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INTRODUCTION 

I n t h e p r e s en t paper we l nv e e t.L g a t.e the co ve r a g e d e p e n d e n o « 

o f t h e ba s i c c ho ml uo r p t i o n c h a r a c te r l nt l c 8 l ik e th e ma~ne t l c mo 

ment and t he e Le c t rIc c h u r-g e l o c a li z ed on u n " d a t.om, the c hu ml e o r e

p t.L on ene r g y a nd t il e e l ec t r o n clmlll i t y o f u t.a t.o u Lnd uo e d by the l m

p lJr itleu . 

Th o phv e Lc a I e f I'e c t e 1l r i ll i ng i n c h u mi a o rp t. Lo n lIy " t " mn li r e o f 

/ot r ea t. p r a ct i c a l t n t e r e e t /w t h " y u re c l o ue l y con u e c t.c d wi t.h o u r 

un d e r a t.a n d Lng o f t h o phy a i c a l p r o c eu ucn o n me t.e l e u r f'a c e e In 

h e t.e r-o g e rueo u e c a t a Ly ui a [1] , h yd r-o l y nl e t" ,, 1 co r r o n l c n . Th ",y IIr ., 

widely u ue d in ve r l o u e t e c h noLog Le u , f a" l n n l.n n c e , In tho o e t.h od •.' 

t.u c h n o l o g y 12 J ,'Jn L! " UIC"II , 1I0w 'Jv e r, th"'''J p l' uc tJn ll t.l l'l li r e 11 111 0 Int." 

r.", t. 1nll f " u m th ... p o Ln L o f v l. ,w o f f und l1 "". n t lll r" n '~ lIrc h,," . 'l' Ii u u , 

t.h .. d l uc o ve r y o f II IU ' O l d , nllll,b",' o f ph lll ' " 1.r"/IIllI ll , l o n n o f t,h ., o r du r 

dl llu /'d ll r t y p" rr, Ii I, wh k h 111'1 11 " In t h" IId nu ,' bll t ., ';ompo "" " I,1I li n d 

b., J " " II t.u d I 1'1'•., 1'.... t e l tll ' '''' " () I' uu l v'u' tllI l I t.y I" t il " I ,' IJr I I. 1<: 11 1 

l 'Mhn v 1n ll r l! f! ptllIl 1 I uli ( I ll tll l' f «:I'f.1 ll lj n y l'llllH' t. ,., \ ':" , o f t.he c.: r' yn Lu l nu \) 

n l. r· f' t.,,j" I ,., I I I IWt, l U i (,t l v e r I f y f., 1C 1 r~ tJr lll '=' !.l 1',1 lrttn tl j n MI\l Jmp l. t t, n n o r 

Lhe", l,li l )o t' y I d " " ' H~ ()1Il 1 o ,'d u r' )1)11\1\0 I.r "")lIdl, l nll I' l l" I.wu d t md ll ul o ll ll\ l 

,' y" I." mn I fl l . 
At. I' I' t1l 1l:1111, t.lI U R1 ' IH ' C.H 'I U ll p l (J t ll"'tH')' Il l' I.h fllH 1 n y n l. '~ m n ' n lI" v 

l " l'.. d III t,wOJ dl r ., ol. l oll n . AI' I' ,"'"r tl, l y , 1.1 ", d "" " J/ ' I I, l.Illu o ]' I.h lll u o v 

1 ' / l ~ t1 II " 1'''' II d Q JII.H I 0 1' t) 1(1 pr '( ILJ lllr·l. i 'H1 o f' (.:h",mln o r' l, n d o v •• r l ay t.u "n wa n 

1'",' t,lI 11 1'1 r n t. tl ll'" " " tli 111 .,<1 w i 1. 10111 I.ho I ,' IJ/I I d " u lIl l. y 1'11 11 0 l.I ll lI O I 

m.. I.II lJd ( 1.1 "") I II I.h., f" ' II ,,",w lJ ,'k o I' t,h l ll no h ome I.l, ,, 11 <1,, 0 ,' 11 

I lv' 1 r· I ' . Y.. I' In d ',,1r.JI 'lh'.l1 1 III 1.1 112 .J , ~ I I I Il JII 11 1,, 11 tl lJl l l' I IX l mtt t. l ll ll wi th n 

I 'l ,n l l. l v flt I ltl l,:k u r'f lliu d 11" t ll " I,' I. I IIl U,1 1.1.1 1.)& '3 tU I I1I . I ' l lt I Lu lj CI V rl1l ' n"" J ,. 1"1 , 

I 



The LDF method a nd its a dvantages [8] a l l ow us t o carry ou t h igh 

prec i s i on c a l c u l a t io ns o f the spa c e dis t r ibu tion o f t he e l ec t r i c 

c ha r ge i n the a dso r ba t e -a dso r b en t s ys tems; nev e r theles s , some pro 

b lems of t he c he mi so r p t ion theory have no t be en s ol ve d yet with i n 

th is a pproa c h ( 9 ]. Moreov e r. th e LDF-des cription , as a r u l e, i n 

vo lves a large a mount of c ompu te r c a lcu l a t i ons. Another me thod o f 

in ves t i g a t i ng the p r opert ies o f mon o laye r co ve r a ge s i s t he cohe

re" t pote n t i al app r ox i mati on me t hod (CP A) generali zed t o t he s e 

s ys t e ms . I n t h i s a pp roa ch we may s ta r t e i t h e r from the Hamil t onian 

de s cr ipt i o n [ l U- 12], t he Dys on e qua t i on for t he a dso r ba te Green 

- f unc t io n [ 13] o r t he Li pmann-Sc hwi nge r equa t io n [ 1 4 ] . Howev e r , 

t he re a re g rea t d i f f i c ul t ies within t he CPA metho d in tak ing into 

'a c c oun t the many-bod y e f f e c t s du e t o the co r re l a t io ns i n both the 

e lect ro nic a nd the i on i c co mpo ne nt s o f the adsorbate . The r e f o r e . 

the CPA-app roa ch is not yet va l i d ne a r t he c r i t ica l poi nt s [ 15 -16] 

a nd f o r t he de s cri ption o f co r re l a t ion properti es in the s yste m. 

In t he pr e sunt pape r we c ons is te nt l y d e velope t he me thod o f 

c ompos i t e Ha e i l t.on i a ne sugg e sted in re f . [ 17] by one o f U ti . We 

c ons i de r t he si mp l e s t compo s i t e model wi th in the se lf ··c on s l stent 

Ha r t r e e - Fo ck ( H-F ) appr o xi ma ti on, bu t we may eas i l y i nc l u de a lso 

c o r r e l n t l o n e f f uc t s in bo th th e e l e c t ro n i c and t he i oni c comp o 

ncn t.u nnn " tld l tlo n" l interact io ns i n t he adsorbed a y e t em [1 7 J . 

Thu p:'1,,,r I " o r- ga n Lze d as f o l l ows . I n t he secti on 1 , we d i n 

O il S" t h" lI" n," ·" l /.I11 "lImption s o f th e f o r malism of c ompos i te Hamil 

t.ou i a un IIl1 d d" l'l ve t.h e hu e i c eq ua t io ns. I n the sec t io n 2 , we ,, ), . 

1.11111 OXI"''' " IILc' " '' t'o r t he ba a I.c c he mi s o r pt i on c ha r ae t e r lct.l c n lin d 

d l lh :u n n t.h " tit., l f' I~o nn l n to n c y o f ou r a pprox imat i ono . I n t h o " ",a t-i n n 

:J , w" tl l llulI" " t.h .. n u me r l c n l re au l t.a , The s ection 4 I II d .. v o t.e rl I.. , 

Lh" n)/'UII "I. I" " h /II' " I.r'lIl1" lt lnn und th e c ro s sover in l,h" ,: r' II. I<.: 1I1 

I ,n h"'1v 1 0\1 1' o r 11111 ' RI nd f3l t il t.b c ph a e e apa c e o f the l ln rnl I t,lJu t n n p u rO/1 

mo t.o r-u . In t.h « 1.: t1 f lt .: I IJU ! tl ll, wu g l ve .3, sh o rt e u mma ry o I' t.h n o lJ l.t , l llnd 

r ' f ~ nu Lt.n l i n d ..., Il. I,lI IlJ I ' f l l if I IH Hl n n i on . 

BABIC !:..IJ l)A f10N ~; 

J Jt~1. I II' c ~ () n n l cl f" I ' I t " ye l.~ m o f IHJllo r lmd hyd ,'o"' ''11 I Ik t,l l rfln N.. 
( nd ul ,on",) d l "L.-Ih"L"d o ve r N /lc l. l vo cOll tr" '" n il th " IJ ,' yn 1.1I 1 m 1.11 1 

B u r f :'I C t ) ( 1111 11,,1," 1'11.,"'1) whl uh " .. ,. l~ n J l e d IH l n ol' l ,l.ll l ll (1I 1U t , I' 11M , N.. N 

Ea ch adatom ha s a r igid bo nd wi t h the s ub s t r a te . The co nf i gu r a t i on 

of t he ada t om arra ngeme nt ove r a ds o r p t io n c e nt r e s i s not fi xe d . I n 

t he si mplest c a s e . th e Hami l t on i an o f th i s sys t em can be wr i t t en 

in t he f ol lowing f orm [ 17 J: 

H =E "l nl + E N rE E n . U n .,. n + E ( V ~b+alc +H . C.) ] .( I)
k, o 0 a 0. L;; 010 CI. 0.. k , 0 C1 e-o 0 

The model ( 1 ) i s the general izati on o f th e we ll - kn own in the 

c he mi s o r p t i on the or y the An ders on -Newn s Ha mil t on i a n [ 18] t o the 

case o f stochastic arrange ment o f t he ada t om c on figu r at i on on th e 

metal s u rface . The summat i o n ove r a i n ( 1) is c a rried ou t ove r a l l 

ads o rpti on c e nt r e s ; the o pe ra to r N = C:Ca ha s e i g e nva l u e s eq ua l a 
t o 0 o r 1, a nd t he operators c : a nd Co a r e th o Fe rml -ampli tu de c of 

the c r ea t i on und a nn ih ila t i on of a n a ds o r bed Ion ( adio n ) a t t he 

ad s orption ce nte r a . I t is t he p r o t on for t he h ydroge n chomi s o rp 
p a rame t.e r e li r e t.h e u auu l pll rumet e r ll of 

ti on c a se. The r omu in1.I1/ol 

t he Ande r s on mode 1 , 
sy~ t o m ( 1 ) Ilre de s c r ibed

All t he e lect ron ic pr ope r t l,~ " o f th
 

b y o r ro l a l.o r ll o f t ho t yp e
 

( 2 ) 
< N111 ,,~(,.-J ~ (/ c 1110 > ( Nall a o > 

l n I.o r u o f' t.h e 
lire I llvo lv" d In c o r r 

Wh U"'HIM th e 10 11 10 p r o p" r tl"" 

111 In ll t yp e 
( :1) , N"N/ l .. , N,.; >N" ) , < N)"" ) 

1. 11 III I.h" " XI,r llnl1 l olll1 ( ~ ) lind ( :1) m,, 1111 t.h 
Tlo t ' ll I " h .'n c k
 

wi I.h I.h" IIl1m I I t.o n I1111 ( t ) ( 17 1 .
 n v e r III'l l.nl. lll t.l o lIl 
(I) \ 11 1 1" ,, " r wl l.h r'lll l''' c t. 1.0 I.h" lJl l",,' I\ I,o r l1

Tholl 14 h I.h" ",od" I 
Nil I I. I" fl. 01. <1 '1" 1vn I""tI. 1.0 I.h.. Id'JII I I u Lt. Ic e II " " mod" I , 

'I'h 
1.1 ,

1" ' I' lol" t.! I IIl... r" u I. 10 11 1" ''' I'" r' l. l , ,,, .. 1 I " V.. ~ ( V '~ ", ), whl ,,10 d" " 'J r ll> 
\ 11 '\ \ 

" 1no r"l ln !.,, " d I1' l r h"n l. n !f1n l. r'uu , . J' ll Un r 'J I·, In d u c ~ " t.ho It o (~f\ l l tJ d 
Il d ,. Lo ml1 )lOIIlIl'U' " I " 

, ' ",J I. I" I.'" ' l\e LIOil 1".I. W" tlll I n'I '" ,. 11. I,, 11 wh,." I,h 

,, 1. "' .1111' I.h t'''" l1 h I.h.. nll ),lI!.rI,t fl 1 111 \ . 
now, ve il whfl" 'I'h" "" ,01 ,, 1 ( 1) U/l1I not 10.. "o l v,"" 'JXIH: l.l y tI I I I.II ~ A 

( )1I 1Y cli l \ 111 1'11 "\ t. y : tI., ' 1 I I''' .. ,,, ,, I N" l.h'.I,, 1 II " ·"I' I.h" l:o" I' .n,), 1,, 1. ...-n c Ll ri n \I ho l,W ltlO 
I".. JIIIIII" 1. 10 " I, r .. n,, " r t I. 11 1." 1' , p l n o n n il " d u l , ,", . Th rll' o fIJ r"Q . n n 1./'''lI n wI 1. 10 " 1'1-'0" I t 

:l 
:\ 



II 

' " ' 1· 1, , t lr i u n ll, d ~.~ l ""i t hin th e un restri c ted 
H-F approxima tion 

I II Il l" { 'lu·t'e fl !. l ite r a.t u r e were mad e man y 
at temps t o t a ke in 

" ' " I 1. 1,, : Coul omb co r re l at i o n s i n the Anders on model (21 -22] . 
\ 1 ,1 1 1 1 11 " l I T mo d el t h e y may b e c onside r ed in a s i mi l a r way , 

I I "" "t: i n t r odu c e th e H-F app r ox ima tion o f the Hamil t onian (1) 
r Ii , ' ,"( 't·m 

r: "1: n1: + r: N [	 + 
k , ~ 0 ~ a r: E n + r: ( V 1< b a1 + H. c . o 0 C'<O' k I 0' 0 f o c- a ) - y ], ( 4 ) 

I-Jhc r'e. E + ",- < N nEo 1 U >
(.It	 (A-a 

- 2 

Y = 0 U < N ana~ > < Nan
a
.>, a N 

a 

We h a ve wri t t en the fa c tor .-. in front of t he co r re l a t o r 

<Na na o > , t o inte r pre t t ho magni t ud e e -' <Nan > a s t he c on d it I o na l 
a o 

p ro ba b i l i t y o f fi ndi ng lin e lec t.r o n with s p i n " a t th o Ilduo r ptio n 

c e n t e r -, when this c e n t e r i s a l rea dy oc c up i e d by t he a dion [ 17J . 

The l a s t t e r m i s usua l ly lidde d In t he II -F " c he me nnd r e norm nl izee 

t he c he mI ea 1 p o tcn I. i a I a f t he i un l c u d a o r ba t e compon e n t [ 23 1 . 

Fo r t ho de s c r i pt Lon \Jf th« p r op " r ti e s of. the sys t em (4) we 

wi 11 u a e I,he t wo -I.i me n G...~ e n - f lJ n c t.l o n formnl l'Jm [ 24 J . WU nho u l d 
I i k e t.o na t o t ha L t.h Ic ma c h i nery tlll n 

Go me pe c u li a r i t i e o fo r compo 
H I I n mode 1M I, 1'1J. I/"wev "l' . 

th e y do not appea r he r e a nd wil l no t 
be di n cU UHud , 

!l it t ho ,, 1'le t l'u lI i e Pl '(' Pt:I't i e n o f the sy s t e m ( 4 ) c a n b« e 'd c u 

1..1Lqd fl' ll lfJ Lho f ol l u w i l1fo{ Hy n l e m o f Gr e en - fu ncti on t' ~qllHl. l o n lt 

II;" I , .. N /1 ; h i 
t ' , • , . , r • ~ , r - A I r: V , " N \ ~ I ; hi2n k o. Jr ,. kl' " .f .f ' 

Ic ' , '.t N' l,I!rI ' ; h:.,., r: V « N h , I,'k k n .... -~ ( ~{ r ( C ' )' 

", Lli i,	 ( f, )I
 .. "!c .. ;",1" ~i • 
( ) I 
r: V ,

H(':j, 
N ,. h / 1 , ,. , ,o, 11.. , • »
 

(	 I " k ' " ) « N,.I J, ... ; .', ~" ., r: V " N t , ; I,' Nl ~ ~ I .... f tl,,. I ' I I 

wil k h c l o I ,. :, 11 1" 1.1 1,, Il, ' 
H fun c t, i o n o f t ho f o r m (t N h i N ,, 1/ ', .. 

Hor 'I'1 We.	 q n" f I (r
I lli v o 11111.111 I,IJ., O t ' /1l1d II I.Jll. l , l l. ! f : H I O I I/H ) llI lI lo Il t HI , 111 U II '" 

F"nrl l I ", v 
l l f' t.li n f"I " I.) I," OI1 h ,'Hl d o f' t.t1" lu lno l' ht1l. " n d n o r b fJII II n y"t o ni . Til 1 /1 

CJt lll I. 11111 " ' ( I,) WI'll' " h l ..,I " ', d n f t "r I,ll " dlfr.u " , ,, t l 

ti on wi th respe c t to t he s econd t i me. We used al s o the e q ua l i t y 

« N abao ;N (Jb~o » = « N(JNabao; b~o » The first t wo equations o f the 

syste m ( 5 ) describe the singl e - el ec tron propertie s o f the c he mi 

s orbed ove rlay e r , t he remai n i ng e q ua t ions de s c ribe the r e spon s e o f 

t he s ubstra t e sing le - ele ctron ones . Further, we inves tigate the 

groun d stat e o f th e s yste m ( 4) at zero t empera t ure T=O. 

To c lose the desc r i pt ion we c ons i de r t he Gr een - function 

« Nab",o ; N (l b~o » . There i s a c ha in o f re c c uren t relat i o n s for t he 

model (4 ) which c a n easil y b e proved 

+ 
W Eo + " .. « n Na Naba o ; b(loN (l » = 2n <n NaN", N(J >t:.C«1 + 

J:::: 1 J	 ),,= 1. J 

+ 
I	 r: pa _y ( w ) < n N", NooN y by o ; b(loN(l » , (6) 

l' J=' J 

where Va1cVh 
Pa _y( w) = r: w - £ 9 + & 

k K " 

I s t he Gr i ml u y funct i on i n t r od uc e d in ( 19 ] f o r tho doa c r lpt10n o f 

the I nd I r ect In t ernc t i on be t we e n tw o a da t.o mn , \'0 I s t he K r on e ck o r 

uymlJo l : ,\ ..(/ = 1 if " =f/ a nd " Lt(1=O i n Lho u ppo ll i t." c a no , Tho r o l n > 

t i o na ( 6) co nne c t t he (mI1) - 1' 0 1nt Gl" f} on -functl o ll wi th 1,Il() ( m I 2 ) 

po i nt t'unc t Lon , m = 0,1, 2 , 3 , .. . 

ll u l ng' t h e r o La t. tonu «(j) o n o c an o b t n l n th f o ll owIlli! e x nc t, 

l'UI'I ''' ' \lHl t " U oll f or « N"bua;Nol>;la » 

N I> . 1> ' N >,	 > K 
fC	 , .u ' ( ' 1'}' If ~ .. - ){ ""I" N"NI1, • I:P'	 'I- I r . I . , , r 

" 
,	 N N . .. . " N N I ) } ( 'I)

(I••) _ '_'_1, 1.,,__1__ /I•	 I 'I ' 1' ( "' J 1'1' / ,(" . ) I - I'" I I ,	 I ( '" - E . , ) " I' ,, (/I •• ' 
I ' .. 

Th l1 ' I XP :1I111 I u u ( 'f) (llt ll b., lIumn/u tl up I r tit" h i llh III Irlll Lyl' 

, ' o rr ' · )"" " f' " ",oq Il l 11l r u )( l lflul. n d III t.b " u ll l ,- 1 1. HI' Lho c Y' l l l 'J KI r kwO\H( 

Il l ll U1r' IJo n 11,1, l'o rm u l n 

-II N Of N U , ':lIIl 'J I " <N N ><N N ' . , · , N N ><N N > . ( Ill 
"	 I J 'I (1 I C J, r , r I I r. " If (1 

'1'1 ,., 1I1'1'1'o x l nl_ t lo ll (II) k " ~ J.l I ' I,h ., I II V Ilr'i 1111" " W11.11 r .' II I"l<l t t o II 

f l )' dl I IJ K "l' lll' I l l' I UII. x l )l• •' nH I t. " t ~ o ll l1 ' i l I I , I 'll' I I ) . Al)I' l" OXI 

1 1J ,, 1. 1. ~II " IJ I' I.h" tY I '11 ( II ) Wfj t " . r l J'ul , lll" "d l,y lit.• t it, I 2h I / 111,1 1'.,l nl·1 1I 

·1	 F'., 



[ 26] i n t he theory of lattice systems . In the c he mi sor p t i on theory 

t h e y are u s ed in the class i cal works o f Fowler and Guggenheim 

[2 7 ] . I t i s kn own that in s ome c a s e s they are the exact represent

a t ions o f the high co r r e la to r s [28], An additional c yc l ic inva 

r ianc e cond i t ion i s a quite l ogical r equiremen t o f c ons e r va t i on of 

a s muc h as possi ble symmetries of the o r i g i na l expressions when 

th e i r a pp rox i mations are cons t r uct ed , Further, this invariance 

wi ll pro vi de t he conse r va tion o f t he well kn own Friedel rule f or 

i mpur it i e s in me ta ls [29], which shows t he self-c onsistency o f the 
app r oxi mat i on ( 8 ) , 

Le t us c ons i de r th e f ollowing function 

......--. -> -> :>. -1Q->( u') ~ L........... exp [ iq(Ot -f1) ] P /.l(w ) 9 < N Nfl >
 
q o. -(l Ot '·, > Ot ( 9 ) 

whe re t he ve ctor q '. lies within the fir st Brillouin ZOne [29] o f 

tI 

c a l l e d thu d I mensi on d o r tho co ve rag e , The s ummati on I II t ho Co r 

mu Ia ( 9 ) 111 c lll " ' iud o u t o ve r n l I ve c t ors ~ -n ~ ~", - R(l Oil t ho nu r-» 

r a c u wl"or o ~u I II t ho po u i t ion o f tCI A a d s orpt i on o -rc c n t or , 

Th o I nv'll1'l1<l t r a n ll f o r nJ/lt l on f r om Qq ( ''') t o p"".f/ ( w ) l e ma u 
u n i n 

'" Xl' I l .j ( ~ -~ ») = i.i") d I: <'I (q - ~ )(n - fl ( III ) 
, " n 

wh,, "" ~" I II 11 V!l n l,," ' o f t.he r l!l c lproe a l l " l.ti c " o f I,h" IIdllo r ld.i o ll 

e yu Le m " li d t.hu nllmmll t.l OIl In t.lw o q . ( 10 ) I II <:lu' r lo d o u t, llvn r n i l 

d" , f l ll ll I I y I . ( ,~ ) I " () I r ," ) ' " do 1 t ll f'u n o t.l a ll , 

U" I li M "" I " , ( " ) ( I ll) Cl nB c a n o ht.n In t.h e UXI" ' ''" '' I (H I 1'0 " I,h., 
(iro o ll - l' u Ilt .:l. l o li « Nd lJnu ;Nf ,h;JO ') 111 t.hu f ( Jt 'DJ 

, r I (/ { .~ - !l )( l1)d. c~ ( Nfl,h(10 ; lJr'nN(I ')) 
, rr '-i~ .I d & (II )h. .. - IOl q {I••) " 

I t f ollows from t he eq. (11) that the e xp r e s s ion ( w - E + ~F o 
- Q-> (w) ) - t may be interpre t ed as the electron propagat or in the 

q 
adsorption ove r layer and the ve ctor q i B the e lectron quasi-mo 

mentum in the impurity band, The f ormula ( 11) involves the unknown 

correlator <NOtN(3) , To close the description of the electron pro

perties of the system (4 ) we use the Bragg-Williams approximation 

f or this e o r r e l a t o r [ 30] 

2,(12)
< > ~ 6 Ot(3 < NOt > + ( 1 6o.(l ) < NOt >< N(3 > 6Ot(39(1 - 9) + 9NOtN(3 

where t he equa l i t y N: = NOt is used . 

In the Br agg-Williams approximation the fun ction Qq ( w) has 

t he form 

BW 

Q-> ( w) : ( 1- 0 ) L( w) + 9 P->(w) ( 13 ) q q 

whor e L(w ) = I:IVI~I "w _ c + 1 + c ill t ho Nownu funct i on [ 20] nnd 
k K ~ 

P~ { W ) i s t he q- r o pr e s on t a t i on o f Gr iml e y ' s f un c t i on, 

Fo r tho " l nn l o -ll i to Gr e on- f un c t i on ( Ot = n) doftc r i bing t ho 

c hu r o d ill l.rlbu ti oll on t ho impu r i ty l ev e l we obta i ll t hH (,xprou nl on 

I, [ n) d ",
Go , 0 « (.,» = n 2rI .I d q ! (14 ) 

'.1 - E I ." - ( I - O ) l.( w) - P'q (~ ' )o 

who l' o Wll huvo U d t ho 11l'Ilr oxlnlll t JolI ( 12) IlIId Chllrll:lod t.h o n o rma l I > 

"" t. \ o n o f' I.h., 0 1' n - Tu nc t.t on (111 1.0 un l t.y , Au 0, 0, I.h" I'or'mul " 

( 14) 1. <" " 1,, 1.0 t.hll we I I -known limI t III t.ho N"wll o t,hool 'y 1 20 .1 lin d II 

•• 'I ,II Vo " lII,o t ho r tlxllo t. l y so l vxb l « l j mi L 0 1' t ho 1II 0d.1i ( 4 ) whorl 

" I I I.h" IId" o r pt l o ,) Otln l 'H'" IIr o 'Jc u/, l " d , No t .. t hllt I.h" 111 0 ,1,,1 d.. l1 

I,, ' l had iJy lh .. JlllmI I Lo n 1'"1 ( 4 ) x/'I (Jt l y n o l vu b l c 111. 11 \ 1 In t.'I,"n,,: 

dl " .... V" 1" 0 11 o f' 0 in 1,1" Ill' 0 1' II e t. rt c t. l v I)(Jr lod l o i mpu rl I.y 

t, 1°t't,lu*" "nJt.•tl l l. . 

III l ho C O li ' ) l un 1011 " I' l.h I II " , ,,: t. I O il , Wll nmplllll' 11." t.hn t. I,ll .. 

lonl o oo rr-o l n t.o r I" I.h., ru,'n,,11 11 (II) ()I'" I" , not. IIJl l' r Ox lmll t " d hu r, 

I)n Lo u 11I l od W 1t il In I.ho "li me O O Ill P O I1 I L.. mod ", I lIoh"m'll I 1'/ I , nnd t.he r 

l' ol'n , 011 41 a nn dpll rJt'lhn " 'J I t'- aonI 11 t.on l: l y iJo l.h 1.1 ... .. I" o l l'onl ,) lind 
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2. BASIC CHEMISORP TION CHA R A TERISTICS 

In t h i s sec tion we obtain t he e x p reosions f or t he basic c he 

mi s o rp t i o n c ha r a c t e r i s t ic s l ik e th e i mpurity induced density o f 

e lect r o n sta t e s ( DOS) D(w), t he elec t ric c ha r ge q a nd t he magneti c 

momen t m bo t h locali zed at a si ng le a d a tom and the binding ene rgy 

~E (che miso r p t i o n e ne r g y ) o f a si ng le ad a tom wi t h t he substrate . 

Using t he eq. ( 14) we c a n o b ta i n D( w) in the fo rm 

D( w) = I: Da( w) Da ( w) !. Tm « N b ; b+ » 1 = 
e a Ole 00 W- L O a 

( 15 ) 
1 (2 ~) d ImJ d-q 
" w - E + c - (I-e) L( w) - P-q ( w ) Iw-,o a r 

The magn e t i c mome nt m i n t erms o f t he Bohr magneton uni ts and 

t he elec t ri, : c ha r g e q me a sure d in units o f t he e lectron c ha r g e are 

m = < n Q:'T' > - < '1 = 1 - < n",t > - < n (16 )n oJ,. "'J. 
~ 
~ 

nd n : P lw V ( w - &y a a 
- 00 

Uy d e fln ition , t he o hemiso r p t l o n e nergy hE r e ad" no 

EC 

h~; L [ ( H , - ~ Ir ] - Ii ( 1 '7) 
A k , O 

wll!Jr t:l II I n t.ho 1111 11111 ton Ln n ( 4) . n nd t h., a ummat i o n o vn r- 1 I " 1.0 hll 

e n r r l o d o u t o vo r 11 1 1 nc c u p lo d atateu o f I.he un pe r t ll r bod nu h n t r n t o . 

I t. I t ;O Il V t.1n LtH l 1. t o Ln L n Jdu <:u t hu Oro u n .'. f une t i o n <0( II '.) 1111 n 1 l llnn r 

" " mld lll, t l " " o t' I.h n bo v o l n t. rod u c u d o nou 

.< II " , It ; " ~ • • + 1:: ~: « N I> ; J,t )" 
It ) " h ' · /( 0 lef " a Ol 01(.1 I'" 

Ol , a ( 111) 

I 2 ~ V n~ ~-. Nc •"" ku ; boa n 
}c, u , " 

1I J' I... r no mr ,",1l,h"r 1"",lI. hy IIl lltl lll' /ll c mn n i uu l n t t o ue " "d un lnll 

til " dIl l' In 11.1 0 1111 ( 1") lid (I ll ) , t h "p" o t ,' ,, 1 r "' IJ" tl ll(lI,t nt,I 'Hld ,, 1' t h 
f

U rOIJII " f u n al.l u lu1 .., u d t.h CoJ 1It I.lIJ.', l l. l. y l )'I:k V 
II
r:N " Ir ; I>

"1 ' 
»-L A Vir ((. ·N ,. /J

u n ' /c "II U' 
; 

we obtain f or ~E 

C d e 
1 F a] .. y d 

~E N Jdw w Po ( w) + " (2" 1m I: Jdq J dw w dw )( 
o - 00 ( 19 ) ... . 

e 
F 

E - (I - e ) L(w) - P..(w) ] I . - E - r .
'x 1n w 0' q w- L O 

is t he Fe rmi energy o f t he un pe r t u r be d e l e c tron s ubHero , t\ .. 
2Vp (w ) i s t he unperturbed su b s t r ate band, Po (w ) = L: 6( w - err) 

k a 
st ra te density o f s t ates normal ized to t he c r ys t a l vo lume V, pew) 
is the same magni tud e normali zed to un i ty , L(w) = L( w - e r ) a nd 

P4( W) = p.. ( w ., c) . If t he dime nsion of t he ads orba te s y ~ te m is 
q q r 

lowe r t han t ha t o f the s u bs t r a t e o ne t hen c p infinite simal ly d i f 
• • 5 Sf ors fro m c ' &r = c + V e, whe r e V 4 0 S A S 4 00 Ynd V 4 00 . 
p r 

( Fo r d =2 S i s t.he a r ea o f th e a d s orbed c r ys ta l c u r fa ce ) . HowHver, 

t h i u c hn nHo o f ''.' g i ve s a not i c e abl e c o n t r i hu t i o ll t o t ho <: homi 

uurp ti o n o no r RY ~E [ 19] . In de e d , it f o ll ows l' r u m thu r i rst t urm 

i n ( J il ) 
~; 

't V ~ ~ 
I :>0

Jd ' ,~ 1.\ t : ( (.I) N- J dw W p (M ) 
~ ~ f:( ';' ) r. 1 (2 0) 

o N 
A • A

A .: 
t ' F 

Th lJ l ;:o Il d l t l o u u l' c Oll l\ f, r' v n L l o n o f I.hlJ .;:l ocl.r"ul l u u mb e r' I II IH,I,l" 

y ", t. l, m u'., f i Il IU1 t. hf ~ n ow p oull.l o ll of 

N I N ( ~I )... Nf. II ..h " ,' " ~ ,. ' ' 1" A 

' 1." 

II.,I ' " • N,.. t u LII.) f1uRl l lo , ' t) 1' I\l J I 1I1 t.I ' ,IoI !.. 'J ., 1.' I..;t. I' ll n n . I U l d N.. III 

' 111'1 V I\ l ',n ~ f,' I I' : , d u ' I I' b ll l, ,, ' J lf.! ~ ,t. t· (l li n ( WI" " l " lt\ l d f ~ r l l' ~" " 
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I II " IJl ln Jl If,,U ' 
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th i s purpose , we mu l t i p l y t he equality ( 22) by the factor &F/e N 

and ~ u b8 t rac t t he resu l t ing expression from t he r ight -hand side o f 

t he fo r mu la ( 19) . The final result is 

& & 

1 F 1 ( )d F d
~E = ~ fd w (w	 - c F) Po (w) + n 2~ 1m E fdq fdw (w - &F) dw xC;A	 a - CD ( 23) 

x 1n ( W E - ( I -e) L(w) - P .. (w) ] I . - ( E - C ) - ya	 q £..) - \. 0 F 

I n eq. (2 2 ) whi ch defines the Fermi ene r g y of the whole sys 

te m we may ca r r y ou t the i n teg ra tion ove r the energy in the s e c ond 

t e rm a nd ob t a i n t he fina l equa t i on f or C .	 F 

e: 
1 F	 1m F( CF - iO) + e , (24)Nf~w ~ (w) ;:;	 en (21T8) d E Jdq arctg 

0' Re F (CF - iO)
& 

F 

where F (w,q ) = w - E - ( l - O) t( w) - oP.. (w) ( - n S arc tg S O).
0' 0'	 q 

I n t he c onc l us i on o f thia secti on, '10 note tha t the equality 

(22) i s t he a na l og o f th e Friedel Bum rule [29) which co nnec t B the 

impu r i ty induc ed c hange o f the DOS i n metals with th e ph ase of the 

e lec t r o n nc a t t e r i ng n( w) , It lB t he ba o i c relat i on fo r the 60 

- c a l l e d ph a oe - sh i f t app r oa c h i n t he c he miso r pt ion the ory L~ l ] 

d 
n(w) = ;; (,.-H) In! r: Jdq 1n [ w - E - ( 1 - 0) L (w) .. g.,(",) ]I . ( 2 5)a 

a	 w· lo 

3. NUM£RICAL RESULTS 

Th l " c I. 1on c o n t il Inu t.hn n u m» r i c a I r e e u I to 1'0 I' thn (l O VU r ll 

dope nclon e o or I.h " hllll i e c ho mi oo r pt l on c ha r ac t er l l1 t l c lI . 

1\/1 I.he /I" IIII I, r·tl l." w., t l.k o a onu -d in"moi o n l1 1 e hn l n o f IJur l odl 

e ll I I y II rr'nnl!l o<! n t.omn 'I I th I" tt Le e c o n u ta n t If = 1 i n t••II·/l O U U/OI un I y 

'I I t h Lho lr' n" nr'" " t. I IC' I !lhhou r " n nd e e aume per l a d I e hou ud" r y c o nd 1

1.10 11 11 . In t.h l n o n n " th ", Q II O rjl Y IIpoc t r um o f t hll e l ec t.r on nu bu t.re t 

bllll d I n I ' oon k 'I I t il r'O" l' lIc t t o t.h c " " 1,,,,' 0 l' t il .. h nrH I r :12 ) . II 
Tho " 1'1',,o t,n " I' t,l .. I'Ju t,' oll bnr HI d o y e r e t u troduoe d hy I.It 

c O" n J"l)u lld til r t)llo l'n,tt l l t l on o f t h lIuhllt r n La e l eo t.r- on dO.llll t y I 

t.11 t." t1 1' (,.1) • ~" "(I" ) , III t ho on la u l n Lt on w u 8 nel Zab . Til " a m II 

t.un t, Llt l " lIuhnl. "nl. Illudol 111 ve,' y .l1 ml.1 ho wnvo r. t,It " ,: I" II 

o pi n i o n that in t egra l ch~m i s o rpt io n c ha r ac t e r i s t ics like q . m a nd 

~E s l ight l y de pend on the detai l s o f t he s ubs t r a t e electron densi

t y o f states . Th e r efo r e . i t is wi de ly accepted a nd us ed f or fit 

ting t he exper i menta l data [ 33 ] , As we on l y t r y t o g i ve a cor re c t 

qua l itative descr i pti on o f t he c he mi s o r pt io n pr ocess, t his s i mple 

mod e l o f t he s ubs t r a t e c a n be us e d . Further , we assu me o ne a ds o rp

t i on c e n t e r pe r site o f t he s ubs t rate s u r fa c e lat t i c e ; s o , th e ad 

so rbate l at tice f o r med b y t he c he mi ao r pt i on c e nt e r s ha s t he s a me 

value o f the l a tt i ce c ons t a n t 8 = 1 , The t ype o f c he mis o rptio n bond 

[ 9 ]	 is i nessentia l f or us here.
 
For t h is c ase the f o r mulae ( 15) and (1 9) c a n be r ewr i t t e n a s
 

n 
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DO'( w) ~ (2 ~)	 Jd q (l-e )6 ( <.' ) " 
n ( 26 ) 
,~ 

• e fl-z z z" [ w - EO' , ~r - (1 - 0 ) r( w) - • .. t (1 - 0 ) 6 ('",) 

'l 

"	 , ; 
li d , . 1 " 
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level €y and the width zr = € , - & 0 o f the unperturbed substrate 

electron band , where c , an? € o are the t op and the bottom o f the 

last respectively and, f inally, the hy brid ization parame ter ~ . 

There are t h r e e situa t i ons co r r e s pon d i ng t o different posi 

ti ons o f the i on i za t ion a nd th e aff in ity levels with respect t o 

t he Fe r mi level, whi ch a r e pa r a me t r i ze d by ry = E - € F + ¥ The 

cas e ry=O co r responds t o t he s ymme t r ic Anderson model , and ry~ O 

c o r r e s pond s t o t he a s ymme t r i c one . Th i s pa rame t r i za t i on is c onve 

n i e nt an d generally acc e pted in the Anderson mode l [34 J. We have 

c a r r i e d ou t t h e invest i gat i on o f t h e cove r ag e dependence o f th e 

c hemi s o r pt i o n c ha rac ter i s tics ' f o r a l l these c a s e s. All energies 

a r e rel a t i ve t o t he subs t r a te ba od c e n t e r an d me asured in half

-wi d t h ba nd un its r, a nd we ch oose c o. 
F 

In the figur e s 1 - 11 th e r e s ul ts o f t he numeri cal cal ~ulations 

f o r different val ue s o f t he parameters o f t he Anderson model are 

given. The figur e s 1- 3 c u r res pond t o the symmetri c Anderson model 

( n =O) . The v a l ue e o f '"'E ( c u r ve - - ) , m ( - - - - - -) , q (- • .. . ) nnd 

" ' F ( . ... J a n, p lo t t ed V B . t.he cove rage e . If the ratio U /~ i s 

l u r ge , f j.gure 1, we h ovo th e mllg ne tl c C I'l Il B wi th a la r ge v a Lue o f 

I. ho	 mllgne ti c momen t m. Th i n agre e s wi t h Ande r (\on ' o argume n t n f o r 

I · ~'~I -	 - - - - - --, 
zzt :»:': :::.::.:.•r: ':.... : ,-: : -  Fig . l . Tlu) v..r l iro n o f '"'fl, m, ' I atu] .. 

· 70 j ' u r»	 p l o t.t.en] V H. t htt C O V O l".'HC n = <N ,,' . n 
'1'1 1t ~	 1I"m I I t.on J.' 11 tmramo t.o r s "' I'd : 

.1\ , )	 E s: - n . E/5 . 1I = 1. 9 , 0 = 0 . 4 
I )	 If : - 0 , 5 . [I :: I . O. (I _ (J . •/ , ,	 fl' - t , !i , 1I :: :/ .0. f l :: 0 .4 

U I .. 
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of the r a t i o U / ~ and the figure 3 shows t he intermediate c a s e when 

U/~ ~ 1 .5 - 2 . The c ha r ge transfer betwe en the a ds orbate and the 

O~I	 I 

.3' 

~~~. ;iot~~~ ~=~u~~eo~o~~~a;~ ~ =~~d)~F" { 
• L ..... , ..... \~ j The Hami 1 t on i s n p e reme t ere ar e : a 

E = - 0 . 95 , [I :: 1. 9 . (I = n .B 
F 01' these pu r ame t .er v., I ue e : 

-0 35 q (a ) '" c F (a) ~ 0 (ry = 0) . 

' 0 101.. . . . . .	 J 
~ .,. I 

o Q:'~ .n 10 

ad s o r be nt i s abse nt i n a l l c ons i de red cases o f th e s ymmet r ic Ande 

r s on mode l a nd a ll t he va lues o f th e i mpur ity conc e nt r a t ion a . At 

large val ues o f t he Lmpu r I t y magn e t i c mome n t , t he c he mi so r pt i on 

e nergy sl igh tly depe nd s on 9 . In nonmagneti c cases I t de pond o on 0 

a nd ItiE I increases "' I th o , The rate 0 f t.he c h o mi.uo r p t i on .mergy 

I nc r e a s e s with t he hybr i d i za t i on parame t e r ~ , Th" r es ion o f c ha ng 

i nll o f t.ho c he nd s o rp tion e ne r gy with 9 i s e pp ro x l maLo l y 0 0 0 o rde r 

u me Ll e r ~ h lln its v a Luc . Th i ll ag reon wi t h c u r run t n o t.Lonu abou t t ho 

Lnd l r- e c t. i nto rll ct l on be t.ve e n i a de t.omu [ :JC) . A t. I llto r med i llt.o v a l uc u
1·, 1 1 
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c h ar a c t e r i s t i c s a n d l a rge v a l ue s f or roo I n t he figu r e 5 , we show 
C l & ~ __ _	 I 

- - - '"" 
Fig . 5 . The value s o f t:.E, m, q e n d c . O! 
are	 plotte d vs , t he co ver age e =<N >· 

F 

a 
, The	 Hamilt on i an pa rameters ar e : oJ-..._ ~~-:: :'.'. :~ ~:;.:'.~·~ .~:.7? ·; ,:' :-:;" r,"Y·'; .H "'-

1 )	 E = --1 . 5 , (l = 2 . 5 , r? = 1 . 2 
(ry < 0 ) ; 

__ __ _- - - - "'1- - - - • - - · 0 ,," 2)	 E = - 0 . 5 , (l = 1 .5 , ~ = 0 .8 
(ry < 0 ) . 

· O" i 

,o"'r • I 
'''''1	 ~ •150 ! 

o 0_1!l 0-50 O.7S to 

the	 results f o r s ma l l v alue s o f the ra t i o U/~ ~ 1 . Th ey indi c ate 

0·'1 Fi g .6 . The va .lue s o f t:.E, m, end '1 
,~ re p l o t t.ed VB . t h e co ve r ag e e = <No. > ' 

The	 Hsmi Ltion Le n parllm••t.er e an~ : 

1)	 E = - 1.5, (l = 2 . 5 , (l = 0 .8"t-COO-oo- ': -::' :; Co:: C-,:,,:-:::: ( 1 < 0 ) ; 
2 ) E = - 0 . 5 , (l = O.b, (l = 0 . 4.' - -- . 

(ry < 0 ) . -
06 \ [ ~J
 

o on 0," 0" \0
 

t.h	 a be c nc e o f t he mtl/l ne Ll c momon tu m m, Lho I nCr O/lUll 1/1 t h o c h u m1 

070'-	 - _, -	 

~ _ J I " ·i l/.7 . Tho vsl uos o f hlJ,' , m, mil l ' I 
• J . ~0" " ,. ... pl ot r,..." V II . t.h a CO VtJl' III/ t1 n =<N(l'" • 1 ....~ "'"-. 

Tlw HamI / t.o n t nn J,." l"t,mvl.t_' r rr ,.' l".' \ , 
1 ) E = - 1I. 9b , II = 2 . 4 , /1 = O. II 

( 11 > (}) ; 
01'1 , ) l l' = 0 . /5 , " = 0 . 11, ~ = 0 . 4 

( " .' (J) . 

Q 70~ · ~ -- · - · n'j\ · 'o~r ' " 'o'7i . ·~ ·-1 0 

uo r·p t. 1{I ll 11111111 I l\ lj~ I wi u. o lind t h o d o p" " do n" ,, () r I.ho /I 11111 0 t' t.h 

I r ,, ) (J 1.1"",1111 1''' 1'1 I.Y " 1,,,, '1.1 " on 1.i1 11 0 f t.h ", I,n r a me t l"lr ' 1; 

'I •	 n 1II 1c1 " • II 1•." cI. 1. 0 'I ' O. Th " l'O/lll J 1. /1 1'0 1' 111t.n r'nlf ,l1 ' II t.... V tl 

ItAt, ,,, (II' t.h o I·"t. f u IIII' wi l l I", d l"cu n n n <l I II n,,," " do t.n l L. I II t.1I 11 

f1u " r Ii , W 1'1·.... 11 1. 1.i1 ,·...u 1t.l'l I'o r " ' (J hI ,, 1 I,; , I': I II ) ,. ' 
11 11 1' wn hn v n t, I nil' I n t. lo ll , ) 111ft Lh n 11U PiJl' /1111 11 I ) III

" " 1.11 tI" 
1.1". ImplI l'i t.y IlI nUII.,U n n, w l l.h I IIO" " " " I II !,ol n d u II U l. L" I ' t1 n (~ 1l t. Lh ,: 

t H IV IJI' ,, " n cl t:'JIHl l lll l1 f1o " ~ , f In t.1I .. 1'11ol 1l1'" n 11,'/ ,£1 ""t. It. " U ll I'0 " 111" 
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with the c h a r g e c o v erage depende nc e , In the f igure 7 t h e r es u l ts 

n JOr, -	 - - - - - - - - --
2,''''''· " 

Fig , 8 . The values of t:.E, OJ, q, and c y 
are plot t ed vs . the c overage e = <No.> 'Ol~T" ;~~;';;'-';,_, ~ ;:~~:~;~~~:~~(:~,~:_:~: 

• ! The	 Hami lton i an parameters a r e : 
- Olll , ) E = - 1 , 5 , (l = 1.0, ~ = 0 .5
 

(11 < 0 ) ;
 
' 0 60t . _ .,_ . , ,_ _._ . - .• '!. . ,,' - - .. . •  2 )	 E = - 0 . 5 , (l = 0 . 4, ~ = 0 .3 

(.,-, < 0) .-.-.-------.--.-.---.- r-·_·
·0 90 I_. _. I_._. .•. _ L_ I 

f or	 ry > 0 and the same con fi g u ra t ion o f the lev e l s E , E+U a nd & 
y 

. 

'e< --_._.- _._.- - _·_·-.Z Fig .9 . The val ue s of t:.E, OJ, and q 
~ . , "  are	 plot t e d vs . t h e coverage e =, N ·' .a0' 1I , - - ..~ ~ 

Tb» Hamil t.on i e n paramete rs ere : 
1 ) E = 0 .5, (l = 0 .5, n = 0 . 4-- _--._ ..-_.- -----___---_-::':;:'"- ('I) > 0) 
2 ) E = a . L«, (/ .00 .5 , (l = 0 . 4. 

--I (1) .' 0) . 

-; 

. 0 ' 2 1 
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nre uivon . In add ition to t he i mpurit y ma gnet Ju m IIuppre o Bl on w 

II trn llo Lt i o n be tw e u ll t wo d i ff o r e n t a t ata u o f odu t o mu wi th 

mn g llo t i o mo mo n Lo m ~ 0 . 6 o nd m ~ 0 , 15 , r e n po c Li ve l y , In f l "uro n ~ 

nd 0 t.h e h l l{h llQy mmeLr l 0 o v ent,n whe n b ot. h the t o n t au t t o n n nd Lh 

l e c t r o n n f fJ,d t y 1. VlIl lI 1 10 abo ve o r hol o w th o uu bu t. r n t.o bn nd ~. 

r nd Ictv o l .. ; n r . ~ l v~n . 1I• •,u , " " c o u Ld be o xpo o t.e d , t.h .,,' u I " II 

(, I'OIlIl <: h /l r g o t r a n e f'e r h" t we e n t llll lIu l'lo r b /l t o IUll l t.h . /I,lno /'bo n t , 

wh Jo h I n d nm!' .d wlt.h IlI o r o n ll JnH II , 1l 0W <1VOI', t ho c h n mL no r-p t Lo u bond 

1"II , w "' ~1I 11 11 ",<I n t o m /JIll l I,h .. . m.. L n u IJl, Lr ll t... d oo r " n ,, ' ,, ' with I I\(.)r .. nll 

l ru.l I I Tl u 1. 11 o r 1'" r n mo Lo r ll I ) c o rre n uo ud 1. 0 t.1I .. 1I0Iln,n lll ll. t. I ,) b- 

11 11 V10 11" , W" h nv Q o!l n" rv tild h n r " " 0 t.h' , u Lj mu l n Ll o u o f tll o l mp u r I > 

t.y '" II 101 II 0 t. I"no III t h 111 0 rll n n I n.. " , I'" rn n.., l o I' II" t.1I . ) , No t o t lltl L 1.11 

tl'lllll, "" I' d nm!,11I1I I " o hn u r-ve <1 I II III J '-'o /l" l d ' "'o<l a nt... 1l l nd 

Ilolld on t l y " I' t.h" I'II I' /lm" t . r V/I III " " , J t. " ll r .... " wi I.b t llct c n l c u l a t l o u 

IJr " t.llo r IIl1l ho l' " [B , 2) , 

'I' ll .. n PI'Qn "b IlO" n llli d l ll" \'I" "" " "1U," 0 1' t ho 111I1' lI r l l,y mM"nll t,J "m 

\/ Ith IlI ll" ,, " ,, 11I1l n I II I.h l!l Ilyn l llm ( 1 ) I II 11I 1. l!l I'l ' r ctt,<Id by 1I l'l " " II 
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c on d o r d e r pha se tr an si t i on . Th is q ue s ti o n will be di s cussed more 

a tte n t i ve l Y in the ne x t sec t ion . 

I n t h e r e ma i n i n g f ig u r e s we p r e s e nt the c o v e r a ge d e pe nd e n ce 

o f the e l ec t r o n dens i t y o f s t a t e s on ada toms . We s h ou l d like t o 

Fig . 10 . The e l ec tron den.s i t y o f
 
sta t es on 8 da toms a r e p l o t t e d vs .
 

~, t he c o ve r ag e El '" <N >. Th e Hamil 

tonian pa r ameters " r~ : E = - 0 . 15 ,
 
U '" 0 .3 , ~ '" 0 .8 , The c u r ve D (w)
' ~~---...~ O ~~	 .' 0 a r e t h e s t a t e s a i t.h s p i n up

'" ~~'-,~	 an d D(w ) <0 a r e s pin d own ( n < 0 ) , 
I t i s ". n on mag neti c c as e . 

1 0 10 0 10 10 

Fi g . l l . Th e eI ec t.on density of 
e t s t e e on n dn t.om« 8 r e p lo t t ed vs , 
th e co ver ea e El = <N",:'. The Homi 1 

t.on i s n p s rsme t e rs " r o : I': = - 0 , 5 . " '11.-,- " ,:t . . =t::t- U '" (1 , 5, (l = (1 . 4 . Th e Ctl l"VO D( h' ) 
.' (1 8ro' t h e e t.•• t .ea vi t h isp l n up " "," ,,~~, ;, '	 .HId D( ,.•) , 0 8 r o s p l n d own ( » < (I ) , 
I t i s ,1 , ,, ,,,e / \ 18<' n t i mu ln t.od mll 8 lW 
t .t c CL'i S t ) . 

n o Lc 1.1I: t! . 1 1. I n t . h e - RJfH :t rtlt ,d ,::I d e p'~ II J (; n t. l n lo rmu t t o u t . h c ru I' o r c , w,· 
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t :Il J1i . rd n t a l. u~ l y i Ilg h ,., l"w ,. T tHl l o c a l i ze d <.I" J L. I i k" u t.a L'J i ll 
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be c aus e t he symmetry o f equati o ns ( 16) wi th r e spec t to the s ubsti 

tu tion n~ ~ n~ a n d n~ ~ n~ Th e r efo r e , t he r e are always both s o

lutions o f ( 16 ) with ro. > 0 , m, < 0 a nd Im.1 = Im,1 if t h e magne 

t ic c a s e i s realized. 

I n A l I ~h~ r o n s i d e r e d c a s e s o f a ppearance a n d disappearanc e 

o f magnetism we d id no t observe t h e broken o f t h e smo o th behaviour 

o f t he o t h e r c he mi so r p t i o n cha r ac t eristics n ea r the c r i t i a l poin t s 

El Th u s , we i nte r pre t e thi s as a sec ond o r d er ph a se transition. 
c 

Using t he r epres entations ( 16 ) and ( 26 ) we c a n o b t a i n the f ol 

lowing e quat i o n s f or the magnetic moment and t he i mp u r i t y charge 

IT 

2 U1( w ,O) G ( W, El) 
m 

m[ 8)8 e .. 
wr; 21T JdqJd z z 

q
Um 2 Z , ' 

!!. - 00 Gq ( ,~ , e) .. 1 ( w , El) .. ( --,.,) ] - [UmGq( w,o ) ] 
... ( 29 )

IT 

z •. Um z
2l( w,O l rG ( w , e) .. 1 ( w, O) .. ( -,.;) ] 

1 - q 
1[ .•)8 c .. q "
it 2rT JdqJd W --_ L Om z z z 

~ - ...( l) Gq ( w, o ) • 1 ( w , (l) .. ( '2 ) J - [ lImG 11 ( h' , o ) I 

" 
. - U who r e	 '0 ' l ; ( "', () ) = W - - (l - El) I' ( ••) 

(I ~	 ". 
' I 

1( '.', ") = ( l - o ) i\( w) 

r r om Lh o e q ua t lon n ( 20) wo no e t h n t Lh ur o 1~ n lwny ~ u non mUK

n u t i c ao l u t. I o n wt t.h m = 0 , Th o n, th e tly n t." m ( 2 9 ) I.r lln flf o r mll In t o 

1I IIlns l ll eq ua t l o ll f or II 

" 
2 I ( I,' , " ). 1( ,') •.1 - 'I - ;; "" Jd I/ f <lw	 (:I ll )z!!. - 00 G ~/ ( h', II) 1 ( " ," ) 

,1 

AI. 1.1..: II I, m., t.l me L1 ..s r I II n r t,n In 1' 0 11 1 (H I o !' I.hl' mOll ., I 1'0 r ~ -

m t) t" I'1I whl " 'O mPlI,[/ IQ LI no Iu t, l o n n mll Y hee r on I j 7, IJ d t.o o , w I K 

l u t. t o n o f 'I q . ( 20 ) , m:n,* lin d <1 "'1+ li t IH)m" 

I " ... o f 

Ga l' l.u 1/1 ""I lln 

I.h .. mo d .. I p ll l' lIme l.a1 r n E, II , I', I ' II no" w lLh 

na t l n I'eo t Lon ', f I.h . co nd i t ion mI D,+ /ifill '1=<1 + , I.h lJlI t hQ .,Il lln t loli ll 

( 2 fl) wi l l <1 131' 111 1' .. h Ylln r nu r f nrl o III tl ,l, I' h n n tl " J' lll ]" o f I.h 'l mor l e l 

I' n r l' D'Q L" r ll . Thi n h YI' " r nl ll ' r l1'J I3 D'" y h tl l."I'" I"II I 'J l1 l l y v 9r y llo mll lolC . 

I r \.4 ,. () h I IO ~. m++ , (I I1 l1 d Ii • tJ • • it t. 111) 01' 1 tJ ' . 1 U IIl!'l14t:1 l ,l , If1 t.1I 
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point where the magnetic solut i ons disappear, we o b t a i n the criti

c a l hypersurfac e which d ivides t he p h a se spac e on magnet ic and 

n onmagne t i c r e g i ons . The c o r r espon d i n g equations a r e 

n 

2U1( w,e)Ga) a "F1 ( q(w,e)
- 1 n 2 11 fdqfd w 

G2(w,e )_,,- -00 [ + 12 (w,e ) ]2
q..

11 ( 31 ) 

21( w,e )1( 8)8 "F1 - q** n 2 11 fdqfd w 
11 -00 G2 (w,e) + 12(w,e) Iq ;q** . 

8 q 

I t is covenien t to re wr i t e the con di t ion s (31) in terms of 

n = n~ = n ~ , Th e n, the secon d equation o f ( 31) Is written a6 

.: 

(32)n~ = J~w Dt ( W - " F ) In~= n ~ 
- 00 

an d f o r t ho f l r u t one we ha v u 

c 
d 

- 1 
d fd " u. Il ~ ( u' - t ' ) 

(:13 )
(fn ~ dri"/ ' ~ I n~ .n+ .n 

- ( [I 

'l'he l a s t m<.l UTI O t.h n t llw c r Lt Lc a I h y pe ruu r f a c e I n volv c e t ho e 

po l n t u o f t h e mo d e l pa r a motor ph~c e a pa c e wh i ch r e al ize t he non 

mUHnc t l <.: u o l u t. l o n u o f t.h o <J t}Ull t io llfl ( 29) Htld, lit t hQ uu ma ti mn , 

llUtl llfy t.Iw w,, 1 J - IU IO Wtl Aude ru o n c r i t e r ion f or t he e x Ln t.enc e o f UIO 

i mp u rL t.y /Illl glll, I, l nlO I :I!, I . 
L e I. 111\ c u l o u La t e t h" c r Lt Lc a l e xponent H wh l c h d e t' In o n l,tIIl 

IJlJhll v l <HlI ' "I' Lhll mllu:n u l. l c mo me n t m n e a r LIto c r l t Lc o l po l n t, ... 

li t II fl x,,, 1 vII I ,w o r t h u I ml' u r lt. y e l e c t r i c c h n r g e , q = cou u t, 

.. - 0 )/Il -: '1. ( ~~ ( :\ ~ ) 

" 
1" 01' t.h l n P III'P O IH I lol" con n t d e r n no t.h e r hYl .or llu r l'lIc Q ne e r t h o 

<:,. I I. I c/'d (JI ll ' wll I <.:I I III d " I' I n " d h y t he e q u II I.! o n " ( ?oB) wh,'" Q O"'" , ,', .. 

/l il d IIii I « I u t. 1.1 \0 nn m<l VI'l IIl" ' I , ),,11. 1I l\ d lll'jlll! t.lt o v u r l " I, ! ,, " " " I' 

t.ho I'UI j() 1. I Il I111 0,/'" ,.1) Ild J( <> , ''') whl1" t.tI" t.r llll nl l,I "11 I'" ., m 1.ll l n 

h y pn l'nUl' fu o 1. 0 t.II'J o r I I, I Hill l.n lu 'JlI pi l i O 

III 

G ( W , e ) = G (W , e ) + 6e [ y( w) - ~] = G (w , o ) + 6e <p (w) ,q q c W - c; q c q 
q (35) 

l(w,e) = l( w,e ) - 6e X( w) , 6e = e - e , 
c c 

Then, we substitute the f ormu l a e (36) into th e equality (29

-I), e x p a n d the o b t a i n e d e x p r es s i o n over sma ll v a lues o f 6e a nd m 

and limit ourselves on ly to the lowest con t ributions over 6e a nd m 
i n it, The result i s 

c 
F U 2 UG ( w, o ) 1 ( w , o )

2 m fdqfd w 4(0) [ 2G (w, e) C ( 'v) ] q c c = 
( q •-00 ~ q 

Cq( w ) ( 36 ) 
c 

'Pq (W ) - l. (w) 4UG w,e w,e ) A (w)
q( c)1( c q= 6e( fdqf~w [ ]

.. 00 C2 
( w) C3 

(w)
q q 

where 

2 2 
Cq ( W) = Gq( w, e ) 't l ' (w , e )

c c 

11.( '.') = 2 [ 'f' ( ,.' ) G (''' , 0 ) - 6( w)}( w, e ) 1 
\1 \l q c e 

ll e r e , lola hav e tak en i nto con et d e r n t.Lo n the oond i t i o no ( ,ll) , 

Co mpn r l nH t he e x p r e e e l o n B (3 ~ ) n nd ( 36 ) o ne wi t h t he o t ho r we Re t 

th o v n l ue 0 = 1/ 2 , Hov ev e r , n t, uome Vll) UOB o f t he mode l p llru mo 

t.o ru 0 110 ( or oath ) o f t.h e c o e f f i c l e n t.n In (3r, ) mllY be e q u o l t.o zo
1'0 , 'l' h u n , Wl! ne ud t o con tI n u o 1.1l.. e x pnnt I o n ove r m 11Il t! 6 ... II li d , n il 

1I r e n u l l., wo mllY o b t.n l ll nn ot.h e r f u nc tl o n nl d Ol' o nd one e bQtw o o n m 

a n r! ,',t> , Thi ll "rno nu t.h ", Il h l'lTi l/o 0 1' t.h <e <': 1'1 1. 10 11 1 l>l1huv l o u r or o u r mo > 

d ad 0 1' o r-o a no vo r [ 36] , 'I'll", n ill ll 0 1' 1, 11I1 coe rr l c Le n t.« In fr o ll t. o f m' 

1\11<1 be) d .. f l n oll 1.11.. d Lr -oo t l o n o l' I.h ll p h l> 1I 1I t r-n n u l t l o u : t tw 1I{' p . ,, 

r all OR 0 " dl n n lll)O" r lll lo " o f' IIlAlIn Gt l "m wi th I llo r Qlln lnl{ " We; c n n 

ho t h t ho o n n" n I n 0 \1 r mo d o I I,h nt l nd I 0 11t Oll t ho o x I n t.o n u o o r u ron u 

()VQI r In t he llh lln o n l' n UY 0 J' l,h Y mo d o I I' ll l' tlOI 'l t.e 1'1'1 , 

I n l.lw conc l u u l o n o I' t.h La 11 0 Ut t Oll W'l no t,e t h ll t t h Cl l ' I, rt.l clI l ll l' 

I'o r mu l u ( 'i.·I ) (<1 ' 1 ) i t! u no d I ll. I" ~ o u l v t o "," k" t J,t') OXI)l' ol'l l1 l o lll1 1'0 1' 

' )O" t' I'I UI OIl LI1 "' \.I r o Ilv l dQlI L , Wn III'Q hOPCl l'u l 0 1' \'ho un i.ve r n n l I ty o f' 

1.1". f' Cl Du l t n u h l.lI l l1 (l,1 III l.h l n l'I Cl o t 10 11 , 

1'/ 



C ONC LU SION 

I n thi s pa pe r we used the c ompos i te Hamilton i an me thod to i n 

ve s t iga t e the c ove r age dependence o f the bas i c c he mi s o r p t i on c ha 

racte r istics, bo t h a na l itica l ly a nd nu merica l ly f o r t he c ase of 

hy drogen - l ike c he miso r ption on me ta l s. Our c ho i c e o f t he model ( 1) 

is gove rned on ly by r e a s ons of simp l ic i ty . At t he same time, i t i s 

t o be e mphas i zed t hat thi s mode l is quite p r ofound i f i t s para me 

te rs a re fi tted to t he ex pe r i me nt a l dat a [ 9] . 

Now ,	 we s umma r i ze the main r es u lts obtai ned here . 

I t wa s shown tha t at s t rong i mpu r i t y magnet i sm in the ad s o r 

bate t he bas i c c he mis orp t i o n c ha r ac t e r i s t i c s s l ightly depend on 

t he a da t om c ove r age " . I n t he no nmag net ic c a s e s , whe n t he i on i z a 

t ion a nd e l e c t r on a f f i ni t y le ve l s lie on di f f e rent sides o f the 

Fermi le ve l ~; , th e c hn mica l bond betwe en the ada t om an d the metal 

s ub s t r a t e Incre a s e s wi th o . Th i ~ c o n f o r mR wi th th~ reB u l t R o b t a 

i ne d "it.hin o Lhe r a p",." " " I" ,,, [ 8 , 38 J . I n i.he caoe o f e t r cng !lBymme 

I " y, whf" ', hot. h t he j ,"ll l z ,lt i on "nd the e lec t r on u f f i n .l t y Le ve Lu llo 

on t.I. c " a n", Gi rl" o f t.l .e F"r",; l ev el, Ch " c he mLno r p t. Lon hou d IhllI 
dt H: r u ..H i IJ H lol i ttl n . 1\1. Ln t. u rm o d l n t e v a l u e u o f t h e r a tL o "In Ill " 
o bue r ve d 11 m ~IHll etl c I'tw lle t l·...n l t t on In bo th d l r -ec tl ouu : IJI'I'''!l l'llll c e 

o r d i " ' \III'ON" I\llCU o f \.t". 1111 1'",.1 loy ma g no t.Lnm wi t h I llerOIlB11I1{ " I t 

waB u ho un t.h u t t.I", /llld o ,' ulJll c rl t.o rl on i'o r t ho Lmpu r l Ly n, " /{ no Ll nm 

i ll mc t.a l u [ 3 ~» ) hol d" 1'01 ' t.h t u 1'111,,1<, t r uuu l t l o n , whi c h l u In t.o rn r e 

L"d "" a u e c o url (o n lo r ph ' l/ ' ''' 1. 1·:tlw I 1.l "n wl l.h 1. 100 c r t t i c e I e xnoncn t. 

:i I / i~ . Fu rt. h e r, Wlj I l l u t : lIr U ' t ltl l.h o o x l n t.e n c o o f C "00 (10 V'J l" .t tl o u r 

rn o d ( ~I . I n ... 1 1 t. h l ~ 1~l l ll ll l d" I'" d •·..' U ' H1 W' ': o bn e rv u. l LlI f,-l' d llnll,J ln.r; o f t.. IH 

~; h lJ n-t f' !., 'an lll',:'}." !lfJ I. WI,. ' J fl UlI : Hdnl l . ' l l.'l l.u a lld w Jtl o l 'ho n t. wi t.1I l n c ron u 

i u n " I t. f ~ u n r. ) I · 1TI 11 w l l.1I til ., fl K I' CO I 'I IIICJ Tl L ,, 1 Iln t..'1 ,~lI l d t.hn 1' ,.,n ul l.l1 0 11 .. 

l.n l nud '1ll.1d ll o t.ho r n" ,I.I, ,,oI,, 1 :~ , Il I . /II. i ,IU 1 L , Wfl d'3mu ll n t, ., " nd 1.11'-' 

I1p l l l. l.t ll U qf' !.t I l" I lO:: 1111 o'I d .l t. lI lI1:1 wh n rt l.n u dll t i l I . 

'I' u« ' lb lJv n d ll v n ! n)l ,.,d " ,:1I ', nl'.1 may 1J0 tHanl ly H ~H Il, r · .· lll ;~ (1d t u t.hr, 

l ' I\ I" ~	 wllf:n ut ll" I' In t.n r' ,' lC ' I, I IIIl H I I " J Il lI d , ·o l, ,',d ..tl . l on ll t, f l" , oln l n U ito 

e l uc trou t c ll w l t.h" 11111 11': 1.1lHJl I1t 1l lf " ' t. " o f t.tI" 1\lI n o l '1I11 1." h i ' " t nk tJll In 

t.n l = o n ,., l d , ,, t~ ,"l I. II -I Il . I II lh ,., pl· " " ~lIt. p ll luJ r" Wr, d l rl 11 01 , n Lm II I. HfJ I-t.lll 

q IHlI l l,11 ..'t l. l v tl ,' t U ' 4M"l'tl l"lIl L II" 1111" [lII Ht ", 1 ~ 1 1.11 t.' Xllt .:, 'l nIfJIlt. 11 1 dttt. n . W 

:w 

were hope ful o f r e ve al i ng here the qu a li tati ve behav i our o f t he 

c ove rage depe nde nc e o f t he bas i c c he mi so r p t ion c ha r a c t e r i s t i c s f or 

t he chemisorption o f hyd rogen- l ike a da t omB on metal s in a wi de re

g i on o f the Hamil t onia n pa rameters . However , s ome o f th e co n s i 

dered c a s e B c a n be a s soc iated wi th partic u la r si t ua t i ons . At l as t , 

'Ie should l ike t o emphas ize t he poss i b i l ity o f c al c u l a t e t he i on i c 

c o r r e l a t o r s wi thin t he same c ompo s i t e Hami l t on i a n model i n o r ne r 

t o o b ta i n a se lf - c onsis tent description of bot h t he e lec t r onic and 

the t he r mody nami c p ro pe rt ies o f t he ad s orbed ove r l ayer s within a 

un i f i ed para met r i zation f or dif ferent t hermody na mica l cond i t i ons 

o f a d s o rp tion . 
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raSpHneHKO r.M., Kap~eHaC P., ~e~HHHH B.K. E17- 88-66 4 
o BJIHHHHH CTeneHH nOKpblTHH n a x a p a x r -ep u c 'r-u x a
 

xeM o c o p 6 l.\H H
 

B p asixax clJopMa.nH3Ma C OCT 8Dllbl X ! ' 8Mllnb T OHH 8110D H 3Y4 8 C T CH 

3aBHCHMOCTb OT CTeneHH nOKpl>ITHH I10,[I,Jl OlKKH anc o p oa r o a IIJIO ' j ' 

HOCTH 3J1eKTpOHHbIX CO CTOHHHH u a ana -ror- a x , 3 1lC p r HI I XC MOCU P U 

l.\HH, 3J1eKTpH4eCKOrO s apana H Jl OKaJIH 3 0BallHOl ' O u a IIH X Mal' " 

IIHTHoro MOM eHTa. PaC4eTbJ sun ormcuu B c a n o co r-n a c o ua u uo n 

xa p T p H - clJO K O B C K OH cxesre B p axxa x npH 6 J1HlK CIlH H Il p 3 1Ta- lll lJ lld IM 

c a ~JlH HOHHOH KOMnOHeHTbl anc op o a -r a • lla6JI IOt.\ e ll bl I IP O l t C x OJ\H~e 

s n e c s MarHHTlibl e clJa3 0BbJe rrep e xon u n o KOIll\ e H T p al\HH 8~a TO MO D , 

x oropue HHTeprweTHPYIOTCH K aK clJ <1 3 0lible n e o e xon u II T OP OI ' O )) 0

na , PaCCl.IHTaH KpHTH4eCKHH HH~eKC H o 6 cy.>K,U,e H 8 npotin e r-ia 

KpOCCOBepa D np o cTpaHCTBe n apaMe Tp OB MOA eJlH. 

Pa60Ta B~nOJllleHa H fla6op a T opHH Te o pe T H 4 eC Ko A cPH3H KH 

OIDIH. 

npllnplPfT 06lolllUlHeHHoro HHCnlTYTlI R,llepHblx HCCneaOBaHHH . lly6HB 1988 

Cnvr i Lcnko C. H. , Card enas R., Fud yn n i u V.K. E17- 88- 66/, 
Oil Coverage Depend en c e of Che mi s or p t io ll 
Chllrnctcristi c H Oil Hc t al H 

Within the compo s i t e llum i l t.nn i nn mClillou t hc c ov u r age 
dc puud un c e or the chcmi no r p n l ou c h n r uc t u r i s t i c u I i ke t h e 
ch cmi no r p t. i o u en c logy , t he el cc t r i c l:h ll rgl~ .urd 1II11 1.\IlI! t i(; 1110 
men t l ocn l i z cd n t impu r iti e s ( nd s o r he d a t umu ) n ud li t: l n s t, 
t.h u	 i mpu r i ty e l c c t rou d cn s i t y of stlll e H n r e i.nvc ut i uu t c d , 
Cn l c u l n t. i nnn lin: c n r r i c d out wi t.h i n t.h cv s e l.I vc on s i s ce u t; 
nu r'u n t r l c t ud lle r t r c u - Fock scb cme for tin e l e c t r o n c ompo unu t. 
IIl1d	 t he nrnHg- Will i llnlll npp r o x i mn ti o n for an i on i c nd n o r bn 
Lu COIllII(JI H! n t. ' T I Il: IIIHgn uti c JI ll/lilt : tru u s l u i o n i ll c ovu r n g u 

d t.lIHmdlm c I: i ll nh t n i 1l (· (I. Tt i ll i n t.e r p r u t.ud 11 :1 II 1I 1: (:Olld o r 
d er	 plum e trnnn i t i o n wi lh IIII' rr i t i ca l I: XPOIW IlI: fl • 11'1.. 
'l'he Cr O/l ll OVl l l" 1'1"1.1111'111 ill t lu - 1'i1I1 HI ' o f t lu: mud u l l' a r llllll.' t:Crf; 
i ll n l uo d i IIC U li llt: d . 
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