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Comment on “Should All Surfaces Be
Reconstructed?”

In a recent Letter [1], it was suggested that the driv-
ing force for surface reconstruction is given by the dif-
ference between the surface energy and stress, leading to
a “globally relaxed” state characterized by an isotropic
and diagonal stress tensor. The diagonal components
were claimed to be equal to the surface energy «yy of the
unstrained surface. In this Comment we remark that the
theory is incomplete insofar as it neglects the associated
defect formation energies, and that the cited results of
Au(110) do not actually support the theory. In addition,
we point out an inconsistency in the derivation of the
surface stress in the relaxed state.

Following the notation of [1], v and 0,3 denote the
surface free energy per unit area and surface stress, re-
spectively. The surface strain tensor & (with elements
€qp) Was used as a parameter to specify a strained con-
figuration with reference to an ideal unstrained slab. +
was then expanded about € = 0 and the “equilibrium”
strain ™" was determined in [1] by finding the global
minimum of v, namely, 0y/0eqp = 0.

The conclusion that the driving force for surface re-
construction is the difference between surface stress and
surface energy is similar to the results of some previous
studies [2, 3] on surface densification. However, in those
studies [2, 3] it was shown that this driving force does not
result in any reconstruction unless it exceeds some crit-
ical strength that reflects the formation energy of misfit
dislocations between the surface layer and the underly-
ing lattice. Similarly, formation of point defects, impu-
rity segregation, or reconstruction of the surface will also
entail energy costs, not considered in [1], which can eas-
ily exceed the elastic energy savings. Thus, we conclude
that not all surfaces should be reconstructed.

Turning now to the numerical results for Au(110) pre-
sented in (1], the driving force for densification along the
z direction is found to be 5 times larger in magnitude
than that for expansion along the y direction. The the-
ory therefore appears to predict a density increase along
z, which is not observed experimentally. Moreover, the
predicted density decrease along the y direction appears
to be only 5" = 0.05%, which can hardly be said to
agree with the observed removal of 50% of the atoms in
the missing-row reconstruction. Thus, the theory of [1]
does not appear to give a useful description of this recon-
struction.

Finally we show that the surface stress for the strained

slab at £™® was not given correctly. Even for a state
with & # 0, it is still meaningful to consider the work
necessary to increase the surface area by unit amount by
means of a stretching process. (This work is the excess
above and beyond that which may be necessary to deform
the volume of the crystal [4-6].) Therefore, for a state
characterized by &, surface stress can be defined as usual
by the “strain” derivative of the total surface free energy
divided by the area:
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Note that here the strain x.g is defined with respect to
the reference state specified by &, not the ideal (¢ = 0)
surface. At €™ we have (87/0Xap)xap=0 = 0, so that
0ag(€™™) = y(€™™)8ap. This result is exact, i.e., not
dependent on a low-order expansion of v in €. Thus, the
stress is isotropic and diagonal, but not equal to vyoéu.s
as claimed in [1]. [For the case of Au(110) in [1], the
numerical difference is quite small because sg‘[}" is small.]
If 043(€) is to be expanded around € = 0, one more linear
term, (0v/0egy ) E4vbap, should be added to Eq. (7) in
[1].
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