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Salt effects, following Winstein's classical work,2a have, except for special salt effects,
been accepted to be primarily linear in salt concentration (eq 1) and non—specific.z’3 The non-

k = k°(1 + b [salt]) (1)
specificity is in line with the approach to salt effects fundamentally as medium effects.2a

We predict that these assumptions should be basically inadequate,q and that critical reexamina-
tion of the widespread evidence used in their favor may actually discredit rather than support them.
This communication reexamines some salt effects in the title solvolysis3 which illustrates the use
of these assumptions and the type of evidence which has provided continued support to them, as well
as some serious consequences of their use, e.g. the support offered to a proposed unification of
solvolysis mechanisms.3 Our objections to some features of this unification5 and to some special
aspects also of the reported salt effect56 add further specific interest to the present study.

We will also mention, even though we do not agree with, the suggésted possibility of a sizable
negative salt effect (b = -1) in this solvolysis,7a as well as the satisfactory but not defini-
tive arguments against it,7b which add further interest to a study of salt effects in this system.

Following these considerations, a careful redetermination of salt effects in the title solvo-
lysis was undertaken by using the same salts as in the earlier study3 plus sodium per'chlor'ate.6
The results are given in the Table and plotted in Figures 1 and 2. These results, which are ave-
rages of a lapge number of rate constant determinations for most salt concentrations (Table) and
have standard errors of the order of only 0.5%, allow the following discussion.

The rate plots against salt concentrations (Fig 1) are curved downwards! This is reflected also
in the decrease in the b values with increasing salt concentration (Table), and is amply illust-
rated for sodium bromide and nitrate. Sodium perchlorate hardly exhibits an effect, and the ef-
fect of the lithium salt is too small to allow detection of any curvature. Significantly, the same

10b,11

rate plots against salt activities® (Fig 2) are linear! These results lead to the important

conclusion that salt effects are not linear in salt concentration and that eq 1 as defined does
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TABLE. Salt Effects in the Solvolysis of 2-Octyl Methanesulfonate® in 30% Aqueous Diuxa.neb at 43.5°

u NaBr . NaNo30 Liclo, _ Nac10,
- - _ - _1¢C
k x ].02 min 1 Ed k x 102 min 1 Ed k x lO2 min 1 k x 102 min 1

0 2,495 * 0,009 2.379 1 0.009 2.378 ¥ 0.009 2.478 ¥ 0.023
0.0996 2.772 ¥ 0.011 1.11 2,517 ¥ 0,013 0.58 2.450 ¥ 0,004
0.202 3.020 ¥ 0,013  1.04 2.630 ¥ 0,009 0.52 2.542 ¥ 0,015
0.315 3.247 ¥ 0.024  0.96 2.736 ¥ 0.013  0.u47 2.612 ¥ 0.009 2.598 * 0.025
39,0029 M. bao% (V/V), made up as 30.75% (W/W), (8). ®Rates determined by the pH-=-stat technique.

Rate constants represent the average of ten (NaBr), fifteen (NaNO3), seven (LiClO4), and eight
(NaCl0y) rate constant determinations for each salt concentration and of the same number, as for
each salt respectively, in the absence of salt. Uncertainties are standard errors for a 95% con-
fidence interval. Rate measurements in the absence of salt were repeated in the study of each
salt. “Calculated from eq 1 for the rate acceleration at each individual salt concentration.The
corresponding b' values (eq 2) are: For NaBr: 1.74, 1.78, 1.73. For NaNO4: 0.95, 0.94, 0.93 (11).
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Figures 1 and 2. Plots of k/K° vs salt concentrations, M, (Fig 1), and salt activities, a (9),
(Fig 2). Standard errors are indicated for each point. The b and b'values (12), and the corre-
lation coefficients, r, of the plots against activities (Fig 2) are, (salt, b, b', r): NaBr, 1.01,

1.75, 0.9998; NaNo,, 0.51, 0.94%, 0.9999; LiCl0,, 0.32, 0.52, 0.9978; NaCl0,, 0.15, 0.28.

not apply, at least in this case. They are also in line with the posi‘cion5 that the use of concen~
tration as a measure of added electrolyte is unjustified.lo

The magnitude of the observed salt effects is another most significant result. The b' values —
we define'b' by the equation (eq 2) k = k(1 + E'Esalt)’ where o is the activity of the salt—are
0.28, 0.52, 0.94, and 1.75 respectively for sodium perchlorate, lithium perchlorate, sodium nitra-

11,12 The corresponding values of 9_,12 from eq 1 based on salt concentra-

te, and sodium bromide.
tions, are 0.15, 0.32, 0.51, and 1.01 as compared to the reported values3 of 1.04, 0.73, and 0.73
for the last three salts respectively. The present results differ greatly, even their relative

order is reversed, from the earlier values,l3 and indicate that all four salts exhibit small but

still manyfold and substantially different salt effects! Furthermore, the effects of the three so-
14,15

dium salts increase in the order of the nucleophilicities of their anions. An effect of the
cation is also apparent; lithium perchlorate gives a larger effect than sodium perchlorate. Thus,

unlike the earlier conclusions,3 not only are these effects not similar to one another, but also,
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as a result of this and of the above reactivity order, not all four effects nor that of lithium
perchlorate can be used as a measure of the salt effect component of the action of sodium azide in
this reaction. It is also clear that the best available approximation to a value for this compo-

nent is that of sodium perchlorate; but then there is hardly an effect at all.ls’17

The b value is
only 0.15 as against 1.04, the b value used earlier3 for this salt effect component. Furthermore,
this finding and the non-linear dependence of rates on salt concentration question still further5
the validity of the rate plots, kexptl/kNA vs [N;], of the earlier study of the title solvolysis,3
and thus of the rationale on which a unification of solvolysis mechanisms was proposed.18 This par-

ticular example also illustrates potential pitfalls that ensue from the acceptance of eq. 1.

Most significantly, the present results are not in line with the medium effect nature of salt ef-

ﬁgg£§,2a but agree with our theoretical considerations that include the suggested specific nature
of salt ef'fec*cs.u'c Surely, the case studied is too limited an example — it deals with a secondary
system only, in a rather special solvent — to allow generalizations; nevertheless, it concerns be-
havior cbserved in a highly aqueous and polar medium where specific effects should not be favored.
Such results allow one to raise some basic questions about salt effects and solvolysis mechanisms,
which are also raised in terms of our theoretical considerations:.“lc Some of them are: What is the
significance of normal salt effects and the detailed role of salts in general? Which salt and why
should be used to obtain a measure of this normal effect, or of the salt effect component of a
nucleophilic salt? In fact, why should the kexptl for such a salt be divided at all by the so-
called normal salt effect,3 or by what should it be divided, if by any, to give the inherent spe-
cific effect of a nucleophilic salt? Answers to.such questions will be given elsewhere in terms of

our *t:heor'y.”C
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