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Abstract. — A simple coupled spin model is presented to describe the phase diagram of plastic crystals. Translational
and rotational degrees of freedom are associated respectively with a lattice-gaz Hamiltonian and a g-Potts Hamiltonian. A
tetralinear coupling between rotations and translations is considered. Effects of adding random fields which couple solely

to the Potts variables are studied.

Plastic crystals are characterized by the coexis-
tence of translational long range order with rotational
disorder in a thermodynamically stable phase [1]. This
phase (the plastic phase) occurs between the solid and
liquid phases via two first order transitions.

‘While a lot of effort has been devoted to the study of
the plastic phase itself [1] not much attention has been
paid to the construction of the global phase diagram
of plastic crystals. To address this problem a coupled
spin system of two Ising sets has been presented re-
cently [2].

In this note we present an improved version of the
model of reference [2]. Translational and rotational
degrees of freedom are associated with respectively
lattice-gaz variables and ¢-Potts variables. A tetra-
linear coupling is introduced between translations and
rotations. Effects of adding random fields are studied.

To each molecule 7 we associate a lattice-gaz variable
t; and a g¢-Potts variable ;. A solid state corresponds
to t; = 1, a liquid state is represented by #; = 0. In
parallel, o; describes the ¢ equivalent discrete orien-
tations which result from the combined symmetries of
both the lattice and the molecule. For instance ¢ = 6
in the case of C(CHs),. In the following we will use
new Potts variables r{ defined as:
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Tg=9_5__1
g—1

M

where §°*° = 1 if o; = o or zero otherwise.
Taking a Potts Hamiltonian [3] for the {o;} we start
with the bare Hamiltonian:
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where J; > 0 and (¢, j) denotes a summation over
nearest neighbor (nn) pairs.
‘We now introduce a tetralinear coupling of the form:

He=-ay tirityr} (3)
(2,3)

where @ > 0. The choice of equation (3) is dictated by
the experimental fact that translational long range or-
der is correlated to the spontaneous rotational ordering
and thus favors a particular orientation denoted here
by 1. Terms similar to equation (3) have been used to
study different physical problems [4, 5].

Writting ¢; = 2¢; — 1, the two order parameters
are m = (r}) and ¢ = (ip;} . Performing a mean field
treatment of the Hamiltonian Ho + H. gives two first
order transitions with three phases which are (m # 0,
w0 #0),(m =0, #0) and (m = ¢ = 0). The
transitions are respectively associated to the lattice-
gaz (high temperature) and to the Potts (low temper-
ature) transitions. The effect of the tetralinear cou-
pling is first to increase the temperature range of rota-
tional order by inducing one effective stronger coupling

among the {’rf} g, = 1,12 ! +at®, where (t;) =t. In

parallel it decreases the melting temperature to kTr=
cJ; with respect to kTm=c(J; + &) which corresponds
to the case without rotational degrees of freedom, i.e.,
r; = 1. Details of the calculations will be published
elsewhere [6].

The existence of the intermediate phase (m = 0, ¢ #
0) which corresponds to the plastic phase depends on
the assumption J; > J,.. While such constraint makes
sense in the case of ionic crystals it is wrong in the case
of molecular crystals for which interactions being of the
Van der Walls type, J; ~ J.. To extend our model to
molecular crystals we invoke the rotational hypothesis
{7, 8] used to justify the model of reference [2]. The
existence of rotational states, i.e., free rotations with
long relaxation times is equivalent within our static
approach to introdice quenched random fields coupled
solely to the rotational degrees of freedom {7, 8]. To
implement this hypothesis we add the Hamiltonian:

Hp=- ZH;’T;’ (4)

where H; is a quenched random field which favors
the o-orientation of the +molecule. The effect of the
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random fields is in particular to generate an effective
Jr &L Jy [6, 9]

At this stagé we obtained a different description of
the plastic phase for respectively ionic crystals and
moleculars crystals: rotational states occur in the last
group and not in the first one. Such a feature could
be checked using molecular dynamics.
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