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Abstract. Bidimensional metallic systems as interfaces,
quantum wells and superlattices with sharp interfaces became
recently available and their properties can now be
experimentally studied in detail. To calculate the Local
density of States (LDOS) for surfaces, interfaces, quantum
wells and superlattices we use empirical tight-binding
hamiltonians together with the Green function matching method
(GFM). In this paper we show some examples of our results
employing the method just outlined to describe metallic 2D
systems. In particular, we refer briefly to the effect on the
LDOS of the very recently established contraction of the
first interatomic layer distance in the Ta(OOl) surface. We
then discuss the Nb-V ideal (100) interface and conclude that
under certain conditions the V-side of an interface can show
magnetism as the V{001) surface does. As a last example, we
present a calculation that relates the changes with gold
coverage of the reaction rate of the catalytic reaction of
cyclohexene into benzene on a Pt(001) surface to the changes
on the LDOS of the outermost Pt atomic layer. We show that
the behavior of the LDOS around the Fermi level is an
important factor to the explanation of the behavior of this
catalytic reaction. We conclude by stating that the empirical
tight-binding method is a very simple and useful tool for the
description of 2D metallic systems. The advantage is that the
computational demands are low and all the ingredients to take
full profit of this method are available (reliable
tight-binding parameters and suitable methods for the
calculation of the Green function.).
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1. Introduction.

2D-systems as interfaces, quantum wells and Buperlattices
with very sharp interfaces became recently available. The
detailed experimental study of their properties is therefore
now possible.

Ab initio calculations constitute the most accurate way
of analyzing physical systems. Nevertheless, new insights and
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meaningful results can also be obtained for problems of
current interest with much simpler methods that allow an easy
and quick test of models, hypothesis, and geometrical
situations with relatively low computational demands. In this
paper, we make use of empirical tight-binding hamiltonians
using the parameters that became available for many elements
from the work of Papaconstantopulos. To calculate the Green
function we make use of the Green function matching method
cast in the form suitable for a discrete description of the
systems. The method has been described widely in the
literature and we therefore refer the interested reader to
the literature (See refs. 1-5).

2. The Ta(OOl) surface.

Ta is a bcc transition metal and its (001) surface has been
studied previously experimentally by Bartynski and Gustafsson
using inverse photoemission and theoretically with a slab
calculation by Krakauer. More recently, Bartynski et al.
succeeded in determining the geometry of the clean (001)
tantalum surface more a accurately by photo- electron
diffraction spectroscopy. The main result of this study was
to establish that the first interlayer distance in the
Ta(001) surface was shorter by about 10-15%. Very recently,
Jensen, Bartynski and Weinert using Auger spectroscopy, could
establish that the just mentioned contraction was 13.5%. Most
of the desagreement with experiment of the calculated LDOS
desapears when one takes into account this contraction. The
remaining desagreement might be attributable to a posible
contraction of the second interatomic layer of less
magnitude (see Fig.l).

3, The influence of stress on the V/Ta(001) interface.

Tight-binding analysis can give also good results in
interfaces as well. Here we present our results for the
V/Ta(001) interface. Since V has a lattice parameter of 3.O3A
and Ta 3.3A there is an important mismatch that will play a
role for two semi-infinite systems forming the interface in a
free standing configuration. This mismatch will cause stress
at the interface and the purpose of our calculation is to
show how important is this effect. The situation is different
to the one when an overlayer is grown on a substrate since
the overlayer most of the time adopts the configuration of
the substrate.

In Fig.2, we show the Local Density of States for the V-
and Ta- interface atomic layer. The origin is at the Fermi
level, E . In the case of V an important difference arises

above EF- The main one is the change in the position of the

high-energy peak by more than 1 eV. There are differences
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below E as well. A very important point here is the change

in the population at E . There is a 20% change. The density

of states at E is very important in determining the magnetic

properties of a transition metal surface. In the case of
V(100) it has been predicted that magnetism would occur due
to the very high density of states according to the criterion
of Allan for magnetism to occur in surfaces. When stress is
not taken into account the population that appears at the
interface is similar to the one at the surface. The
conclusion that some V-interfaces might show magnetism for
the same reason as it occurs in surfaces appears very
naturally as we have found previously. Our new calculation
shows that magnetism will not occur in the V side of a
V/Ta(001) interface due to stress. Stress is then a very
important factor and should be included for the proper
description of an interface.

Magnetism in the V-side of some interfaces might
nevertheless occur even if it might not occur in V/Ta. The
reason is that magnetism is due to the localization of
d-states on the surface. Whenever the other element of the
interface will not have d-states LDOS available near E ,

these electrons will behave similar as in the surface and
magnetism might occur. This might be the case for interfaces
of V with some dielectrics (this is important for tunneling
experiments), some semiconductors or even for some
non-transition metals and the noble metals.

In the bottom of Fig.l the LDOS for the interface atomic
layer of Ta appears. We see again that stress is important.
The change at EF is not very spectacular in this case but one

can conclude certainly that one has to be very careful when
neglecting stress in the description of an interface. A inp2re
complete version of this work will be published elsewhere.

4. The Dehydrogenation of the Cyclohexene Molecule

The cyclohexene molecule has an hexagonal shape with a
double bond between two carbon atoms. This bond forces four
carbon atoms altogether to be in the same plane. The other
two carbons in the molecule are in another plane at a certain
angle with respect to the first. The molecule gets in contact
with the metallic Pt(100) surface through the hydrogen atoms.
The details of the models and of the chemical reaction are
not important here. The only thing that we would like to
point is that the reaction gets started by a transfer of
charge from the metal surface to the molecule. This transfer
destabilizes the double bond between the two carbon atoms and
breaks it. Equilibrium is reached when each of
the carbon atoms next to the double bond ones, looses one of
its hydrogen atoms. In this process also two new double bonds
are formed. A further breaking of one of these double bonds
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by a similar process ends up with three double bonds and
constitutes the formation of a benzene molecule.

Group-VHI metals are chemically active. The convertion
of cyclohexene to benzene through dehydrogenation of the
first takes place on Pt(001^ surfaces at a certain rate and
certain partial pressures.1 A When a monolayer of gold is
deposited on the Pt(OOl) surface the reaction rate rises by a_
factor of four. If another layer is grown the reaction rate
goes down again to a value of about the same one it had on
the clean |t surface. We study this reaction in more detail
elsewhere.1 Here we want only to show that the LDOS at the
Pt(OOl) outermost atomic layer correlates very well with the
observed behavior of the reaction rate.

We will use a detailed analysis of the changes in the
local density of states (LDOS) of the surface layer as the
overlayer is grown on top of it and correlate the changes in
the chemical reaction to physical parameters of the active
layer. More precisely, to the changes in the LDOS around the
Fermi level, E . .

To describe the two metals we use again empirical
tight-binding hamiltonians with an orthogonal s-p-d basis and
an interatomic interaction up to third nearest neighbors.The
Green function isi calculated again using the Surface Green
Function Matching" (SGFM) method. From the Green function
of the system we can calculate the LDOS projected on any
atomic layer and we look, in particular, at the changes
around Ep at the Pt outermost atomic layer.

The possible causes for the observed reactivity
enhancement considered before are the following. First,
gold on top of platinum could provide the active sites for
the reaction. Second, the platinum atoms located below the
gold layer could be the active centers for cyclohexene
dehydrogenation. Their activity has to be governed by the
influence of the gold layer on the Pt(OOl) first layer, in
this case. A third given explanation is that the active sites
are the platinum atoms that have not been covered by gold,
i.e. defect sites in the gold layer. The bonding at these
sites would be modified by the presence of gold.

Poisoning has been found to play an important role in
the sense that the bonding to Pt directly is very strong and
breaks the cyclohexene molecules leaving the surface covered
by C atoms that would prevent further activity on that site.
A second gold layer would inhibit the molecule to approach
the Pt atomic layer and therefore would diminish the activity
again. Here we show a complementary point of view.

In order to explore deeper these points of view we
present here the changes that the LDOS suffers during the
process of growing gold monolayers on an ideal clean Pt(OOl)
surface.

An analysis of the symmetry of the wave functions of the
states taking part in the reaction shows that only the
electronic states of d-symmetry take place in the reaction.

And to the extend in which proximity between the molecule and
surface states is necessary, only the states that have a
spatial projection in the direction perpendicular to the
surface should be considered. That is we have to look at the
contribution of the d , d and d states to the LDOS

around the Fermi level for the three cases, i.e., pure Pt,
one and two atomic layers of gold as overlayers.

In Fig. 3, we analyze in detail the contribution to LDOS
of all the states of d-symmetry. We show three curves for
each state contribution. They correspond again to the
outermost platinum atomic layer in the clean surface case and
the one - and two - monolayer systems. Here again, we see
that the three curves differ sometimes even substantially. A
striking characteristic of some of these curves is the
pronounced peak that develops in the one-nonolayer case. This
can be observed mainly in the d 2 2, d^ and d ̂

zx

y

contributions. For our case of interest, the changes in d

and d are the meaningful ones, it is to be observed that in
these curves the peak shows at energies closer to the Fermi
level. These d and d states are the ones that probably

participate the most in the dehydrogenation of the
cyclohexene molecule.

Let us recall first that the dehydrogenation of
cyclohexene is increased about four times by the addition of
a gold monolayer compared to the clean Pt(100) surface. The
activity goes back to the one of the clean surface when a
second monolayer is grown.

We can observe in Fig. 3, that there is a gualitatively
similar behavior of the LDOS of the dzx and d states on the

outermost platinum layer and the one of the reaction rate,
around E . The changes in these curves are big and follow the

behavior of the chemical reaction when gold in grown on the
Pt(OOl) surface.

Let us try to be more quantitative. The basic idea is
that in molecules as cyclohexene the H-like bonding is
chemically very active and when the molecule approaches the
surface, the reaction very probably starts with a charge
transfer from the surface to the molecule. The amount of
charge available at the Fermi level of states of the right
symmetry can be therefore essential for the reaction to get
started.

•* Let's take as a measure of the activity the value of the
LDOS at the peak that appears in all curves just below Ep.

The contribution to LDOS of the <i and d states at the

selected energy behaves as the ratio 1-4-1 which is exactly
the same behavior of the reaction rate.

On this basis. we propose that is the occupied
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electronic states of d and d symmetry around the Fermi

level, one of the factors that control the enhancement of the
activity of the dehydrogenation of cyclohexene to benzene.

5. Conclusions.

2D-metallic systems as surfaces, interfaces, quantum wells
and superlattices with sharp interfaces that avoid
interdiffussion to a great extend are now available.

Tight-binding is a technique to calculate the electronic
density of states for these systems that is very easy to
implement and has very low computational demands. The
necessary formalism and algorithms to calculate the Green are
available.

We have shown in three very different examples, i.e.,
the description of the Ta(OOl) surface, the V/Ta(001)
interface and the catalytic reaction of cyclohexene to benzene
on the Pt(OOl) surface that this way of describing physical
problems gives meaningful results even quantitatively. A mp4re
complete version of this work will be published elBewhere.
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FIGURE CAPTIONS

F i g . l - OUT calculated bond s t ruc tu re i s compared to the inverse photo-
emission r e s u l t s of Ref.6. The percentage re fe rs to the contract ion of
the first interlayer distance taken into account in our calculation.

Fig. 2 - The LDOS a t the V- and Ta- s ide of the corresponding
in t e r f ace atomic layer a re shown. S t r e s s ( . . . . ) p lays an
important ro l e mainly in V. The o r i g i n i s a t the Fermi l e v e l ,

V
Fig. 3- The contribution of the d-states to the LDOS of the
outermost Pt(lOO) layer is shown for the three cases
considered: pure Ft, one and two gold monolayers. The origin
is at the Fermi level, E . The intensity of the peak, just

below for the important d and d states behaves

approximately in the ratio 1/4/1 as the reaction rate does.

13.5%

Fig.l
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