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Abstract

Free methane clusters containing up to 250 molecules adopt local icosahedral-like
structures at low temperatures (10-50 K). The long-range order is lost and the cluster
state could be attributed to a liquid-like state even it is ’frozen’.

MOTIVATION

•Fundamental properties of symmetrical molecules in
(a)symmetrical environment

•Greenhouse effect & hydrogen storage

•Clathrate [2, 3]

•Beauty

Figure 1. Evaporation of a molecules: Rossen Radev’s
vision. Monte Carlo simulations of 59 methane cluster
at 50K.

OBJECTs - SMALL
Size is always a special-case experience (Fuller)
Why ’small is different’?
Number of connections - a basis for the phenomenon of

vastly different properties exhibited by systems with identi-
cal constituents

Dimers - Role in Nanomaterials

•Clusters containing N = 2, 13, 50, 55, 137, 229 molecules:
magic numbers for closed shells in different structures

•Classical trajectories - solutions of
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pi and ri - the momentum and the position of the i th

molecule: i = 1,2,..,N with H = U(r) + Ekin

• Interaction potential U(r): to account for various mutual
orientations of the molecules, a pair-wise atom-atom inter-
action is considered
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rij = | (ri−rj) | is the distance between i th and j th atom, α and
β denote either a carbon or a hydrogen atom, the parameters
fit experimental data.
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Figure 2. Classical and quantum interaction potential.

• Integration of (1) and (2) at a constant total energy using
the velocity Verlet algorithm [1] with a time step of 1 fs that
keeps the energy constant up to (10−5) for 1 ns production
runs

Figure 3. Four specific mutual orientations for 2 CH4

molecules (from left to right) - aligned, perpendicular,

anti-aligned ”1” and anti-aligned ”2”
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Figure 4. Potential energy per molecule for a methane

dimer at 4 different mutual orientations.

The cluster state - liquid or solid - is determined by the ra-
dial distribution function g(r):

g(r) =
V

N 2
〈

N∑

i=1

∑

j 6=i

δ(r − rij)〉 (4)

Clusters of 55 molecules at 10 K have well resolved doublets
at the closest distance, however they do not have a long-range
order like liquids.
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Figure 5. Radial distribution function for 55 molecules

arranged in a static fcc, a static ico, and a ’real’ struc-

ture at T = 10 K.

The peak located in the (3.5-4.1)Å region contains mainly
’anti-ferro’ dimers retrieved by a comparison of the dimer
potential energy and the doublet in g(r). The table contains

the distribution of the neighbors as a function of the distance
between the molecular center of mass. Various techniques

can be used to compute the nearest-neighbors with different
accuracy [4]. We integrate g(r).

Table 1. NN=Nearest-Neighbors; NNN=Next-to-the-Nearest-Neighbors.

number of NN NNN NN + NNN
neighbors (3.5-4.1)Å (4.1-4.5) Å (3.5-4.5) Å
1 2 4 11
2 12 11 0
3 13 13 0
4 9 13 0
5 9 7 9
6 5 4 14
7 4 2 12
8 1 1 5
9 0 0 4
10 0 0 3
11 0 0 5
12 0 0 3
mean 3.85 3.6 7.56

Liquid-/solid- like phases are usually distinguishable via the
value of the modified Lindemann index δlin (the cluster is solid
if δlin < 0.08) [5]:
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Figure 6. Lindemann index - size effect.

The low-frequency peak in the vibrational spectra at T=10K
corresponds to a collective surface wave.
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Figure 7. Vibrational spectra at 10K - size effect.

At T=30K all clusters are liquid-like and the low-frequency
peak disappears in the vibration spectra.

CONCLUSION
The most important finding in this study is that dimers of

molecules with a specific mutual anti-ferro ordering deter-
mine the cluster structure at low temperatures. Obviously,
the angular dependence of the classical interaction causes a
specific alignment of molecular axes even if the external pres-
sure is zero. The topography of the potential energy surface
of clusters of various sizes must be studied as well.
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