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Proposed Decorated Lattice-Gas Model of

H/Pd(100)

Recently Tomanek, Louie, and Chan' performed an
ab initio total-energy calculation for H on the Pd(100)
surface. On the basis of their results they interpreted the
adsorption behavior of this system within a lattice-gas
model. We here note that this model is equivalent to the
[sing model, that consequently the phase diagram is
known exactly, and that the thermodynamics of the mod-
el are inconsistent with results derived from experiment.
In the proposed model H can adsorb on the fourfold hol-
low and bridge sites of Pd(100) with a positive binding-
energy difference, E, — Ej, of 0.42 eV. The only interac-
tion between H’s is an infinite repulsion between neigh-
boring occupied bridge and hollow sites. This is just a
decorated lattice-gas model. Since many such models
can be mapped onto the Ising model, they have been
much studied.? In this example, one can associate the
occupation of the hollow sites with Ising spins and sum
over the configurations of bridge sites, leading to a
nearest-neighbor interaction

J=kgTIn{l +expl(u—E,)/kpT1}/4
and a field h=(u—E,—8J)/2. At low temperatures
there is a line of coexistence, corresponding to A =0, be-
tween a sparse ‘“‘hollow-site”” phase and a dense “‘bridge-
site” phase. The exact T-coverage phase diagram is
shown in Fig. 1.

In the light of the model, Ref. 1 interprets the ap-
parent observation? of H coverages, 6, above one mono-
layer (ML) as evidence that the coexistence region is
seen. However, there is no sign in the experiment of the
discontinuities in the adsorption isobars, as shown in Fig.
1, characteristic of coexistence. {The experimental tem-
peratures were much less than T.=(E,—E;)/
kgln[(74+5+/2)/2]1} Reference 1 concluded agreement
with experiment by comparing the model isosteric heat
of adsorption, E .4, with experiment. Figure 2 shows the
actual 6 dependence of the contribution of E .4 due to the
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FIG. 1. Phase diagram of the model. Typical isobar

(dashed line) estimated with use of transfer matrices on semi-
infinite strips.

2ﬁrr¥|x¥r¥[er(|TTrx

L T=04(E,-E}) |

2 Y T T N O N N S S N S W
0.0 0.5 1.0 1.5 20

COVERAGE
FIG. 2. Coverage dependence of E.q of the model, comput-
ed as was isobar in Fig. 1.

configurational degrees of freedom of the model for a
T < T,. Itis qualitatively different from the experimen-
tal curve, which is approximately linear for deduced
6> 1 ML. Tomanek, Louie, and Chan have subsequent-
ly agreed'® that the simple model discussed here does not
explain the experimental data above 1 ML.

For the energies (but including the H, dissociation en-
ergy) quoted in Ref. 1, the rotal overlayer energy of the
perfect hollow-site monolayer is less than that of the
saturated bridge-site overlayer. Thus the calculation
suggests that coverages above 1 ML due to bridge-site
occupation would not occur under the experimental con-
ditions. Given the difficulties in the determination of ab-
solute H coverages and the possibility of other complica-
tions (e.g., defects, subsurface occupation), this predic-
tion might be correct. Also the proposed model is only
one of many (lattice-gas) parametrizations that can ac-
count for the T=0 overlayer energy (including lateral
interactions) at 1 and 2 ML. The presence of modest
H-H interactions, i.e., a configurational dependence of
the total energy, could produce qualitative changes in be-
havior. Thus the failure of the model to explain experi-
ment in no way impugns the total-energy calculation of
Tomanek, Louie, and Chan, but does highlight the limi-
tations of the resulting information.
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