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ABSTRACT

We ae peaforming molecular dynamics smulations in order to undersand the mechanism of the
oillations for an argon nanodroplet. Lord Rayleigh', neglecting viscosity effects, was the first to
investigate mathematicdly the naiure of such ostillations for a macroscopicaly describable (based
on the princdples of continuum mechanics) initidly sphericd liquid drop in a gaseous environment.
He found that the frequency of the oscillaions, br a sphere of radius R, surface tenson g, viscosty
N, liquid dengty r | and vgpor dengity r , are:
W2 = 16n(n+3(n- H(n +2)
p 2R3[r (n+1) + rvn] ,

where the fundamental mode is given by n=2.
Subsequently, Lamb? studied the effect of smal viscosity. He found that the damping depends
only on the dze of the dropled and on viscodty. The time higory of the amplitude of the
osdillaionsreads:
b=Db,e™ (2]
where ly is the initid osdllaion amplitude, b is the amplitude & time t and b a coefficient given
by:
b =(n-1)@2n+n/R? [3]
Chandrasekhar® obtained later more generd results for a viscous spheroid. However, it is egs. (1-3)
that are rdevant to the present study and will be compared to results of the molecular dynamics
smulations
In our damulations, the argon droplet is contains 329245 paticles (aoms), interacting with the
Lennard-Jones pair potentid:
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with a cut-off digance st to 4s. The computationd doman is a box of 52.7nm. The initid
temperature is st to 108K and is maintained congtant through a rescding of the velodties for an
equilibration time of 50,000 time seps. The legpfrog dgorithm is used to integrate the equation of
motion with atime step of 0.01 ps.
For the cdculdions we use a padld dgorithm tha employs dmple spaid doman
decompositiorf’ on a4 CPU DEC parallel machine,
After the thermodynamic equilibrium is reached, we evduae the dendgty and the normd
component of the pressure tensor profiles in order to caculate the surface tenson of the droplet. A
comparison is peformed with the values found in the literature, in order to vdidate the approach,
and the agreement is deemed to be satisfactory.
The equilibrated droplet is then "squeezed’ with an impulsivdly imposed veocty fidd to obtan an
dliptic shgpe and it is subsequently alowed to oscillate fredly.
We report a compaison between the above-referenced macroscopic anaytica results with the
ones obtained in this caculation. As we can see from egs. (23), the dumping effect depends on the
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surface area of the droplet, i.e. the number of particles present in the smulation has to be large
enough to observe a least one period, before the osallaion is damped to magnitudes within our
resolution limits Figure 1 reports the andyticd solution (23) and the caculated deformation
during the amulation. The two results agree wel proving that even in nanoscaes the macroscopic
theory is dill valid. Figure 2 shows a graphica depiction of four time steps of the computation,
after the droplet has been deformed. A high accuracy interpolaion technique was used to convert
the Lagrangian description of the a@om sSmulation to an Euleriantype iso-contour of dendty thet
defines the surface of the droplet.
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Figure 1. Comparison between eg. (2) and the caculation

Figure 2 Prdfiles of the isoline r =(r-r )/2 a four different times steps. Interval between each
sngpshot is 706.3 ps, the sequence covers about one period.
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