


In recent years,there -has been an increasingf interest inﬂ"

chemisorption phenomena. s; Great theoretlcal efforts have been
made” to understand the - nechanism of the chemisorption at hfinite\
coverages. But up‘to,now, in most cases tne electronic propertlesﬂof
the_chemisorbed systems’' at a given coveragevﬂnewen:not investioetedi
(see,etg;[1,2]); ItyisAobVious,’thetdinﬁthexnext\step{ wepsnould»
deai with. thev coverage- rete not' as a ‘given .perameter‘,butr as;,a

quantity . which " should . be calculated in a -self—qonsistent ‘wep« A

together with electronie characteristics of the system. In. other\
- words, we have to.take into consideration an adsorbent—adsorbete—gas
system in the thermodynemic ‘equilibrium at eg temperature T and.
pressure p of the\‘gaseous adsorbate. The idea of simuitaneons'
calculations of the coverege rate and the eleetronie properties of
the chemisorbed overieyer was given in ref. (3 1. In this letter we
‘develop this idea and present the explicit eyaluation of the
adsorption isotherms hwihesymem( described by a relatively simple
Hamiltonian of the Andersoansing type postponing calculations,for
more realistic model in future work.

It is obvious, that in order to understand the chemisorption
process on a microscopic 1e9e1 and, in particular7 to prediet thegpv
possible coverage as a function of pressure, one neeos a proper
model. Here we use the model Hamiltonian intended to describe the
system of the hydrogen-like adatoms chemisorbed on a metal surface
which recently has been derivedr[3,4]. The complex adsorbate-plus-
edsorbent system was represented by the eleetron subsystem ( the
substrate band electrons and adatom valence electrons ) and the ion

subsystem (adions plus ions forming the substrate metal ).
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generalized second quantization‘

Performing the

Hamiltonian constructed on the basis of the adion’ number operators‘

'rand electron annihilation and creation operators was obtained. Just

‘because of the fact

?

number operators 'N —C C ,' where\ C&y kc;) corresponds to the
annihilation v(creation) operator of “the adion at the adsorption

P

/centre a,'and Simultaneously contains the electron operators, there

is the poSSibility of the coverage rate*fe/s <N > calculations “on

‘~the same 1eve1 w1th the electron characteristics; Here , <...> means-

£ .

»the statistical ayerage Wlthln the grand canonical ensemble.

~(Thus, the model Hamiltonian conSisting of most important for

L
our purpose terms reads
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Heré, as usually, n =a a =a* k
. ’ S L1y, n =44, (naa aaaaa) denotes the substrate

+ o+

. xO 'aaa)

(adatom)‘electron*occupation number operator and a . aa(a

arei the substrate - and adatom electron annihilation (creation)

‘operators, respectively. The parameters &, Eupr Eyr €

‘effective on-site adion binding energy, pairwise interaction energy

o

between adions.located at adsorption sites o and B8 , energy of the

one-electrontstates of the substrate nmetal,

Y “

1-s electron orbital

-

prOcedure the .

that this Hamiltonian conSists of the adion'

e e e

and U denote

electron and adion subsystems are’'denoted by u_

) denote the

energy of the adion and on-adatom effective electron—electron

Coulomb interaction, respectivelyf
and'iul»and v isvthe
energy of the ‘electron located’ at theiemptyv(vacancyf adsorption
centre, Suchr term must be included if one wants to.use~thejstandard

equation of motion formalism for.appropriate Green’s Functions (GF)

(see- (3] for details) At the end of calculations one puts v =tm in

order to exclude 1contributions" from such unphysical

’(electrons_ cannpt be localized at the empty adsorption s1tes)

finally, Ne and NI ’ ot
adions, respectively.-Note, that electron subsystem does depend on
the adion subsystem,directly via occupation numbers N,

into electron part of'the Hamiltonian (1). In (1) we have neglected

the most. important being those describing

N

the number of terms,
direct hops of electrons from adion to substrate and vice versa. One
should emphasize,

however, that the éffective adaton’s ionization

level €, contains some ‘information about the :substrate metal (3].
For that reason the ‘absence of electron hopping terms does not
eristence of two (adsorbate and adsorbent) fully
independent electron systems.

In most of the works describing the thermodynamic phenomena the
coverage rate 6 has been assumed to be independent of‘the electron
subsystem.'lhe electronic properties of the chemisorbed system have
been introduced in this type of calculations.only through the values
of the coefficients of the Ising-type Hamiltonians ( lattice gas
models ) usually used in this type of calculations. In.view of the

structure of the Hamiltonian (1) it is great oversimplification. In

The chemical potentialzof the

’

i states
are the total numbers, of the electrons and

ghich enter
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order to obtain the adsorptlon 1sotherm, i.e. the dependence of the f N Tekh > = <l > 4 €n s < >+ <n > o
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‘coverage rate on the ‘pressure of the gaseous adsorbate phase, we" s « CaICa» o E+ g —J <N_> " E + o - e’ - J <N >, :
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o need to calculate the correlatlon functlon <C C >. Thls functlon can ) f ' ) L A ’ R i;’," - el et (4)
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wh1ch can be obtalned only through the knowledge of the electron
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'GFs. Here, e(t)/denotes the Heav151de functlon,‘<...> and- { } }‘ - _« The’ decouplings lihtrOdﬁCéd‘ébQVe‘dQNOté: thatiwe'haveineglected
stand ‘for’ averaglng‘ over"Glbb's, grand ‘canonical ensemble ~and : the possible ' correlated diStribUti°n'6frthe adatoms on’ the.-metal -
:antlcommutator respectively,and the -operators are written in ‘the ! - .surface. ' The correlation functions ‘<nad> and <naa = a>» can ' be
SR L ,.'. R . Lo . T e e . \' 1 : -
Helsenberg representation.~ To find the GF (2) we use-'the equations : o ,obtalned from ‘the knowledge 'of GFs'« a |a;a» and < n —0 aala;& 'y
‘of motlon method [6] Obtalnlng in resu1t many of hlgher order GFs. . o ) respectlvely These correlatlon functlons can “be expressed “inc terms,
o ( ‘ S = ]
‘Without" 901ng ‘into detalls, here we only show symbollcally what ‘kind d - ,Of < Nanaa>. 'in ‘our model. exactly.~ Flnally, u51ng the : Green s
of the higher~ order GFs (or rather the1r Fourler transforms) and ‘ Functlon spectral representatlon and taking v'= w , one gets for. the
fcorrelatxon functlons appear during the calculatlons of GF (2)\ . ‘coverage 9 }v L R e \', N : LTIl e
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« Calca» =><«n, C, |C », & ny anaacalca»\'« Nchalca»; ) 6 = ( 1+ efp\[‘ullrl ] exp [ (e, + J8)/xT J L(calU(ue,T)J 3
« naa a]c » => <na9>' « nqanq -oC |C >, < NB oo a'c »; (3) 1 where | ’
. ' ’ ‘ L(ca",U,u'e,T) ’=(‘1+’ 2exp [(u - €, ) /xT ] + (5)
¢ Naolg-o alc > 7> Mgelgug”r € Nghyely g alc > T e o o SRR R N
i ) . _ B texp[2 (n, -¢€,)/xT - U/iT ]] .
Using decouplings (a#8): -« Nn__n c'>» = <N_> ¢ n_n c’s & T
T ’ ‘ B a0 -0 a B” a0 a-o “I ! The equation- (5)- represents the adsorption isotherm. As usually,the
+ . i '_ - . . ) . . . :
« NB calca» = <NB> <« C |c » and < NB o a|c » = <NB> < naaca c . ,; coupling--to the gas phase can be achieved by 1ts.chem1cal potential

. ) R uo_ - equal: .- to B and - the. chemical potential . of the electron

one can obtain for -« C_]C’» ‘the expression : ? S : )
o« ' - subsystem is- identified  as a Fermi energy E. If we confine
/ ) S ourselves to the case when only the attractive interactions- between

the nearest neighbour adatoms are - present (. 6a3=-|81| ) and the

e



adsorption oenters forn a'two—dimensionai guadratic lattice on the

substrate surface, then ‘the adsorption isotherm is as follows:

0"
1 - 'e

‘= exp [u+ |e|)/k'r 3 exp ( 4]8] e /kT y. L™, . (6)

Note, that if we neglect the electron contrlbutlon terms 1n the
Hamiltonian (1), then the expression (6) takes the known

Bragg—Wllllams adsorption 1sotherm form..

R [nthngun:weshow some examples of adsorptlon 1sotherms.yWe plot

8. vs. (gl+|€|)/kT rather. i /«T in order. to eliminate the dependence’

of the’isothérms on the;binding energy €. All curves are plotted for
kT/|€1],=7]_ The curve no.1>correspondsvto,E¥= g, ( the effective
»adatom’s jonization level coincides with'the Fermi level): and.curves
nﬁmbered 2,3,4Eand 5 correspond to (E¥4 ea)/]€1|= 1, 10, -1 and -10,
respectively. All these curves are calculated for U=0. The curves 6
and 7 are calculated for parameters corrésponding to the so-called

symmetric Anderson model,2(E_-¢_)=U,for (E- ea)/igxl egual to 1 and

10, respectively. The Bragg-Williams isotherm '( ‘for the same

parameters: ) coincides with thelourve no.5. We can observe very
distinct influence of the electron subsystem characteristics on the
adsorption isotherms. Let us consider the case of U=0 (curves
1;2,3,4 :and 5). For the _adatom’s ionization 1level moving down
relative to the Fermi level the adsorption isotherms are shifted to
smaller values of (ul+|8|)/wr corresponding to smaller values of the
gaseous adsorbate pressure - curves 2 and 3. On the other hand, if
€y ‘moves’ up, the corresponding isotherms are shifted to greater

values of the gaseous adsorbate pressure. This shift is, however,

much smaller and for increasing values of (E}-ea) the corresponding

e
k4
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Figure. - Adsorptlon 1sotherms for kT/[€ | =1 and attractlve nearest

nelgbour 1nteractlons. The curves 1,2,3, 4 and 5 correspond to U.=-0,

(E -€ )/|€ |= 0,1,10,-1 and -10, respect;vely.The' curves ‘6 and 7.

correspond to (E -¢, )/|€ |= u/ 2|8 | =1 and 10, respectively.

The Bragg—Wllllams 1sotherm coincides with the curve no.5

curves tend towards the Eragg—wiliiansﬁfsothern - curve no. 5. In
the case  of nonvanishing\ Qalue of the"intra—adatom Coulomb
interaction U, the general behaviour of the adsorptlon isotherms is
51m11ar - curves 6 and 7. With 1ncreas1ng value of the distance of
£, from the Fermi level the‘corresponding isotherms are shifted to
smaller values  of the gaseous adsorbate pressure. This. shift is,

however, much smaller in comparison with the case of nonvanishing U

- compare curve 2 with 6 and 3 with 7, respectively.



In concluSLOn, we have used the recently derived Anderson—151ng
type Hamlltonlan to study the adsorptlon 1sotherms in dependence on
€41 the p051t10n of adatom s: 1on1zatlon 1eve1 in respect to the
) Fernu level E‘_; and on.U, .the value of intra- 51te Coulomb repulslon.

Our approach treats. the ionic and electronic subsys_tems on- equal

\

footing, thus providing a method‘for further detailed studies of the

chemisorption process.
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Tapanko E. u ap. . E17-94-251
Teopust xeMucopOLMK HA METAJIAX TIPH KOHEUHBIX NOKPHITHAX.

M3orepma ancopbumnu

IMpeanoxed Meron CaMOCOrIACOBAHHOINO OMHCAHHS DJIEKTPOHHBIX H TEp-
MOJMHAMHYECKHX XAPAKTEPHCTHK Mpu xemucopbuun Merannamu. Jins uccae-
JOBAHMS NOBEACHHS PABHOBECHBIX XAPAKTEPUCTHK OTKPLITOH CHCTEMBI Ta3-aa-
copbar ucnoas3oBaH ¢opmanuaM dyHkuui [pHHa ¥ raMMJIbTOHHAH THIIA
M3unra — Angepcona. Ha paBHbIX OCHOBAHMSAX YUHTBIBAIOTCS W 3NCKTPOHHAS
noAcHCTEMA M aauoHHad. [IpenioxeHHas cxeMma paclenacHus TPUHOBCKHX
¢yukuuii npuBoguT K u3oTepMme bBparra — BuabsgMca, CymecTBEHHO

MOAMMHLHUPYEMOH XaPaKTEPHCTHKAMH JJICKTPOHHO!N MOACHCTEMDI.

Pa6ora suimonnena s JlaGopatopuu TeopeTHueckoit ¢pusuku uM. H.H.Boro-
nobosa OUAU.
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Theory of Chemisorption on Mctals at FlnllL Coverages:

Adsorption lsolhcrms

A sclf-consistent description of the electronic and thermodynamic charac-
teristics of the chemisorbed adatoms on the substrate mctal surfaces is given.
The thermodynamic cquilibrium in the adsorbate-gas system is investigated
within the generalized Anderson — Ising type Hamiltonian and the equation of
moltion formalism for Green functions. The clectronic and adionic propertics of
the chemisorbed system are treated on cqual footing. The decoupling scheme
has been proposed which leads to Bragg — Williams adsorption isoterms with
significant modifications duc 1o the clectron subsystem.

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