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Surface properties in an external electric field

By J. E. INGLESFIELD

Institute for Theoretical Physics, Catholic University of Nijmegen, Toernooiveld,
NL-6525 ED Nijmegen, The Netherlands

This paper reviews recent calculations on the effect of an external electric field on
surface electronic properties, in particular using the embedding method for solving
the Schrodinger equation at the surface. The shape of the screening charge and its
field dependence are discussed, and the results are compared with experiments in
which the image plane is determined. The force on the surface atoms in the field is
given in terms of an effective charge, which also determines the work-function
variation with surface displacements. This relationship can lead to a surface
instability if the effective charge is big enough.

1. Introduction

In this paper I discuss recent calculations on the effect of an external field on a metal
surface. Classically we know what happens: the.field is perfectly screened, with a
surface charge density of &/4n. However, the microscopic details of the screening are
important for many problems in surface science (Inglesfield 1990): in the field
emission and field ion microscopes, and the scanning tunnelling microscope, an
electric field is applied to the surface, and in electrochemistry there is a strong field
across the Helmholtz double layer at the surface of the electrode (Kolb et al. 1981).
The centre of gravity of the screening charge (averaged across a plane parallel to the
surface) corresponds to the reference plane for the image potential (Lang & Kohn
1973), of current interest given the data available from inverse photoemission
experiments on the energies of the image-potential-induced surface states (Smith
et al. 1989). Nonlinear effects in screening, manifesting themselves as a change in the
shape of the screening charge with field strength, show up in second harmonic
generation when laser light is reflected from the surface (though our results for the
screening of a static field can only be applied in the low-frequency limit (Weber &
Liebsch 1987 a)).

The atoms themselves respond to an external field ; the net force on the metal is,
after all, £2/8n per unit area. But once again a detailed description of the forces on
the atoms must be important for understanding the process of field evaporation
where surface atoms are stripped off by a strong field: on the W (001) surface, for
example, preferential field evaporation occurs in field ion experiments, removing
alternate atoms to give a (1/2 x 4/2) R45° vacancy structure (Melmeed et al. 1979).
Computations show that an external field can induce a (1 x 2) reconstruction of the
Ag (110) surface (Fu & Ho 1989), suggesting that the effect of alkali adsorbates in
driving this reconstruction is due to an excess surface charge resulting from alkali
ionization, analogous to the screening charge in the external field. Another example
of surface atoms responding to an external field is in electron energy loss (EELS)
experiments, where surface phonons are excited by low-energy electrons: in the
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528 J. . Inglesfield

dipole scattering régime this can be discussed in terms of effective charges on the
surface atoms.

In §§2 and 3 I review calculations of the screening charge for different surfaces, and
use this to discuss experimental results on image potentials and second harmonic
generation. The calculations involve the self-consistent solution of the electronic
Schrodinger equation with surface geometry, and I describe in particular the
embedding method (Inglesfield & Benesh 1988) which can be used to find the
electronic states at the surface of a semi-infinite solid as an alternative to the more
widely used slab geometry (Krakauer et al. 1979). To discuss forces on surface atoms
in the presence of a field I discuss the concept of effective charges in §4, and then use
this in §5 to discuss a surface instability driven by effective charges and its possible
application to O chemisorbed on Cu (001).

2. Surface electronic structure in an external field

The first calculations of the screening of an external field at a surface were carried
out by Lang & Kohn (1970), for free-electron-like metal surfaces modelled by semi-
infinite jellium. Like (almost) all subsequent surface calculations, this was carried out
within the mean-field framework of density functional theory; in addition to the
Hartree and external potentials, an electron feels an exchange-correlation potential
to describe the effects of exchange and the correlated motion of the electrons. The
exchange-correlation potential V,, is local and energy independent, and it can be
found quite accurately using the local density approximation — V_(r) is taken as the
exchange-correlation potential of a uniform electron gas with the density of electrons
at r. As the Hartree and exchange-correlation potentials depend on the electron
density, this has to be found self-consistently ; in the presence of an external field, the
screening charge drops out automatically in the process of iterating to self-
consistency. Solving the one-electron Schrddinger equation itself is relatively
straightforward for the jellium surface, because the potential is one-dimensional and
it is easy to match the wavefunctions in the surface region onto the bulk solutions
(Lang & Kohn 1970). Jellium calculations are still extremely useful in studying
surface response, especially the frequency-dependent response for which they are the
only feasible calculation at present, and Liebsch and his co-workers have discussed
second harmonic generation in this way (Weber & Liebsch 1987a, b; Liebsch &
Schaich 1989). However, we shall see in §3 that there are very significant differences
in (static) screening when the atoms are taken into account.

In general it is more difficult to solve the Schrddinger equation at the surface than
in the bulk, because of the absence of translational symmetry in the direction
perpendicular to the surface: only the Bloch wavevector K parallel to the surface is
a good quantum number. In principle it can be done using the generalization of Lang
& Kohn’s (1970) wavefunction matching to the three-dimensional case. As Heine has
shown (1963), there is a one-to-one relationship between the solutions of the bulk
Schrodinger equation, travelling towards or away from the surface at energy £ and
with wavevector component K, and the surface reciprocal lattice vectors G. This
means that there are exactly the right number of bulk solutions for matching onto
a surface solution in amplitude and derivative, assuming that these are expanded as
a Fourier series in G over some interface plane separating the bulk and surface
regions. This result is very important conceptually for understanding surface
electronic structure, but explicit wavefunction matching is rarely used in practise
(apart from the pioneering work of Appelbaum & Hamann (1972, 1973) on Na (001)
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Surface properties in an external electric field 529

and Si (111)). The usual approach in surface calculations is to use slab geometry, so
that one is dealing with a system of finite thickness (typically five atomic layers
thick) for which ordinary basis set methods can be used. Because quantities
involving sums over states like charge density and energy are very local, the presence
of the second surface of the slab does not matter for cohesive properties. However,
for a precise description of individual electronic states, slab geometry is not
adequate: in slab geometry, all the states at fixed K are discrete, and there is no real
distinction between the discrete surface states localized at the surface, and bulk
states bouncing off the surface. It is also unsatisfactory, perhaps, to solve the
Schradinger equation for two surfaces separated by a piece of bulk material, when all
we want are the surface properties.

The ‘surface embedded Green function method’ (sEGF) provides a practical
scheme for solving the Schrédinger equation for the surface of a real semi-infinite
solid. As in wavefunction matching, this method assumes that the semi-infinite solid
can be divided into two regions: region I which is the real surface region, say the top
layer or two of atoms and the vacuum, and region II where an electron feels
essentially the bulk potential. We then solve the Schrodinger equation explicitly only
in the surface region, adding on to the hamiltonian a complex, energy-dependent
embedding potential to describe the scattering of the electrons by the substrate
region II.

To obtain the embedding potential (Inglesfield 1981), we start from the variational
principle, with an arbitrary trial function ¢(r) defined in region I. This trial function
can in principle be extended into region II by finding the solution of the Schrédinger
equation in this region at some trial energy e, which matches onto ¢ in amplitude
over the interface S between the two regions; let us call this i. The expectation value
of the hamiltonian in the whole system is then:

B=| [ @rromprrre| anprel| anprtot ] e et

S

dql Jld3r|¢|2+ [ @] )

The surface integrals in (1) come from the discontinuity in the normal derivative of
the trial function across S. The fundamental principle of embedding is that the
integrals through the substrate region can be eliminated, using the Green function for
the bulk crystal satisfying the boundary condition on S that:

3G, (r,, 7)/3n, = 0. 2)

The inverse of G, over S is the generahzed logarithmic derivative, relating the
derivative of a solution of the Schrodinger equation in II to the amplitude:

WD [ a3y v ®)

Substituting (3) into (1) and making use of a relationship between normalization
integrals in II and the energy derivative of 0yr/dn, we finally obtain:

B =| [ aprn g [ g2 [, JSer;¢*<r3>(Gal—ea—g)¢<r;>}
| [ g [ o, [ aerigen) o |
I S S ‘
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530 J. E. Inglesfield

This expression gives us the expectation value of £ purely in terms of the trial
function ¢ defined in region I, and values of the embedding potential G5 over S.

To find the actual wavefunction in the surface region we can now expand ¢ in
terms of any suitable set of basis functions (we actually use linearized augmented
plane waves, LAPWs (Krakauer et al. 1979)):

¢(r) = Z‘%’Xﬁ(’)’ (5)

and minimizing £ in (4) gives the matrix equation for the coefficients:

G—l
|ty 650+ =) 2% = B850, o)

j

The matrix elements are given by:
2, ok aXJ
Hy;= | &PryfHy;+5 d (% on,
I

0_1)z] = f dzrsf d*r; s Xi GOIXJ’ (7)
S S

Sy = f d®ryf X;-
I

/

H,; is the matrix element of the hamiltonian in region I, with the additional surface
1ntegral which ensures hermiticity. (Gg');; is the matrix element of the embedding
potential, evaluated at energy e, and the energy derivative term in (6) is the first-
order correction to give it at the right energy. The embedding potential is, in fact,
a pseudopotential (Heine 1970) replacing the whole of region II: the relationship
between the energy derivative of the embedding potential and the normalization of
the wavefunction in the region of space which it is replacing is, of course, familiar
from standard pseudopotential theory (Shaw & Harrison 1967).

In surface applications of the embedding method (Inglesfield & Benesh 1988) it is
more convenient to evaluate the surface Green function rather than individual
wavefunctions, because at a particular wavevector K the bulk states hitting the
surface form a continuum. From the Green function we can immediately find the
local density of states, which when integrated over energies up to £ gives the charge
density. To go to self-consistency we must solve Poisson’s equation in the surface
region with this charge density, with the boundary condition that the potential over
interface S equals the bulk potential. Deep in the vacuum the boundary condition on
the Hartree potential is that dV/dz equals the applied electric field &, and this is the
only point at which the field enters the calculation (Aers & Inglesfield 1989).

3. Screening charge at Ag (001) and Al (001) surfaces

When an electric field is applied to a surface, the most striking feature of the
resulting screening charge distribution is that it is located on top of the surface atoms,
so that the field barely penetrates the solid. Figure 1 shows the screening charge at
Ag (001) (Aers & Inglesﬁeld 1989), calculated using the secr embedding method,

Phil. Trans. R. Soc. Lond. A (1991) .
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- 5.5 au. >

Figure 1. Screening charge at Ag (001) with field & = 0.01 a.u. The plane passes through atoms in
the top layer (indicated by heavy dots), and between atoms in the second layer; vacuum is at the
top of the figure, and the bulk solid at the bottom. Solid lines are contours of decreased electron
density, and dashed lines increased density.

with an applied field of & = +0.01 a.u.T (5% 10° Vm™) (my convention is that a
positive field repels electrons from the surface). There is atomic structure apparent in
the screening charge, with polarization effects inside the ion cores; however, the main
effect of the ion cores is to exclude the screening charge, which bends over the tops
of the cores into the region between the atoms. The corresponding change in
potential due to the application of the field is shown in figure 2 ; we see the equispaced
potential contours outside the solid, but we also see how effective the screening
charge is in excluding the field. This is relevant to field evaporation, as the force on
an atom in an applied field is just the screened field at the nucleus, from the
Hellmann-Feynman theorem; we explore this further in §4.

The shape of the screening charge is field-dependent, corresponding to nonlinear
screening. In figure 3 we show the planar averaged screening charge as a function of
z, the distance from the geometrical surface (where the solid is chopped in two), for
fields of +0.02 a.u. at Ag (001). We see that an increasing positive field tends to push
the screening charge into the solid, whereas an increasing negative field tends to pull
it out. From our results we find that the centre of gravity of this screening charge
distribution, as a function of &, can be quite well fitted by the straight line:

2y =—0.974+8.838 (in atomic units). (8)

The zero-field value of z, is the electrostatic origin of the surface, from which the
asymptotic form of the image potential should be measured ; so at Ag (001) the image
plane lies at —0.97 a.u., on the vacuum side of the geometrical surface.

t lau ~53x1071m,

Phil. Trans. R. Soc. Lond. A (1991) [ 139 ]
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Figure 2
?:'/{/:—_—f“\_//,_:: Figure 3

au.x105)

+3p/l

~
(=]

5.5 an
Figure 2. Change in potential at Ag (001) with field & = 0.01 a.u.
Figure 3. Planar-averaged screening charge at Ag (001) for fields & = +0.02 a.u. (solid line), and

& = —0.02 a.u. (dashed line), as a function of distance from the geometrical surface. Arrows mark
the surface and subsurface atomic planes.

Our calculated image plane can be compared with the results of inverse
photoemission experiments. By treating z, as a parameter in a model surface
potential and using this to fit the éxperimentally observed energies of the Rydberg
surface states, Smith et al. (1989) conclude that the image plane at Ag (001) lies at
+0.18 a.u., on the solid side of the surface. Our result is in marginally better
agreement with experiment than the jellium result (Weber & Liebsch 1987a), z, =
—1.35 a.u., found using jellium of density », = 3 a.u., which is frequently used to
model the response of Ag surfaces to external fields. However, there does seem to be
a real discrepancy between our theory and experiment — what might the reasons for
this be ? From (8), nonlinear effects — due to the size of the electric field produced by
the electron in the surface state — are not big enough to account for the discrepancy.
A fundamental problem is that the calculation is carried out within the local density
approximation, which does not correctly describe the image potential in the
Schrodinger equation. Several authors have tried to improve on this for jellium:
Ossicini et al. (1987) used the non-local exchange-correlation potential of the
weighted density approximation in their determination of the screening charge, and
Serena ef al. (1988) used an interpolation scheme between the asymptotic form of the
image potential and the local density potential nearer the surface. For jellium with
r, = 3 a.u. these corrections push the image plane 0.1 a.u. closer to the surface.
However, the real problem is that our calculation gives the response of the surface
to a static external charge, whereas an electron in a Rydberg surface state is a
dynamic object. We ought, in fact, to be calculating the asymptotic form of the self-
energy (Inkson 1971).

The position of the image plane at Al surfaces has been calculated by several
authors, and it provides a sensible system for comparison with the jellium results of
Lang & Kohn (1973): for r; = 2 a.u., 2z, = — 1.6 a.u. We find that the centre of gravity
of the screening charge for Al (001) in an electric field of +0.01 a.u. lies at z, =

Phil. Trans. R. Soc. Lond. A (1991)
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—1.1 a.u., significantly closer in than for jellium. In their pseudopotential slab
calculation, in which the z-dependent planar-averaged potential was used, Serena
et al. (1988) find the image plane 0.26 a.u. closer in to the surface than the jellium
result. Another comparison is with the work of Finnis (1990), who puts the image
plane for Al (111) at —0.87 a.u. Although there are discrepancies between the
different calculations, it appears that the image plane lies closer to the surface when
atoms are included than in the jellium calculation. The reason for this is that the
electrons feel a more attractive electrostatic potential than in jellium, where the bulk
electrostatic potential from the electrons and compensating positive background is
zero. The more attractive potential reduces the spilling-out of the electrons at the
surface, hence pulls in the image plane.

The field-dependence of the screening charge profile gives a second-order current
normal to the surface, and the intensity of the second harmonic reflected from the
surface in a low-frequency external field is proportional to the square of the
coefficient of & in (8) (Weber & Liebsch 1987a). This is of considerable interest
nowadays, because second harmonic generation is very surface-sensitive, and can be
greatly enhanced by small quantities of alkali adsorbates for example (Weber &
Liebsch 19875). Our results show that the screening charge at the Ag (001) surface
is much stiffer than jellium calculations indicate : our value of 8.83 for the coefficient
of & in (8) is to be compared with the value of 30 a.u. found for jellium with r, =
3 a.u. In other words, we predict a second harmonic intensity a factor of 12 smaller
than for a jellium model of Ag (001). This is in the right direction to obtain agreement
with experiment, as Guyot-Sionnest ef al. (1990) have shown in a recent study of a
Ag electrode—electrolyte interface. A possible explanation for the greater stiffness of
the screening charge in the Ag (001) calculation is that the ion cores seem relatively
impenetrable (figure 1), thereby pinning the screening charge.

4. Surface effective charges

The force normal to the surface on atoms 7 in an external electric field & can be
used to define their effective charge:

F,=q}é. 9)

From Hellmann-Feynman, F; is the fully screened field at nucleus ¢ times the nuclear
charge, so ¢f is a measure of the effectiveness of the screening; from the results for
the screened potential shown in figure 2 we would expect ¢ to be normally rather
small. As elementary electrostatics tell us that the total force on the surface is
proportional to &% and the force linear in & vanishes, it follows that:

2q7 =0, (10)

a result discussed many years ago by Trullinger & Cunningham (1973).

The surface effective charge gives the variation in work-function ¢ with atomic
displacements (Hamann 1987). Let us consider the variation 8¢ when all atoms of
type 7 (this will be a layer of atoms parallel to the surface) are displaced by 8z normal
to the surface. As the work-function is given by the energy change in removing an
electron through the surface to infinity, we can write 8¢ as:

8¢ = (0l /02— Ol /0z;) B2, (11)
where E  is the energy of the charge-neutral system with N electrons, and £, _, is the

Phil. Trans. R. Soc. Lond. A (1991)
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534 J. K. Inglesfield
Table 1
external field (a.u.) field at H (a.u.)
0 —0.004431
0.005 —0.004 327
0.01 —0.004 358
0.02 —0.004261

energy of the charged system with one electron removed. Now 0 /0z, is zero in
equilibrium, and 0K, _,/0z, is (minus) the force on the A" atoms of type ¢ in the
charged system. But in this charged system (we assume it is metallic), the charge
deficit is at the surface, so there is an external field given by:

& = —dnle|/ N A, (12)

where A is the area of the surface unit mesh. Hence we obtain the connection between
the work-function variation and the effective charge:

00z, = dmql /A. (13)

In this expression the convention is that the electronic charge is negative, and z is
directed into the surface. As the variation in work-function with atomic displacement
comes entirely from the change in the surface dipole layer, this expression has just
the form we would expect from moving charges ¢f rigidly, and it is analogous to the
standard theory of effective charges in ionic crystals.

With a surface phonon, the variation of the surface dipole over the surface via (13)
sets up long-range electric fields which scatter electrons in EELS experiments (Ibach
1971). An interesting case is a monolayer of H on Rh (001), where rrLS experiments
show evidence of dipole-active modes, corresponding to a finite effective charge on
the H atoms (Richter & Ho 1987). However, Hamann & Feibelman (1988) found in
a slab calculation, with H adsorbed on either side of a 3-layer Rh (001) film, that the
work-function is remarkably constant as a function of the H-Rh interlayer spacing,
suggesting an effective charge of zero! To try to resolve this, we have carried out an
embedded calculation for Rh (001) (1 x 1)-H, treating explicitly the H and the top
layer of Rh, and embedding this on to bulk Rh (Miller & Inglesfield 1991). As we have
seen, embedding eliminates the finite size effects associated with the slab. From the
change in work-function around the equilibrium interlayer spacing (1.1 a.u. with the
H atoms in four-fold hollow sites), we find that the effective charge on the H
atoms is +0.009(e|. Next, we determined the effective charge from (9), applying an
electric field to the surface and finding directly the screened field at the H nucleus.
Our results, presented in table 1, show considerable scatter, and in the case of zero
external field there is actually a field at the H due to the fact that one layer of Rh
is not enough to do the equilibrium energetics accurately. Nevertheless, a straight
line of slope +0.009 — corresponding to the effective charge of +0.009|e| — provides
a reasonable fit.

This effective charge for H atoms adsorbed on Rh (001) is much smaller than
is found on other substrates: ¢} = +0.054|¢| for H/Pd (111) and —0.032|¢| for
H/W (001) (Hamann 1987), and it remains to be seen whether it is compatible with
the EELS results. This substrate dependence is not just a question of electronegativity,
because Rh and Pd are the same on the Pauling scale; we do find a structure
dependence to the effective charge (Miller & Inglesfield 1990).

Phil. Trans. R. Soc. Lond. A (1991)
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5. Effective charges and surface instability

A large effective charge can lead to a surface instability. This was first shown by
Trullinger & Cunningham (1973) using a pair force expression for the dynamical
matrix, including long-range Coulomb forces between the effective charges, but we
shall use a more general, macroscopic argument.

We consider a normal displacement of atom ¢, as in (13), but with an amplitude
varying sinusoidally over the surface with wavevector K:

82;(R) = a,sin (K- R). (14)
From (13), this sets up a spatially varying surface barrier potential, and because the

bulk Fermi energy is constant, the electrostatic potential outside the surface varies
as:

V(R,z) = —(4n/A4) qf a;sin (K- R) exp (Kz). (15)
The normal component of the corresponding ‘patch’ electric field near the surface is:
& = (4n/A)qf Ka,sin (K- R), (16)

so from (9) the force on the atoms is:
F = (4n/A4) (qgF)* Ka,sin (K- R), (17)

proportional to the displacements of the atoms, and countering the local restoring
forces. If the restoring force on atoms 7 in the long-wavelength limit is a;, we see that
the surface is unstable for displacement wavelengths shorter than

A = 8n*(g])* /o A. (18)

This suggests that any surface with non-vanishing ¢ will be unstable for sufficiently
short wavelengths, but of course the argument breaks down once A is of the order of
an interatomic spacing.

It was suggested by Trullinger & Cunningham (1973) that an effective-charge-
driven instability might be responsible for semiconductor surface reconstructions.
However, it is the dangling bonds which drive the reconstructions in these cases. But
one candidate for such a reconstruction is O adsorbed on Cu (001), the (1/2 x 4/2)
R45° structure, with O atoms in four-fold hollow sites suggested by analogy with
O/Ni (001), is unstable (Asensio et al. 1990). From our calculations (Colbourn &
Inglesfield 1991), the effective charge of the O atoms in these ideal sites is —0.9]e|.
Taking the force constant from EELS measurements (Wuttig et al. 1989) as 0.072 a.u.
we find that the surface is unstable for wavelengths smaller than 19 a.u. But this is
considerably greater than the O-O interatomic spacing, so the surface must be
unstable in the ideal structure.

I have had very useful discussions on effective charges with Wolfram Miller and Elizabeth
Colbourn. The work has been supported by FOM (Stichting voor Fundamenteel Onderzoek der
Materie).
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Discussion

D. WEAIRE (Dublin, Republic of Ireland). The embedding method really comes into
its own for sHG because a finite slab must have two surfaces, whose contributions can
actually cancel in a naive calculation! How does Professor Inglesfield calculate the
sHG from the single surface in his formation ?

J. E. IncLESFIELD. This is calculated from the field dependence of the shape of
screening charge, in the response of the surface to an external field. At the moment
it is only possible to calculate static response when a real surface is treated, so the
calculation is really only applicable in the low-frequency limit; it cannot treat
spectroscopic aspects of sHG.

0. K. ANDERSEN (Stuttgart, F.R.G.). At the meeting we have heard a lot about
pseudopotentials and local density functional potentials. The advantage of such
potentials is that they are energy independent, local in r-space, weak, etc. Professor
Inglesfield’s surface electronic structure method uses a so-called embedding potential
to describe the semi-infinite bulk part of the system, but in his talk he did not tell
us about the properties and the advantages of using this potential. Is it not strongly
energy dependent, non-local and so on? How does Professor Inglesfield’s method
compare with Green’s function techniques (e.g. matching — or Dyson’s — methods) ?

J. E. IncLeSFIELD. The embedding potential is non-local, energy dependent and
complex ; inevitably non-local because it is describing the scattering properties of the
whole substrate, energy dependent because this is connected with the normalization
of the wavefunctions in the substrate, and complex to smear out the discrete states
of the finite surface region into the continuum associated with the semi-infinite solid.

We have compared embedding results with Pollmann’s work on Si (001) using a
Dyson’s equation approach and found good agreement; embedding offers greater
freedom in the choice of basis set, but this is not always an advantage. It has an
advantage over matching Green function methods once the embedding potential has
been determined, because embedding methods can use fairly standard band structure
technology.

U. GErHARDT (Frankfurt, F.R.G.). The system oxygen on Cu (001) is a very tricky
one. We actually found out by LEED investigations that the adsorption site on a very
smooth Cu (001) surface, i.e. one without surface steps, is the bridge site. The fourfold
hollow site only shows up if such steps are present. This might, however, be
compatible with the surface instability mentioned after all.

J. E. IncLESFIELD. This is a very interesting result; I cannot deduce, from my
surface instability argument, what the surface will go to. Clearly O on Cu (001) is a
very difficult and remarkable surface.

V. HEINE (Cambridge, U.K.). The essence of jellium to my mind is that the potential
in the bulk is a constant. The question is what value to take for that constant. If we
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start from a pseudopotential picture of a real metal, then one should take the mean
Hartree pseudopotential. Unfortunately in the jellium calculations done by most
people, the Hartree potential is effectively set equal to zero, which seems to me
physically quite unrealistic as a model of real metal. In both cases the (attractive)
exchange and correlation potential is added : in my approach one must be careful not
to count that twice. Of course in the infinite bulk solid it makes no difference which
one does: indeed there is no way of defining a zero of potential. But at a surface the
difference between the two jellium models is quite significant, and I am therefore not
surprised by the difference in the second-order response to a surface electric field that
was mentioned.
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