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A model for explaining the logarithmic rate law used in adsorption and desorption phenomena of gases on 
and or from solid surfaces is presented. The model is based on the existence of a gas monolayer on a 
surface and on the sites number of the surface. 
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INTRODUCTION* 

The formal kinetics of gas adsorption 
phenomena of gases on solid surfaces is mostly 
described by the logarithmic rate law. In case of 
adsorption the integral form of this equation is: 

 0 0
1q [ln(t t ) ln t ]
b

= ⋅ + −  (1) 

and in the differential form: 

 dq a exp( bq)
dt

= ⋅ −  (2) 

where q is the adsorbed gas quantity at the t 

moment, a and b are constants and 0
1t
ab

=  if t = 0, 

q = 0. 
But the differential form (2) can be also 

represented by an other equation, namely: 
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These form of equation (1)-(3) have been 
intensively studied1-7 and many models have been 
proposed, based on sites number variations, 
variable activation energy on nonuniform surfaces. 
Other equations concerning the adsorption-
desorption phenomena in solid-gas reactions can 
be found resumed in a table presented by Maria 
and Luta.8 

In the present paper we analyze a model which 
leads to a (3) type equation. 

THE MODEL 

The adsorption processes of gases on solid 
surface, can be assimilated by a probabilistic 
discontinuum process, q, which progresses in 
discrete steps in a background of fluctuations. 

The model is: 

 2dq Npq
dt

=  and 2dp bp
dt

=   (4) 

where N is the number of events per unit time 
which are capable of carrying the process forward, 
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but have only a probability, p, of doing it and b is a 
constant. The physical signification of q, N and p 
from equations (4) are q – a monolayer of  the 
adsorbed gas on a surface, N – the number of impact 
of gas molecules with the surface expressed per unit 
area and unit time and p – the number of free sites, 
respectively. The evolution of the process is 
measured by the first equation of the system (4).  

The model presented in equations (4) is a 
modification of an old model of Landsberg.9,10

 The 
differences between the old  model and this one 
consist i) in the introduction of the term q2 in the 
first equation (4) and ii) the modified sign (“+” 
instead of “-”) in the second equation of the system.. 

From the second equation of the system (4) one 
obtains: 

 2p dp bdt− =   (5) 

and by integration: 

 1p
bt

= −   (6) 

With this value of p given by equation (6), the first 
equation of the system (4) becomes: 

 2dq N q
dt bt

= −   (7) 

or 

 2 aq dq dt
bt

− = −   (8) 

By a new integration one obtains finally: 

 1 N ln t
q b
=   (9) 

We assume that the desorption reaction of the 
adsorbed gas starts when the surface is total 
covered. The necessary time to cover the surface 
by the gas in a Langmuir approximation is t0. That 
is why equation (9) becomes: 

 0
1 N ln(t t )
q b
= +   (11) 

The same equation (11) was obtained from the 
system: 

 2dq Npq
dt

− =  and  2dp bp
dt

− =   (12) 

Considering that the number of gas molecules 
existing on a surface is constant in a Langmuir 
aproximation then: 

 t a dq q q= +   (13) 

where qt is a total gas quantity in a monolayer, qa – 
the adsorbed gas on a surface and qd – the gas 
which can be desorbed from the covered surface in 
conformity with the reaction Aad ↔ Ades and  qd, qa 
< qt . 

In the case of qa then: 

 0
t a

1 N ln(t t )
q q b

= +
−

  (14) 

When t increases, qt diminishes, the result being, 
according to equation (11), an increase of qd, the 
desorbed quantity. 

In the case of qd: 

 0
t d

1 N ln(t t )
q q b

= +
−

  (15) 

The increase of time t means an increase of qa, the 
re-adsorbed gas. 

And so, equation (9), represent both processes: 
adsorption and desorption of a gas from the 
surface, if the gas layer is a Langmuir one.  

Till now there doesn’t exists a general model 
for the explanation of the logarithmic law used in 
sorption phenomena on solid surfaces. The 
impossibility to propose a model explaining the 
adsorption or desorption only on the basis of fitting 
the experimental data with the logarithmic 
equation can be due to several reasons: (i) the 
existence of two different equations, each based on 
an other model leading to the same integral 
equation of the logarithmic law;11 (ii) the 
generalized Landsberg’s model;12 (iii) the existence 
of a surface heterogeneity;13,14 (iv) the existence of 
conditions when the logarithmic law represent 
nothing else than a sum of other logarithmic 
equations;15 (v) the model based on the association 
of active sites;16 (vi) the existence of an extra 
energy obtained during the formation of the solid 
surface;17,18 (vii) the surface charge transfer 
phenomena at the solid-gas interface19-27 

It must be noted that the simple logarithmic law 
is not sufficiently flexible, the deviations in the 
initial stage of adsorption or desorption, 
discontinuities in the q/lnt plots or rates of 
readsorption on surfaces containing adsorbed gas 
cannot be explained without farther assumptions. 
In order to claim the existence of a logarithmic 
kinetics for adsorption or desorption processes of 
gases from solid surfaces it is necessary to fit the 
experimental data over a long range of experimental 
parameters.23-25 
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The simple models described till now present 
only normal behaviors of adsorption or desorption 
reactions in solid-gas systems. 

CONCLUSIONS 

The logarithmic rate law observed in adsorption 
or desorption of a monolayer of gases on/from 
solid surfaces can be explained with the same 
equation in a Langmuir approximation. 
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