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Oxygen on Ni(111): A Transition of the
Heisenberg Model with Cubic Anisotropy

Critical exponents of the transition to the p(2
x 2) state observed in oxygen adsorbed on Ni(111)
have recently been measured. ' Under the assump-
tion that the adsorption sites are threefold co-
ordinated, ' the ordered array is shown in Fig. 1.
Because of a crystal field arising from subsur-
face layers of Ni atoms, the adsorption sites of
the honeycomb array are not all equivalent but de-
compose into two interpenetrating inequivalent
triangular arrays of fcc and of hcp sites. In this
circumstance, the transition is in the universality
class of the four-state Potts model. ' However,
the critical exponents measured in Ref. 1 P =0.14
+ 0.02, y =1.9+ 0.2, v =0.94+ 0.10) differ signifi-
cantly from those of the four-state Potts model4

(P = ~, y = ~, v = r) but are equal within experi-
mental error to those of the Ising model P =-', ,
y =~, v =1). A plausible explanation is as follows.

If there were no crystal field, the transition
would be in the universality class of the Heisen-
berg model with corner cubic anisotropy [i.e., a
ferromagnetic model of spins 8 = (S„,S„S.) with
easy axes along the four cube diagonals]. The
eight equivalent p(2 x 2) ground states correspond
to the eight states of this Heisenberg model, in
which all spins point to any one of the corners of
the cube. Grest and Widom' have recently shown
that this model can exhibit a continuous transition
which, over a finite region of the phase diagram,
is governed by a marginally attractive decoupling
fixed point of the three Ising models S =+1, n
-x,y, z. Thus, up to logarithmic corrections, the
critical behavior of this transition is identical to
that of the Ising model.

The addition of a crystal field in the experimen-
tal system is equivalent to the addition of a sym-
metry-breaking term S,S,S, into the Heisenberg
model. This decomposes the eight equivalent
ground states of the model into two inequivalent
sets in which the spins point to the vertices of
tetrahedra, one with the symmetry-breaking term
positive, the other negative, and causes the tran-
sition to cross over from the class of the Heisen-
berg model with corner cubic anisotropy to that
of the four-state Potts model. ' The crossover
exponent is large, P= —", , indicating that the range
of reduced temperatures t in which the four-state
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FIG. 1. p(2&2) ordered array of 0 on Ni(ill).

Potts exponents describe the critical behavior
grows rapidly with increasing crystal field h,
like h"". Nevertheless, for any nonzero t the
Heisenberg exponents describe the critical be-
havior for sufficiently weak fields. In the absence
of detailed calculation, whether a given field is
sufficiently weak is unknown. For the experi-
ment in question, however, the answer can be in-
ferred from the measured exponents.

A plausible interpretation of the results of Ref.
1, then, is that the experiment has determined
that the crystal field is small enough that the ex-
ponents measured are those of the Heisenberg
model with corner cubic anisotropy and has con-
firmed that this model can exhibit continuous
transitions with Ising exponents as indicated by
Grest and Widom. '
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