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STUDY OF THE SWELLING OF THE PHOSPHOLIPID BILAYER,
DEPENDING ON THE ANGLE BETWEEN THE INCLINATION OF
THE DIPOLE FRAGMENTS AND THE PLANE OF THE LAMELLA

M. A. STEPANYAN ∗

Chair of General Physics YSU, Armenia

Using computer simulations and simultaneous X-ray diffraction at large and
small angles, the dependence of the swelling coefficient of the phospholipid bi-
layer on the angle between the inclination of dipole fragments and the plane of
the lamella was investigated. It was shown that in this case the balance between
electrostatic, repulsive and van der Waals attraction forces is a particular
importance. As the dipole angle increases, the repulsive forces of the elec-
trostatic dipole-dipole interaction increase, resulting the increase of the bilayer
thickness as a function of the number of –CH-groups in the phospholipid. At a
certain angle the bilayer is destroyed. It is also shown that at certain small an-
gles the bilayer takes a minimum thickness. In this case a phase transformation
takes place and the system enters the “gel”-phase.
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Introduction. Phospholipids are complex compounds which, forming a
bilayer, make the main part of the cell membrane and at the same time are its
fundamental structural unit. Like other biological films, the thickness of the phospho-
lipid bilayer does not exceed 10 nm (100 Å) and contains both hydrophilic regions
(phosphoric acid residues included in the heads) and hydrophobic regions (fatty acid
radicals forming the tails: –CH-groups). These properties allow the phospholipids,
being in an aqueous medium, to form a bilayer, causing new physical properties of
the biosystem [1–3].

This follows from the experimental data, that the angle between the dipolar
fragments and the plane of the bilayer depends both on the intermolecular distance
of the phospholipids and the distance between the layers. At different values of these
distances the angle of inclination is being changed, which causes violation of both the
structure and the aggregate states in the bilayer. At present, software programs are
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being used for molecular modeling of complex biosystems, which makes it possible
related to solve some problems with the phospholipid bilayer and lamellar density.
Methods of molecular dynamics and quantum mechanics are widely applied in the
computer modeling of atomic and electronic structures of molecular and crystalline
complex systems. One of the more convenient and accurate methods is the Hyper
Chem 8 simulation program.

It is rather difficult [4] to determine experimentally the swelling of phospho-
lipid membranes. This swelling is an important parameter of the biophysical function
of the vitreous membranes. Modern computer programs make it possible to obtain
accurate data on this parameter for their further comparison with experimental data.
Thus, the study of membrane swelling has not been sufficiently investigated yet and
is an urgent problem.

The aim of this work is to study the swelling of a phospholipid bilayer, which
depends on the angle between the dipole fragments and the plane of the lamellae,
using the computer simulation.

Experimental Part. A computer model of the phospholipid bilayer was made
up in order to solve this problem. For this purpose, the Model build subroutine is
used (Fig. 1).

 
Fig. 1. Computer model of a phospholipid bilayer. 

For the computer model of a phospholipid bilayer, the distance of localized
dipole fragments in the upper and lower regions, i.e. the thickness of the bilayer is
L = 41 Å, the distance between phospholipid molecules is a = 15 Å, the number of
molecules is 2n = 8, and the slope angle of the dipole fragment to the lamell plane
(θ) is 60◦. The change of these parameters brings to a change in the angle θ and in
some cases is the cause of the destruction of the bilayer.

The molecular mechanics method is used in the force field AMBER for
geometric optimization.

The present paper also discusses the transitions phase [5] in lipid membranes
with an emphasis on the lipid bilayer model. It reveals a microscopic image and
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examines the key factors that leads to the phenomena described above. A general
discussion of the model has been carried out and some specific examples are
presented in more details. Experimental approaches for the study of the phase
behavior of lipid membranes are also considered, and the biological results are
evaluated.

An example of that are the amphiphilic molecules in mixture. As it was men-
tioned earlier [6–9], these molecules had a group of hydrophilic polar heads and two
hydrophobic hydrocarbon tails. This means that in the amphiphilic–water system
the heads of lipids are oriented in the polar aquatic environment. At that time the
hydrophobic tails tend to minimize their contact with water (Fig. 2).

 
 
 
 
 
 
 
 
 

Fig. 2. Model of a mycel for the 
amphiphile–water system. 

If there is a surface, they will migrate there and subsequently reduce the surface
tension.

Results and Discussion. The dependence of the slope angle of the dipole frag-
ment θ on distance L, for N = 6, 8, 10, a = 15 Å, has the following form (Fig. 3).

 
 
 

 
 
Fig. 3. Dependence of the thickness 
of the bilayer  L  on the angle of  the         

dipole fragment  at 

N = 6  – ●; 
N = 8  – ■; 
N =  10 –  ▲; 

a = 15 Å (K = 1.2; 1.4; 1.5).  
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Using the formula for swelling [10] and measuring the angle of inclination
for the graphs in Figs. 3 and 4, we determine the coefficient of swilling K of the
phospholipid bilayer for each graph.
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With increase of L, the Van der Waals attraction force between the –CH-groups
decreases [11–13], which breaks the balance between the electrostatic repulsive forces
of the dipoles, and this leads to the destruction of the bilayer at distances L > 44 Å.
That is to say, a phospholipid bilayer with such parameters and inclination angle
θ > 82◦ cannot exist (Fig. 4).

  
 
 
 
 
 

Fig. 4. Dependence of the thickness  
of the phospholipid bilayer L on the 
angle  θ  of  the  dipole fragment  at  

N = 12  –  ●; 
N = 14  –  ■; 
N = 16  –  ▲; 

 
a = 15 Å (K = 1.7; 1.85; 1.9). 
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Theoretical calculations show that this critical angle θ = 83◦ [10] increases
with the number N of the –CH-groups (Fig. 5).

 
 
 
 
 
 
 
 
Fig. 5. Dependence of number N of
the  –CH-groups on the slope  angle. 
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Conclusion. Comparing the results of the computer simulation with the exper-
imental data, we obtain that with an increase of the angle θ of the dipole fragment,
the thickness of the phospholipid bilayer L increases, so the bilayer swells. There
are critical values of the inclination angles θ u

cr and θ l
cr. For the values of θ > θ u

cr the
bilayer is being destroyed, and at θ < θ l

cr, a phase transition occurs and the bilayer
turns into the “gel” phase. The values of the angle grow with increasing numbers N of
–CH-groups irregularly, and with a large number of N of the –CH-groups, the
increase of the angle θ u

cr is slowed down.

Received 26.06.2018



Stepanyan M. A. Study of the Swelling of the Phospholipid Bilayer,. . . 221

R E F E R E N C E S

1. Badalyan H.G. Study of Changes in the Chemical Potential of a Amphiphilic
Molecule in a Phospholipid Bilayer. // Vestnik RAU, 2013, № 1, p. 42–48.

2. Shapovalov V., Troung T.N., Kovalenko A. Liquid Structure at Metal Oxide–Water
Interface: Accuracy of a Three-Dimensional RISM Methodology. // Chemical Physics
Letters, 2000, v. 320, p. 186–193.

3. Guymon C.G., Rowley R.L., Harb J.N., Wheeler D.R. Simulating an Electrochemical
Interface Using Charge Dynamics. // Condensed Matter Physics, 2005, v. 8, p. 335–356.

4. Badalyan H.G., Khazaryan X.M., Stepanyan M.A., Minasyants M.Kh.,
Shahinyan A.A. Domain Structure of Lyotropic Liquid Crystals. // Proceedings of the
NAS RA. Physics, 2002, v. 37, № 6, p. 382–386.

5. Badalyan D.H., Stepanyan M.A., Badalyan H.G. Transitions in Lyotropic Liquid
Crystals Caused by Concentration Change and γ-radiation. // Journal of Contemporary
Physics (Armenian Academy of Sciences), 2016, v. 51, № 4, p. 371–379.

6. Ghazaryan X.M., Badalyan H.G., Stepanyan M.A., Minasyants M.Kh., Shahinyan
A.A. Influence of an Electrolyte on the Supermolecular Structure of a Lyotropic Liquid
Crystal. // Izvestiya NAS RA. Physics, 2003, v. 38, № 2, p. 130–133.

7. Thiel P.A., Madey T.E. The Interaction of Water with Solid Surfaces: Fundamental
Aspects. Manuscript, 1987.

8. Li J.-F., Huang Ui-F., Duan S., Pang R., Wu D.-Y., Ren B., Xu X., Tian Zh.-Q.
Surface-Enhanced Ramon Scattering: From Noble to Transition Metals and From Rough
Surface to Ordered Nanostructure. // Chem. Phys., 2010, v. 12, p. 2493.

9. Henderson M.A. The Interaction of Water with Solid Surfaces: Fundamental Aspects
Revisited. // Surf. Sci. Rep., 2002, v. 46, № 1.

10. Badalyan H.G., Shahinyan A.A. Influence of Orientations of Dipolar Molecules of
Phospholipid on the Structure of Bilayer. // Biophysics, 1988, v. 33, № 1, p. 92–96.

11. Tanglaw R., Gros A. Polymorphism of Water in Two Dimensions. // Chemical Physics
Letter, 2005, v. 409, № 1.

12. Badalyan H., Baghdasaryan N., Ohanyan K., Stepanyan M., Kishmiryan A.
Dependence of Erythrocyte Shape Parameter on the Low Dose γ-Irradiation. // Armenian
Journal of Physics, 2016, v. 9, № 1, p. 95–99.

13. Kovalenko A., Hirata F. A Theoretical analysis or Hydration Thermodynamics of
Proteins. // Chem. Phys., 1999, v. 110, p. 1095.


