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HYDROGEN-DEUTERIUM ISOTOPIC EFFECT IN LYOTROPIC 
LIQUID CRYSTALS 

KIRILL A rn LYASHEMCO 
Institute of Industrial Ecology, Ekaterinburg, 
Russian Federation 
EVGENI V. POPOV 
Ural State Technical University, Ekaterinburg, 
Russian Federation 

Abstract The study of structural reconstructions in 
?.iquid crystalline phases of mesomorphic lecithin- 
water system due to the hydrogen-deuterium isotopic 
replacement was made by the positron annihilation and 
infrared spectroscopy 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. So the investigation of 
structural reconstructions in amphiphile molecule 
ensembles due to hydrogen-deuterium replacement is an 

2 actual scientific problem. 
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 molecular ties may be observed by the infra- 

1 

red spectroscopy. 3 9 4  

Present work is devoted to the investigation of 
structure changes in a lecithin-water system due to the 
hydrogen-deuterium replacement by the electron-positron 
annihilation and infrared spectroscopy methods. 
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MATERIALS AND lKETHODS 

The lyotropic systems were prepared from the stsndard lO$ 
ethanol solution of egg lecithin produced by the Kharkov 
Factory of Bacterial Praparations, distilled ordinary 
water and chemical pure heavy water produced by the 
"Isotope" Association. Before samples preparing the etha- 
nol of lecithin systems was evaporated in vacuum. 

Analysis of molecular ties changes after hydrogen- 
deuteriumreplacement was carried out in lamellar phase 
of lecithin-water system at temperature 293 K on the 
infrared spectroneter UR-20. 

Analysis of intermolecular free volume changes 
within lamellar phase, hexagonal phase and micellar solu- 
tion was m d e  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. 

5 

6 

MOLJXULBR TIES CHANGES 

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

9 - cFst CF = - cF, + cFm + cF, - cF, - CF 
where F8 is free energy of sublimation, Fm is free 
energy of molecular intesactfoner, 
electrostatical interactionra between dissolving moleculeB, 
Fv is free energy of cavity formation in solvent, 
free energy of dissolving molecule mobility, FSt is 
structural free energy. 

The free energy of molecular ensembles transference 
from orainary water to heavy water is equal to difference 
(d) between equation (I) f o r  both solvents: 

Fe is free energy of 

F is 9 
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dCF = CF (D20) - cP (H20) = 
= - dcF, + dcFm + dCFe - dCF, - dCFq - BcFst (2) 

In  the cme of heavy and ordinary water with the 881110 

coeffiaients of tmrfaae tf&tening doF, = 0. Also dcF,= 
P 0 becetuee these dissolving rnoleculelil have no effpry 
Chqging protonI3, 

A o h g e  of hydraphobfc free energy P alcso will not kP 
be stipulated by the electroatatical interactiom ( P, ) 
because an electrical charge ia localized only in hydro- 
phile head of srnphiphile molecule. 

Therefore: 

dCFhp = dcF, dCFq - bFSt (3) 

The total effect of change of Van-der-Waals inter- 
actions (Fm), mobility of moleoulsr hydrophobic tsila 
(F ), structural changes (Fst) lead t o  an increaaing of 
hydrophobic interactiom 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: 

Q 

7 

CF (H20) = 1.40 kJ/mol 

cF (D,O] = 1.76 kJ/mol 
hP 

hP 
Parameters of infrared spectra of lecithin lyotropic 

liquid cryatala (lamellar phase) in ordinary and heavy 
water ere presented in Table I. These data were obtained 
by authors. 

number of 
testifies to the strengthening of C-H molecular ties in 
hydrophobic tails of molecules. It is interesting that 
the biggest change of W B  takes place in deformation 
oscillation (1480 amo rather than in valent oscillation 
(1950 sm-') of 4%- ties. This fact ia a good evidence 
of structural influence of heavy water on a lyotropic 
ensembles of amphiphile molecules. 

From the Table one can Bee that oscillation wave 
4H2= group decreases in heavy water. This 
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TABIB I Wave numbers WN (sm") of moleculax ties of 
lecithin lamellar phase in various solvents by the 
infrared spectra data 

Molecular tfea Solvent 

H2° D2° 

P - 0 - C  

P S O  

C CH3 

- CH2 - 
- CH2 - 
N - CH3 

0 - H  

0 - D  

990 987 
1260 1240 

1420 1415 
1480 1460 

1950 1945 

2925 2925 
3550 - 

- 2550 

Also  from the Table data we see the change of 0 .. H 
ties wave number due to transference of amphiphile mole- 
cules from ordinary water (mh) to heavy water (ma) is 
equal to :  

wNh/p7Nd = 1 .4  (6) 
This relation m y  be explained by the dynamic hydrogen- 
deuterium isotopic effect - change of molecular inter- 
action velocity. 

MOLECULAR FREE VOLUME CHANGE 

Dependencies of obtained intensity 1, of ortho-positro- 
nium annihilation in hydrogen and deuterium system from 
lecithin concentration are preaentsd in Figure  1. 

heavy water as a solvent of amghiphile molecules because 
The obtained resulte show the biggest derusity of 
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1 R  I I 1 I I I 

FIGURE 1 Dependencies of ortho-positrozLum 
annihilation intensity Ia from lecithin concentration 
C1 in ordinary water (1) m d  heavy water (2) aolventa 

I, ie proportfonal to sites of ortho-poaitroniurn Locali- 
zation in the inveatigated aystsma, 

More information may be obtained from the dependen- 
cies of totel free volume Vt in ordinmy and heavy 
water systems presented in Figure 2, 

tion model8 
rizes a density of molecular ensembles packing, So the 
increasing of Vt dffferenoe between system with 
ordinary and heavy water due to the increasing of leci- 
thin concentration ehows a compact packing of molecular 
aggregates (micellea) in deiterium system in comparison 
with hydrogen agatem, Furthermore in 3me11ar phase of 
lyotropic liquid crystal (50 wt% of lecithin in arystem) 
the ratio between total free volumes of amphfphile 
molecule lyotropic amembles in ordinasy water Vth and 
in heavy water Vtd is rather and equals: 

In accordance e t h  the ortho-positronium annihi la-  
the total free volume of system Characte- 
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0 10 20 30 40 50 c,.wtw 

FIGURE 2 Dependencies of total free volume Vt of 
hydrogen (1) and deiterium (2) lecfthin-water syrstema 
from the lecithin concentration CI. 

Therefore, the experimental mgiultrr Bhow that in the 
C B B ~  of replacement of ordinary water by heavy water a8 a 
solvent of amphiphile molecules they create less quantity 
of molecular aggregaters with more compact pacrking. 
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