solvents being added.

The repeat distance in the structure was reduced with
increased amount of the nonionic surfactant showing complete
penetration of the surfactants between the lecithin mole-

cules.

* To whom correspondence should be directed.
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INTRODUCTION

Lyotropic Tiquid crystals by definition consist of an
amphiphilic compound and a solvent. The latter modifies
the structure of amphiphile from solid or liquid to liquid
crystalline by changing the environment around the polar
part of the amphiphile (1, 2). Numerous examples of such
systems with biological importance (3) have been reported
in which water serves as the solvent. The most conspicuous
bioclogical tissue with a lecithin/water lamellar structure
is the central bimolecular layer of the biomembrane (4-6).

Nonaqueous lyotropic 1iquid crystals have also been
reported. The well-known systems of polymers and nonpolar
solvents (7, 8) and especially those with polypeptides (9)
deserve mentioning. Recently our group (10-13) has found
the first nonaqueous counterpart to the common aqueous
systems with surfactants (14). The water in the lecithin/
water structure was replaced by an organic hydroxo compound.

Among the compounds found to give nonaqueous liquid
crystals were different chain lengths alkanediols (12), low
molecular weight polyethylene glycols (13), different cello-
solves (13) and some amines (13).

This result led us to expect the existence of liquid

crystals from a combination of two amphiphilic compounds
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but with no lTow molecular weight solvent being present.

This communication will present such a structure.

EXPERIMENTAL
Lecithin, chromatographically pure (12) was combined
with tetra and hepta-ethylene glycol dodecyl ether (Nikkol,
98% tested by gas chromatography) to give Tiquid crystals
at 25 and 35°C. Low angle X-ray reflections gave a charac-

teristic repeat distance.

RESULTS AND DISCUSSION

The interlayer repeat distance is given in Fig. 1 as
function of the nonionic surfactant/lecithin moiecular
ratio. The distance was reduced with increased nonionic
surfactant content for both the investigated compounds.

We interpret these results as indicating a structure
with the hydrophobic part of the nonionic surfactant being
located between the lecithin molecules. Presumably, the
polar part of the nonionic surfactant would serve as the
solvent with a Tocation close to the polar part of the
lecithin. The tetra and hepta compound gave similar inter-
layer spacings.

The microscopic pictures in polarized 1ight showed
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the presence of lecithin crystals in the two-phase range
with small amounts of nonionic surfactant. Under these
conditions, the low angle X-ray data gave "anomalously"
high values (Fig. 1) for the interlayer spacing.

We interpret this information as the initially added

nonionic surfactant being located entirely between the

lecithin layers. Penetration between the lecithin molecules

can only take place at a minimum concentration of nonionic
surfactant, indicating a cooperative effect of the local
perturbation caused by the penetration.

Accepting this model, the reduced interlayer distance
with increased ratio of nonionic surfactant (Fig. 1) and
with increased temperature became reasonable and expected

results.

CONCLUSIONS
A 1liquid crystalline phase was formed by mixing leci-
thin with a nonjonic surfactant but with no Tow moiecular
solvent being present. It appears probable that the polar
part of the nonionic surfactant served as a solvent, caus-
ing the necessary disorder of the lecithin polar group

arrangement.
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1. The interlayer spacing versus nonionic surfactant/
lecithin molecular ratio

25°C * Tetra - ethyleneglycol -
dodecyl ether

————— 35°C ° Hepta - ethyleneglycol -
dodecyl ether
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