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The mechanism of a number of reactions that take place on the surfaces of solids fits into a simple two-step
scheme [1-3]:
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Here Aq, Ay, « -+, By, By, o . . and Xy, X5, « .+ .+, Y1, ¥y, « . . are the molecules of the starting materials and reaction
products, existing in the gas phases () is an empty space on the surface; (D) is a chemosorbed particle I. The kinetic
equations corresponding to an equilibrium reaction according to scheme (1) have been obtained [1] for the cases
when the surface is homogeneous or is uniformly inhomogeneous. Here we shall consider the kinetics under more
general assumptions of inhomogeneity of the surface.

In the model of the surface used, each place on the surface capable of bonding one I particle is characterized
by some value of the "desorption pressure” b, independent of whether the surrounding places are free or occupied.
If b is the same for all places on the surface, i. e., the surface is homogeneous, then at equilibrium with a gas of
free particles I, the pressure of which is equal to pp, the degree of surface coverage

=P (2)
e_P[+b

(the Langmuir isotherm). The desorption pressure may be considered as the constant of the equilibrium

O =I+(). 3

Actually, expressing the concentrations of free and occupied places on a homogeneous surface by the quanti-
ties 1-6 and 6, we obtain, according to the Law of Mass Action, pI(l-G)/G = b, which is equivalent to Eq. (2).

The treatment of the kinetics on inhomogeneous surfaces developed [4, 5, 1] is based on the rule of transmis-
sion of changes in equilibrium to the rate. According to this rule, the rate constants of the steps at different places
on the surfaces % and the corresponding equilibrium constants of the steps K are related by functions of the type

%s = g1 Kss, (4

where g|| and ag are constants, 0 < ag < 1. The subscript s, which shows the number of the step, will be assigned

a minus sign if it accompanies a quantity pertaining to the occurrence of a step in the reverse direction; the con-
stant g | is the same for the forward and reverse directions of the step; hence, its subscript is written as |s| . The
transmission coefficient ag (also called the symmetry coefficient) will be denoted, according to A. N. Frumkin [6],
as o|s| when the space on the surface is occupied (s =1 or s =—2) and B|s| when the space is free(s = —1 ors =2);
then oc|s| + Bls[ =1, For simplication, let us assume just as before [1] that ¢4 = o, = «, and, consequently,

B]_ = Bz =B.

Combining equilibrium (3) with the equilibrium of the first step of scheme (1) we find
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K, = Kb, (5)
where Kj is the equilibrium constant of
AdA+... =X+ X+...+ 1 (6)

Similarly

Kz = Kz’b, (7
where K} is the equilibrium constant of
Bi+Bi+...+I=Y+Ya+4... &

The quantities K§ and K; are common to all places on the surface. Considering that K . Ks’l. on the basis
of (4), (5), and (7), we obtain expressions for %g in the form of the function b:

= g1(Ky)ob~%; %oy = gi(K\)BbB;  up = ga(Ky')BbB; %2 == g2(K:')*b~% (9

Let us introduce the "index of desorbability™ of the particles I, § = 1n b, and the differential function of the
distribution of places on the surface with respect to the index of desorbability ¢(£) [7]. The latter is determined by
the fact that the number of places with values of the index of desorbability in the range from £ to § + d§ on a unit
surface area is equal to @(E)dE. For simplication of the calculations, let us use the concept of the reaction rate in
the forward direction w, and in the reverse direction w. [8, 9]. The observed reaction rate w = wy-w.. On an in-
homogeneous surface

0

o,= § 0, ) 0® &,

— 00

(10)

where p, (£) is the contribution to w; of one place on the surface with a given value of §. For the expression for
ws;, corresponding to scheme (1) for a homogeneous surface {1], it follows that

o, (8) =1 —farn
+ L mpy 4 %apx + *apg+ %_epy’

(11)

where L is the number of places on a unit surface area, p, = PaPA, * + = Pp = PP, -+ « = €tC. Equation (11)
agrees with the general definition of w, [8, 9]. ‘ 2 v

Let us assume the following form of the distribution functions [5, 7]:

(&) =0 when & <C§,,
@ (§) = Ae*® when E, <7E <§,,
p(E) =0 when § > §,.

Here A and y are constants; —1< y<1.

(12)

g,
Since S ¢ (§)d§ = L, then
e

A—;-___%Ewhen 74:0,

) e¥ér
(13)

L
A= E1—Eo when 7=0.

The second equation can be considered a particular case of the first, since it was obtained from it by ap-
proaching the limit when y - 0. ‘
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If y =0, the surface is uniformly inhomogeneous. .Within the region of average degrees of coverage, adsorp-
tion equilibrium is approximately described by the following isotherms: wheny = 0—logarithmic [4]; when y>0—
the Freundlich exponential isotherm with exponent equal to y [10]; when y < 0—a negative exponential isotherm,
according to which the free surface is inversely proportional to the pressure to the power |y| [5].

It is convenient to use the quantity X = E-E,. Its greatest value f = E;-§, corresponds to the interval of var-
iation of the desorbability index.

From Eq. (9), we find that
g = w0e~%;  xy = n_y%Br;  up = 0P,  up = n_gle (14)

where x? is the value of g at A = 0, i. e., at-places where the I particles are most firmly adsorbed. According to
Eqs.(10)-(14)

‘r f (ulopAuzopB e(n—m) A ax (
ey §(nx°pA + %_39py) €™ + (%10 Py + Ha0pp) ™ ®
Here the following notations were introduced [5]:
(16)
ao—y=m, p+y=n
Let us mention that
m-tn=1, n
Let us convert to the variable
%Py + %ep
X B (18)

= *py + %2py '

which possesses a simple physical meaning: u is equal to the ratio of the probability that a given space is free to
the probability that it is occupied [1]. From Eqs. (18) and (14),it follows that

_ %10p 4 - %_20py nu (19
%1°py + %tpp ’ :

Dividing the numerator and denominator in the expression under the integral sign of Eq. (15) by
(ni’pA + u2yp Y)e'mx and using the equality (19), we find that

0, =

T %10 P szo 54 B 1 un-l
xf m n S 1 du’ (20)
" —1 (#19p 4 + %_20Py )" (#10 px + ®20pp) b +u

where uy and vy are the values of uat A = 0 and A\ =f. Within the region of medium degrees of coverage uy =0,
Wy = e, As is well known

io LA S (0 <n<1) (21)
T+u sin nn y ‘
L]

Hence, in the region of medium degrees of coverage, we find approximately (considering thatsinnw =sinm )

N n 110 2 %P p (22)
+ er —1 sin mnt (KIOPA + x—2°pY )m (%_10 PX + A0 PB )l—m

Since the stoichiometric numbers of both steps of scheme (1) are equal to one, then according to the theory
of steady-state reactions [8, 9],
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9 _ g PAPB (23)
o_ PxPy '’
where K is the equilibrium constant.
It is easy to see that
910390
K == Kle == —---———-xol ’(0 - (24)
-1 -2
Hence
n Aal®P X Koo Py
o= ! . (25)

eV — 14 SINMI (y0p, 4 %_o07y) " (%_10px + He0pp)t™

Aty =0, Eqs. (22) and (25) are converted to those obtained earlier [1] for a uniformly inhomogeneous surface.
The latter differ from (22) and (25) only in that the numerical factor y/(eUf-l) is replaced by 1/, and the exponent
m by . As a result of this coincidence of the form of the equations, the kinetic functions interpreted with the as-
sumption of uniform inhomogeneity, in particular, the kinetics of isotopic exchange [2, 3]

HDO + H:; = HD + H:0 (26)

and the kinetics of ammonia synthesis far from equilibrium [11] permit a more general interpretation on the basis
of exponential inhomogeneity (12). The exponent m varies depending on the nature of the catalyst; for example,
for reaction (26) we obtained the values m = 0.5 on Ni, m = 0.3 on Cu, and m = 0.8 on Ag. Such results are com-
patible with the assumption that the transmission factor o is the same for all catalysts, while the differences in m
are due to a difference in the nature of the inhomogeneity. For example, in the case of reaction (26), it is possible
that o = 0.5, y =0 for Ni, y = 0.2 for Cu, and y =—0.3 for Ag.
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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