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SURFACE THERMAL EXPANSION1

Ismail,2 Ph. Hofmann,3 A. P. Baddorf, D. M. Zehner, and E. W. Plummer4

The creation of a surface breaks the translational
symmetry of the bulk with the electrons redistrib-
uting to lower their energy, resulting in a new lat-
tice structure.  Surface relaxation and reconstruc-
tion have been studied for years, and it is generally
assumed that theory and experiment are in fairly
good agreement for the ground state properties at
a metal surface.  There is a conceptual picture of the
origin of the interplanar relaxation and the depen-
dence of this relaxation upon the openness of the
surface.  However, when it comes to finite tempera-
ture behavior such as thermal expansion, there is
no reliable model, and glaring discrepancies exist
between theory and experiment.

The temperature-dependent interlayer spacing
for Mg(0001), Mg(1010), and Be(1010), have been
measured.  The new data have been compared with
all existing surface thermal expansion data in an
attempt to identify simple principles governing the
thermal behavior.  Mg(0001), as with the case of
other close-packed metal surfaces, exhibits a slight
enhancement in the thermal expansion of d12 com-
pared with the bulk.  In contrast, the open surfaces,
Mg(1010), and Be(1010), exhibit oscillatory thermal
behavior for Be(1010).  A normalized interlayer ther-
mal expansion coefficient αij  can be defined as
αij = {dij(T) - dij(0)}/dij(0)T.  Figure 1 shows the be-
havior of α12 for all of the data in the literature as a
function of the normalized area A0 of the surface
unit cell.  For the close-packed surfaces (1/A0 is
~0.9), all surfaces show a small thermal expansion,
but for open surfaces (1/A0 < 0.6), there is a dra-
matic difference between different materials. A clue
to this behavior was discussed theoretically.  Ther-
mal contraction in d12 is always accompanied by
thermal expansion in d23.  In fact, when α13† is plot-
ted, all materials have approximately an order of
magnitude smaller thermal expansion coefficient.

It was shown theoretically that the charge redistri-
bution at the surface accompanied by the lattice re-
laxation [for fcc(110) surfaces] dramatically in-
creases the NN force constants between the first and
third layer and reduces the NN force constant in
the plane making d13 rigid.  It is clear that in the
environment of the surface (broken symmetry), ther-
mal expansion (contraction) can occur without
anharmonicity in the interplanar potential.
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Fig. 1.  Measured surface thermal expansion in
the  first interlayer spacing as a function of the
openness of surface (1/Ao), where A0 = As/V0

2/3.  Ax is
the area of the surface unit cell.  The solid points
were measurements by the group.
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