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The variety of physical processes connected with the
heterogeneous catalysis [I1), cathod technology [21 and phase
transitions in the adsorbate component (3] stimulate the growing
interest in the chemisorption problem both theoretically and
experimentally. Here we describe the coverage dependence of some
chemisorption values within the composite Hamiltonian method [4].

Suppose we have a system of l‘ atoms, e.g. hydrogen-like,
interacting with a clean crystal metal surface with lattice
constant a=1. Ve assume that adsorption sites' form a regular
iattice witn nodes at points with radius vector & The
distribution of adatoms within +this 1lattice 1is not fixed.
Nigration of adatoms and further degrees of freedom are neglected. '

Such a system is described by the Hamiltonian
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H= Ele' nb+£a.a lnw+ 5 naana—a+¥ Va}[dwa,}a+ H. c]} , 1>

here la=0.1 is the occupation number of the adsorption site a . and
the summation is carried out over all adsorption sites on the
surface. The other parameters are usual parameters of the Anderson
mndel of single atom chemisorption I51. The Hamiltonian (1) may be
deduced from first principles in the framework of an
Anderson-lIsing composite model 41, Vithin unrestricted
Hartree-Fock approximation it becomes
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The unusual form of <E;;> arises from the fact that the
configuration of adatoms is not fixed and the electronic
correlation functign <E;;> should be interpreted as the
probability of finding an electron at the adsorption center a when
the latter is already occupied, so if we are interested in the
electron occupation number for the adsorbed layer, the electronic
correlation function must be renormalized. This fact ie discussed
in detail in ref. {4l

At fixed coverages it may be shown that the system 1s fully
described by a unique single-electron propagator with the Fourier

transform given by

1
w - ¥_~(1-@)L(w)~e Plw,

Glw, P = 2—; , 3

here g is a reciprocal vector of the lattice of the adsorption
sites and may be interpreted as the quasi-momentum of the electron
in the adsorbed layer. P(u,a) is the Fourier transform of
Vaxyln
R 3

L(w)=?aa(w) is the Newns chemiscorption function [5). Here we used

Grimley“s chemisorption function Paﬂ(u)=n 61 and
k

Luw Bragg—Williawe appruaiwation T3 {02 lus—ion correiation
functione. The electron occupation number in the adsorbed layer is

obtained as usual
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where integration over g includes all vectors lying in the first
Brillouin zone of the lattice of the adsorption sites, O 1is the
area of the metal surface.

The one-impurity binding energy 1s given by
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where 2Z stands for spin and orbital momentum degeneracy of the
substrate band, p(w) is the local density of electronic states 1in
the unperturbed substrate normalized to unity, E° is the
unperturbed substrate Fermi level. It is of interest tg note that
even Iinfinitesimal changes in the Fermi energy may lead to finite
contributions to the chemisorption characteristics and must be
properly taken into account to avoid violation of conservation
laws. This nontrivial fact as far as we know was for the first
time pointed out by Grimley [6]. The position of the Fermi level
after chemisorption is found by solving the equation

EF
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The equations (4-6) must be solved self-consistently. At this
stage one must choose the appropiate form of L{(w) and P(w.a)‘ It

is well known that L(w) may be expressed through a unique function

of the energy L{w)=Adw) —iAdw) 81, with

A = nE|V 2{%6Cw-8p = nafolw and AW 1ts Hilbert
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simplest model that gives an analytical expression for 1t 1is a
linear chain with one adsorption site per elementary cell of the
substrate and interaction only between nearest neighbours, in the

tight binding approximation we have:

z ._ z-12 |w|£1, 2
Ay = § B e Plw, g = — D ,
0 Jo]>1 w + cosq

here energies are relative to band center and measured in units of
its halfwidth. This is a very crude approximation but it is known
that integral chemisorption characteristics are not so sensitive
to the detailed structure of the band 181 and omne could expect
that at least the qualitative behaviour may be correctly described
even in this si;ple model. Therefore one-dimensional models are
often used 1in 1interpretating experimental data and they are

realized in quasi-one dimensional compounds as polymers.



The electric charge ¢ and the magnetic momentum u of the
adsorbed layer are easily obtained by evaluation of the
expressions ¢ = 1—<na.r>—<n >, 4= £n 4>—<n_ >, These quantities

a a ay
complete the set of chemisorption characteristics investigated 1in
the present work.

The calculations have been made for the case when the

substrate band 1is bhalf

08 : filled. The model
parameters were taken in
the range U<4, |sl<2,
f#<1.2, Z=5. Typical

results are shown in
Figs.(1-4). The energies

.04 are normalized to the
1
———— ] halfwidth of +the band,
.08 .
o % I the electric charge |is

expreased in terms of

Fig.1. Coverage dependence of AE (1), electron charges;and the

E'_ =g (2> and u (3) for €=-0.95, magnetic momentum, in
U=1.9, 3=0.8. terms of Bohr magnetons.

It has been found that the sgurface magnetism may be
eliminated (Figs.1-2) or induced (Figs.3-4) after some cr:l.,éical
value of coverage o¢. Ve
interpret this behaviour

as a second order
magnetic phase tranesition
and estimate the critical
exponent 3 given = by

[T |1‘e/oc|° as ot 2.

Ve consider that these

o : ——] two cases in the coverage

~ dependence of the surface

'“n“*”“?i—“ﬁ“"‘iﬁ“" : magnetic momentum are an

Fig.2, Coverage dependence of AE (1), evidence of crossover 1in

E_ <@, ¢ (3) and u (4> for €=-0.95, the critical exponent
U=2.4, (3=0.8. behaviour.

In all the considered cases the charge transfer

between the substrate and +the impurity layer i1is damped. The

binding energy was found to decrease with the coverage when both

the ionization potential ¥ and the electron affinity level A=8+U
lie at one side of the

0s Fermi level (Figs.3-4),

but when only ¥ lies

04 below Er' one can see
from Figs.1-2 that AF 1is

not so sensitive to the

coverage in the magnetic

04 L

region up to ec and

. increases more rapidly
-o8 beyond the critical

0 0zs 050 [E 3]
point. A similar charge
Fig. 3. Coverage dependence of AE (1), transfer and 1increasing
Er (2>, ¢ (3> and u (4> for $=+0.15, of the binding energy
U=0.5, 3=0.4. with the coverage in the

nonmagnetic region have

been found in other works within the coherent potential
aproximation [9) and the local density functional method (2],

Considerable divergence

is found for this simple

L ' - model. It 1is of great

interest to study the

influence of different

substrates and the effects

due to ordering 1in ‘the

adsorbed layer. Such

investigations are now 1in

progress.

Fig.4.Coverage dependence of AE (1), E'_ (2>, ¢ (3> and u (4> for
$=-0.5, U=0.4, p=0.3.
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Kapgeuac P., Taspunenko I''M., ®emsnnx B.K. E17-88-316
Mopens xeMoCOpPOLMH INPH KOHEUYHLIX CYOMOHOCJIOHHBIX
TNOKPHTHAX

OT nokpuTHA 6. O6cympaeTrcss nopefeHHe 37IeKTPHYECKOTO 3apAn
H MarHATHOI'O MOMEHTa, JIOKaJIHSOBAHHbIX Ha anMeCHOM ‘cnoe.
Ana HexoTOphix HaGOPOB NMapaMeTPOB MOAENHM HaHaeHb! MarHWTHHIH
dasosBnit mepexon BTOPOro poda M NPHU3HAKH KpoccoBepa B KpPH-
THY€CKOM IOBedeHHH.

JaeTcs BhpaxeHHe Jii 2HePrud XxeMocopbumu B SaBHCHMOCTHm

PaBoTa BhmnojiHeHa B JlabopaTopHH TeopeTHYeCKOH (GH3HKH
ousd.
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Gardenas R., Gavrilenko G.M., Fedyanin V.K. E17-88-316
A Model for Chemisorption at Finite
Submonolayer Coverages

The binding energy is given as a function of the cove-
rage 8. Behaviour of the surface electric chargé and mag-
netism is discussed. For some sets of the model parameters
the magnetic phase transition and evidence of crossover
of the critical behaviour are found.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR. '
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