
HAL Id: jpa-00228945
https://hal.science/jpa-00228945

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

PHASE TRANSITIONS IN COUPLED SPIN
SYSTEMS

Serge Galam, M. Gabay

To cite this version:
Serge Galam, M. Gabay. PHASE TRANSITIONS IN COUPLED SPIN SYSTEMS. Journal de
Physique Colloques, 1988, 49 (C8), pp.C8-1547-C8-1548. �10.1051/jphyscol:19888708�. �jpa-00228945�

https://hal.science/jpa-00228945
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 
Colloque C8, Suppl6ment au no 12, Tome 49, dkembre 1988 
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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 q-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 [l]. 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 [l] 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 ~ P o t t s  variables. A tetra- 
linear coupling is introduced between translations and 
rotations. Effects of adding random fields are studied. 

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

where S"'" = 1 if a; = a or zero otherwise. 
Taking a Potts Hamiltonian [3] for the {a;) we start 

with the bare Hamiltonian: 

where Jt > 0 and (i, j )  denotes a summation over 
nearest neighbor (nn) pairs. 

We now introduce a tetralinear coupling of the form: 

where a > 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, 51. 

Writting p; = 2t; - 1, the two order parameters 
are m = (rt) and p = (p;) . Performing a mean field 
treatment of the Hamiltonian H0 + H, gives two first 
order transitions with three phases which are (m + 0, 
9 # 0), (m = 0, p # 0) and (m = p = 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 

9 - 1  
among the {r:) JT = JT- +at2,  where (t;) = t. In 

a 
parallel it decreases the melting temperature to IcT:= 
cJt with respect to kT:=c (Jt + a )  which corresponds 
to  the case without rotational degrees of freedom, i.e., 
ri = l .  Details of the calculations will be published 
elsewhere [6]. 

The existence of the intermediate phase (m = 0, cp # 
0) which corresponds to the plastic phase depends on 
the assumption Jt >> 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 t  - J,. To extend our model to 
molecular crystals we invoke the rotational hypothesis 
[7, 81 used to justify the model of reference 121. The 
existence of rotational states, i.e., free rotations with 
long relaxation times is equivalent within our static 
approach to introduce quenched random fields coupled 
solely to the rotational degrees of freedom [7, 81. To 
implement this hypothesis we add the Hamiltonian: 

where H: is a quenched random field which favors 
the a-orientation of the Cmolecule. The effect of the 
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random fields is in particular to generate an effective 
Jz << Ji [G, 91. 

At this stage 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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