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1. Introduction 

The subjes' of this paper is a theoretical study of thermal desorption 

spectra of dissociative!y adsorbed diatomic molecules consisting of two 

different atonls. If the binding ener-gy oi the molecule is high enough the 

desorptior? energy of the mol.ecule may be comparable with diffusion 

ackivaticn energy of, at least,one of the adsorbed aton~s of the dissociated 

molecule. Then, after adsorption at !ow temperature the thermal equilibrium 

in the system of interacting molecules is not established. Further, we show 

that the noneqoilibrium properties of the adsorbate may affect 

substantially the resulting thermal desorption spectra. For such systems, 

ue e.xpect that the desorption would be sensitive to the history of the 

system and the thermal desorption spectra would be changed after thermal 

treatment and following readsorbtion of desorbed nicrlecules. 

CO gas adsorbed on a tungsten surface may serve as an example of a 

system with above described properties. CO molecules an clean tungsten 

surfaces are adsorbed mostly dlssociatively [1,7,,3] and 1.he binding ener.gy 

of carbon is very high 14,141.The dissociative adsorptioii is found on a 

number of transition metal surfaces [51, as well, 

Anders and Hansen [I61 have observed extensive isotope exchange in the 

adsorption peaks above 800 K (6-peaks) what has confirmed the Goy~iiour-King 

ill model, according to which 6-states arise from rtissociatively adsorbed 

CO. Anderson and Estrup have found that C atoms on W is immobile up to 1000 

K. This is also ihe corlusion of Anders and Hansen interpretating tne flash 

desorption spectra of CO/W with preadsorbed or postadsorbed O isotopes. 

They find,that the chemisorbed CO is immobile prior to desorption. 

Thermal desorption spectra of CO on W(100) [61 and on the 

polycrystalline tungsten display interesting features. Wang and Gomer L61 

have obtained a three-peak spectrum (not taking into account low 

temperature a-peaks) where the the first 6 peak disappears after heating 

to 950 K (to the minimum after the 6 peak) and subsequent readsorbtion. 



The molecules originally adsorbed in 0 and p2 peaks after the thermal 

treatment are desorbed in the p2 peak only. The third peak p3is not 

influenced by the partial desorption and readsorption. 

In the following, we try to explain qualitatively the above described 

behaviour and investlgate the properties of nonequlibrium systems by a 

simple model of dissociatively adsorbed molecules with low surface mobility 

of one or both species. It is assumed that the desorption takes place only 

if two nearest neighbouring sites are occupied by different species and the 

diffusion is represented by nearest neighbour hops. The lateral 

lnteractlons play an important role in our considerations. They are 

responsible for the formation of peaks in thermal desorption spectra. To 

get well separated peaks, the lateral interactions should exceed 5% of the 

energy of desorption. 

The thermal desorption spectra of adsorbed species with lateral 

interaction were calculated from lattice gas models by many authors, e.g 

181. Most of these approaches treated equilibrated adsorbates. Recently, 

there appeared works studying the opposite extreme - desorption from an 
lmmobile adlayer. In some cases of one-dimensional lattice gas models they 

solved the problem exactly 19,10,11.121. We study here a more general case 

of the intermediate mobility ranging from immobile adspecies to the 

adsorbate at thermal equilibrium. The paper is an extension of the previous 

analysis of desorption of nondissociatively adsorbed molecules 1131. But 

here, instead of the Kirkwood-type decoupling of a hierarchy of master 

equations, the requirement of maximum information entropy is used. This 

procedure ensures unambiguity of the decoupling procedure and homogeneity 

of the resulting cluster probabillties. 

?:~aracterized by thr prcbat~ilities P(n 1 8  ,..,n ) fcr all configurations of 

the eight site cluster shown in lig.1. To make further expressions more 

transpare~t, we sh?il w r ~ : e  the argument of the function F in a 

sc;ligraphical way 
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T,; formulate master equation for desorption and diffusion processes, we 

assurn<- that they depend on the sum of the diffusion or desorption 

artivation energies of noninteracting particles and the interatomic 

interaction energies by the Ar-1-henius law. 

The time derivatives of the probabilities of tuo-site cluster 

configurations nrc given by the rates of desorption and diffusion prozesses 

involving one or both atoms of the considered cluster. 

Let i and J are nearest reighbour sites. Then the total change of their 

configuration PI-cbability consists of contributions from desorption of both 

atoms, from desorption of one of the atoms witn a nearest neighbour 

different from i a r  j ,  and from diffusion of the one of the atoms 

+ F (n.;n I + Fl(n ;nl) . 
1 1 1  

The rate of de:;,rptiori of i an? j atoms, creating a free gas moleclile is 

given as 

2. node1 and method 

The processes of desorption and diffusion of dissociated diatomic gas 

will be described by a master equation for cluster configuration 

probabilities of both types of atoms. 

We introduce occupation numbers n which describe the presence of an 

atom at the site i of a square lattice. The occupation number n =0,1,2 if 

the site i is vacanc, occupied by an atom of the first kind, occupied by an 

atom of the second kind, respectively. 

We assume homogeneous adsorbate in which the short range order is 

If the state of the site j is n the desorption rate of the atom at the 
J 

site i with an atom a: a neigbouring site (furthe!- denoted as 1) may be 

writt,:? as 
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HepaBHOBeCHbie TepMop;e cop6u;HOHHbie cneKTp!:.l 
p;Hccou;HaTHBHo-ap;cop6HpOBaHHbiX MoneKyn: CO/H( l OC') 

Hsy"l!aiOTCH TepMop;ecop6u;HOHHbie cneKTpbl p;HCCOl\HaTHBJiO··an- i , . I 

cop6HpOBaHHb!X MOJ1eKyJ1 C MaiTOH ilOBepXHOCTHOH nop;BHlKHOCTblCl i 
11 B3aHMO)J;eHCTBHeM MelKp;y ap;aTOMaMH. Ilonyt.Iell HOBblli \'!eTOiJ, P2i 

meHHH CHCTeMbi I~e!10'-!KH KHHeTH"l!eCKHX ypaBHeHH!~l )J;J1H HepaBHO- j 
BeCHOH CHCTeMbi. I1oKa3aHO, t.lTO MOp;eJ1h BOCnpOH3BOp;HT Kat~eccr­

BeHHbie qepTbi TepMogecop6u;HoHHoro cneKTpa CO/W( 100) I 
Pa6oTa BbUIOJIHeHa B na6opaTopHH TeopeTH'!eCKOH cP113HKh I 

OliRH. ' 
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Nonequilibrium Thermal Desorption Spectra 
of Dissociatively Adsorbed Molecules: CO/W(lOO) 

Thermal desorption spectra of dissociatively adsorbed 
molecules with low surface mobility and lateral interac­
tion between adspecies are studied. A method for solution 
of a system of master equations for a nonequilibrium sys­
tem is developed. It is shown that the model reproduces 
qualitative features of the thermal desorption spectra 
of CO/W(IOO). 

The investigation has been performed at the laboratory 
of Theoretical Physics, JINR. 
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