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In the present paper, using the method developed 1n ref. 1/
we analyse models that occur for describing the chemisorption of
hydrogen~like atoms on orystal substrates of simple metals. This
problem is important both from the fundamental and practlcal points
of vlew as 1t deepens our understanding of the physical processes on
surface in catalysis, hydrolysis and corrosion 2 . Further we shall
conslder the hard-bond case of hydrogen~like adatoms in the ground
state with (0,0,1)-plane of a metal surface of a simple cubic,,
symmetry. The jumps of impurities over adsorption centres R; and
vibrational degrees of freedom are neglected. The original Hamil-
tonian of the system considered in this case is
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Here A/z: is the Hamiltonian of an electron subsystem, UYua‘JS)
is the Couapmb interaction of two charges of the same sign, Zl(i;

( u (R%) ) is the interaction of an electron {ion) with
a field created by the fixed positive-charged ions of a metal sub-
strate, F/A is the Hamiltonian of an ilon subsystem. It has the same
structure as ffz: with the exception of a kinetic energy of 1loms
which is neglected, l42:4 is the interaction between - and 4
systems. Numbers A and ™M are total amount of electrons and
adatom ions, respectively. + +

Let us introduce the operator functions of fields l,U,L'lJ,qb ,CP

in the form:
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where 01?6 N 0,?(, » 5.(6 2 5&6 are the Ferﬂi operators of creation
and annihilation of electrons in states (K ,6) and (d, 6‘) sy respeCe
tively; C;T , Gy are the Pauli (or Fermi) operators of creaction
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and annihilation of an adatom lon at adsorption centre E¢_= S
N, = CGG=01; ﬁ Ag’l Ry 1s Kroneocker symbol. Index ot
runs over all possible adsorption centres of surface. The symbol A‘(p
is introduced for the description of configurations of adatoms over
surface. The functions ‘P?é (X) desoribe the states of electrons 1n
metal substrate

Brg(x) = Po(E) De 5 €6=21 5 X={Z =}

Here symbol Aaee describes the spin state of an electron, <P‘.<.(5c_'>
is ‘the wavg_-;function of an electron moving in pure metal _v:ith quasl-
momentum K . In the simplest case the function CP'? (x) satisfies
the following spectrum problem:
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where t(,c,.(i") 1s the potential of the periodic crystal field of
the metal substrate. It involves boundary oonmiitlons on surface. Its
microscopic calculation is a complex self-consistent problem.
Parameter e,-(' is the one-electron energetic speotrum of metal with
a free surfaoce; K= {k,,,k,, ke} » k,!= (0, %)15 a lattice
constant. Tn 'rp'?.4 1t is shown how to construct the solutlons of eo.
(3 by using the corresponding solutlons \/‘z(:‘g) of the bulk
problem. As usual, we limit ourselves to a simple electron band and
neglect surface states. The additional orthonormal orbitals ﬂé()()
describe the electron states localized at impurities
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where (4)
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The function %(TC)-’ QP(K;J:) satisfies the following Schrddinger
equation
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where /£ 1s the energy of the ground state of the vdlence electron
-
(or lonization potential of adatom). The funotions W, (x) are
- .
formed of the atomic orbitals &, (=) and af’,‘; (£) by taking 1nto
account the nonorthogonality pailrs (P-.(:x:) CP(:) and defl‘-) (3:)
9

between themselves, i.e. <RAIK> # O 3 <AIf3> # 0 . According
to ref. 5 s, the matrix Su(/& can be expanded over the enveloping
parameters <d!f3? in the form '
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The second quantization of model (1) which is oconstructed on the
fields H N é leads to the following expression for Hamiltonian
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where
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Using the representation (2) of fields L,L!(x) N 45(/3) , and the
corresponding spectral problems (3)-(5), we may calculate the matrix
elements in the Hamiltonian (6)
1
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Here we used the notation
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The interaction constants U:(?/s?/ , V.,(?(ﬁ) » R ()

etc. are the matrix elements calculated for the Coulomb interaction
over the states ‘/-&C'f) ’ ap,?(:i:"), +eo « For instance,
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The function 9(&:) is the equilibrium electrom density of the
pure metal substrate = Q(x) = Z /4"-. (ac)/a where the summing is
over all the occupied states of the electron band. The latter H.C.
mean the Hermitian conjugate temms. The star over the function
means the complex conjugate expression. The matrix elements (o{,&) R

%f"‘: o u_fj) , eto.,are calculated for the potential & () .
e =% % » M= bls be

Now we give a brief physical interpretation of various terms
ir the Hamiltonian (8).

In an expliocit form Hamiltonian (8) contains the contributions
rlaying the most important role in describing the thermodynamical
and eleotronical properties of hydrogen-like coverages. They describe
the effects of transforming the impurity electron levels & caus ed
by the hybridization of adatom orbitals with the substrate electron
wave-functions, Here, we have taken into account the enveloping of
orbitals % () and Cp (X) Dbetween themselves and with the waves

?.P-,(a?) - These processes lead to the creation of a tight chemical
bond of adatoms with a metal substrate. Besides, we include here the
indirect interaction between the adatoms caused by the electron
exohange through the metal substrate .

The term /-{" involves the processes which are not usually
considered in simple chemisorption models . But sometimes they
play an important role for self-consistent description of chemi-
sorption.

The term Hpol. describes the polarization properties of a metal
substrate which are most important for self-consistent description
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of ionio chemisorption, when there is a charge transfer between the
substrate and adatoms + They lead to the screening of the long-
range Coulomb interaction between adatoms, so that the indirect
interaction between them dominates. (When we have, only two single
charges on the surface, this leads to the substitution of the Coulombd
interaction by the dipole-dipole interaction between them by taking
into aocount their image potentials). In the case of nonzero density
of coverages this term oan be taken into account as an energy of the
impurity induced double electric layer and through the interaction
between them and adatoms. Then, the renormalizations both of the
energy of virtual level of impurity and the chemical potential of
ionic components are observed. Moreover, Hpol. contalns also the
interactions between the adatoms and double eleotric layer of

the pure metal surface. The term qmet. describes the metalization

of chemisorbed coverge caused by enveloping of the adatom valence
functions on the neighbouring adsorption centres. It leads to the
dispersion df the virtual ievel and creation of the virtual impurity
surface band, in the case of a periodic coverage arrangement/7/.

The term ;{regf oonstains the exchange-correlation contridbu-
tions and processes of eleotron scattering with the spin flipping
and two electron hopping processes between adatoms and a substrate.
These processes of higher order are usually neglected. When we
neglect the term ;ﬁwff y it 1is necessary to introduce the oonstant

¢’ 1in Hamiltonian (8) for a correct evaluation of the ground
state energy of metal to avoid double calculation of the electro-
static interaction between metal eleotrons.

When there is only single impurity localized at adsorption
centre ol on the metal surface =L , Ma=0 ,d#p
and the nonorthogonality of the functiens V;(i’) and % (X)
and the term A ** are neglected, then Hamiltonian (8) transforms
into the ordinary Anderson model 6/. We have only 1ts small gene-
ralization here. The effects of the impurity level occupation on
the hybridieation are taken into account in thils model
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In the general case the Hamiltonian (8) has the structure of
the Ising model with respect to the variables A, and ‘4@ R

(9)
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where 8; » X;n are the operator functions which are constructed
from Fermi-amplitudes 59(6 » 92¢ 5 «e.. etc. They may be obtained
by comparing expressions (10) and (8). They are the generalization

of the ordinary Anderson model for the electron component. These
Anderson-Ising generalized models of the type (8) allow us to develop
the self-oonsistent theory of the electronical and thermodynamical
properties of chemisorbed surface coveragzs using the Green-function
mashinery /8/. Their electronical properties will be described by
correlation functions of the type

by - <&&az>  (uelpe') » -

The structure and thermodynamical behaviour of the ionic component
will ?e described by correlation functions of the pure Ising
type

My » MMy oo

In conclusion, the author thanks prof.V.K,Fedyanin for his
attention to this problem and useful discussions,
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In the framework of the consistent microscopic approach
which is the generalization of Bogolubov's ideas in the
theory of polar metal, the generalized Anderson - Ising
models are constructed to be applied for a self-consistent
description of the properties of chemisorbed hydrogen-like
coverages of simple metal substrates.
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