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1. Project Purpose
The use of oscillation of bubbles under ultrasound has recently gained attention in
medical applications. In this application, microbubbles are coated by lipid monolayer.
The surface tension of the coating monolayer is known to be varying nonlinearly
with strain, therefore affects ultrasound-induced oscillation of bubbles and

ultrasound propagation in medium with bubbles.

Conventional surface tension models are based on experiments. However,
experiments can only probe low frequency range (10'1~10! Hz) while behavior and
mechanical properties in the high frequency regime (105~106 Hz), corresponding to
ultrasound-induced bubble oscillations, remain unclear. Therefore, to properly
describe bubble oscillations, it is necessary to develop a new surface tension model

for lipid monolayers.

By using Molecular Dynamics simulation (MD), this study explores the behavior and
the surface tension of lipid monolayers under high deformation rate (high frequency).
The trends and the tendency of the surface tension from molecular simulation is
then used to construct the continuum surface tension model. Furthermore, the local
surface tension is probed to understand how local tension is related to local

deformation.

2. Results
The simulation is as follows: a system of two monolayers (each with 64 molecules of
DPPC lipid) sandwiching a water layer is prepared, with area per lipid (APL) at
0.63nm?2. After equilibration, system is subjected to NVT simulation for 8ns to record
surface tension. Then, system is deformed by changing box size bilaterally for 8ns.
After that, the system is kept at deformed state for 8ns with unchanged box size.
The deformation is conducted with two types: (a) compression or (b) expansion, both
at constant deformation rate. During the compression, the trajectories are recorded,
and the local surface tension field is averaged every 250 steps during 100.000 steps,

using Nakamura patch for LAMMPS (Comput. Phys. Commun., 2015), with Python
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code for extracting surface, normal vector, aligning stress tensor with normal vector.
Figure 1 shows the surface tension of whole system. With constant-rate expansion
(red), the surface tension increases linearly while with constant-rate compression
(blue), the surface tension drops nonlinearly and is much more pronounced.
Moreover, right after deformation, the surface tension in expansion case oscillated
mildly, while in compression case, a recovery of surface tension appeared. Figure 1
also shows that, the deformation, even in compression case, the surface tension and
APL have a linear relation, until surface tension near zero.

Figure 2 shows the local surface tension field during the compressing process. As
the lipid monolayer becomes more deformed, the local surface tension field reaches
higher amplitude, with negative values are more dominant. It should be noted that
the current results are not converged yet, as evidenced by the high values of surface

tension, and by the dependence on grid size.

. Roles of the MCRP and its significance

The MCRP has provided necessary computational resources for the preparation and
the simulation of lipid monolayer under deformation. Moreover, MCRP has
supported significant storage, necessary for the calculation of local surface tension.
In overall, MCRP has enabled the research of lipid monolayer under high
deformation rate and local surface tension rate, which accelerate the knowledge on

understanding and designing lipid monolayer for medical applications.

Future plan

In the future, we will compare the simulation results with the prediction from
continuum theory. Then by using both simulation and theoretical results, we aim to
propose a new model for surface tension. The replicated simulations will also be
conducted, and the periodic boundary conditions effects, the convergence of local

surface tension field, will also be examined.
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Figure 1: Surface tension versus time (left), and surface tension versus area per lipid

(right) of lipid monolayer.
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Figure 2: Local surface tension of lipid monolayer of different area per lipid during

compressing process.
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