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The influence of solvents on the free energy of activation in the 

ionisation of t-butyl chloride may be dissected into initial-state and 

transition-state contributions through equation (I), where AGz(T) 

AG;([B.&l]*) = AG;(Bu%l) + AG; -AG; (I) 

represents the standard free energy of transfer from solvent 1 to solvent 

2 of species P. In the Table are values of bAG* (bAG*=AGg - AG:), together 

with values of the standard free energy of transfer (on the mole fraction 

scale) from the reference solvent methanol to other solvents of t-butyl 

chloride. These values ofAGt(ButC1) are mostly either those I have 

obtained by gas-liquid chromatographic determinations of Henry's Law 

constants of t-butyl chloride, or are those of Rudakov and Tretyakov (who 

have already carried out a similar dissection for a number of solvents).' 

From the corresponding values of AGz([ButCl]*), it can be seen that solvent 

influences on AG* are largely the result of transition-state effects, with 

the exception of water as solvent. 

I have also calculated values of AG: for the dissociated species 

(Me4i + I-) and (Et4i + I-), and for the ion-pairs (Me4NI) and (Et4NI), 

from solubility data2 and ion-pair association constants 3 ( see ref. 4); 

values for the corresponding chlorides may then be obtained from 

solubilities of sparingly soluble chlorides and iodides, and from data in 
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ref. 5. Values of AG: (converted to the mole fraction scale) for a 

number of ion-pairs are in the Table. The AG~(CButC1l+) values parallel 

closely those of AGg(Me4NCl), and a plot of AG~([B~~c~]*) against 

A Gi(Me4NCl) yields a straight line of slope 0.7; the two additional 

estimated values of AGy(Me4NCl) fall also on the same straight line. 

The ion-pair (Me4NCl) is clearly a good model for the [ButCl]* transition 

state; the latter can be said to be "ion-pair-like" in character, and 

must carry a substantial separation of charge. Previous calculations6 

have yielded values of around 0.8 units of charge for the degree of 

charge separation, and the results of the present work are in accord 

with such a value. 

AGZ values 497 for the SN2 transition state in reaction (2) are 

Me3N + 

also in the Table, 

The SN2 transition 

+ 
p-N02C6H4CH2C1 + p-N02C6H4CH2NMe3 + Cl (2) 

and may be compared with the AG: values for ion-pairs. 

state does not resemble any of the listed ion-pairs in 

behaviour, but rather more resembles the (non-polar) reactants. Charge 

separation in this Menschutkin reaction transition state must therefore 

be low, as has been suggested 497 recently (compare also ref. 8). 
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