This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 11:44

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

Hydrogen-Deuterium Isotopic Effect in
Lyotropic Liquid Crystals
Kirill A. Lyashenko ? & Evgeni V. Popov °

% Institute of Industrial Ecology, Ekaterinburg, Russian Federation

® Ural State Technical University, Ekaterinburg, Russian Federation
Version of record first published: 04 Oct 2006.

To cite this article: Kirill A. Lyashenko & Evgeni V. Popov (1995): Hydrogen-Deuterium Isotopic Effect
in Lyotropic Liquid Crystals, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 265:1, 645-650

To link to this article: http://dx.doi.org/10.1080/10587259508041731

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/gmcl19
http://dx.doi.org/10.1080/10587259508041731
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:44 18 February 2013

Mol. Cryst. Lig. Cryst. 1995, Vol. 265, pp. 645-650 © 1995 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published under license by
Photocopying permitted by license only Gordon and Breach Science Publishers SA

Printed in Malaysia

HYDROGEN-DEUTERIUM ISOTOPIC EFFECT IN LYOTROPIC
LIQUID CRYSTALS

KIRILL A.LYASHENKO

Institute of Industrial Ecology, Ekaterinburg,
Russien Federation

EVGENI V,POPOV

Ural State Technical University, Ekaterinburg,
Russgian Federation

Abgtract The study of structural reconstructions in
Iiquid crystalline phases of mesomorphic lecithin-
water system due to the hydrogen-~deuterium isotopic
replacement was made by the positron annihilation and
infrared speciroscopy methods. The changes in values
of parameters of molecular interactions stipulated
by such isotopic effect were obtained from the
analysis of experimental and theoretical data.

INTRODUCTION

The formation of lyotropic liquid crystalline systems is
stipulated by the interaction between amphiphile molecu-
les and molecules of solvent.1 So the investigation of
structural reconstructions in amphiphile molecule
ensembles due to hydrogen-deuterium replacement is an
actual scientific problem.2

The electron-positron annihilation technique may be
used as a high sensitive method of the microstructural
molecular change studies because it allows the observa-
tion of a small changes in local free volume of samples.
A changes in moleculer ties may be observed by the infra-
red spectrOScopy.3’4

Present work is devoted to the investigation of
gtructure changes in a lecithin-water system due to the
hydrogen~deuterium replacement by the electron-positron
annihilation end infrared spectroscopy methods.
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MATERTALS AND METHODS

The lyotropic systems were prepared from the standard 10%
ethanol solution of egg lecithin produced by the Kharkov
Factory of Bacterial Praparations, distilled ordinsry
water and chemical pure heavy water produced by the
"Isotope" Association. Before samples preparing the etha-
nol of lecithin systems was evaporated in wvacuum.

Anslysis of molecular ties changes after hydrogen-
deuterium replacement was carried out in lamellar phase
of lecithin-water system at temperature 293 K on the
infrared spectrometer UR-20.

Analysig of intermolecular free volume changes
within lamellar phase, hexagonal phase and micellar solu-
tion was mede by the electron-positron annihilation
method on the positron life-time spectrometer. This
spectrometer have time resolution of 380 ps for 22Na
positron source., Positron life-~time spectra were calcu-
lated by POSITRONFIT program.-’

Methods of interpretation of experimental data were
written earlier.

MOLECULAR TIES CHANGES

A total change (c) of system free energy F after dissol-
ving of emphiphile molecules in a solvent is equal to:7

s (1)

cF = - ch + cFm + cFe - cFv - ch - CFst

where F, 1s free energy of sublimation, Fo is free
energy of molecular interactions, Fo 18 free energy of
electrostatical interactions between dissolving molecules,
F, 1s free energy of cavity formation in solvent, Fq is
free energy of dissolving molecule mobility, Fog 1s
gtructural free energy.

The free energy of molecular ensembles transference
from ordinary water to heavy water is equal to difference
(d) vetween equation (I) for both solvents:
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= - ch8 + chm + che - chv - chq - chst .(2)

In the case of heavy and ordinsry water with the same
coefficients of surface tighteming deP = O, Al=o d°F3=
a O because these dissolving molecules have no easy
changing protonsa.

A change of hydrophobic free energy th also will not
be stipulated by the electrostatical interactions ( Fe )
because an electrical charge is localized only in hydro-
phile head of amphiphile molecule,

Therefore:

dthp = deF, - chq - dcF «(3)

The total effect of change of Van-der-Waals inter-
actions (Fm), mobility of molecular hydrophobic tails
(F_ ), structural changes (Fst) lead to an increasing of
hydrophobic interactions in heavy water solutions in com-~
parison with ordinary water solutions. For example, the
experiments on detergents show thw following values of
hydrophobic free energy for one metil group:7

°th (H20) = 1,40 kJ/mol . (4)
°th (D,0) = 1,76 kJ/mol (5)

Parameters of infrared spectra of lecithin lyotropic
liquid crystals (lameller phase) in ordinery and heavy
water are presented in Table I. These data were obtained
by authors.

From the Table one can see that oscillation wave
number of 'CHZ" group decreases in heavy water. This
testifies to the strengthening of C~H molecular tiee in
hydrophobic tails of molecules, It 1s interesting that
the biggest change of WN takes place in deformation
oscillation (I480 sm™ ') rather than in valent oscillation
(1950 sm™1) of ~CH,~ ties., This fact is a good evidence
of structural influence of heavy water on a lyotropic
ensembles of amphiphile molecules.
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TABLE I Wave numbers WN (sm'lj of molecular ties of
lecithin lamellar phase in various solvents by the
infrared spectra date

Molecular ties Solvent
H20 D20
P~-0-C 9290 987
P=20 1260 1240
C = CHq 1420 1415
- CH, - 1480 1460
- CHy = 1950 1945
N - CH3 2925 2925
0-H 3550 -
0~-D - 2550

Algo from the Table date we see the change of 0 - H
ties wave number due to transference of amphiphile mole-
cules from ordinary water (WNh) to heavy water (WN&) is
equal to:

WNh/WNd = 1.4 (6)

This relation may be explained by the dymamic hydrogen-
deuterium isotopic effect = change of molecular inter-
action velocity.

MOLECULAR FREE VOLUME CHANGE

Dependencies of obtained intensity Ia of ortho-positro-
nium annihilation in hydrogen and deuterium systems from
lecithin concentration are presented in Figure 1.

The obtained results show the biggest density of
heavy water as a solvent of amphiphile molecules because
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FIGURE 1 Dependencies of ortho-pogitronium
annihilation intensity Ia from lecithin concentration
C; in ordinary water (1) and heavy water (2) solvents

Ia ias proportional to sites of ortho-positronium locali-
zation in the investigated systems.

More information may be obtained from the dependen-
cies of total free volume Vt in ordinary and heavy
water systems presented in Figure 2.

In accordance with the ortho-positronium annihila-
tion model8 the total free volume of system characte-
rizes e density of molecular ensembles packing. So the
increasing of Vi difference between systems with
ordinary and heavy water due to the increasing of leci-
thin concentration showa a compact packing of molecular
aggregates (micelles) in deiterium system in comparison
with hydrogen system., Furthermore in lamellar phase of
lyotropic liquid crystal (50 wt®% of lecithin in system)
the ratio between total free volumes of amphiphile
molecule lyotropic ensembles in ordinsry water vth and
in heavy water th is rather and equals:

Vin/Vyq = 102 (7)
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FIGURE 2 Dependencies of total free volume Vt of

hydrogen (1) and deiterium (2) lecithin-water systems
from the lecithin concentration Cy-

Therefore, the experimental results show that in the

cagse of replacement of ordinsry water by heavy water as a
solvent of emphiphile molecules they create less quantity
of molecular aggregates with more compact packing.
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