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Second-order rate constants for the isotopic exchange between
aromatic iodides and potassium iodide in acetone show a marked in-
crease with decreasing concentration of the ionic iodide as pointed
out by other investigators. This effect was assumed to be caused by
variations in the degree of solvation of reactants and transition-state
complex with the concentrations of the reactants. In the actual solvent,
however, potassium iodide is only partially dissociated and the kinetic
salt effect observed might, at least in part, be explained by a much
lower reactivity of potassium iodide ion-pairs compared with free
iodide ions as discussed in the present article.

he mechanism of substitution of aromatically bound iodine has recently

been subjected to investigations by Broadbank, Harhash, and Kanchana-
lai! and by Marcopoulos 2,3 who studied the exchange of radioiodine between
1-iodo-2,4-dinitrobenzene and potassium iodide 1, and between 1-iodo-2,4-
dinitronaphthalene and potassium iodide 2% in acetone.

Rate measurements were made over a broad concentration range of ionic
iodide. Second-order rate constants, evaluated using the McKay equation,*
show a significant increase with decreasing potassium iodide concentration.
Broadbank et al.,! assuming this salt to be completely dissociated in acetone,
which is incorrect, ascribe this effect to different degrees of solvation of react-
ants and transition-state complex at different reactant concentrations. Ac-
cording to conductivity data,’ potassium iodide is a weak electrolyte in acetone
with an ion-pair dissociation constant of 5.57 x 1073,

Also in exchange reactions between aliphatic halides and alkali halides in
solvents of not too high dielectric constants, where the alkali halide is only
partially dissociated (ion-pair formation), an increase in the second-order rate
constant with decreasing salt concentration has been observed; see Ref. 6 for
a review on this subject. This effect is due to a much lower reactivity of the
alkali halide ion-pairs compared with free halide ions. In fact, it has not been
possible to prove that the ion-pairs are involved at all in the exchange reaction.
In the opinion of the present author, it appears most reasonable to assume
that ion-pair formation is, at least in part, responsible for the kinetic salt ef-
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fect observed in the case of aromatic substitution reactions. Possibly, neglect
of this effect is the main reason for the difficulties in interpreting kinetic data
for several reactions of this kind.

The purpose of this article is to present a treatment of kinetic data for the
above mentioned two aromatic iodine exchange reactions in which the assumed
effect of ion-pair formation on the reaction rate has been taken into consider-
ation.

REACTION MECHANISMS

The two exchange reactions considered may be represented by the gross
formula,

AT++K81] AT+ KI

where Al denotes the aromatic iodide, viz. l-iodo-2,4-dinitrobenzene or 1-
iodo-2,4-dinitronaphthalene. The concentrations of the organic and the in-
organic iodide and the degree of dissociation of the latter are denoted a, c,
and o, respectively.

Assuming that the exchange may take place by Sxl as well as by Sy2
mechanisms, the Syl exchange is independent of the concentration of the
ionic reactant, whereas the Sy2 exchange may be dependent on the concen-
trations of both free iodide ions and potassium iodide ion-pairs. As previously
mentioned it has not been possible to establish any reactivity of alkali halide
ion-pairs in exchange reactions involving aliphatic halides and in the following
we shall assume the potassium iodide ion-pairs to be kinetically inactive. For
the reaction between the organohalide and free iodide ions we shall assume
that any dependence of the rate constant on the ionic strength, I, may be
neglected. This appears to be a plausible assumption for the rather dilute
reaction mixtures (/<C0.017) used in the studies of Broadbank et al.! and by
Marcopoulos.2® Compare the independence of the second-order rate constant
on the ionic strength for the exchange of 13!I between ethyl iodide and
sodium iodide in methanol,” where this salt is practically completely
dissociated, up to a sodium ijodide concentration of at least 0.01 M and
also when ammonium perchlorate was added to a concentration of 0.059 M.

With these assumptions, the rate of exchange, R, may be expressed by the
equation,

R = ka+kace (1)

where k, is a first-order rate constant and k; a second-order rate constant for
reaction between the organic iodide and free iodide ions. This equation may
be rewritten in the form,

Rla = ky+k,ca (2)
which may be employed to evaluate k, and k; from the intercept and slope,

respectively, of the straight line, which should be obtained upon plotting
Rla vs. ca.
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DISSOCIATION OF ION-PAIRS

To apply eqn. (2) to kinetic data, it is necessary to know the degree of
dissociation, «, of the ionic iodide. This quantity was evaluated for all tempera-
tures within the actual range 20—55°C from the 25°C jon-pair dissociation
constant,® 5.57 x 1073, because of the lack of precise conductivity data for
potassium iodide over the entire temperature range. The Debye-Hiickel
second approximation was used to calculate activity coefficients. The value
3.5 A, equal to the sum of the crystallographic radii for K* and I” according
to Pauling,® was used for the distance of closest approach of the ions in the
potassium iodide ion-pair. Dielectric constants for acetone at the different
reaction temperatures were calculated from data given in standard tables.®

DISCUSSION OF KINETIC DATA

The dependence of the rate constant 2 on the concentration of potassium
iodide for the halogen exchange between this constituent and 1-iodo-2,4-
dinitronaphthalene is shown in Fig. 1 for various temperatures. The rate
constant, k, in this graph is defined by the expression, k=R/ac.

An alternative representation of these kinetic data is shown in Fig. 2,
where R/a has been plotted vs. cx according to eqn. (2). The straight lines have
been fitted to the experimental points in this figure using a relative deviation
least squares method 10 to avoid different weights to points at high and low
values of R/a. The highest concentration point at 45°C and 55°C, respectively,
falls outside the graph (Fig. 2) but has been included in the least squares
treatment. For all reaction temperatures, the straight lines pass within ex-
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Fig. 1. Dependence of the rate constant, k, defined in the text, on the potassium iodide
concentration for exchange of 1 between this salt and 1-iodo-2,4-dinitronaphthalene
in acetone at various temperatures according to Marcopoulos.23?
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perimental errors through the origin (k,=0). Hence, there is no evidence for
any Syl-contribution to the reaction rate for this system, which appears to
be purely second-order.

Fig. 2. Plot of Rja vs. ca for the same
system as in Fig. 1.
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Fig. 3. Dependence of the rate constant, k, defined in the text, on the potassium iodide
concentration for exchange of !*I between this salt and 1-iodo-2,4-dinitrobenzene in
acetone at various temperatures according to Broadbank et al.!

The corresponding graphs for the isotopic exchange between potassium
iodide and 1-iodo-2,4-dinitrobenzene ! are given in Figs. 3—4. The intercepts
of the lines of R/a vs. cx in Fig. 4, especially at elevated temperatures, indicate
that the reaction might be partly of Sy1-type. This conclusion must, however,
be given with reservation as valaes of « have been calculated from approximate
ion-pair dissociation constants.

Marcopoulos,? referring to a number of articles by varioas authors concern-
ing the kinetics of isotopic exchange at aromatic carbon atom, makes the
comment: “Thoagh kinetic data for aromatic nucleophilic substitutions in
various solvents by the use of iodine-131 as radioactive indicator have been
published results, as far as solvent effect is concerned, are rather inexplicable”.
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Fig. 4. Plot of Rja vs. ca for the same
system as in Fig. 3.
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However, the results of the present treatment of kinetic data for aromatic
exchange reactions, in which the assumed effect of ion-pair formation has been
considered, do not indicate any extraordinary behaviour of this reaction type
as compared with aliphatic substitution reactions. The rate data 13 used are,
however, not of sufficient precision to permit conclusions as to additional salt
effects, e.g. of the type suggested by Broadbank et al.

To obtain more reliable conclusions concerning the role of ion-pair formation
and possible other salt effects in aromatic substitution reactions, further ex-
perimental studies in this field will be undertaken.
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