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We have recently questionedl’2 the evidence of Sneen and Larsen's study of the 2-octyl System3
in support of the particular unification of solvolysis mechanisms proposed by Sneen,a’q and original-
ly the alleged cbservation of a between zero and first order rate dependence on the nucleophile.
Such a dependence is required by the proposed theory when a rate-preduct discrepancy is observed such
as that reported for this system.3 However, when we plotted Sneen and Larsen's data against azide
ion activity (ENE) instead of the concentration of sodium azide used in the initial study, as we sug-
gested that they should, the original downwards curved rate plots were converted into linear ones.l
This suggested a first order rate dependence, that is SNQ-like behavior. On the other hand, the rate-
product discrepancy was of course maintained which suggested borderline behavior. This combination
of conditions which is incompatible with Sneen's scheme disputed the conclusion that the reported
data provided the evidence required and claimed in support of this theory.l At this point, it should
be mentioned that other criticisms of Sneen’'s theory have also been published.s’6

The above argument would have been sufficient to prove our point, were it not for the linearity
claimed by Sneen and Larsen® for the product, {RNB)/[ROH}, plot vs the concentration of sodium azide.
Similar linearities have been claimed in all of Sneen's work in support of the proposed unificati-
on.a’|+ Since linearities can hardlyle fortuitous,this linearity coupled with the one of the product
equation itself (eq 1) suggests, if real, that this concentration and not the activity is (whatever
the reason) a correct or proportional measure of the nucleophile. We therefore examined. Sneen's
evidence for this linearity and found it ineconclusive. - Furthermore, the following reasoning dis-
putes the idea that plots against electrolyte concentrations can be linear (as often claimed).
This reascning is that the stoichiometric concentration of electrolytes should nct be equal or pro-
portional to either the concentration or to the activity of any of the species in solution, namely
ions and ionized or noniomized electrolyte; i.e., to any of the possible active species and mea-
sures of them. In support of this argument suffice for the time being to point out that there is
ample evidence for only partial dissociation of even strong electrolytes and for lack of proportiona-

1lity between their concentration and activity.7 We, therefore, suggest that plots against electro-
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TABLE.-T. Products in the Solvolysis of 2-Octyl Methanesulfonate® in 30% (V/V) Aqueous Dioxane at 39.0°

NaN;J Né b Products, mol % ° a
m M o Olefins RN3 ROH =
0 0 o] 29,54 % 0,47 70,46 * 0,47
0,02585 0.02615 0.01878 23,78 + 0.60 21.01 + 0,28 55.20 £ Q.59 14,56
0.05037 0.05134 0.03385 20,86 %= 0.37 33.81 * 0,45 46.33 £ 0.43 14,21
0.1001 0.1021 0.06065 17.09 * 0.25 47.10 + 0,55 35.81 £ 0,239 12.88
0.1496 0.1524 Q.08498 14,63 + 0,31 55.60 & 0.60 29,77 X 0.64 12.26
0.2231 0,2268 0.1185 12.32 + 0.33 63.58 + 0.71 24,10 * 0.67 11.63
0.3067 0,3110 0.1534 10.73 + 0.31 69.03 + 0.68 20.24 = 0.56 10,97

0.00175m. Solutlons made up as molal, m (values corrected for consumption of azide). Correspond-
1ng molarities (M) experimentally determined. Activities (ayz) calculated as before (1).

“Products found stable to the reaction anf GC conditions. Their values, in relative percent (ave-
rage absolute recovery 96%), are based on thirty GC determlnatlons(from mere than ten final expe-
riments) for each NaN3 concentration (8). Uncertainties are standard errvors for a 95% confidence
interval. SConstant of the equation 1, calculated using the molarity of NaN3 for the term {Né].

lyte concentrations are not linear in the general case even if linear dependence on the active spe-

cies is demanded by the reaction mechanism.

The above discussion points to the importance of a definitive answer to this linearity, both with
respect to the specific issue of the evidence claimed for Sneen's theory as well as regarding the
general question of a proper measure of eletrolytes. This answer is given in the present paper.

Following these considerations, we determined the products by GC analysis. This method, unlike
Sneen's titrimetric one, made possible the differentiation between alcohel and olefin produced.

The results (Table I) indicate a large olefin fractiong—— 30% in the absence of sodium azide — as
compared to the 0-2% reported or inferred in Sneen's’ study and in McLennan's6 recent reexamination
of this solvolysis. Furthermore, the olefin to alcohol product ratio is not constant but increases
with sodium azide and does so linearly with o33 a plot of (oL}/{RoH] wvs Sy glves a fair linear ffit

(Figl). These findings suggest the following scheme and equations in terms of Sneen's theory and treat-

ment:® EES + EEN'N;]
+  CLEFINS (OL)
k 3
RX —< RY% (Ko - ROH
K \ i)
-1 N
RNy
{RN,) - {on) _ (RN} m{N,)
= m[N3] (1); =yt E[N3} (2); = — (3);
{ROH) - {ROH) (ROH} + [OL} 1+ y +nN)
k (1+x+ {0l +y+ (m+n)N.I} 3 (m+mn)
exptl - e n LULNY (O PR E = 2 o S I )
X T+ +x+y+ (m+n)NJIT = X (L +y)

3,6
In these equations, which differ from those in the absence of olefin,’ = = k_j/
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FIGURE 1(left). Flot offOL’/[ROH VS Oy The best linear fit drawn,described by [OL}/[ROH]:X:+219N§
(eq 2'), has a correlation coefflclent r = 0.930, a slope n = 0.739, and an intercept y = 0.423.
FIGURE 2(r1ght) Plots of {RNg)/[ROH]: (o—o), vs fNaNq1 (o—e), vs S the best linear fit drawn
(described by eq 1) has a correlation coefficient r = 0.9999 and a sloSe m = 22.41, Plots of {RN3)/

(ROHJ+fOL])vs{NaN3} {e—a) ,this study; (A--A),Sneen’s data ,{alleged to be of {RN3 /[ROH) ).

n = EEN/EOH’ m = EN/EOH’ and Eexptl and kyp are respectively the rate constants in the presence and

3 . . s
absence of sodium azide, the latter corrected for salt effects. These equations differentiate
. . 3
between horderline behavior (eq %) and"Sy2-like”one (ion pair for x»= or e.g. true 8,2) (eq 5).

act nof this e+nﬂu namaly the nature of the plot Of{ Na]/{ROH}VS the
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congentration of sodium azide. Our data indicate that this plot (Fig2) isnot lnear as claimed,” but

curved downwards! Hence {RNSE/(ROH3¢]3{N;} when the concentration of sodium azide is used for the

term {N;}! This is also reflected in the monotonous decrease of m with increasing sodium azide

{Table I). On the other hand, the same plot against azide jon activity (Fig 2) is linear; that is

N.]J/{ROH] = m g - f(eq 1'). Curved downwards vs concenfration is also the plot of { N V{ROHY +

q
foL}), (Fig 2). The same plot in Sneen and Larsen's study, which was bellieved to be that of[RN3]/
{rROH] since olefin was counted as aleohol, was concluded to be linear3 and of higher slope (Fig 2).
These findings come in support of the aforementicned objections to linearities vs electrolyte
concentrations and indicate that this activity, ENE

1 ] L R N F T 1 Ll

he active 1‘1ucleop1u1e; hence, the measure to be used

, and not the concentration of sodium azide is

in the rate plot as well for determining the order of this reaction. The latter can also be de-
monstrated mathematically: the term E[N;] in eqs 4 and 5 can be replaced by its equal [RNa]/[ROH}
(eq 1), and this in turn by its experimentally proven equal term ma, 5 (eq 1'). Similarly, the
term E{N;} can be replaced by EiiNg (by way of egs 2 and 2', Fig 1). Thus [N;] in eqs &% and 5 is

dalso experimentally required to be replaced by anz- The latter form of equaticms 4 and 5 dictates

the use of this activity (gy-) and not of the concentration of sodium azide in plotting the rate
z !

=)

data, k k in order to distinguis n the re i b
> —exptl/ Nas ID guish between the reaction order for borderline behavior (eq 4
Arentiandn crved tl1at) and O 0-13%a mme on T TS am ez ) Y Tl mrzocrm  mo TS Ymam = Vemm = s e oA
QOWhwallus Cur'ved padl s 4dlid uNz. riRKE JIe cn._{ 2, L1EaT pULlT). ngwever s d> W€ lave alredqy U.(jlllullb L
1 . : . .
rated,” when Sneen and Larsen's own XK /k data on this solvolysis are plotted against this

~exptl —NA

activity, as now dictated that they should, they give a plot which is not curved downwards but is
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instead linear, i.e. in line with "SNQ—like” behavior; hence as now experimentally shown, Sneen
and Larsen's own rate data do not support their conclusion of a between zero and first order de-

pendence of the rate of this solvolysis on the nuclecphile which is one of the necessary parts of

the evidence for borderline behavior in Sneen's theory.10

In summary, the present study proves that the only among the data on this ﬁOlVOlySi83’6 argued3
to furnish evidence for Sneen's theory, namely those of Sneen and Larsen'53 fuil themselves to be
compatible with one of the necessary parts of the alleged evidence. Additionally, and most signi-
ficantly, this study offers a clean piece of experimental evidence polnting to some actual and po-
tential misuses, having significant consequences, of the widely employed electrolyte concentrations.
Furthermore, our study covers also most of the way for an independent and reliable answer to the
question1~6 whether this solvolysis under the conditions of Smeen and Larsen's study3 obeys or not
the criteria for borderline behavior of Sneen's theory. This it does: first by leading to the pro-
per scheme and equations, secondly by providing dependable product data to be used also in a rate-
product compar'ison,9 and thirdly by establishing the proper measure of the nucleophile for determi-

. . . . . . . . . . 9
ning the order of this reaction. This answer is given in the following communication.
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