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In the present paper, us1ng the method developed 1n ref. /1/ 
we analyse models that occur for describing the chem1sorpt1on -af 

\	 hydrogen-like atoms on arystal substrates of simple metaIs. Th1s 
problem 1s important bo t h from the fundament.al, and pract1cal po1nts 
of v1ew as 1t deepens our understanding of the physical processes on 
surface 1n catalysis, hydrolysis and corrosion /2/. Furth€r we shall 
cons1der the hard-bond case of hydrogen-lik~ adatoms in the ground 
state w1th (O,O,l)-plane of a metal surface of a ~imple cubic~ 
symmetry. The jumps of impurit1es over adsorption centres R~ and 
vibrat10nal degrees of freedom are neglected. The original Ham11
tonian of the system cons1dered 1n this case 15 

H=H-rH i"-~ 
A M r... LA # H ... (1) 

t'1 ~ ç---- -t ~ H=:-L.. V(R -~.)HA =:: '\7' u(R ) t- :L t:...- ú(f?J-:'t.,) ~ EII " t.ó(,. ,4--->-	 0/. 2. /:1./ I. J L J \I 
J=L	 J, N 

N" "'2 N ~ -.. ~ ...,L. E:.. "f-.i ~V(~.-:J:.) - ~ U(~) ./-lI:.'::' 
l~.t. 2. m ;:. l't:J (..J ~-=/ ... ....". 

Here HE. Ls the Ha.m1l ton1an of an electron subsystem, tT'(~-~ 
18 the Coulomb interac-tion of' two charges of the same sign, U(!Y!.) 

~ )	 J( U (R":tJ 1s the 1nte r ao t í.on of an electron (ion) wi th 
a f1eld created by the fixed pos1t1ve-charged ions of ,a metal sub
strate, HA is the Haml1 ton1an of an 10n subsystem. It has the same, - ---_. 

,t struoture as HE. w1th the excep t í.on of a kinet1c energy of Lons 
'i, 

,,'" wh1ch 16 neglected, f.lL 4 Ls the 1nteraction between L and A 
~~ .> 

sys t ams, Numbers N and M are total amount of electrons and 
adatom tons, respectively. T t 

Let us introduce the operator functions of f1elds Lfl, lfl ,CP ,CP
" in the fom: 

./' 

+ .i" 
~ ~ t ~ + 

LfJ (X) = L-J:tk6 CfK6( X) + L dc(6~ ~6(X) , cp (13) == ç Col aé~ ~ 
K6 0(6 

J 

K6 ' O(~ , o<..
lfI (X) = L::::.J1K6CfK6(X) + ~ ~c<"~ ~(,(X) r:p(p) =L... Cri. ârAfl 

I:) 

w,here	 0;6' cti?G • !J~ ., 0,,(,6 are the Fer~i operators of creat í.on 
and annih11ation of electrons 1n states (K ~ 6) and (d.., 6 ) , respec
t1yely; C;) Coe.. are the Pau11 (or Ferroi) oper ators of creaction 

~ 
•
I 

_--= I 
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-. 
and annihilation of an adatom ion at adsorption centre Rd., = o: ; between jhemSelves, 1. e. <0</K'> rF O ; <OI./J3>:I= O • Aocording
 
Nr}. =- C:C.,j. ::. o, 1.; ilot.p. = tl ~> ~ is Kroneoker symbol. Irid ex ~
 to ref. 5/, the matrix So(ft can be expanded over the enveloping 

runs rnrer alI possible adsorption centres of surface. The symbol ~«p parameters «Mj?/~ in the form 
is introduced for the description of configurations of adatoms over 

surface. The functions 'P;6 eX) describe t h e s t a't e e of electrons in Sc<j3 ~ Ll ~ â[i - 6..o<fl1 <(3/c*) -r : 'fi- <f3/ ~><~1Q.>(1-~'( )(i ~6~1I)+"
olfl 

metéill substrate 
The second quantization of model (1) which is constructed on the 
fields 4-1 , cp leads to the following expression fo r Hamll tonian 

Cfk6 (X) :::: f.Pi( (iC) 11a:'6 j ee ~ ~ = :t:. 1.. X={~>ae} I 
f (1) ..... 1 -ç-- ... ~ ... - YI J /1+.H= L. U(f\,.) ~ r 2. ~ ~~ C/(~-R/.I) - L. fiX,. (x) I( 

~ ~ ~*~ /W ~ Here symbol Ll;e6 describes th e spin state of an electron, CP; (5!) 
is the wave-function of an electron moving in pure metal with quasi 1: !.fi(X) M< V(RJ.-~) T f/x '{Jfx)[-;~ v;- U(~)l 'fl(X) "f" (7) 

~ In ~ 
momentum K • In the simplest case the function T K (..:t!) satisfies 

the following spectrum problem: + f fJxi;./ Lfl(x) Lf1(x') !f1(x') 4l(X) 15(.t-~') 
where 

~''-~2. ..... J(O .... In '" (3)
[ - 2m ~ - u.cr: (~) Ti((~) :=. E K'"íK(3!) Sclx ::: ~ SJ~ ,,', 

~ Using the representation (2) of fields 'fi (X) , ri? ([3) , and the 
where Ucr- (x) is the pot ential of the periodic crystal fie ld of 

corresponding spectral problems (3)-(5), we may calculate the matrix 
the metal substrate. It involves boundary com i tions on surface. Its 

ele~~nts in the Hamiltonian (6)
microscopic calculation is a complex self-consistent problem. 

Parameter E: li! Ls the one-electron ener-get í,c speotrum of metal w1th 1-1 = L E .. Y/-. + L ~ {E,;,11o(r':J + kU~6 nrJ.-6 a free sur f ao e ; K =. {kx'~) k?!] , k g = (O, 1'a:)is a lattice K 1<, 1\6 o(<? (8) 
const.ant , In re:f(4! it Ls: shown how to construct the solutions of eq~ 

+ ç. [ v,;.",,~ n,,-6 8,,: q,(G - (J.; 8:eA~G + f.I. c.J} "I'(3) by us í.ng' 'the corresponding solutions I; (:c) of the bulk 

problem. As usual, we limit ourselves to a s1mple electron band and 

neglect surface states. The additional orthonormal orbitaIs ~G(X) + ~ ~ N~ 1Jd."KAkf ~~q~,f3AL,qVG + I-/:ttJl' + C 
describe the electron state5 localized at impurities K.K,'6 G'oI. :tf3 r r rO n. 

ro (~) _ L1((~) Ll ,~(;) = Á.Lz: S [ce(~)-L<K~)1?(~)] Here we used the notation70(6 /' - Td, aecb:> d- J3 «j3 P K , 

.{ S/~ (e).." .."where C = - '2 «o: u. (x) 9(::c ) 2 (/2 ..,. ri.., ?f)Jt'~ li) .., 

(4) 

A= [:l.-~/<KIc(>/J ) <oIIK)::l JclX~(J:)TK(~) 

H~"" = 11 po!. + J-I1rI~t + Ht-fst 
The function ~ (;;) = Cf(i(-~) satisfies the following Schrodinger 

equation 

[ - 1/' -v,2. - if(~)l Cp(~) ~ E t.p(;;') (5) H == L- Iv; [u (R;) - ~ ~KI(cA) Q~ ~161 -t-~~ nrJ.6 )(em ..r . f rJ t ~ KK~ ~G 

where t= i5 the energy of the ground state of the vá~ence electron 

(or ionization potential of adatom). The funotions Y/ol. (~) are 
11)"" ~f)""formed of the atomic orbitaIs "f'c/.(X) and 'i«~) by taking into '11; x [z= 1{;K~rÁ a;G,c,;'I$' - u~e~ - ~d.] -r L: ~ [.c: I( 

K K~6' ou, c:, K.! K.z C;'account the nonorthogonali ty pairs ~(::Z) > ~ (f1) and ce.. ril) ;> ~ (it) " /'In 

2' ,3 
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+ le» 8+ 1 I ~ [11 ~ -+ 
X 7.ld;~K;; aK:6"~" - UJ~ éJ.~qK6'" u.e, +;e~ ~~ (~-~) 

- 2 L.~G' ~~(j3) + L.. nrJ.t:J '00: Vdj3j3f1. 1i- z:': ~Nf3 [~: " 
" ~G' K.àrfft~ 

~ Qk6 (~ "jUi.' ~fr1 - ~K (13)) + ti, C!.] T 

+ (J~) 1 + ~)r ~ ~N,.. [ ~ ~i1 i1. cf;6,(4;:<;, - Uol.P.. - ~A ~G B~G 
d.:-I:f3 J" K,LK.e.,G' L 2.r

(3, 

'i. 2. 'r r ,/Y 

, 

r=-. ~~ [Ed.ft to 7l:Jj3j3j3 nrJ.-6 + 1fd.j3J3'p nJ3-G 1 rHfn~f = 
rY.f:}.t:> T T 

+ .L r-= ~ N~ 1fqj3rJ.j3 80lG ~GI8o(<b' ~6 ,
2. ol.*fl.~6' r 

!-Irest; '" ~ px.lx''If(~') ['I;J(X) '11: (x) ,J(~-1) - 2 U"is,1'li: (x? 

- G "fo ~ ~ tCKrl.t 8o(+6CifGI~.>,c,;G + rz; tt~ x 
o(~,t'"l.GG' 'J.:2. :Lo ~ 2. «:tft.K G6' 

x [~CV3~ ~~ B,,(~, Bf3G' ~;G + v;.j3r1.~ 8:~ B;eY ~t:>' Q'kG 

.,. ~ Z;;; v;.J31K;. 8~~~~/qiG,q~b + H.~.J + 

+ 1. z:': [~ot~~ 8d.~ 8rl~G CiK;-6 <1';;6 + /-I.r}, ] 
E o( .tJ.K.t ~ 

where 

e; ~ - \tol Col) + ~2 ~ I ~ .~, Gjipl
 

Ed.J3 = - v.;,Col) - ~j/f) + ~~" s;, ~j3' GpÍ" Cc/." fi)
 

6ft!,'''' <j3lj3'"I E - wp-p'ep') - Li- <pi-:>(E?(KI;'>
 " ~ 

r Z to .... r, ..... ;/J:t. ...,. ~f)'" c....)U = JJ;,/; 1J((J-~) ~(~) ~ (fi) , Fflp' = JCfX 'J3(~)'1fl,(=t) ucr: 3:

...,. ... (e)..., -;o .... 

p, _ R. w ,(~')= rJ~~:(~)~~,(~}V(Rft>'-:r:.) ) u: (~) =ur:i:.)-uc/:L)
j3 - Pj3 ~"P,P J" r r 

w+ (X) = L- ?f.,,'Jir-(X) qf~ ~ Lfl~(X) = L.. %,CX) q;,
0,.,L I<G ICG ~G 

The 1nteraction constants ~~j3-;' , Vo(1(f3) , VKKI(cI.), ... 
etc. are the matr1x elements calculated for the Coulomb interact10n 

, "'''' )/j .....over the states -r'cI.(Q:) , ...."j?(:r.) , ••• • For 1nstance, 

~~(j3) = JJi '-fJ;(;') Cf;(~) ?J'(~-~), 'fa."k = V.."k (cl) 

\1.-'1 ,(01.) = rJ;.q;;~(x)Cf;dx) V(R;.--;').) '" .. 
/(If': JC \
 

v;.-;~~, = SJxJ; tJ(.x.;) tfi~~) CP;(f,J 'IJ/i) ?fKrC~) .>
 O" 

The function 9 (~) 1s the equ1l1br1um electrom density of the 
pure metal substrate 9(~) =. si:' /t.p;;:t (:;)/2.. where the su.mm1ng 1s 

K G r
over .all the ocoup1ed states of the electron bando The latter lI.a. 
mean the Herm1t1an conjugate terms. The star over the funct10n 

(<!'J 
means the complex conjugate express1on. The matrix elements tiK~ ~ 

u (@) ,,/f!>J t e t o, , are calculated for the potential U(l!').(~)) 
VL-.J..j3 .... ) õI~ 

n;G :. q~, C;K~) nrl.~ = 8:6 ~G 
Now we g1ve a br1ef physical 1nterpretation of various terms 

in the Hamilton1an (8). 
In an explicit form Hamilton1an (8) conta1ns the contributions 

play1ng the most important role 1n describing the thermodynam1cal 
and eleotronical pr~perties of hydrogen-like coverages. They descr1be 
the effects of transforming the impurity electron leveIs t: oaused 
by the hybridlzation of adatom orbitaIs with the substrate electron 
wave-functions. Here, we have taken 1nto account the envelop1ng of 
orbitaIs ~ (~) and ~ (~) between themselves and wi th the waves 
~K(~) • These processes lead to the creation of a tight chemical 

bond of adatoms with a metal substrate. Besides, we include here the 
ind1re ct 1nt er-ac t Lon betwe~n the adatoms caused by the ele ctron 

/6/exohange through the metal, substrate • 
The term H'l:J(l' involves the processes which are not usually

/6/oons1dered 1n s1mple chemisorption models • But sometimes they 
play an important role for self-cons1stent descript10n of chemi
soxption.

;~ The term H I descr1bes the polarization properties of a metall:r. po • 
!; ( substrate whiob are most important for self-oonsistent desoription 

j 
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A A. 
"of ionio chemisorptionJ when ther e is a charge transfer between the 

~ ~ ,	 + L t~ tv; + f L ~~ N.;, N(3 (10) ~ substrate and adatoms '. They lead to the screening of the long-	 H= L~-;nKG, 
o( o/. '/"KG 

range Coulomb interaction between adatoms, 50 that the 1ndirect 
" interaction between them dominates. (When we have, only two s1ngle 

charges on the surface, this leads to the subst1tution of the Coulomb 
Ln t er-ac.t í.on by the d1pole-dipole 1nt eraction between them by taking 
into aocount their image potent1als). In the case of nonzero density 
of coverages this term oan be taken into account as an energy of the 
impur1ty induced double electr1c layer and through the interaction 
between them and adatoms•. Then, the renorrnalizations both of the 
energy'of virtual level of impurity and 'the chemical pote~tial af 
~on1c components are observed. Moreover, EPOl. conta1ns also the 
interact10ns between the adatoms and double eleotr1c layer of 
the pure metal surfaoe. The torro ~et. descr1bes the meta11zat10n 
of chem1sorbed ooverge caused by enveloping of the adatom val.ence 
functions on t~e neighbouring adsorption centres. It leads to the 
d1spers10n 6f the v1rtual level and creation of the virtual 1mpur1ty 

surface band, in the case of a periodic coverage arrangement/ 7/ • 
The t erm H,..est oonstains the exchange-correlat1on contribu

tions and processes of eleotron acattering with the spln flipp1ng 
and two ele'ctron hopp1ng processes between adatoms and a subs t ra.t e

These processes of higher order are usually neglected. When we 
neglect th e t erm Hr-~st , ~ t Ls necessary to int roduce the oons t ant 
~ 1n Ham1ltonian (8) for a oorrect evaluation of the ground 

state energy of metal to avo1d double calculation of the electro
stat1c 1nteraot10n between metal eleotrons. 

When there 15 only s1ngle impur1ty localized at adsorption 
centre ri. on the metai surface ~~.i ~ Nf3 = O • d. :I: 13' 
and the nonor-thogonaâ Lty of the function,s I..f'K (~) and ~ (~) 
and the term fi~~ are neglected then Hamiltonian (8) transforms 
1nto the ordinary Anderson mode~ J6/ . We have only its small gene
ralizat10n here. The effects of the impur1ty level occupat1on on 
the hybr1d1zation are taken into account in this model 

LE~n.." + E Ln«, "f- UtlrJ.G n".G -t1-1 KG te /(~ G	 (9) 

+ L {[ V".J.rl.tl.K nri.-G 6«+6 q;6 - ~; ~~qZb + H.(}.j 
teG 

In the general case the Ham1lton1an (8) has the structure of 
the Is1ng model with respect to the var tabã ee /v'ol- 'and ~. 

"
where 'te! >- 'td./3 are the operator f'unc t Lons which are constructed 
from Fermi-amplitudes 8rJ.G , q'i! (o , •••• etc. They may be obtained 
by compar1ng expressions (10) and (8). They are the generalizat10n 

'1 
11, of the ordinary Anders6n model for the electron componente These 

Anderson-Is1ng generalized models of the type (8) all~ us to develop 
the self-conpistent theory of the electronical and thermodynamical 
properties of chemisorbed surface coverages using the Green-function 
mashinery 181'. Their electronical properties will be described by 
correlat10n functions of the type 

~	
~ ....<eq'~ 6'ol G> <8o(~ CfKG> (nolG t1prr/ > 

T.he .et ruc tur-e and thermodynamical behaviour of the Lonã c componant 
w1ll ~e described by correlat10n functions of the pure Ising 
type 91 

<~> <~ Nj3> ~ ''', 

In conclusion, the author thanks prof.V.K.Fedyanin for his 
attention to th1s problem and useful discuss1ons. 
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faBpHJIeHICO f. M.	 E17-87-277 
KsaHToBocTaTHCTaqeCKHe MOAenH 
B r eopaa CyOMoHOCJIOHHblX nOKpbITHH 

Ha OCHOBe nocneAoBaTenbHoro MHKpOCKonH~eCKoro nOAXOAa, 
o õoõmaromer-o H,ZJ;eH Bor-ornoõoaa , pa3BHTbIe HM B TeopHH norrapnsrx 
MeTannOB, CTpOHTCH oGoGmeHHbIe MOAenH THna AHAepcoHa-H3HHra 
AnH caMocornaCOBaHHoro onHcaHHH 3neKTpOHHbIX H TepMoAHHaMH
~eCKRX CBoiíCTB xexocopõnpos aansrx BOAopOAonoAoGHblX nOKpbITHH 
KpHCTannH~eCKHX nOAno~eK npoCTblX MeTannOBo 

PaGoTa BwnonHeHa-B TIaGopaTopHH TeopeTH~eCKoH ~H3HKH 

oasa. 
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Quantum Statistical Models in the Theory 
of Submonolayer Coverages 

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 substrateso 
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