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(3). The values for the rates R’, R”, and R
found in this manner are shown in Table 1.
They confirm the significant contribu-
tion of R” and show that the homomolec-
ular R-mechanism is negligible. The value
of R” caleculated by Eq. (1) is significantly
higher (by one order of magnitude) than
the values resulting from the best fit
method. The difference is much higher than
could be explained by isotopic effects only.
Evidently a small number of hydrogen
atoms is exchanged at a higher rate than
the majority of the exchangeable atoms;
consequently the initial slope used in Eq.
(1) is steeper than the average slope of the
integrated rate curve.

The first order rate constants for the
hydrogen-deuterium equilibration reaction
and for the exchange reaction between deu-
terium gas and the hydrogen of the EDA
complexes were also measured (see Table
1). At 156°C for anthracene-potassium
and at 147°C for anthracene-sodium the
rate constants of both the equilibration and
exchange reactions are equal. It supports
the conclusion that no R-mechanism is in-
volved, i.e., the equilibration proceeds via
a heterophase exchange mechanism.

NOTES
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Surface Diffusion and Reaction at Widely Separated Sites

A recent note by Moffat, Johnson, and
Clark (1), calling attention to the failure
of the classical analysis of diffusion and
reaction when the sites of reaction are
widely separated on a surface and trans-
port to the surface is limited by the mass
transfer resistance, has suggested that the
following considerations on surface dif-
fusion and reaction may be worth adum-
brating.- We shall consider the effective re-
action rate at an isolated reaction site
which “draws” reactant from the surround-
ing surface by surface diffusion, the surface
itself being replenished by mass transfer
or adsorption from the reactant above it.

In the corresponding problem in three di-
mensions there is of course no replenishment
from without, since this would involve a
fourth dimension, but a steady-state solu-
tion can be found in which the concentra-
tion of reactant far from the site of re-
action is constant and the reaction site is
fed by diffusion in the space. This has been
discussed by Bak and Fisher (2). In two
dimensions, however, there is no steady-
state solution for which the concentration
remains constant far from the reaction site
unless the surface is replenished by ad-
sorption.

The problem to be solved is as follows.



NOTES

An irreversible first-order reaction takes
place at the boundary of an isolated re-
action site in the plane. For simplicity,
this reaction site is taken to be a cirele of
radius @, and its wide separation from
other sites 1= modelled by considering it in
isolation. The surface concentration of the
reactant at a distance r from the center
of the reaction site iz c(r), and the net
rate of adsorption per unit area

ECley — c(r)} — kae(r),

where ¢, iz the surface concentration at
saturation and C the concentration of re-
actant above the surface. At equilibrium

¢c= ¢, = cKC/(1 + KC), (N
where

K = A‘a/k.(/- (2)

If the surface coverage 1s small, 1c. ¢ £
co or KC € 1, then the rate of transfer to
the surface may be written in the mass
transfer form k. (C — ¢), where k. = k.c, =
kg If D, is the surface diffusion coefficient,
c(r) obeys the equation,

1d de
DS _‘I:(W(T ﬁ;) + IL,,(T()C - (l{'aC + kd)C = 0,
@)

in the region r > a. Far from the site of
reaction the adsorption—desorption process
will be at equilibrium so

e(r) s c.asr— =, )

At the site of reaction r = a, the flux to
the boundarv of the reactive area just
halances the rate of consumption of the
reactant, i.c..

DRZ—; = f.catr = q, %)
where k, is the rate constant for reaction
at the boundary of the site. Thus if there
are n sites per unit area of catalyst, the
rate constant (per unit catalyst area) will
be n 2zak,. Equations (3-5) can be solved
in the standard way and give

_ DGO A+ wEe(N) — Ko(vr/a)!
o(r) = ”*’{ KON & wKo(V) }
(6)

where
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A= a{(l‘.d + kac)/Ds}llgy M= al‘.'T/DS!
(7)

and K, and K,; are the second kind of
modified Bessel functions of orders zero
and one (3).

If there were no diffusional resistance
or limitation of mass transfer to the sur-
face, the concentration would everywhere
be ¢.. and so the rate of reaction at the
site would be 2mak,c.. In the presence of
these finite rate processes it 1s 2wak,c(a),
and we may write this as 2=ak,c.n, where
y 1s the effeetiveness factor for such a site.
Clearly

= «(a) = AK}O‘) —, (8)
D VA (VIS ¢1¢N)
or
1 Ko(N)
=1 . 9
. + u NG\ (9)
For small X,
LG Y (10)
n
and for large A
1 2u

The figure gives contours of constant 5 in
the plane of A and p.

We note the following points in connec-
tion with this form of effectiveness factor.

(1) If the mass transfer interpretation
is given to the rate of adsorption terms
(ie., koo =ks=k.,, KC £L1), then k.
merely replaces k, in the modulus A and
KC is neglected: the expression for the
effectiveness factor still holds, see Fig. 1.

{2) In this case the rate of reaction
might still be markedly temperature de-
pendent at high flow rates in spite of the
relative constancy k., for A being large,
9 ~X/n or the rate of reaction gk, ~
(keDg) "2, and surface diffusion coefficients
can have an appreciable activation energy.
The flow rate will only affect the
parameter A.

(3) The assumption of isolation can
be weakened by considering the circle to
be at the center of a square or hexagon
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Fig. 1. Contours of constant effectiveness in the plane of the parameters A and u.

across whose boundary there is no diffusive
flux in the surface. This analysis is being
carried out in an ongoing program of re-
search into the theory of diffusion and
reaction. A hierarchy of problems involving
interactions between adsorbed reactants,
heterogeneous surfaces, etc. can easily be
envisioned. A range of problems involving
finite rates of adsorption and diffusion
have been investigated by Amundson and
Empie (4).
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The Unique Double-Bond Isomerization Properties
of a Ruthenium Oxide-Silica Catalyst

An unique stereospecific double-bond isom-
erization activity has been observed for
ruthenium oxide supported on silica gel. Re-
sults reported for other heterogeneous cata-

lysts show that in the double-bond isom-
erization of 1-butene the initial product
contains more cis-2-butene than irans-
2-butene, although trans-2-butene is thermo-



