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ABSTRACT

We analyze the influence that the recently found Ta(001) first interatomic layer contrac-

tion has on the surface electronic structure. We find that the states near the Fermi energy at the F

point on the 2D First Brillouin zone found in recent experiments are directly related to this con-

traction. In general, our calculation shows a better agreement with experiment than previous work.

The remaining small differences might be attributable to a possible smaller but non-negligible

contraction of the second interatomic layer distance.
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1 Introduction

Ta is a bcc transition metal. Its (001) surface has been studied experimentally by Bar-
tynski and Gustafsson using inverse photoemission [1] in the F-M interval of the 2D-First
Brillouin zone and theoretically by Krakauer [2] who made a slab calculation assuming the
surface to be ideal. A reasonable agreement between theory and experiment was reported
although a detailed comparison showed clear differences.

More recently, Bartynski et al. succeeded in determining the geometry of the clean
(001) tantalum surface more accurately by photo-electron diffraction spectroscopy [3],
The main result of this study was to establish that thefirstinterlayer distance in the
Ta(001) surface was shorter by about 10-15%.

Very recently, Jensen et al. [4] have used the results of the contracted surface (13.5%)
for the interpretation of their Auger experiments, but could not confirm or disprove the
predicted contraction.

We present here a study of the influence of this contraction on the surface states of
Ta(001). We have studied recently the ideal Ta(001) surface and interfaces of Nb/Ta and
V/Ta [5] and of Mo/Ta [6].

2 Results

In Fig. 1, we present the lenses diagrams for the F-M region of the 2D-Brillouin zone. We
have used an s-p-d orthogonal basis and the tight-binding parameters of Papaconstantop-
ulos [7], The Green function for the surface has been calculated with the Surface Green
Function Matching method (SGFM) [8] which allow the use of the bulk tight-binding
parameters. To take into account contraction we have recalculated the tight-binding pa-
rameters using the well known Harrison Scaling law and we have corrected to take into
account the changes in the geometry.

The black squares in Fig. 1, are the inverse photoemission experimental points of
reference 1. The dots are the surface states in the bulk gaps. The lines show the zones
where the bulk states lie. The top figure is the ideal Ta(001) surface with no contraction
of the first interlayer distance. Notice the small gap around F just above the Fermi level.
The surface states detected experimentally do not appear in this calculation. The band
of resonances that starts near F ends in a region where there are no surface states. A
careful examination of the states further to the M point shows clear differences between
theory and experiment also in this region.

Let us look now at the influence of a 10% contraction. Notice that the states in the
gap move to lower energies. The most important fact might be that surface states appear
in the F point near the Fermi level as detected experimentally.

When the 13.5% contraction is taken into account there is also a better agreement in
the higher part of the spectrum near the M point. The agreement is not yet total when
one looks at it in detail, but the dispersion curves of the surface states agree better. It
is possible that the disagreement that still remains has something to do with a smaller
but non-negligible contraction in the distance between the second and possibly the third
atomic interplane distance in this direction.



3 Conclusions
In conclusion, we can say that the surface states that have been experimentally detected at
the F point just above the Fermi level seem to be directly related to the contraction of the
first interlayer distance in the Ta(OOl) ideal surface. This contraction also influences the
exact position in energy of the surface states in the P-M interval of the 2D-First Brillouin
zone. These states have been related to the reconstruction of the W(001) surface. We
suggest that the second interlayer distance might be also contracted although by a lesser
amount•
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Fig. 1. The r-M interval. Theory compared to inverse photoemission experiments.
The calculated surface states in the gaps appear as dots. The black squares are the
experimental points of ref. 1. The percentage* contraction of the first interlayer distance
is indicated. Ep is the Fermi level.


