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Universitat Politècnica de Catalunya
Campus Nord UPC, 08034 Barcelona

Dynamics in supercooled liquids depends strongly on
temperature, whereas both structural and themody-
namic properties show a relatively weak dependence on
temperature, which can often be extrapolated smoothly
from the data obtained at higher temperatures1.

We have studied the dynamics of a supercooled molec-
ular liquid by means of molecular dynamics simulations.
The molecular model has been built from the one of
methanol molecules, but lacking sites for hydrogen bond-
ing. Then, rigid diatomic molecules with an associated
dipole moment have been considered2. Bond orienta-
tional order and translational order parameters have been
evaluated. It has been found that both parameters in-
crease upon cooling.

Time correlation functions that characterize transla-
tional dynamics of the system, as the incoherent inter-
mediate scattering function (fig. 2), reveal the existence
of three dynamic regimes at very low temperatures. The
initial decay is the so-called ballistic regime. Next to it,
the correlators display a plateau at intermediate times, in
the β - relaxation regime, which is followed by a stretched
exponential decay at long times. The picture of molecules
moving in the cage made by their nearest neighbors or
cage-effect applies to this system during the β-relaxation
regime3.

We have evaluated the mean square displacement
(MSD) of the molecular centers-of-mass, and the three
dinamical regions are apparent when it is plotted in a log-
log scale. Diffusion coefficients (D) have been evaluated
from the slope of the MSD at very long times. They fol-
low an Arrhenius temperature dependence at high tem-
peratures.

Molecular reorientation has also been investigated, and
it can be described as a sequence of small amplitude an-
gular steps. The reorientational relaxation times increase
with temperature, and they are always smaller than the
ones associated with translation. Angular velocities have
been evaluated. The angular velocity autocorrelation
functions display a backscattering area, which becomes
more important upon cooling the system. The angu-
lar velocities have been used to compute the rotational
mean square displacement (RMSD) at several tempera-
tures. The rotational self-diffusion coefficients (Dr) have
been obtained from the long-time slope of such functions.
They decrease with temperature, but their temperature
dependence is weaker than the one of D. Moreover, the

slope of the intermediate region in RMSD functions is
larger than in MSD ones.

The breakdown of the Stokes-Einstein and of the
Stokes-Einstein-Debye relations at low temperatures
has also been analyzed, as well as the extent of the
translation-rotation coupling.
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FIG. 1. Molecular model
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FIG. 2. Incoherent intermediate scattering function for
k = k0, which maximizes the static structure factor, S(k⃗).
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