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In the present paper the consistent microscoplc approaoh is
developed to be applied for a self-conslatent description of
wide gpeotrum of properties of the submOmolayer surface cove-
rages[l . 21 « It bases both on the microscopic ploture developed
by Bogolubov in the polar metal [3] and the generalization of
the usual second guantization procedure [4] to the impurity
problems with nonfixed configuration of admixtures[:5}. Further
for definitdness we shall oconslder the chemisorption of
nydrogen-like atoms on a surface of a simple metal., Following
[3] we shall oonsider this probdlem as a many-body problem.

S0, the adsorbent, a crystal of metal having a free surface,
will be desoribed by a certain relief of the potential energy
Wiz) = : 'V..F(x) oreated by positive charged metal ions
and a system %; Ne interaoting electrons in this potential
field. The metal lons are fixed at the nodes .{ of the orystal
lattioce cceupying in a regular way the halfspace R.,. . The total
system is electrlcally neutral and invariant under transforma-
tions £ P+ £, where é" {"xq. n,d,, B_} 1s any lattioe
veotor in the surface plane. Numbers nx ,1'7_, are integers.

Values C/ G/ are the slmple translations in the direotions
X and ¥ , respeotively. (We choose coordimates so that =
is perpendiocular to the surface and é"(k.g) lies in the sur-

face. The plane (K, K. ,0) coincides with the first surfaoce
layer of the metal ions. Here we negleot distortlons near the
surtace) .

The adsorbat is the impurity atoms which contain poasitive

charge core and one valence electron in the ground state per

atom. “\:i;g.;;»iiuﬂ KHCTRTYY
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There are certain points on the surface R‘F{R.\ ,"} called
the adsorption centres., They can be occupied by impurity atoms

or adatoms. In the case of crystal substrates the adsorption
centres are described by the points of high symmetry of the
crystal surface {f‘fi and the parameter R which is the
equilibrium position of the adatom ions over the surface. The
adatom lons can make the vibrations on the adsorption centres and
dumps from one positions to another.

When an adatom occupies the adsorption oentre the wave
function of 1ts valence electron mixes with those of the sub-
strate electron band., As a result, all electrons {valence and
substrate electrons) are collectivized. Thus, we have to study
the problem of N interacting electrons and M interacting
ions in the external field of fixed ions of metal. The Hamiltonian

of such a system can easily be written:

H HA"H:"‘HAZ_ ,
(D H,= vp.a*am,;( £)- z:u() > Hy =

Ja{&”b
Z:;’E - é-Z:t"(‘ -ﬁ) Zu(z) A/“f Evf(x R)

Jer 3,
Here Hy  1is the Hamiltonian of the electron subsystem. It
involves in an absolutely equivalent way both the substrate band
electrons and fhe valence adatom electrons, H“ is the Hamil-
tonian of the adatom ion subsystem, HAZ‘. is the interaction
between A and X systems, 1}‘(i'-§) is the Coulomb
int eraction of two charges of the same sign.

Purther, following Bogolubov [3] one needs to take the
quantization of the model (1) ., #s a single-particle electron
basis we choose the orthonormalized set of functions{a,{(i’), &,?(3)}

which is constructed of the wave functions of the metal elsotrons

{l&'(*)} and the valence eleotrons of adatoms{zﬁ(i’) ?(E-x)}
taking into acoount their invelopment: <kid)>#0, <&ifr#o ,

As the single particle ion basis we take the vibration C&Q(R)
states of adatom ions caloulated in the effective surface

potential model [7]. ¥e do not describe these spectrum problems
in detail now. We only note that this can be done in self-~conais-
tent way [8}. However, the difficulty in applying a standard
procedure of seoond quantization [41 consists In that the phase
space of states of the elpctron subsystem depends on the
configuration of the arrangement of the adatom ilons over the
adsorption centres {é’d » which 1is not fixed. This fact is the
basic speoific feature of the problem considered.

Let us pass to a oonsistent construction of the second
quantization representation for these systems. Introduce the

following funotionst 1 Hxé .
(@ %e(x) = Qe e = Q) 8ue 220 g ey

Symbol ﬂga desoribes the spin state of an electron;
)(:{5:',39} ;6,7%=21 Then, we consider the variety of functions

A

in the form:

(3) PRtreor Xy Brres B) = pZ:; PO, ) [106 )‘{,7 208
Vi s Yy

Here index 1{ runs the values from the sets of indices

{;:‘,d} or {2, 6 _f and X € {4 v %% . Index %  marks

the vibration modes of an adatoms, K‘ is the quasimomentum

of an electron, and &, denotes the adsorption centres.
Let G be the linear space of functions of the form (3
satisfying the requirements:

¢ By

7j 1s the rank of permutation (ZJ) , then

PU
1) ep(‘ib'"”y('v“pgv";””; Lre ryﬁf) =(‘.9 ep(‘-}ll ,J‘, )54‘ %’Y,Am ,YN)
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The set @ consists of the sequences of ordered indioes

»
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where 0 ¢ N-#" €/7 ang [o(”;,) % e [d“""‘»dhf

The space & has the following sense. It 1s the physical
space of states of system (1), Indeed, if ¥ & & , then in
superposition (3) an slectron can be found in the localized
state at the o ~ centre while the adatom lon i absent at the
same centre, which is physically impossible.

Introduce the following operator functions of fieldst

B0 = 22 05, 8500 + 27 b Biet)
() Y(x) = ’Z—Z Ogg Fra(x) + ; M & %eoo,
PR = ZZCQREAR , PR) = I 0 R,R)

where axg,ql?g 6 ,@«; are the Fermi operators of the oreation

and annihlation of the electrons in the states (K,6) and .6)
-+

respectively. Z: ,,{Q .,:(_ Cn ,C}Q have the following

commutation rules:

[CA.Q%’L = 4,00, s [Can, M.l N »qk'sl_

(5) == [C’a.ea'e]_ = Cazeu‘ = Cio Gyt = 0

If relations (5) hold, then the operator Ay =0,4 ., Relations
(%) mean that any adsorption ocentre ol may simultaneously be
occupled by only one impurity in a state £ . It is shown in
ref, fﬁlhow these commutation relations can be reallized in an
expliclt form. The definition of fields (4) 1s physically
justified, Indeed, the electronic state $o(X) gives a
contribution to the operator electron field ‘U(X) only when the

adsorption centre A 1s occupied by an adatom ion, i.e. Aﬁz‘- L

Further, for any %€ & 1let us define the mapping &¥-»/Cy>
of the forms

booN
(6) (Cy» = -;i—;— ﬁ&ﬂ‘/‘?(‘m G, K5 E"“"RM)J[:Z%(@)‘[JCt(e)/°>

¥e use the notations SJK,, f7ﬁ/x ‘(:/X ® 2 S'-/ac s

o=

fc/fu, /7_(-/4? and /6> is the vacuum vector.
4=t
The transformation (6) realizes the desired second

quantization representation. The necessary properties are colleo-
ted in Lemmas 1-3 .
Lemma 1, Let Y  have the form (3), then /Qp}t‘/C’%)
where ?c 1s the orthogonal projection of ¢ onto ¢ n,
Lemma 2. Let $¢ @ then the foucming relagtions hold:

W [l AR OO0 e s e B) [T T )ﬂeﬁ(z)@ = utm ¥
CIC> b M 4Ky O Ko B e, B ] 179, )/ ﬂqb(x 2)1s)
= [y s, X R ,k»r)f'/f”(x) ¢(&)ﬁ¢fk)/o> i
Lemma ). Let e 9 then we have equalities:
§o0 OO Ry, R) [ /7 Wix,) Flr) = ﬁx,, Pl Ryoesy)
[qb(k) Yo 9lxg) = A/B(X %) W)+ Y20 f(x,.x2,0) | «
*J./,Z ‘”?’Sr) ; f«’xm PXpurs X Risos Ry ) | /74!*&.) .
x P(R) = j"./x/,m(x,, K Riseos Rey) [qb(k)'/l(x,)lil(xa) -
- wBR) W) - LD 4 k)] ﬂw(x) ,
where +
xR = 22 &g G Ta(R) R ) | B'0xR) = 26, G o(R) Brx)
A(X,Xalz) = Z: €% 6.(5 Ql-'e %6(&)‘@(;("8) @Q(R)
A%, X2 R) = z: 66 C“df/’ (x,)dg,(s(xe)ff;,i(e) )

Corol_l_griea of Lemmas 1-3.

/
(1) <HIYDy = ‘/{J‘/@,u%‘“mxﬂ"‘?-" Rn)?e:-(x'w"";%‘ Rin) = <Oyl Oy,
<Gyl = =l [0 tR 00 s R R) TTCRY 11 H)
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lnd
Byvs Be s ee,,\.,, > Ru), NW{,) 7 #(R) [o> = ﬁx,,,,o/q,, Flos..., X

2=h

k) (T 90 /’796(5’)‘/?'%"(@;)/»

(9 1t e 6 then VlhXuiRinnR) = o -—-—<o//7‘4"f’£' )J/"IWXJ 1%,

Ivinl len
For any operator A aoting in the space of the functions

G s the second quantization representation C‘(A) can be
defined in a usual way.

™ C) Gy = (>

1f the operator A is not closed in the space G in the ’
mapping of A » C(A) , then mooording to Lemma ], there ooours

a projection onto the space & of the Punotions AB.
Using Lemmas 2,3 and definition (7) we take the quantization

of the algebra of observables. Here, we present the results of

the quantization of the main types of operators in the model (1):

N - +. -
oz t) = [ix vty ey
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& .
c(zv@ ) = [dxdx’ W) lx) Yex) Wlx) ved-2)
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The order of indices in the matrix element U(e%,k; d,t‘,dq)
strongly correlates with the order of the funotions l&,h 9239‘_
in its right-hand side. The rest matrix elements are defined in
the same way. ﬁ*' i"%'ﬁg“"hf M4y 1is the projeotion opera—
tor onto the states in whioh the adsorption centre o 1is
cooupied only by the adatom ilon (the electrons are absent) .
é\“* e (4 "4-6) is the projection operator onto the states
with only one electron having spin (() & the & adsorption
centre, Further, for developing the theory, 1t is necessary to
estimate the matrix elements of relations (8) for model (1) ana
limit ourselves only to oontributions which play the dominating
role, A3 a result, the expressions (B) are very simplified.

The above described approach allows us in the framework
of Green function mechinary [93 to develop a self-consistent
microscopic thesry for describing the thermodynsmical, eleotrow

‘nical, vibrational and migrational properties of chemlisorbed



layers. Some results of this approach are presented in refs.[&}
and[lol,where the connection relation between the pure eleotron
Anderson model and thermodynamical Tsing model is dlscussed.
Both models are widely used in the chemisorption theory.

In gonclusion the author thanks prof. V. K, Fedyanin

for his attention to this work and useful discusslions,
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Faspunenxo I'.M. : E17-87-192

MeTon BTOPHYHOrO KBAHTOBaHHA
B TEOpHH IOBEPXHOCTHBX NOKPBITHH

TlpenyioxeH NOCHeOOBATENBHHIH MHKDOCKONMHYECKHH rog— -
X0 IJIA ONMHCAHHA CBOHCTB CYOMOHOCHOHHBIX ATOMHBIX NOKDHITHI
KPHCTAIUIHYECKHX MNMOoBepxHocTell TBepnpx Ten., OcHOBY mopxopa
cocTaBnanT OGOGmeHHA: a) MHKPOCKONHYECKHX IpelCTaBJIeHHil,
HCIONb3yeMbIX Boromo6OBMM B INOJIAPHOH MOIenH MeTasnnas
6) CTAaHOAPTHOH NPOUEeLYypPhH BTOPHYHOI'C KB3aHTOBaHHA, pacipo-
CTpAHEeHHOH H4 CHCTEeMB C HeOollpemeseHHOCTHI 4acTH $a30BbX
cocTOAHII. BTOpoe xapakTepHO s, NPUMMECHMX 3apad, Korpa
KOoHbHrypamus npHuMecer He QHUKCHpyeTCH.

Pab6ora BumionHeHa B JlaGopaTOpHH TeopeTHYeCKOoH GH3HKH

OHAH.
INpenpust O6BbeHHEHHOr0 HHCTHTYTA AAEPHBIX HeenenosaHuit. JlyGua 1987

Gavrilenko G.M. E17-87-192
Second Quantization Method in the Theory
of Surface Layers

Consistent microscopic approach is developed in the
theory of submonoatomic coverages of the crystal surfaces.
It bases both on the microscopic picture developed by Bo-
golubov in the polar model of metal and the generalization
of the usual second quantization procedure to the system
with stochasticity of some states. This appears in the
impurity problems when the configurations of the impuri-
ties are not fixed.

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