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In the present paper the consistent microsoopio appro~oh is 

developed to be applied for a self-consistent desoription of 

wide speotrum of properties of the sUQmoiolayer surfaoe oove­

rages[l • 2J. It bases both on the mioroscopic pioture develoPed 

b:r Bogolubov in the polar metal [.3] all,d the generalization of 

the usual second quantization procedure [4] to the impurity 

problems with J:!.onfixed configuration of admixtures [5]. Further 

for definitiness we shall oonsider the chemisorption of 

hydrogen-like atoms on a surfaoe of a simple metal. Following 

[.3] we shall oonsider this problem as a many-body problem. 

So, the adsorbent, a crystal of metal having a free surfaoe, 

will be desoribed b:r a oertain relief of the potent~al energy 

r.c.C;;') = L: 'W.~(5!) oreated by positive charged metal ions 
-I'C.R+ 

and a s:rstem of N. interaoting eleotrons in this potential 

field. The metal ions are fixed at the nodes I of the orystal 

lattioe occupying in a regular way the ha,lfspace R+. The total 

system is electrioally neutral and invariant under transforma­

tions .f..., f+ 1I, where 1- {,.,~c(. n,d'l. oj is anr lattioe 

veotor in the surface plane. Numbers n.,.. n9 are integers. 

l'alu;s d".~ are the simple translations in the direotions 

X and Y ,respeotivel:r. (We ohoose coordinates so that ~ 
-f' 

is perpendioular to the surfaoe and R· (x ,9) lies in the sur­

faoe. The plane (f(J/:/?!lIO) ooinoides with the first surfaoe 

layer of the metal ions. Here we negleot distortions near the 

surfaoe). 

The adaorbat is the impurity atoms which contain positive 

oharge oore and one Talenoe electron in the ground state per 

atom. 
"litil", ~ lIiiioil KHCTII'rytI 
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There are certain pOints on the surfaoe R.=[RJ .~l oalled 

the adsorption centres. They can be oooupied by impurity atoms 

or adatoms. In the oase of crystal substrates the adsorption 

oentres are desoribed by the points of high symmetry of the 

crystal surfaoe {R: 1 and the parameter h wllioh is the 

equilibriqro position of the adatom ions over the surface. The 

adatom ion..s oan make tl)e vibrations on the adsorption oentres and 

~umps from one positions to another. 

When an adatom occ)upies the adsorption oElnt1-'e the wave 

funotion of its valenoe eleotron mixes with tbose of the sl1b­

strate ele otron ·band. '-s a result, all ele ctrons (valence and 

substrate electrons) are oollect:!,vized. Thus, we have to stUdy 

the problem of IV interacting electrons and M interaoting 

ions in the external field of fixed ions of metal. The Hamiltonian 

of suoh a system can easily be written: 

,., = HA of' HI:. l' HAl::' • 

(I) /If p,2. (IV ".,.. IV... HH .. z:::.;L + - z=.. v(x,~~,) - ~ U(oe,i) ~ A .... 
z: J'II' 2m a. ,'IIJ' J'., 


H "2 H "" "".. /11' H -f>
eft + *z:::::.t!(~-~\ '#'cU.(~·) Nlfz:.=- ~V(;'.~,)
i"" ~./" .... l-.1· I /"'1 ''''',i~' 4 oJ 

Here HE: is the Ham1l tonian of the eleotron subsystem. It 

involves in an absolutely equivalent way both the substrate band 

eleotrons and the valenoe adatom eleotrons, Hili is the Hamil­

tonian of the adatom ion subsystem, HA2:. is the interaotion 

between A and E:.. systems, 1f(~.;) is the Coulomb 

interaotion of two oharges of the same sign. 

Further, following Bogolubov [)] one needs to take the 

quantization of the model (I) • As a single-partiole eleotron 

basis we ohoose the orthonormal1zed set of functions f~/;) J 61t(.l)j 
whioh is oonstructed of the wave funotions of the metal eleotrons 

{4'i"(~)J and the valence eleotrons of adatOllsl t(..E') It c¥'(~.~)j 
taking into aooount their invelopaent: (/C,fI..'>(iO> <_'1'>",0. 
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As the single particle ion b~sis we take the vibration ~t(~ 

states of adatom ions caloulated in the effective surface 

potential model [71. We do not describe these spectrum problems 

in detail now. We only note that this can be done in self-consis­

tent way [e]. ijowever, the difficulty in applying a standard 

procedure of seoond quantization [4J consists in that the phase 

space of states of the electron subsystem depends on the 

configuration of the arrangement of the adatom ions over the 

adsorption centres £R_l ' which is not fixed. 'l.bis fact is the 

basic speoific feature of the problem oonsidered. 

Let us pass to a oonsistent oonstruotion of the seoond 

quantization representation for these systems. Introduoe the 

following functionsl l:L ,)(." ' 
(2) te, (X) '" 6'.I(X).1ot:, .If,, (X) = ep(£)~, A.;c,'" O:.tI, ~ 

Symbol Ll., desoribes the spin state of an electron; 

x.;:{~.;Jel ;~•.ae=.t.L.Then, we oonsider the variety of funotions 

in the form: IV M. 

() If(N, .. ,>XII;~"'''.~H) ",,2 ¥(I1,·")II.... ~''''',..M) .fJf/~) (/'fj,Jft) . 
I{ •.. , • VII .I-' J' (..' L 

Ii. '" • i".., 

Here index~. runs the values frem the sets of indices 

{K:·.a) or [d.i. ',.j and ~.E' I "J', itA • Index t marks 
-II' 

the vibration modes of an adatoms, ~. is the quasimomentum 

of an eleotron, and denotes the adsorption oentres.d i 

Let G be the linear space of functions of the form ( )) 

satisfying the reqUirements: 

if p"J is the rank of pemutation (i i) , then 

ftJ 
1) lp(Ifs..,..• ~ •...• ~,,,.• VIV;~.·.)fI'''; ::'(-9 lp(i&..".'!,·•..• ~·..".~.¥;..... i'IIf). 

I'J, 

2) l.f(~",,)"'...... l(, •...• ~......~ ..... (...,):o (-9 4Jc;P(~ •...• v'N • .r,.....~." .• ~...... ,...H) 

) tp{t)~.···.!JII .. r, ..... i'H)=O , It (~.·.,.v'..... Y,.".,tH)E~, 
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The 

.... 
{ 1:,,',• .'" 
where 0, 

set ~ oonsists of the sequenoes of ordered indioes 

.... 	 .. A. .)K"" ioN'" • ct...:,.~~, ...., «fI,"IV ~ d..f.. "1' .... el"", t..., 

iV-~ .,;./'1 and {clN'.I .... ,«.v1c: [01:...... liZ1 
The 	 space r;. has the following sense. It ls the physlcal 

space ()f states of /!Yfltem (1). Indeed, if <f (i. ,then lp. 

superpQsition (J) ap. electron oan be found ln the locallzed 

state (l,t the rJ,. - centre while the adatom ion:B absent at t)le 

same oentre, which ~s physically impossible. 

I~ltroduce the following operator functions of fields. 

.,. ". *' ~ J,,'"0+lf1 (X) =L. q:-"lfi:, (x) + L-.- " 0ae, T«, Cx) • 
KG ... \0" ae4 

(4) 4'(x)· L... q;, CP~,()() .,. L::. '" 8.t, ~,(x).K6 _, 

CP+(R) = E:: Cot't ~~ (;) ¢>(R.) = z:::::. C"' .. ~Jt;ctlt·.., o/'l ... .. 

where 0;" q;?, ,~~ . (.6 are the F'ermi operators of the oreati on 

and annihilation of the electrons in the states (;(,6) and (<<.,6) 

respectively. AI",,::: L CIt a.t ; ~~ .~~ have the following
t 

oommutation rules: 

[Colt~"d :: lJ.J,.rJ..' t:..H, .> [C.(I't. • C.,.'1i J-+ '" [C..~.Q;, L ..,. 

(5) ", ... "" [Cot 'I. , B.lGl_ '" CCIt,- Cat '2. '" C./tt c.t" c: 0' 
I:r relations (5) hold, then the operator N.t = 0,1. • Relations 

(5) mean that any adsorption oentre J. may simultaneously be 

occupied by only one impurity in a state t. • It is shown ln 

ref. [5] .how these commutation relations can be realized ln an 

explioit form. The definition of fields (4) 18 physically 

Sustified. Indeed, the electronio state ~6 eX) gives a 

contribution to the oper ator ele otron field'+' (X) only when the 

adsorptlon centre ~ is occupied by an adatom lon, 1.e. ~= 1 

Further, for ~ if& G let us define the mappiD8 q ..... ,C*,,> 
of the forms 

4­

I. 	 L '" 1: M.,.. 
(6) 	Ie,,)" ~i/XJ.~'1(11'1 ({!(x,•.".i'w:. R, ....,R,., \/7tp(x.)(1¢(~.) 10> 

" /VI M/' 	 'Ii"" .J {"" ~ 
fI 

We use the notationsl rJxll~. (7 rh, r/x. '" L: ('J~J', .,j"'/' J' ... . .l~... .:R~:tIS 

('J~/1f .. 11 rJk~ and 10;> ls the vacuum veotor.
JC 	 , -1"'( J' ,J 


The transformation (6) realizes the desired second 


quantizatlon representation. The necessary properties are colleo­

ted 	ln ~~!...l-J • 

~Ll. Let If have the form (J), then I~,.,> .... ,e,,*-> 
where Vt;. ls the orthogonal projection of ¥ onto (} •• 

Le~_&!. Let lfI6 Q then the following relations hold: 
"'.. /14.,.. r:-:-: 

Iv' r'JX2.IIJRt I1tp(X,~Xz.,,')Xfl> Ie,..... ~M \(1 'P(y:;.) (74>7~-) 10> V"'.'I1~ 'P(X;) •'1=J', , I J;o2 "*( IV ~ 

lC /Ctp>. 11 fJXI.NtlR2,H J.p(Xj..... XIV> ~/~ ~2' .. ·, Ii!M ) n '/1(X;) (7 </:;'(R.)/O\J' , IV ',Ii"" ,'2""/ 
= r;;XlIVJ~u W'4 ..... XfI}, ~..... R~) (! 'IJ~) 1>(,eI) (I <I> t~.) /.> I.JC 	 'J r-~ J=/ '''"' 

Lemma ). Let ~E ~ then we have equalities: 


IV +..,. r 

S.htW 1.f(x,.....X/V;R,. .... RM)./(I, JIJ(~.J t:/>(~) = J.lxV ¥f'xt ....,Xflj. ~/)" "((M) 

.,. .,. + /' ) JJt''I:: #(11-1) ( 11»'J
" q.(R)I/I(X,)'P(X2.) + N8{1.,~ "'(X.e)-t -2.- A X,.X.Il." ([ 

fI 	 + So '" x n tp(~) ; hu'P(x,..... XII ;. I?,)...,R",) n 'I1r~.). 
J'''':! 	 ' "'''J 

II CP(R) = SJXI,N<f(X'.....xfl~ f?' ... ·.f?M) [cp(f?)l'rx,)J./.i rX,'2) ­

- N8(-X".E.') 'PYx.e) - N r;-') A'''(X,.~,~J ,n IV 
'I1r~)

...J ..!J 

where 

B(X
•
R) '" 

A(x, '12 /l..) 

* + 0+ ~A (X, Xa /l..) - L::.. <- G~G Cit~ l&-G (X,) ~G (Xl) ~~ (R)
0( ~, 

£lll:!!.!larles of Lemmas I-J. 

I I r r * I
('I) 	<~tlf",> ·tt'd'~~.\1 %()('..... XN'~ ..' ~",) ~(X"') ~tt ~~•• {(I'I! = (6'".1 ('Il.f~).) 

<('~I" ,:#.::;;::. <01 9'1.~~Jt?"", qtXr· ~IJ; T?I'" ~N!) n<::f(~ '; n 41(x,) > 
>/Nt,...! 	 J"'''' ,.t;! 
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++* * .)I. 
~	( ... Cailt ce ..(f~) lp,I(;(X) 8 '(X,f?') " 
o<t' '" ..... • 

L) + 	 j) + T JO'1' /') i!' 
- z::::.... 00/-<0 00( do ~.It T.,,-G ~X.t '?tct. (1<2).. ~, 

* 

.,. W'L. ttL ~'t 'e..r~) U>,(x)
doltG 0' ~I>

* ~ .. 
(; 

(R) , 

http:lJ.J,.rJ


N ".
(~) ,t: )1 rJx Jf!:',A( t.p(X,~ ... ,X~.XK'+I>'''' X~; ~/""~M \f7'IJ(~.) (7.p~R.)/o\

K. Ii ~. JC (+I,1t 	 ~.K# '''I c 7 
L'M' r = 1M! tI'! JJtp(~.) /e',,> ~ K.'O,,-IC/.' .;/XI,NJ~t+l./1 <Pa,.... , XII/; 

IV M fl~,'....>~~. R~I....> R".\ [1rpr;s)/7 <1>'(~) I,> = /XI,N.{~'" 9?~} ...}x~;
'J.1_/ I."~I 


AI'+. t /"'""
!!" ...}~",,) (1 tp (~) n¢(~) (l~ (~)ItJ> 

"""" .i"'{1( 4!- '/ 


I J 

(8) If /fl!f: r:;, then ~(J(/"')("";~I''">~ \ c. ~<o(n<l>(~.) f7lfJlx.) I(!,~'
'.I '1M M! l-" J':::1i oJ or'/. 

For any opera'tor A aoting in the spaoe of the fUnotions 


(t ,tIle seoond ctuantization representat10 n C(A) oan be 


defined in a usual way. 


(7) C("1) (C~)- - 10"'11> 

If the operator A is not olosed in the spaoe (}. in the 

mapping of A... OrA) , then aooording to Lemma 1, there ooours 

a projeotion onto the spaoe (f of the fUllotions M. 
Using Le~~ 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): 

C(r.. t(~.») == SJx 4Jtl<) tc;) q.r(X) 
.,j .... 

r +.,.c (r:.IJ(':'.";)) .. J1xJx' I/1(X) L/l(X,) 'fI(x') '!I(x) "'(:l.-~?
I~i 1./ 

C(~t(Ri)) = z::= Col~~t' ~Jt ~:(i) t.(R') ¥.t\,(R') + 
;., ~td' A 


~ + SC ....... "'ID "')n . 
.,. 	 '-- ~~ C.,(,'2' "JI( ¥.t't(~ trft) ToI.'t,(1Iit tI!' 

.c.t.t'.t.t' 


M ....... 0 	 ..,. ...
.
C ( ~~(~[~) = /. v(...,f.t,,,,,,#,y"at, .c(t~)~. Q,.t ~ t C", t 

( 8) I ~ o(,tt .....oCftt 	 ' I "V l 'J" ,t 
1\ /\ 	 " 

IC [A(tl,*01,."s-el.t) n"3 nol'f 1" 4,.13 l:1..""... + 4J."'a~ .,.. 4",.r/1.("!1-#,\)ll..~ 
~ " " J .,. ll.I,~ 6(clJ"''',) ntl3 ~ ~J..t'" l:1. (oI,*.t.,) nol~ ~ A"r, lJ.(oI/.J,) net., I 
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IV,,! "''''') ;;C(~U'(~.·~.) = :- IT(W,tho(ll....ttt,oI~)C:t~t t 
I."'I../"i oI, ••tI• .l., .,.,6 " 1:1 t 

• 8J~ ~~6 [ .d..l,~ ~JjN~ ... d (oI,.cI..t) dC.J.tl.J:t) N..-3 Noli n,,1. .,.. A (d,ifli.,) , 

• ll. (cI.t*q)~.. ~3 ~.." .,..ll. Cal,.",,) ll..I,ol3 N.!" Aco/~ .ll.(.,1,*~)6001,,,,, l1" 

)( 6..J J... R"",] 1" >. , rJ(rM.l.I:/.(, 41.."'f) C/~ 0o(,f xtI,<I,,,. KG ~f.l I I ., 1

[~ 	 ~ ~ 
/C Q;(, tt., ""-t LJ..JJ.~1.. + .d (01, if.,(l) [12 ~ A(oIr,!!oI~)A"'lot, R",,,,6 J 
.,. > :: V(clt4J.~;<{,t.f~ • .tr) C(t/·;).....I ..t6;;(;CIt't;; £"" [.11(01,#01,,'.«,,)
~~~~6\~ 	 3 

l( 	 Allot'" .dol,oIl, .:l(alf :;ol3) + ..:10/";:, AJ.,«~J1" .A(eJf"'.I...t).~/«3 fIda 1 .,. 
.,.) : V(IMt.A:;r;.,(.tf/.K.r) ~""t ~ t q~6q~" rA.i,"'" + A{ti/'*oIa) fl., J 
. .(,*,"!I+,JC,'trt; 	 II ~ iI. ;l L' 1. 

Here trz)- -£v,:-ttr;) . t.ri)"'-l~~t,.w..(~) • 1::.(01,:1«1)= 

:: 1- t:>..J,~ > ... > V ("4tl.~ >oI.ttL,e<.t) '" St~J.it <e,~(~·/,e,l,/R) 9~~l9./;ltf(Ci) 

The order of indioes in the matrix element U(oI,'Ih It: >allta,olt) 

strongly oorrelates with the order of the funotions 4!,'h 92.) 9... 
in its right-hand side. The rest matrix elements are defined in 

'" the s8Jlle wBJ'. n .. i- z:. 't/" + 'lit nol~ is the projeotion opera­
,J.. 6 

tor onto the states in whioh the adsorption oentre at is 

oooupied only by the adatom ion (the eleotrons are absent) • 

'" R,., '" nol, (1- n",",) is the projeotion operator onto the states 

with only one electron having spin (0) 1£ the d.. adsorption 

oentre. Further, for developing the theory, it is necessary to 

estimate the matrix elements of relations (8) for model (1) and 

limit our••lves only to oontributions which play the dominating 

role. As a result, the expressions (8) are very simplified. 

The abo?e desoribed approach allows us in the framework 

of Green function mechinary [9J to develop a self-oonsistent 

mioroscopic theDry for describing the thermodynamioal, eleotro­

Dioal. vibrational and migrational properties of ohemisorbed 
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layers. Some results of thls approaoh are presented In refs.r8J 


and[lO],where the oonneotlon relatlon between t~e pure eleotron 


Anderson model and thermodynamloal Dslng model Is dlsoussed. 


Both models are wldely used In the ohemlsorptlon theory. 


In ~:onoluslon the author tb.anks prof. V.lt.Fedyanin 


for hls attentlon to thls work !!-lld useful d1s ousslons. 
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raBpaneHKO r.M. E17-87-192 
MeTOA BTOpHqHOrO KBaHTOBaHHH 
B TeopHH nOBepxHOCTHNX nOKpNTHH 

npeAnO~eH nocneAoBaTenbHNH MHKpOCKOnHqeCKHH nOA-­
XOA AnH onHCaHHH CBOHCTB CYOMOHOcnOaHNX aTOMHNX nOKpNTHH 
KpHCTannHqeC~HX nOBepXHOCTeA TBepAb~ Ten. OCHOBY nOAxoga 
COCTaBnHWT o606~eHHH: a) MHKpOCKOnHqeCKHX npeACTaBneHHH~ 
Hcnonb9yeMNX BoronwooBNM B nonHpHoH MOAenH MeTanna; 
0) 	cTaHAapTHOH npo~eAypN BTOpHqHOrO KBaHToBaHHH, pacnpo­
CTpaHeHHoH Ha CHCTeMN C HeonpeAeneHHocTbW qaCTH ~agOBb~ 
COCTOHHHH. BTopoe xapaKTepHo AnH,nPHMecHNX 9aAaq, KorAa 
KOH~Hrypa~HH npHMeCeH He ~HKcHpyeTCR. 

PaooTa BNnOnHeHa B naoopaTopHH TeOpeTHqeCKOH ~H9HKH 
OllilH. 

npenpHHT 06"eAHHeHHoro HHCTKTyra JUlepHNX Hccne.llOB8HHii. ,lly6Ha 1987 

Gavrilenko G.M. EI7-87-192 
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. 

Preprint of the Joint Irultitute for Nuclear Research. Dubna 1987 


