VOLUME 58, NUMBER 24

PHYSICAL REVIEW LETTERS

15 JUNE 1987

Numerical Simulation Studies of
Roughening in a Monolayer

Peripheral

Recently Kotaczkiewicz and Bauer! argued that an

experimental realization of a spin model by Abraham
and Smith? is obtained by a monolayer of an fcc metal
(for instance Au) on a bcc substrate (for instance W).
In this 2D model the roughening temperature Tk of the
periphery can be greater than zero provided that the
peripheral bonds are weaker by a factor a than the inte-
rior bonds (for equal bond strengths Tg =0). In the in-
terpretation of the experiment in Ref. 1, the roughening
temperature is claimed to increase from 0 to the critical
temperature as a decreases from 1 to 0. Therefore, the
peripheral roughness increases with increasing a, which
is claimed to be in accordance with the model of Abra-
ham. However, this interpretation is clearly counterin-
tuitive since one expects that, as a increases, the peri-
pheral atoms are bonded more tightly and therefore the
roughness decreases. Moreover, it has been shown ear-
lier® that the essential feature of the transition in the
Abraham model is the presence of a ““hard wall” where
the interfacial spins are pinned. This hard wall is not
present in the present case. In the present numerical
study we show that in accordance with intuitive ideas,
the roughness increases with decreasing a, which is con-
trary to the claims of Ref. 1.

We have solved, using molecular-dynamics simulation,
the model, i.e.,, a 487-particle movable layer on an
infinite bce substrate, which according to Ref. 1 applies
to Au on W(110). In this model, the forces J, between
the boundary and the interior Au atoms are weaker than
the forces J between the interior Au atoms themselves
i.e., J1=aJ with @ < 1. Under ordinary conditions (i.e.,
a=1) the overlayer crystallizes on a 2D triangular lat-
tice, corresponding to a (111) fcc plane. The ratio of the
triangular to bec lattice parameters is chosen to be equal
to the one that gives a minimum of the epitaxial ener-
gies* (1.33) and is close to the ratio of Au-W lattice pa-
rameters (1.291). The overlayer and overlayer-substrate
particles interact via ordinary Lennard-Jones potentials.
In order to stabilize the triangular overlayer crystal on
the bec substrate the overlayer-overlayer atom interac-
tion is T of the overlayer-substrate atom interaction.

Figure 1 shows the number of peripheral atoms N, as
a function of a for two different temperatures. Clear-
ly N, increases with decreasing a, diverging as a
approaches a small value. In addition, the higher-
temperature curve shows a rougher surface in accor-
dance with intuitive expectations.

We conclude that the interpretation of the experi-
ments of Ref. 1 has to be modified. In particular, the
manner in which alteration of the peripheral bonds in the
Abraham model transfers to the monolayer model has to
be reevaluated.
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FIG. 1. Dependence of N, on a for two temperatures. Note

that the surface is rougher for lower a and higher tempera-
tures.
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