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For many years the interpretation of the
rate of chemisorption of a gas by a solid in
numerous instances has been with the Elo-
vich equation. The equation has been
suggested as the best available procedure
for describing the kinetics of chemisorp-
tion (/,2), however, others (3,4) have been
critical of its use. The differential form of
the Elovich equation is

dgldt = ae ™, (1)

where g is the quantity of gas adsorbed, a
and b are constants, and ¢ is the time. In-
tegration of Eq. (1) (when g =0 at ¢t =0)
gives

q=(2.3/b) log (¢ + t,)
—(2.3/b) log (1), (2)

where t,= 1/ab, and when ¢t >> ¢, a plot
of g vs log ¢ is linear. Nonlinear behavior
has been found in many systems and sev-
eral explanations have been advanced: (a)
an empirical value of ¢, has been chosen to
linearize a g vs log (r+ t,) plot (5), (b)
small linear segments with different values
of a and b (1,6), (c) a quantity of gas, g,
that has been adsorbed “instantaneously,”
i.e., at =0 (/), and Eq. (2) becomes

g=(2.3/b) log (t + k) — (2.3/b) log t,, (3)

where k = t, exp (bg,).

In many systems where the Elovich
equation has been used usually the entire
extent of the reaction has not been ob-
served in a single experiment (/). This has

also been true if the coverage, 8, has been
plotted instead of the amount of gas ad-
sorbed vs log t. This, and other factors,
have made it difficult to employ the con-
cepts of standard chemical kinetics in chemi-
sorption kinetics problems. Recently,
however, Lopez-Sancho and deSegovia (7)
have studied the kinetics of adsorption of
oxygen on polycrystalline tungsten for
coverages from zero to one.

In Fig. 1 are shown some of their results
and one observation can easily be made.
The reduction of the pressure by a factor
of ten causes a shift to the right of the
curve on the abscissa by a factor of ten.
This suggests that in the first rate deter-
mining step the disappearance of oxygen is
first order (8), and that the amount of gas
introduced is much greater than could be
adsorbed by the tungsten. It is also inter-
esting to note that the shape of the curve is
similar to that suggested by Low (/) to
describe, in a general manner, the Kinetics
of chemisorption over a wide range of con-
ditions. The following mechanism for the
surface species was found to agree with
the experimental data, and is given in gen-
eral terms,

ky
A (—_k_—) 24°, (4a)
A X (4b)
B-X, ¢, (4¢)

with the following equations describing the
appearance and disappearance of reac-
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Fi16. 1. Plot of coverage, 6, and 8/2 vs log ¢ for the
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adsorption of O, on polycrystalline tungsten from the

data of Lopez-Sancho and deSegovia. The closed circles are at an O, pressure of 5 X 1077 Torr and the open
circles are at 5 X 1078 Torr. The theoretical curves are discussed in the text.

tants:
dA|dt = —k(k,Alky)"2, (5a)
dB/dt = ky(k,Alk)'? — kB,  (5b)
dC|dt = k,B. (5¢)

A rapid equilibrium between 4 and A’ and
the steady-state approximation for 4’ with
ks > ks have been assumed.

Equations (5a)-(5c) are only valid at
times when A is greater than zero. Compo-
nent B will disappear in a simple first order
manner after the value of A4 is zero, i.e.,
the first term in the right-hand side of Eq.
(5b) is zero. The solutions to Eq. (5) with
the boundary conditions noted above are
(after conversion to dimensionless vari-
ables)

a=(1— 17 (6a)
B=[2—7)+1—e¥(2¢+1)]/2¢,

(6b)

y=1—a—4, (6c)

with a = A/A,, B=BlA,, y=ClA,, {=
k4(k2Ao/k1)”2/ks and 7= kyt(k,/kAp)'2, A,
is amount of 4 at t = 0, and it has been as-

sumed at r=0 that B=C=0. 8=8+
2y and is defined as the extent of reac-
tion; § ranges in value from 0 to 2 (9). A
plot of 8/2 (curve) and 6 (solid circles) vs
log time is shown in Fig. 1 for an oxygen
pressure of 5 X 1077 Torr for the results of
Lopez-Sancho and deSegovia. For this
curve A, and kg(k,/k;)V? are set equal to
1.0 and the value of k, is 1.25. The curve
is displaced so that it coincides with the
experimental points by noting that log 7 =
log t + log ki(ki/k.Ap)"?, and the data fall
close to the theoretical curve over the en-
tire extent of the reaction. Similar proce-
dures are used for the results of an oxygen
pressure at 5 X 1078 Torr.

From this analysis a mechanism can be
suggested and rate constants evaluated.
From Fig. 1 for an oxygen pressure of 5
X 1077 Torr the value of ks(k,/k.A4,)"? has
been found to be 1.25 s, and A, has been
determined by Lopez-Sancho and de-
Segovia to be 4 X 10 atoms/cm?2. The fol-
lowing mechanism is consistent with the
preceding analysis:

ky
W, <_Tl\__"> 2W, (7a)
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W+0, X Wo+0, (7b)
WO + 0, X5 W0, + 0,  (7¢)
0+ 0 —> 0,. (7d)

Since the amount of O, is much larger than
W, ks'(ki'[ks))? [Op] = ks(ki/k;)'*  and
ki [Og] = ks, then Kk5'(k,'[k," )% ~ 7.8 X
10~* c¢cm/s atom!? and &,/ ~ 9.7 X 10~
cm?/s atom.

In the example above the available sur-
face limited the amount of reaction; in
many other systems that have been inves-
tigated the quantity of gas introduced has
been much less than could have been ad-
sorbed. For such systems where the disap-
pearance of gas has been observed the fol-
lowing equations (assuming simple kinetic
behavior with respect to the gas) have
been derived following earlier procedures

8)

=1—[1+(—1)kn,t]¥0~™, (8)
when n # 1, and
%)

when n= 1. n, is the number of moles. in
the gas phase at time ¢, n,, is the amount of
gas introduced into the system, n is the
order of the reaction, k is the rate constant,
and g, is ratio of gas adsorbed at time ¢ to
that at infinite time, i.e., ¢, = 1 at infinite
time. Plots of g, vs log ¢ with values of n
that vary over the range usually encoun-
tered in simple reactions have shapes that
are similar also to the curve suggested by
Low (/). In the case where the amount of
gas introduced is double the amount that
can be adsorbed, then the following rela-
tionship has been found (based upon the
work of Frost and Schwemer (/0)) for the
reaction G+ S %> G - §

a,=1—exp (—knyt),

gr=(e®— 1)/(2e®* — 1), (10
with ¢ = Sokt = In [(n+ 1)/29] (11)
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S is the surface available at time ¢, S, is
this quantity at time 0, and » = §/§,. A plot
of g, (which in this case has a limiting
value of 0.5), or 6, vs log t also gives a
curve that is similar to those suggested
earlier (/). It should be noted that none of
the curves just mentioned can be made to
coincide over the entire extent of the ox-
ygen-tungsten reaction (8,9). However, if
g- is 0.1 or less the g, vs log ¢ plots are al-
most linear and nearly overlap. An in-
crease in temperature, which would be ex-
pected to increase k, should then shift the
observed curve to left on the abscissa of a
g vs log t plot if all of the other experi-
mental conditions are the same. This has
been observed by Walker et al. (6) for the
chemisorption of oxygen on Graphon for
the temperature range of —78 to 160°C and
a pressure of 100 mTorr. At the lowest tem-
perature only a small amount of gas was
adsorbed; however, increasing the temper-
ature resulted in more gas being adsorbed
at a given time and the appearance of cur-
vature in the plots (6, Fig. 2). The onset of
curvature appeared earlier as the tempera-
ture increased, as would be expected from
Eqs. (10) or (11). More investigations using
the method of dimensionless variables to
describe the kinetics of chemisorption
would appear to be desirable.
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