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1. INTRODUCTION

The Anderson model [1)] given originally in the context of
local moment formation on paramagnetlc iImpurities in a bulk
nonmagnetic metalllec host, and applied by Edwards and Newns (2]
and Grimley (3] to discuss chemisorption allows one to formulate
for chemlsorption theory some fundamental problems and, at least
in part, explain the physics of this phenomenon. However, 1its
further evolution shows that the Anderson model of chemisorption
does not contain some important Interactions which can lead to
qualitative changes In the behaviour of 1te characteristics [4].
On the other hand, there 1s necessity of the exact examination of
adatom’s electron-electron Coulomb interaction. Although this
model has been analysed by several authors (mee e.g. [5-8] and
References there), no complete solution has been found. It 1is
diffleult to take lnto account the correlation effects because the
small parameter does not exist In the theory. This means that one
has to sum an infinite serles of the most divergent dlagrams or
conntruot the Green function (GF) with the approximate self oenergy
operator. Thils solutions should be, of course, ldentieal with the
known exact onen for some speclal oases., As  has already beaen
mentioned, a great number of papers have been devoted to the study
of Lhe correlatlon effeots in the ochemimorption theory beyond the
Hartree-Fock approximation. However, the oharge tranafer to the
adatom  (here we coonnlder the hydrogen adatom adporption on
traneition metal surfaces) they predlot s not compatible with
oxporimental evideance, for example, from the change of the work
funtion [(0,10]). Therefore, (t isn still desirable nearohing for
solutions  of  the Anderson model whloh bebber denoribe the
cheminorptlon proocesn.




In this paper we study the classical Anderson Hamiltonian
using the irreducible Green function method (IGF) introduced by
Tsercownikov [14}. Even in the simplest approximation this method
allows us to obtain the adatom Green function with correct limits
for large and small values of adatom’s intra-atomic Coulomb
interaction as well as nearly neutral hydrogen adtom chemisorption
on transition metal surfaces.

The present paper 1is organized as follows. In the next
section we describe the formalism associated with the irreducible
Green function method in computing the adsorbate GF. We give algo
a short discussion concerning the limiting cases. In section 3, we
give the numerical results for the hydrogen adatom charge
chemisorbed on transition metal surface compared with the results
of calculations performed within a Hartree-Fock approach and
results obtained within the theory of Brenig and Schonhammer [5],

for comparison.
2. THEORY

We consider the adatom-substrate binding from the point of

view of the Anderson-Newns model with Hamiltonian of the form:

H = ¥I"epuy, + I EA n,, + Umn,n
ko o (L)
*
+ I ( VA»A Ayt H.o. ) i
ko
P + 3 t ihilati
where o ap., ( a,., o 9, ) represent annihilation

(creation) operators for the admorbate orbital and R th substrate
orbital, respectivaly Next, ng., and n, are the operators for

the number of spin ¢ electrons in substrate R state and adatom

orbital, respectively, “h is the substrate band level, EA im the
adatom level, VA‘ meanuren the interaction between the adatom
and substrate and U ls the intra -atomic interaction for the
adatom.

In tha following we adopt the (Green functlon technlque
introduced by Tmercownihkov [11] and caleulate the “adatom”™ (Oreen
function (GF) «a | a' » deflned an [12)]

«a, ()] nl”(l ) »om A0t ) [ a, (1), u"w

ey 1> (2)

.

where the angqular brackets denate the grand oanonlcal
ensemble average. In the formalism we used here, in contrast with

the usual equation of motion (EM) method, an {nfinlte aystem of

the Dyson-type equations is construted for two-time correlation
functions and Green functions. In the EM method one has to
decouple the higher-order GF and this decoupling process is an
approximation the meaning of which is not immediately transparent.
Here, one gets the Dyson type equation on each level of hierarchy
and a truncation procedure can be motivated, to some extent, on
the physical grounds [11].

Let us start with the equation of motion for the ( N + 1 )

W o o
component “operator vector Ai

[ # 3
o a5
AT = ko g (3)
iAf = W a7 o+ 07(1,2) A (4)
or explicitly
Q.o EA VAg V‘z o a,.
| a = \' P : a +
L4, | R

U (6)
+ Q ( N 0% ) ]

For the matrix GF « AT | Af'» we obtaln the Dyson equation
( for details see <the orilginal paper [11] or Ref. [13) with
application of this method to the Extended Hubbard Hamiltonian )

« o ot
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Herae, « At | At'ﬂ("’ im the matrix GF oalculated in the

Hartree-Fook approximation and the wself -energy operator M”(l)

aatinfelen the equation

(4 »
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where the braokets <« . denote the higher -order aF
irreducible with regard to A7 , L.ea., for any operators A and [

1
one han ( by definition ) [11]



Al By - «a | B + <A | B'» «aA | At» Tt «a | B
L] n=21 n n-1 n n n-41 n n=-g
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with the same definition for irreducible correlation

[tnetion. The EM for Mo(l) has a form of the Dyson equation with
 "free-like" GF as follows:

| at »iels > x
Na-o%c0 71 7 a0 (9)

x (1 - <ng > - E - U - w(2) ]

where wo(2), should be calculated from the equation

W72y = 0%(2,3)< [ AT.A7N, > <1 AT A%y, 5t -

. (10)

S O V7540 FEETE I G ¥ SAS TS| A G Y- S T
and W9 (2), u7 (2, 1) can be calculated writing down the
corresponding EM for A: (Bee Eq. (4)).

The mass operator M”(Z) in the Dyson-like equation for
Mo(l) is a solution of the next Dyson-like equation and so on.
Here, we try to describe the adatom-substrate system by the GF
calculated within the continued-fraction-type expansion with one
step more in this expansion than the Hartree-Fock approximation,
{.e., to approximate the matrix « A? | A7+» by the expression

~1
« A:’ | A(‘”‘n [ ( «nl | ATy e AT AT, TR, 2)
) ' (11)
= ! - 072, 1)< [ AT.A7" ) ‘}
& Aqr l Alr').(ub) I_ R 1 1 .
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where R the rest part of this expanslon im put zero
Finally, in order to obtaln « a_. l ":o » from Eq.(11) we have
to calculate W'(2), Eq.(10). This functlon, W’(2), contalns the
higher-order correlation function for which, In principle, we

would construct a nlmllar aystem of the coupled Green functions
Instead, we have made a commonly umed approximation, namely, the
followlng decoupling procedure wam assumed:

< o u n » ™ ¢ a' a »an » (12)
A ‘ o ALr A ‘ o Ay

Although this correlation function can be calculated more
accurately than in this approximation (see e.g. [9]), we hope it
does not introduce significant changes in calculating « AT I AT+»
( it is used on a relatively depper level of calculations ). Now
the function WG(Z) reads as

2 <n » - 0
WO(Z) = AT %
<n, ,>(1-<n,_,>) (13)
xE V.2 < a:_a ag , > -~ U <n, >
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To this end, we present GF « 2,0 | a:a » as follows:
2
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The correlation function < aiaa‘a > 18 calculated by usaing

¥
GF  « ., | 2o ? extracted from Eq (6), which can be represented
by the equation
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Note that our adsorbate Green funotlon contalns the Hart-

ree Fock approximation for small 0 (independently of the method of
caloulating W' (2) Eq.(10)) as we can rewrite it In the form
; 1

Y s IY.xI'
Now “
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where otu®) immediately follows from (14). The adsorbate
Green function (14) has a correct limit for the transfer integral

VAz being zero. In fact, it is similar to the result of Brenig

and Schonhammer [5]. We can transform it into their

adsorbate Green function with their self-energy as

form for the

ma(w) B (2<nA0> - l)EVAz<a:_aazaa> -
R
v,z21°
- <n, >(1-<n,__>) E . : o (17)

The analytical structure of the adatom Green function (14)

admits exitence of the two localized states (for each 8pin

direction) below and above the substrate density of

states (see

also [5]). The filling ¢f these states may be calculated from the

formula
o B, - &7 (18)
C P Pu 7 ’
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where Li{w) in the real part L and Lme,2.
R w - 3
o 2
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and Ej are solutions of the equation
(© - E (o) ) w -~ a7 ) - BY = 0

o

Below the bottom of the aubetrate.band Ko
electron statea may occur:
~two states for A7 ¢ E, and  B7/( B, - A% < [ [
no states for A” > E_and BY/( E - A7) > [ E

and one state in the apposite oase.

the locallzed

E LCE D,

o

i LCE,) |

o

For energlen above the top of the substrate energy band E_,

we have, respeclively
o

~two states for AY > E, and H”/( E. A) > | K. ) L(K.)l.

e o o fed -
-no states for A~ < Ez and B /( Ez - A7) > [ R, = Eo - L(Ez)]

and one localized state in the opposite case.

3. NUMERICAL RESULTS AND CONCLUSION

In order to give a simple and transparent picture of the in-
fluence of the cn-adatom electronic correlations on some chemi-
sorption characteristics, we have computed ( for the temperature
T=0"K ) the hydrogen adatom electron charge q = <n, 4> + <n, > on

the self-consistent way, Eaqs.(14-18), where

F
_ 1 + (19
<n > = _£d5 (-z)Im«a, | a  »: )

As a substrate metal we have taken the nickel case with the
band density of states ( this gquantity enters intc our equations
through the "chemisorption function” in Eq.(14)) calculated for a
bulk system according to Ref. [14]. We have also repeated our
calculations for a substrate modelled by the Ni(001) surface local
density of states which includes the effect of asphericlity of the
potential at the surface and self-consistent charge transfer [15].
The other parameters needed for calculations were taken from Ref.
[2]. However, the difference in the calculated adatom charge was
very small for these two cases; so we have shown the results of
the first case only,the figure. In this figure we depicted the
results obtained within the self-

~consistent Hartree-Fock approach
curve B, our result curve A and for

comparison, the result of Brenig and

Schonhammer [5] obtalned In a weak

; s e coupling limlt.

1pl eV
Fig. The electron charge of the hydrogen adatom chemisorbed
on the nickel surface vs, (D-IVA‘l, calculated in this paper
curve A, within a self-consistent NHartree-Ffock method - curve B
and according to Ref. (6] Cfor a weak coupling tvmit2
broken curve.

In conclusion, we have ahown that the JIrreducible Green
function method in version given by Tmercovnlkov ocan be very
useful in the investligations of the chemlsorption processen.
Uning the simplent possible approximation ( beyond the Hartree

Fook level) 1. .e retalning only the firat two Dyson-type
oequations (from the infinlte aystem of ooupled equatlons for
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correlation functions and Green’'s functions) one can obtain the
adatom Green function with correct limits in some important
cases. These are the Hartree-Fock approximation for small U and
the large U limit. The final result for the adatom Green function
is very similar to this one given in Ref.[5] obtained from a cer-
tain class of two-particle Green’'s functions, but with different
self-energy function. The charge of the hydrogen atom adsorbed on
the transition metal surface calculated within our approach in a
self-consistent way indicates rather neutral adsorption. This
value is smaller than the Hartree-Fock result or results obtained
in Refs [5,9] and this fact can prove that the electronic
correlations on the adatom can be better taken into considerations

in our approach.
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KoppenauuonHrie sddexkTn B MoOenH AHaepcoHa paccMaTpHuBa-—
I0TCA B paMKax MeTo[a HeIpPHBOOHMBIX [BYXBPeMeHHBIX ¢yHKIIui
I'puHa. [laxe npocTeiimas anmpoKCHMalMsa IOSBOJIAET HaM ITOJIY—
YHUTh afaTOMHyKW byHKIMi0 I'PHHAa C IpaBUIbHEM NMOBeJeHUEM B CIy{
Yyae 6GONbmMMX H MallkiX 3HaUYeHHH KYJIOHOBCKOI'O B3auMOMOeHCTBHA
Ha ajgaToMe, a TakXe NPUBOOAMYI0 K IMOYTH HeHTpalbHOH XeMo-—
copbuMH Bomopona Ha IepexonHHX MeTajulax.

PabBoTa BemonHeHa B JlaBopaTopHH TeopeTHUYecKOoM GHIHKH
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A solution of the Anderson model for chemisorption
including correlation effects within the irreducible two-
time Green function method is presented. Even in the simp-—
lest approximation this method allows one to obtain the
adatom Green function with correct limits for large and
small values of adatom's intra-atomic Coulomb interaction,
as well as nearly neutral hydrogen atom chemisorption on
transition metal surfaces.
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