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Differences between a unification of solvolysis mechanisms proposed by Sne:nl and our own
"ynified mechanism",2 as well as our r*eserva'cionsa_5 about some of the fundam:ntal ideas and data
which contributed to the arguments for this unification led us to a reexamina:ion of the relevant
work, and initially of Sneen and Larsen's study of the title solvolysis.la Cir reexamination of
individual aspects of this solvolysis has justified these reservations and quzs*t::'.ol’aedg_5 the evi-
dence of the original study, but has not yet offered its own independent answ:r to the following

question: does or does net this solvolysis under Sneen and Larsen's conditicis, apart from these
7

. 3-6 s s , a
authors' data or arguments already questioned or from other criticisms of jneen's theory,” ’

offer the type of evidence claimed for Sneen's theory? This answer is given in the present paper.
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The scheme and some equations suggestedoby our product findings in terms ¢’ Sneen's theory applied

to this system are [N
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where m = EN/EOH’ n = kBN/EOH’ and y = EBS/kOH which are available experimen-:ally from product

distributions (eq 1 and 2); x = k I/EOH is a constant independent of azide coicentration; k
? —exptl

and ENA are respectively the rate constants in the presence and absence of so ium azide, the lat-

ter corrected for the salt effect component of the action of sodium azide;la ind [N;]stands for

. . s 5 .
ENé (azide ion activity) as shown.” Equations 1, 2, and 4 (the latter withou the lim ) describe
X>oo
also a trus 52 process (for the same scheme omitting the intermediate R,

These equations differentiate between borderline behavior (eq 3) and"§ 2-1 ke'one (ion pair for

N
X O1 €, .trueSNQ)(eq 4). In the latter case they predict a first order depen ence of k tl/kNA
£-g Texptl’S
on the nucleophile'(a _) and a rate-product correlation; namely an agreement hetween k tl/kNA’
=3 —exp

obtained from rate data, and the right hand side of eq 4 calculated from prod ct data (eq 1 and 2);
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TABLE I. Rates, Azide Product Yields, and Comparison of Observed and Predicted Rate Constants,at 39.0°
NaN,® e Kerpr1 X 102, P kg o X 10%," RNy, mol%
m M a min~t min~1 titrinm.d oc®

0 0 0 1.550 + 0.007 1.550 0 0

0.02635 0.02685 0.01929 2,000 + 0.01% 2.047 19.0 21.50

0.05271 0.05368 0.03530 2.384 + 0.01% 2,u64 32.0 3n.,44

0.09734 0.09927 0.05920 3.009 + 0.022 3.094 4,2 46 .50

0.14586 0.1483 0,08322 3.697 + 0.033 3.733 53.6 55.19

0,2178 0.2215 0.1163 4.629 + 0,030 4,627 61.4 £63.16

0,2980 0.3023 0,1502 5.594 + 0.031 5.560 67.2 68.61

3solutions made up as molal, m, ( N3 consumed during reaction was compensate: for). Corresponding
molarities (M) experimentally determined. Azide ion activity (ayz) caleulated as befere (3). bpseudo
first order rate constants, determined by the pH-stat technique, represent ea h the average of over
glght rate constant determinations. Uncertainties are standard errors for a 9 % confidence interval.
Rate constants calculated from eq 4 (sc¢lved for kexptl) with m=22.41, n=0. 39, and y= 0.423 ob-
tained from our product data (5), and kyp calculated from Winstein's salt eff..ct equatlon kya =
kol + bfsalt]), (12), where k, = 1.550, [salt] = Myang, and b = byacloy = 0. 5 (4). dAzide product
based on the difference hetween 1nf1n1ty titers. ©Azide product based on our 3C data (5).

hence alsoc a slope of the rate plotequal to {(m + n)/(1 + y) (not equal to m &3 derived for the ab-
sence of olefinl’s). For borderline behavior (realistically 1O}§>l/2),1 thes: equations predict a
between zero and first order dependence and a discrepancy from the above correlation; i.e., a "slope"
(slope of the best linear fit) of the rate plot lower than the value of (m + n)/(1 + y) (see eq 3).8
Our Eexptl constants and titrimetric azide product yields are given in Ta-le I. The latter yields
compare well with those from our earlier GC data5 (Table I). This insures a;ainst fortuitous gross
errors in our two studies. The rate ratio k Kexp tl/EN is plotted in Figure 1 against both the concen-

tration of sodium azide and azide ion activity. The correction for salt effe:ts in calculating ENA

(Table I) has been basedonthe assumption that the salt effect component of th: action of sodium

azide can be approximated by the effect of sodium per*chlor'ate.L}’9 Plotted &lso, for comparison,
are Sneen'sla k /k values. Our rate plot vs concentration is curved (ownwards, whereas that
—exptl’—NA — -

vs activity is linear; i.e. first order vs the same measure of the nuéleoph'le, gNg,which gave a
linear product, [RNS]/[ROH], plot as well.5 These findings and the perfect it of our plots prove
that the rate dependence is first order and not between zero and first orde: as alleged,l except vs
the wrong measure of the nucleophile namely the concentration of sodium azile; hence, this solvoly-
sis does not meet the criterion of the rate order imposed by Sneen's theory for borderline behavior,
but l1s imstead in line with the rate order for "SNQ—like” behavior. Furthe cmore, these findings add
support to our general objection5 to linearities vs the concentration of electrolytes.

Let us now turn to the second basic criterion of Sneen's theory; viz.,.- hat of a rate-product

discrepancy. The slope of our rate plot is 16.54 (Fig 1) as compared to t e value of 16.27 calcu-
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Figure 1. Plot of Eexptl/kNA: o——o,3§iNaN3] (M); o—», z§-9N§’ the best linear fit drawn has a slope
16.54 and a correlation coefficient r=0.9996. Plot of k /k from Sneen's data (la) VS[NaN ]:A——A

- —exptl’ VA -— 3

lated for (m + n)/(1 + y) from m, n,and y (Table I) obtained from our product data;5 i.e. a perfect
agreement between the two sides of eq 4 (but not of eq 3, since no single and small value of X can

allow this);i.e., a perfect rate-product correlation, unlike the large rate-product discrepancy con-

1 . PR . s
cluded by Sneen. The applicability of eq 4, illustrated above in the average over the overall con-
centration range studied, is also shown for each individual peint by the agreement between each

constant and the respective k one calculated from this equation (Table I). Furthermore,

Eexptl SN2
the fact that the average correlation iies within a spectacular 1.5% of the two values compared,

16.54 vs 16.27, which is not likely to be fortuitous attests also to the accuracy and reliability
25

of our present and ear'J.ieJ:‘L+ work which is all reflected in this correlation.

L s s . 3- .
The significance of the above findings is greatly enhanced by the fact that our study, > unlike
that of McLennan's6 which is the only other experimental reexamination of this system, has referred

o s - . la
to the same original system and conditions as in Sneen and Larsen's study; and, furthermore, has

thoroughly treated the individual features of this solvolysis, including some of the principles in-
volved, which had contributed to the alleged evidence for borderline behavior., In so deing, our
study has also furnished the elements for an understanding of the causes for the opposite conclusion
reached in the originalla study. This should contribute greatly to answering objectlions and the
puzzling7 question "how about the evidence for Sneen's scheme in the original study?"” namely to an

1,2a,3-7

answer which is essential before the issue raised around this solvolysis can be settled. |

Some of these causes were Sneen and Larsen's "high" azide product yields, i.e. '"high" [RNS]/({ROHJ +

5 P . 10 . sos
[OL])valueS, and their M"low Eexptl/ENA values (Fig 1). These causes contributed additively to

the creation of the alleged rate-product discrepancy. Additionally, the use by these authors of the

concentration of sodium azide as the measure of the nucleophile was one of the factors, an other one

)

being their "high" salt effect value,u which contributed as already shown**” to creating downwards

curvature in their rate plot, i.e. the alleged between zerc and first order rate dependence.
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The above proven failure of this system to obey both basic conditions imposed by Sneen's scheme
for borderline behavior,and the evidence offered instead for "SNQ—like" behavior prove that this
gsolvolysis in 30% dioxane deoes not furnish the evidence claimedl in support of this theory. On the
other hand, no evidence against this theory itself either is provided by this failure — this solvo-
lysis could be said not to be a borderline one in the sense of Sneen's scheme. However, the support
for this mechanism is seriously weakened by our findings. The 2-octyl system in 30% and 25% dioxane
has been the only truly secondary system among those which have been argued to obey the borderline
kinetics of Sneen's scheme. Most of the other systems used,l although formally secondary, e.g.
a-phenethyl, or even primary, e.g. p-methoxybenzyl, should be classified as roughly "tertiary" in
terms of their ability for intramolecular nuclcophilic ceontribution to the reacting carbon.ll This
suggests that if this solvolysis proves to behave as above In the 25% dioxane medium as well, then
the generalization of Sneen's particular scheme to cover systems from tertiary to primary1 would
loose much of its principal support claimed; even if the evidence from scme or all of these other
systems studied were accepled.

The present findings recommend a reexamination of this solvolysis in the 25% aqueous dioxane me-

dium also, as well as of zome of Lthe other systemns used Ly Sneen in support of his theory.
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