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A model explaining the logarithmic rate law used for describing desorption phenomena of gases from solid surfaces is presented. The
model is based on the concept of surface heterogeneity.

INTRODUCTION

∗

The formal kinetics of desorption in solid-gas
systems is very often described by the logarithmic
rate law used either in its integral form or in its
differential one.1-7 The integral form used before
is: 1,8,9

θ = α ln(

t0
)
t + t0

(1)

where θ is the coverage of the surface which
diminishes with the desorption of gas in time t. α
ant t0 are constants.
In the model which describes equation (1) the
surface was considered a homogeneous one.
In the present paper we aim at studying if the
existence of a surface heterogeneity could justify
equation (1).
THE MODEL
Let’s consider a surface with no interacting
sites, which are not all identical.
∗
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The following assumptions are taken into
consideration: (i) gas desorption is irreversible; (ii)
all the sites desorb with the same kinetics.
In this case the sites can be characterized by a
distribution function ϕ (E) of the activation
energy of desorption; ϕ (E) dE represents the
fraction of sites with an activation energy of
desorption between E and E+dE. The kinetic law
of desorption Vd for sites having the activation
energy E has the form:

−Vd = ϕ (θi , E )

(2)

where ϕ is a certain function to be determined and
θi the local coverage of the surface domain
considered to be a homogeneous one. Because

−Vd =

dθi
dt

(3)

one obtaines for equation (3) the form:

dθi
= ϕ (θi , E )
dt

(4)

The evolution law of θ becomes:

θi = θi (t, E)

(5)
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By means of relationship (5), equation (2) takes the
form:

−Vd = ϕ θi ( t , E ) , E 

(6)

i.e. a function of t and E.
Because the sites are independent, the overall
desorption rate vd is given by:
∞

vd = ∫ −Vd (t , E )ϕ ( E )dE

(7)

ϕ(E)=const

and then, for a first order desorption kinetics, the
usual relation:

−

dθ i
 E
= kd θi exp  − 
 kT 
dt



 E 

 kT  

θi = exp  − kd t exp  −

or



∞

(8)

0

In order to use equation (8) it is necessary to
know the functions Vd and ϕ(E).
Concerning the function ϕ(E) it is known5 that
this function can be either an exponential, a power or
a constant. We consider now a constant distribution:

(10)

where kd is a constant. By integration, with the
initial conditions t=0, θ =1 equation (10) has the
form:

0

−vd = ∫ Vd (t , E )ϕ ( E )dE

(9)

(11)

Using equation (11) one obtaines for Vd:


 E 
 E 
Vd = kd exp  − kd t exp  −
  exp  −
 (12)
 kT  
 kT 

because for the activation energy E, we have
assumed the usual Boltzmann distribution. Finally:

∞


 −E  
 E
− vd = ∫ kd exp  − k d t exp 
exp  −  ⋅ const.dE


 kT  
 kT 

0

or

(13)

∞

const ikT

 −E  
 E  dE
kd t exp  −  ⋅
− vd =
exp  − kd t exp 


∫
 kT  
 kT  kT
t

0

(14)

By integration equation (14) the overall desorption rate has finally the form:
∞

const
E
const

exp  − kd t exp(−  =
1 − exp ( − kd t ) 
−vd =
t
kT  0
t 

In case kdt >>1, the exponential can be neglected
against the unity so that:

−vd =

const
t

(16)

which is a form of the differential logarithmic rate
law. But:

−vd =

dθ
where θ = ∑ θi
dt

(17)

and

−

dθ const
=
dt
t

(18)

By integration of equation (18) one obtains the
integral form of the logarithmic rate low (1).
Thus, the existence of a surface heterogeneity
can be, in certain conditions, an explanation for the

(15)

existence of a differential logarithmic rate law in
desorption of gases from solid surfaces.
Usually, in order to claim the existence of a
logarithmic kinetics for desorption processes from
solid surfaces it is necessary to fit the data over a
long range of experimental parameters.10-13
It must also be mentioned that in case of a
simple logarithmic law, the deviations of the initial
stages of desorption, discontinuities in the plots θ
/lnt or the rates of readsorption of gases on the
surfaces cannot be explained without further
assumptions.14 The simple model explained in this
paper is valid only for a normal behavior of
desorption phenomena in solid-gas systems.
CONCLUSIONS
The formal kinetics of desorption in solid-gas
systems described by the logarithmic rate law can
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be explained in certain conditions using the
concept of surface heterogeneity.
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