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Abstract 

Using a rwo-d~menslonal model of electron gas-adsoibate part& mteraction. energy of phyaicai adsuiption and 
chen~isorption dependence on modiiying adsnrbatc coverage IS described Expenmmtd  study of physical adsorp- 
tionof argor on Pd and Ag surfaces at- 196"Cshows that preadsoiprion ofoxygen increascsadsorpt~oncapacity 
of uncovered part d t h c  metal surface, which is In agreement with thc theory A rtudy oftherrnal dcsorptmnof CO 
and H.0 from Ag surfice and nitrogen and H 2 0  from Pd surface s h o w a n  increase," activationenergy desarptiun 
of these gasm from modified surfaces. 
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1. Introduction 

Analysing a two-dimensional model of electron gas-adsorbate particle interaction on metal 
surface, Yagodovskii and ~ a ~ '  found that small coverage preadsorption of certain gases 
increases electron density of the uncovcred surface. They derived an equation for calculating 
two-dimensional electron density n, of the metal surface 

where B I I  is the second viiialcoefiicient ofconduction electron inte~ation together, B I Z  is the 
second virial coefficient of electron gns-adsorbate particle interaction, n: is the electron 
density of the bare metal surface, n ,  is the surface a t o m ~ c  density of the bare metal surface 
and B is thr surface adsorbate coverage. 
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Change of electron density should influence adsorption potential in the case of physical 
adsorption as energy of adsorption depends on this parameter'". Mavroyannis2 foundthat 
energy of interaction between a neutral atom and a metal burface is proportiorlal to the 
electron density of the metal surface. 

where M, = &,' i m . n? i s  the characteristic resonance rrequency ofadsorptionofthe 
electrons in the metal, a is the static adsorbate polarirability, Nis the number ofelectronsin 
the adsorbate atom, and R is the distance between the centre of the adsorbed atom and the 
metal surface. 

Lang and Kohn' using density functional formalism in the Jellium model approximation 
have described chemisorption on mrtal,surfaces. Usirig linear response theory, they have 
derived an equation for chemisorption energy of a point charge q at a distance XI from the 
metal surface 

where effective location of the metal surface in the Jellium model (XO) IS connected withthe 
conduction electron density (n,) ofthemetalsurface throughthe Wigner ~eitzradiu? (rr)xa 
- I /r, - n,. We have experimentally verified the theoretical predictions about change of 
adsorption potential during physical adsorption and chemisorption on modified metal 
surfaces and the results are presented here. 

2. Results and discussion 

2.1 Physical adsorption: Low temperature adsorption of argon on thin Pd and Ag films 
was studied. Oxygen was used as modifying adsorbate. Adsorption isotherms were mea- 
sured by the capillaryflow method6. Surface coverage by oxygen wascalculatcd by assuming 
that one oxygen atom adsorbs on one metal atom, and also the roughness coefficient 6 . 9 f ~  
Pd' and 5.0for Agsurfacess. Metalsurfaces were modified by treating with oxygen at-90' C 
for Pd  and - 196' C for Ag. In such conditions, according to  czanderna9 and DUS", oxygen 
is not dissolved in hulk, but remains adsorbed on the surface only. Adsorption isotherms of 
argon on Pd and Ag films, before and after modificaiion of the surface by oxygen, are 
presented in fig. I .  It can be seen from the figure that preadsorption of a small quantity of 
oxygen ( 8  = 0. I )  increases adsorption capacity in both the cases. Adsorption isotherms Were 
treated with the help of a polynominal 
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FIG,  I. Adsorption i5oiherms oi argon at - 196" C. 

A-on Pd films 

B-an Ag films 
I-Barc metal ,uriare 

2-Maddied nieral *urfncc ( 8  Ilxygrn = 0. 11 

(These points are shown by crossed circles in fig. 1). Here r is the surfaceconcentration ofthe 
adsorbate and B? is the second virial coefficient of the adsorbate particle interaction 
together. Henry coefficients before (Bo) and after modification ( B I  ), were calculated by the 
least square method and the increase was found to be 21% for Pd and 30% for Ag. Our 
calculation shows a n  increase in heat of adsorption as a result of surface modification. 

of 38.5 cal/mol for Ag and 28.6 cal/mol for Pd films. Here Q0,Qare the heats of adsorption 
before and after surface modification. 

2.2 Chemisorption: In the chemisorption experiments with thin .Pd and Ag films at  first 
ethylene was used as a modifying adsorbate. Metal surfaces were treated with ethylene 
vapour at 500° C (Pd)  and 400° C (Ag). Metal surface coverages with ethylene were calcu- 
lated to be of the order - 0. I - 0.18. The following experiments were thencarried out on the 
modified surfaces. 

1. Thermal desorption of nitrogen was studied in theinterval of 380-500°C m the modified 
Pd surface. 

2. Thermal desorption of C O  was studied in the interval of 360-500°C on modified Ag 
Surface. 
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In another set of experiments. CO was used as modifying adsorbate. Water desorption 
was studied on  modified surfaces in the interval of 95-255°C for Pd and 1 8 0 - 3 0 0 ° ~ f o r ~ g  
surfaces. 

In all these experiments, tcmperatiire was ralsed at the rate of 20 i 1.5OC per minute, 
Desorption velocity ( W D )  was measured for a few different values of constant temperature, 
and activation energy of desorption (ED) was calculated using the formula 

where KO is the frequency factor. 

Figures 2 and 3 show dependence of the rates of velocity ofdesorptron ofdifferent systemsin 
linear coordinates of eqn. 6, where K= W O : ~ .  Results indicate that primary modification 
of metal surface with small amount of adsorbate increases the activation energy of desorp- 
tion. Activation energy of desorption was calculated by the least square method. The 
significance of  different values of E D  was estimated. From the results shown in Table I it is 
seen that ED, a characteristic of chemisorption energy which is in agreement with theoretical 
eqn. 3, increases after primary modification of the metal surface by a small amount of 
adsorbate. 

t Y  

FIG. 2. i n  K VA I /  r 
A-Pd surface 
I-Nitrogen on bare metal surface 

2-Nitragen on modified metal surfacr 
( a  CZHI = 0.1) 

9-Nitrogen a n  modified metal surface 
(RC!H1=0.18) 

B-Ag surface 
4 x 0  on barc metal surface 

5 C 0  on modified metal surface 
( R C > H i  = & I S )  

FIG. 3- I , ,  k ,,.( I /  T 
A-Pd surface 
I-H:O an bare metal surface 

2-H1O on modified metal aurface ( 0  C O =  
0.1) 

B-Ag surface 
I-HiO on bare metal surface 
2-H1O on modified metal surface ( 0  CO = 
0.11) 
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~h~misorption changes of different systems due to surface modification 

Modifying Adsorbate Modifying ED 
&orbate adsorbent adsorbate kcal/mol 

system coverage 
e 

3. Conclusion 

It has been shown that as a result of change of electron density of uncovered surfaces, 
adsorption potential of physical adsorption and energy of chemisorption increase. This is in 
good agreement with theoretical predictions. 
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