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Because saturated solutions of the salt, AB, have the same 

chemical potential, the reactant, AB, in reaction [l] starts at the 

same free energy level in all solvents. Therefore the difference in 

initial rates of [l] (in moles litre 
-1 

set-1) gives th e change in the 

chemical potential of unimolar solutions of the transition state AB", 

on transfer from one solvent to the other.* 

A+ + B- + AB* 3 Products 

(Saturated (Trans. 
Solution) State) 

_---_ [l] 

* The salt, AB, may be extensively ion-paired in saturated solution, 
but this is not a complication, because separated ions and ion pairs 
(A+.B-) are in rapid equilibrium and have the same chemical pptenti;x!. 
Since they have access to the same transition state and react.from the 
same free energy level, the theory of absolute reaction rates requires 
that, for a transmission coefficient of unity, ion pairs and separated 
ions react at the same initial rate (altho'lgh the rate constants are of 
course different). From the kinetic aspect, the question of reaction 
via ion pairs or separated ions is meaningless and can only be answered 
oy extra-kinetic considerations. 
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The specific rates, ks and ks,, of reaction [l] in two solvents 

s and s' are given by [2] and [3] (1). 

ks 
= k  u,+‘%- 

0 YTS 

k =k 
vi+* VA- 

s' g' 
YTS 

_____ [2] 

---- Dl 

Where kg is the specific rate in some arbitrary standard state of 

concentration, and the activity coefficients, y and y', represent 

unimolar 

deviations in the chemical potential of solutes on transfer from the 

standard statt: to s sod s' respectively. Equations [2] and [3] can be 

combined to give [4]. 

k 
s 

YA+*YB- 

k 
=v. 

$g 

s' YA+.YB- yTs 

_---- [4] 

Expressing [4] in terms of rates, rather than rate constants, i.e. 

multiplying by the concentrations of A+ and B-, gives [5]. 

L aA+ . aB_ 

= II. 
J& 

PSI 
aA+.ag_ YTS 

_---_ [5] 

When the solutions are saturated ad the solid phase in 

equilibrium with solute is the same in both solvents, the activities, 

a, of the solute are equal in the two solvents. Therefore for saturated 

solutions of AB in reaction [l]: 

vs (sat.) 

7JzJ=% 
_____ [6] 
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Rate data for SN2 decompositions (reaction [7]) of solutions 

of trimethylsulphonium bromide saturated at 25'C in ethanol and in 

dimethylformsmide, are in the Table. The change in the chemical 

potential of unimolar solutions of the transition state [Me2;--CHg---$I 

on transfer from dimethylformamide to ethanol at 25'C is 2.12 Kcal mole 
-1 

.** 

Me_,S+ + + Me2S + MeBr 

H 

(Sat. solution) (Trans. state) 
-____ 173 

Ne sre still not able to show to what extent the enormous 

decrease in rate constant of SN2 reactions of anions, on transfer from 

dipolar aprotic to protic solvents, is caused by transition state 

solvation (3,4). Certainly the present result shows that the polarisable 

dipolsr transition state has less molar free energy in dimethylformamide 

than in ethanol, i.e. with the reservations noted,** it is more solvated 

by dimethylformsmide than by ethanol. This does not necessarily mean a 

greater rate constant in dimethylformamide however, because the 

trimethylsulphonium cation, and the ion pair, (but not bromide ion) almost 

certainly are also more solvated in dimethylformamide than in ethanol (5). 

** It must be emphasized that the transition state is a different species 
in ethanol and in dimethylformamide. The transition state may resemble 
reactants in dimethylformsmide and products in ethanol and thus have 
quite different charge distribution and structure in the two solvents 
(2). In so far as the chemical potentials of unimolar solutions of 
the transition state are different, only because the solvents are 
different, we are reporting differences due to salvation of a 
transition state. However, the energy difference in Table 1 cannot 
be regarded in quite the same way as would be differences in salvation 
energy of ions or molecules. This is because the intrinsic properties 
of ions and molecules are much less flexible in their response to 
change of solvent than are transition states. The latter are simply 
positions of maximum energy alon, 0 the reaction coordinate and this 
position can change readily with change of solvent. 
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Since the ral,e constant depends on the molar free energy difference 

between tran::ition state and reactants, effects of cation, and transition 

state solvatr.on may cancel each other, so that the effects XI rate of 

ethanol vs. timethylformamide would be mainly a function of reactant 

anion solvat:.on (6). Ue are investigating salvation of cations in 

ethanol and cimethylformamide, to test this conclusion. 

1 TASLZ 

Rate &.a for &action [7] in Ethanol and in Diinethylformvnide 

S;rt'x-ated at 25'C with Trimethyls~zlphonizm Bromide 

Solvent W3;Brl zat. i 
v (sat.)b EC Dd 

mo..e litre-1 K&L. mole-l 
14. sec.-l & 

,,x 
- II, 

Ts is 
(25'C) 

4, 
X1231. mole-l 

&OH 0.1621 33.78 b.4') x lo-lo 
-8 35.7 +?.12 

LMF 3.076!+ 32.53 1.72 x 10 

(a) Solid ?hxse analyzed as loo;0 Me 

' 

SBr aiter washin? ;iith ether. 

(b) Initial :ates F uy extra:>olstion of 13: v vs. T .i 1. ,‘ots fx 

reactions 3: solltions, saturated at Zj'C, ati t:len fiic?r--: Tree of 
solid phase. (c) Calculated from equation [6], suoo:*,-vi& refer to 
ciimethylforalmide, D, and ethanol, 2. (3) Cslciiatc3 fron .iTln 

3 2 as chemical ootential of unimol:ir s3llti-,n? of trinsitix st?ts. 
VD Ts 

.?Sti.J.ML3D;:~j: :Je thank Dr. D.ii. Xatts for helof,l! ii-c1ssio.1. 
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