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procedure was used. Simulated UPS spectra (letters (c}, (d),
(), right panel of Fig. 1] utilize the double zeta plus polariza-
tion function basis set designated 6-31 G*. Structural details
of the lithium surface and acetylide {C,) units were examined
by calculation using an 8 atom model of the unreconstructed
bee Li(100) surface (cluster approximation) with the minimal
STO-3G basis set (data not shown). The Lig cluster contains
6 atoms in the first layer of the surface, 2 atoms in the second
layer, and is designated Lig(6,2)-(100).

A scan of the potential energy surface for the model C,/
Lig(6,2)-(100) considered C, units bound on surface sites and
bound within the Lig (6,2) cluster. Slices in the potential ener-
gy surface governing the structure and motion of C, on
(100)Li near favored binding locations were then calculated.
Motion of C, as a unit, dissociation to C atoms, relaxation of
the entire lithium cluster, and relaxation of lithiums near
neighbor to C, were some of the geometric variations consi-
dered.

Minimization of calculated total energy and agreement
between observed and simulated UPS for C,/Li,{6,2)-{100)
predict a geometry with C, units bound below the first atom-
ic layer of the surface. The least hindered orientation for
diffusion of C, into the lithium lattice, a necessary process
for multilayer acetylide film growth, is calculated as having
the C—C axis parallel to the surface normal.

Relaxation of the /ithium cluster in the model C,/Liy(6,2)-
(100) illustrates the use of computational methods to address
a surface process that is nearly inaccessible by experiment,

metal surface rearrangement at very low adsorbate coverage.
Surface relaxation was modeled by expansion and contrac-
tion of only the four lithium atoms near neighbor to C,, and
of the entire Lig(6,2) cluster. Expansion of the four lithium
atoms near neighbor to C, produced the most stable calcu-
lated geometric arrangement found for this model and
caused the average volume per lithium to increase. This cal-
culated result agrees with the greater than unity ratio of the
volume per lithium in the carbide to the volume per lithium
in the metal. Relaxation of the lithium surface by local ex-
pansion to accomodate C, adsorption below the first atomic
layer of the surface is inferred to play a role in allowing mul-
tilayer carbide growth to proceed.

Different surface carbon species have previously been as-
sociated with distinct spectroscopic features such as AES
line shape.” Using the lithium plus acetylene system we have
associated a specific surface carbon species, acetylide, with
both AES and UPS spectral data. We have also employed
proven structure sensitive ab initio calculations to model re-
laxation of the lithium surface in the presence of the experi-
mentally identified carbon adsorbate.
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Study of the phase transitions of systems of chemisorbed
atoms provides valuable insight into surface physics in at
least two ways: (1) The phase diagrams of chemisorbed over-
layers give information about adatom-adatom interactions.
(2) Critical behavior depends sensitively on symmetry and
thus provides unique information about weak symmetry-
breaking effects. Here we focus on oxygen and on hydrogen
adsorbed on Ni(111); each forms a (2X2) structure on the
honeycomb array of (threefold symmetric) binding sites. The
order—disorder transitions of these overlayers have been stu-
died experimentally.'> We have examined these phase tran-
sitions with Monte Carlo simulations and transfer matrix
scaling.

Experiment shows that p(2 X 2) O/Ni{111) has a second
order phase transition with critical exponents consistent
with the two-dimensional Ising model.> The Landau-Ginz-
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berg-Wilson Hamiltonian classification scheme predicts®
that the phase transition, if continuous, lies in the same uni-
versality class as the four-state Potts model if the crystal field
E, (the difference in binding energy between fce and hep
binding sites) is nonzero, and in the universality class of the
Heisenberg model with corner cubic anisotropy (HCCA) if
E, = 0. For certain parameters, the HCCA can have a con-
tinuous phase transition with Ising exponents. As there is no
reason to suppose E, is zero, we expected four-state Potts
exponents. On the other hand, the structure of an incom-
mensurate phase of O/Ni(111) does indicate that £, is small.
Hence, Schick® noted the phase transition will appear to be
four-state Potts-like only at temperatures very close to the
critical temperature 7,. Well away from T, it will appear
Ising-like, with E, as the cross-over field.® Schick thus sug-
gested the experiment had been performed at temperatures
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in the Ising regime.

Our work does not support this explanation of O/Ni(111)
exponents. We have performed Monte Carlo simulations of
the p(2 X 2)-disorder phase transition using a variety of inter-
action energies,” which at least qualitatively reproduce the
experimental phase diagram. Spectfically, we took E, to be
either small or zero. We tried several sets of interactions
which a prefacing transformation® indicated corresponded
to an Ising-like transition in the HCCA. All of our simula-
tions were characterized by a severe metastability between
an ordered and a disordered state, which led to a double-
peaked order parameter distribution. This metastability had
a time scale of around 10* Monte Carlo steps/site. First or-
der transitions have metastabilities. However, similar behav-
jor has also been observed for the Baxter—Wu model® (which
has a continuous transition with four-state Potts exponents).
In addition, our simulations of the p(2 X 2) phase transition
on a triangular lattice {infinite £,) show a similar metastabi-
lity but with a time scale an order of magnitude smaller. By
applying finite size scaling to the Monte Carlo data'® we
found the correlation length exponent v to be 0.72 1+ 0.10,
consistent with the four-state Potts value of 2/3. A similar
study with small crystal field proved impossible because of
the larger time scale of the metastability. However, by apply-
ing the transfer matrix scaling technique of Nightingale'' to
strips of sites two and three unit cells wide and with E, =0,
we found v = 0.56. Given the narrow strip widths const-
dered, this number could be consistent with either a first
order "+’ = 0.5) or with a four-state Potts transition, but
not an Ising transition.

Another possible explanation of the Ising exponents is
that the symmetry of the surface—which determines the
critical behavior—is broken by the steps which occur on any
real Ni(111) surface. We tested this idea by performing
Monte Carlo simulations on triangular lattices with symme-
try breaking boundary conditions. A system with short
range forces can only exhibit critical behavior if it is infinite
in at least two dimensions. If a boundary affects bulk behav-
ior only near the critical temperature—when the correlation
length is large—the boundary is only responsible for finite
size effects. We observed only finite size effects.
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Hydrogen adsorbed on Ni{111) forms a honeycomb (2 X 2)
structure.’'? Since this structure is denser than the p(2 X 2),
with fewer types of sites to disorder into, Monte Carlo simu-
lations are easier to perform. The embedded cluster calcula-
tions of Muscat and Newns'? suggest that the nearest neigh-
bor hydrogen—hydrogen interaction is effectively infinitely
repulsive, the second neighbor interaction is weak (<10
meV), while the third neighbor interaction is about 10 meV
more attractive than the second neighbor interaction. Put-
ting these interactions into Monte Carlo simulations, we find
that the honeycomb (2 X 2) orders only at temperatures less
than 100 K, compared with the observed 270 K.' We find a
variety of different interaction parameters yield phase dia-
grams consistent with the experimental one due to its fea-
turelessness and incompleteness. At half-monolayer cover-
age both Monte Carlo and transfer matrix scaling indicate
that the order—disorder transition has the four-state Potts
exponents predicted from symmetry.
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