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• The results of our preceding work on irreversible (rational) thermodynamics of reacting mixture 
of fluids and a solid substance are applied to the problem of heterogeneous catalysis. The nega­
tive effect of diffusion and the positive effect of surface forces are justified, and the Bronsted­
-Polanyi equation for the activation energy of surface reaction is obtained. 

The finding of relationships between thermodynamic and kinetic parameters of 
diffusion, adsorption, and chemical surface reaction 1 ,2 pertains to the main problems 
of heterogeneous catalysis, Many experimental results have not been hitherto fully 
accounted for, such as, e.g., the negative effect of diffusion on the chemical surface 
reaction or the empirical Bf0nsted-Polanyi equation for the activation energy of 
surface reaction. Here we shall show that these results are to be achieved within 
the framework of the phenomenological, irreversible (rational) thermodynamics of 
a chemically reacting mixture of fluids and a solid3 • It is assumed that this three­
-dimensional model of thermodynamics of continuum is able to model the behaviour 
of chemically reacting gases or liquids around the catalyst surface. 

Vector k" in the momentum balance of a mixture component (Eq. (23) in ref. 3 ) 

has the physical meaning of interaction volume force acting on the mixture com­
ponent IX which originates in the other mixture components. Thus, quantity F 
defined by 

F = Ik" (1) 
a= 1 

n is the number of mixture components; thereto the n-th component is the solid -
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catalyst, and the others are fluids, i.e., gases or liquids) can be interpreted as the 
overall interaction force in the catalyst surface layer. Let us remark that it is possible 
to write F also in terms of quantities P~ 

n 

F = LP~ (2) 
~=1 

occurring in the resulting relation for the entropy production, Eq. (70) in the pre­
ceding work3 , if we employ definition (74) in ref.3, and Pn is suitably defined up. 
Quantity F is connected, by means of the momentum balance of mixture (Eq. (24) 
in ref. 3 ), with reaction rates of conversions of fluid components rp (/3 = 1, ... , n - 1) 
of chemical ( surface) reactions and with diffusion expressed by the diffusion veloci­
ties of fluid components up (i.e., the relative velocities of fluid components towards 
the catalyst); see Eqs (8), (24), (20), and (22) in ref. 3 : 

n-l n-I 

F = - L rpup = - L (L QplpPPMp}fJ) lp. (3) 
fJ=l P fJ=l 

The j] rst sum is taken over all independent chemical reactions p with rates 1 p (for 
their relation to rfJ see Eqs (35) and (34) in ref. 3 ) where the fluid components /3 = 

= I .... , n - 1 have their stoichiometric coefficients ppfJ (in p-th reaction) and 
molar masses M p; )p are diffusion flows defined by 

)p=Q{JU/J , /3=I, ... ,n-l. (4) 

In Eqs (3) and (4), Up is the density of component fJ (mass concentration). Let us 
remark that, owing to}1l = 0, it is possible to replace the sum from /3 = 1 to n - 1 
in Eq. (3) by the sum from r:t. = 1 to II with non-zero ppn; thus, the catalyst may 
generalIy take part in chemical reactions but in such a way that the resulting rate 
of its conversion is zero, rn = 0 (from Eq. (35) in ref. 3 , 'i,ipppn = 0 holds for the 
catalyst). P 

Since in our phenomenological model, F represents the overall interaction force 
in the surface layer of catalyst, it can be identified, from the molecular point of 
view, with the surface electrostatic forces and with the surface bond forces. For the 
given system catalyst-reactants, this force is therefore to be considered, at least 
in the first approximation, as constant (e.g., independent of transport in the vicinity 
of surface). Therefore it is possible to judge from Eq. (3) that the increase in reaction 
rates can be achieved by reducing the diffusion flows }fJ. and consequently the dif­
fusion processes play negative role in catalytic reactions. 

It follows also from Eq. (3) that the greater surface forces, the more rapid is the 
reaction (at constant diffusion). This is in agreement with the common interpretation 
according to which the adsorption (which is greater at greater F) is a reversible 
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process of the formation of activated complexes. If F is small, the activated com­
plexes are less stable, consequently they are fewer, and the reaction takes place 
slowlier. 

Let us define the adsorption (surface) energy I1E as the energy needed to overcome 
surface force F from the homogeneous phase (from infinity) to the distance ro of 
adsorbed complex 

I1E = J~ F . dr , (5) 

where we integrate along coordinate r. If we limit ourselves to the only independent 
reaction (with rate J and stoichiometric coefficients pP), we get with respect to the 
validity of Eq. (3) 

n-1 

I1E = J~ (J L r/i1M{JPP)p). dr. (6) 
P=1 

For J (or for the reaction rate constant) we assume the validity of the Arrhenius 
equation 

J = [A exp (-Ea!RT)]f(Qt, ... , Q.), (7) 

where Ea is the activation energy of (surface) reaction, R the gas constant, T the 
thermodynamic temperature, A the frequency factor, and f({]1, ... , gn) is the con­
centration dependence of reaction rate. For the diffusion we assume the Fick law 
to apply with the Arrhenius form of the dependence of diffusion coefficient on tempe­
rature: 

.-1 

lp = - I DfJ6 exp (-E~p!RT) grad g~, f3 = 1, ... , n - 1. (8) 
0=1 

On the assumption of the approximate equality of the diffusion activation energy 
for all the components Eop ~ ED and their independence of coordinate r, on lll­

serting Eqs (7) and (8) into (6), one can obtain 

I1E = K exp [ -(Ea + ED)!RT] , (9) 

where K is a function of concentrations. It this assumption is not met, the diffusion 
activation energy differs from ED by the value of 80p • Then K is a function not only 
of concentration but also of temperature. Since values ED and Ea of surface reaction 
in heterogeneous catalysis are relatively small, Eq. (9) may be approximated by the 
relation 

I1E = K[l - (Ea + Eo)!RT] , (10) 

which can be written in the form 

Ea = ()( I1E + const. , (11) 

Collect. Czech. Chern. Cornrnun. (Vol. 54) (1989) 



Relations between Thermodynamic and Kinetic Parameters 2973 

where rx = -RT!K and const = RT - ED. This relation has the form of the empir­
ical Bf0nsted-Polanyi equation which expresses the linear relation between the 
activation energy of surface reaction Ea and surface energy flE. 
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