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SUMMARY 

The rate of hydrolysis of !!?,£-butyl p-toluenesulfonate 

has been investigated in different solvent mixtures of 

acetone and water and dioxane and water. 

The mechanism of the hydrolysis of this ester, which 

is similar to the secondary alkyl halides, 1s situated on 

the border line between the unimolecular dissociation and 

the bimolecular displacement. 

It has been found that the rate is proportional to a 

certain function of the dielectric strength of the solvent 

but that the proportionality factor is much larger when the 

solTating power of the medium is high. 

By studying the ionic strength effect, the so called 

"mass law effect", and the hydroxyl ion influence on the 

rate,one has come to the conclusion that both un1molecular 

and bimolecular mechanisms are involved in this hydrolysis. 

For low values of the dielectric constant of the medium, 

the bimolecular mechanism seems to be present to the larger 

extent while for high values of this function the unimolecular 

dissociation is predominant. 



I INTRODUCTION 

The rates of hydrolysis of alkyl and aryl-alkyl halides 

have been studied by different authors and especially by 

Hughes, Ingold. and their co--wo'i•kers (ref. 1), Hammett and 

his co-workers (ref. 2) and Winstein and his collaborators 

(ref. 3). 

In this paper we have investigated the rate of 

hydrolysis of ~-butyl £-toluenesulfonate. 

This ester which as far as solvolysis is concerned is 

very similar to the alkyl halides; presents, like the .!!,2-

propyl halides the particularity of being probably able to 

react in usual solvent mixtures by both classical mechanisms 

of solvolysis. ( ref 3 bis ) 

Those two mechanisms are the ,following: 

A) The unimolecular dissociation or SNI: 

'T 
+ H 

B) Tbe bimolecule.r displacement or SN2: 

-
[o-s02-C sH4-CH31 

(I) 

CH;; 

c2H5-bH-OH + [ o-so2- c6H4-cHJ 

+ H-t (2) 
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Since both mechanisms lead as a limit at least to 

first order kinetics, kf1 and ~~1 are first order specific 

rate constants. In general ooth mechanisms being present 

at the seme t:1me, only a resultant first order constant 

will appear: 

Since in some cases the kinetics are only first order 

as a limit at initial concentration, all data given here 

refer to initial first order specific rate constants ex­

pressed as: 

(k1)0 - (kuni) -t (kbi) 
- 1 0 1 0 

However the runs where deviations from first order 

kinetics were found will be mentioned in the text. 

We have also investigated the reaction with Hydroxyl 

ions: 

CH3 
I 

+ OH- _s_ C2H5-CH-O-S02-C6H4-CH3 ---,,-

CH3 (3) 

C2H5-&li-OH + u~-S02-CsH4-CH3r 

In this case the total reaction is of course represented 



by a combination of equations (I), (2) and (3). Here !2 
is a second order specific rate constant. 
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II EKPERIMENTAL PART 

I) Preparation of sec-butyl p-toluenesulfonate • . (4) 
----------~---------~------------------~-------~----

This ester was prepared by reacting £-toluenesulfonyl 

chloride with ~-butyl alcohol in pyridine. After the re­

action was over the resulting mixture was diluted with 

water containing a slight amount of hydrochloric acid. An 

oily product separated at the bottom of the flask. This 

was removed with a separatory funnel and the remaining 

aqueous solution was extracted several times with ether. 

The oily liquid was added to the ether extract which was 

dried with anhydrous potassium carbonate. The ether was 

eTaporated leaving a pale yellow oil. 

The E_-toluenesulfonyl chloride used originally had 

been carefully washed with a great amount of water, dried 

and recrystallized from benzene. The ~-butyl alcohol 

had been redistilled. 

2) Purification of ~-butyl p-toluenesulfonate. 

Kenyon and Phillips (ref. 4) distilled the product at 

92°C. under less than 0.1 mm pressure. H. Gilman and 

N• Beaber (ref. 5) attempted a distillation at 2 mm pressure 

and destroyed the liquid. They finally obtained it in a 

fair state of purity by careful washing and drying. It had 

a density: d~O = 1.140. 
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After different attempts, we purify the compound by 

the following method: 

A) An ether solution of the ester was slowly cooled 

d~wn in dry ice. The !.!£-butyl E-toluenesulfonate crystal­

lized after scratching of the test tube and the heterogeneous 

mixture was then poured on a glass-fritted funnel surrounded 

with packed dry ice. A thermometer inserted in the funnel 

indicated -5o0c. The funnel was stoppered and an inlet 

tube was provided to permit dry and. cold air to be sucked 

through the filter. When the ether solution was removed 

by filtration, the solid left in the funnel, still at low 

temperature, was washed 5 or 6 times with previously cooled 

ether. Only a very slight aspiration was applied to prevent 

evaporation of the ether. 

Finally by strong suction most of the ether was driven 

out. The solid was then removed with a spatula and poured 

in a crystallizing dish, cooled down with dry ice, in a 

vacuum dessicator. During the slow melting, the ether 

left and the carbon dioxide were pumped off. 

The product obtained was slightly yellow and melted 

between 10° and 12°c. 

B) The ester was put next in the cold room at 4°c. 

and a small crystal obtained by cooling in dry- ice was 

added in order to induce crystallization. After 4 days 

the product was separated in two parts: a white solid 
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at the bottom and a yellow liquid at the top. The liquid 

was poured off and the solid dried on a porous plate 

maintained at 4°c. Finally the solid was warmed up in a 

vacuum dessicator. The liquid part was neglected. 
25 A density measurement was made, we found d4 :l.138, 

in excellent agreement with Gilman and Beaber's data. The 

refractive index was found to be n~5:l.5010. No trace of 

acidity was present as shown by titration with sodium 

hydroxide 0.01 nonnal. The melting point of the final 

product was found to be 11.5°± o.s0 • 

3) Kinetic experiments 

Solvents: The dioxane was purified as recommended by 

Beste and Hammett {ref. 6). It was first refluxed over 

sodium hydroxide and, after fi 1 tration, refluxed over 

sodium, then distilled when needed. 

The acetone employed was c. P. Merck Acetone contain­

ing about 0.5% water. Therefore a slight correction for 

the total amount of water . in the media is necessary. 

We also used absolute ethanol and nitromethane 

(Eastman-Kodak). 

The distilled water added was always freshly boiled. 

All the solutions were made up by weighing the dif­

ferent constituents. When we refer to% aqueous acetone 

or dioxane, we mean weight per cents of acetone or dioxane 

in water. 
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The 60% aq. dioxane medium however was made up according 

to Beste and Hammett (ref. 6). We weighed 327.4 g. of water, 

added them to 1000 g. of dioxane and to each 100 ml of this 

mixture we added 25 ml of water or aqueous solution of 

sodium hydroxide, sodium perchlorate, etc. 

The exact amount of water in the final medium so ob­

tained is 39.28 wt.%. 

The ~-butyl £-toluenesulfonate was weighed out 1n 

small "weighing pigs" which were poured open into the 

solutions. 

The sodium hydroxide, sodium perchlorate and soditl?n 

E_-toluenesulfonate were added as aqueous solutions. A 

correction was made for the weight of electrolyte contained 

in the water. 

The sodium perchlorate was obtained by carefully 

neutralizing a standard solution of perchloric acid (C. P. Baker). 

The sodium toluenesulfonate was obtained by a similar 

method from recrystallized E-to luenesulfonic acid. 

For these neutralizations we used the same indicator 

as for the following titrations: bromocresol purple. 

The runs were made in sea led ampoules and in 50 and 

100 ml volumetric flasks. No difference was observed be­

tween the two techniques. 

Some irregular results when sodium hydroxide was added 

made us use for those particular experiments stainless-steel 
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bottles as proposed by Foster and Hammett (ref. 7) who ob­

served similar irregularities. 

The ampoules or pipetted samples were broken or poured 

into a lmown volume of freshly distilled dioxane and the 

acidity produced was titrated with 0.02 or 0.01 normal 

sodium hydroxide. 

In some cases we used a solution of sodium. hydroxide 

in 60% aq. dioxane. 

For the hydrolysis in the presence of alkali the 

samples were poured in known amounts of standard hydrochloric 

acid and dioxane. 

The temperature was kept constant at 30.005° c. and 

39.970 ± o.oos0 • 

All burettes and pipettes were calibrated. 

The standard sodium. hydroxide concentration was checked 

every other day against standard hydrogen phthalate with 

phenolphthalein as indicator and against standard hydro­

chloric acid with bromocresol purple. 
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III RESULTS 

1° Hydrolysis 

The study of the rate of hydrolysis of !!,£-Butyl E­

toluenesulfonate has been carried out in a medium contain­

ing 40% by weight of water in dioxane (exactly: 39.28%). 

This medium has been chosen in order to compare our 

results with the data obtained by McCleary end Hammett 

(ref. 8) for the rate of hydrolysis of ethyl toluene­

sulfonate in the same medium. 

About twenty e:xperiments have been performed on the 

particular point, of the hydrolysis. All of them have 

been shown to possess simple first-order kinetics. 

The rate of hydrolysis has been calculated by the 

classical formula: 

I a 
!f.r-=- t ln-=-­a - x 

Here a is the initial ester concentration and x the 

portion of ester hydrolyzed. 

Most of the time however a graphical detennination has 

shown to be much more accurate. A plot of 1n !:,/a-! v .s. time 

was in each case a straight line, the slope of which did 

not change appreciably even after the reaction had proceeded 

as far as 90%. 



It has been observed that the initial rate is decreased 

when the initial ester concentration is increased. 

A similar effect has been recorded for ethyl £-toluene­

sulfonate by McCleary and Hammett (ref. 8). 

In Table I we have reproduced a typical run while in 

Table II are represented some of the more characteristic 

results obtained. 

The data given here have a maximum error of 3-4%. 

This is in good agreement with the precision obtained in 

handling the samples, considering the low concentration 

of ester. 

Diagram I shows the variation of the initial rate of 

hydrolysis with the initial concentration in the cases of 

~-butyl and ethyl £-toluenesulfonate. 

Diagram II represents a combined plot of log a/(!-!) vs. 

time for three typical experiments with !!,£-butyl £-toluene­

sulfonate. Since no appreciable decrease of the rate is 

observed during the first 80% of the course of the reaction, 

we conclude that the value of ~ 1 obtained by graphical dif­

ferentiation is equal to the initial rirst order rate 

constant. 
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Table l 

Rate of hydrolysis of ~-butyl p;-tolueneeulfonate in 60 % aq. 

dioxane, at 30° C. - Initial eater concentration: 0.009356 

mole/liter. Standard Na0H solution: 0.01750 n. 
--------------------------------------------------------------

Time ml Na0H per mole Na0H mole ester a ~r x ro6 
( sec.) 5 ml eple per liter per liter 

log-=- (sec-1) a-x 

-----------------------------------------------------~--------
0 o.oo 0 0 ♦ -009356 0 

20760 o.43 0.001230 0.008126 0.06121 6.81 

58260 I.13 .903971 .005383 .23990 9.43 

64020 I.14 .oo4005 .005351 .24266 8.68 

71340 l.19 .Oo4l82 .005174 .25726 8.30 

77160 L.28 .Oo4498 .Oo4858 .28463 8.46 

82980 1.33 .oo4674 .004682 .30066 8.30 

85740 1.36 .Oo4780 .oo4576 .31060 8.33 

lOo440 1.54 .005412 .003944 .37515 8.61 

233340 2.24 .007872 .001484 .79966 7 .90 

237660 2.25 .007907 .001449 .81002 7.85 

251340 2.29 .008o46 .001310 .85382 7.83 

280560 2.35 .008258 .001098 .93o49 7.(15 

320520 2.43 .008540 .000816 I.05940 7 .60 

409740 2.46 .008645 .000711 I.II922 6.28 

--------------------------------------------------------------
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The first values are of course quite inaccurate due to 

the small volume of base added. 

It is seen that a small decrease of the first order rate 

constant becomes noticeable only after the reaction has 

proceeded to about 80 %. 

Table II 

Rate of hydrolysis of ~-butyl ,E:-toluenesulfonate in 60 % aq. 

dioxane, at ;o0 c. 

Ester cone. (moles/1.) kl x 106 seo-1 

-------------------------------------------------------------
0.009509 8.08 

.009;56 8.45 

.0[059 8.;1 

.OII04 8.15 

.on6; 8.08 

.0202 8.10 

.0480 7.9; 

.09698 7.21 
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2° The Solvent Effect 

The rate of hydrolysis of such esters like the alkyl 

halides and the -toluenesulfonates are extremely sensible 

to solvent variations. 

In the following section we present the results obtained 

for the rate of hydrolysis of ~-butyl £-toluenesulfonate 

in different media. 

After the first runs in 60%wt aq. dioxane* we studied 

the rate in 70, 80, 90 and 50%wt. aq. dioxane. By doing 

so we decreased together the water content and the dielectric 

strength of the medium. In order to study the rate in a 

medium of moderately high dielectric strength but containing 

only a small amount of water (20%), we added some nitro­

methane to the solution. The dielectric strength of nitro­

methane at 30° c. is 38. In a medium containing by weight 

60% dioxane, 20% water and 20% nitromethane, the dielectric 

constant has been calculated by simple proportions. 

We also studied the rate in different proportions of 

water in acetone and in 80%wt. aq. ethanol. For equal water 

content the acetone-water media have quite higher dielectric 

strength than the dioxane-water mixtures. 

In Table III we give all the results obtained tog~ther 

with the dielectric constant of each medium. Those values 

have been taken from H. Hart.mann (ref. 9) for the dioxane­

water mixtures and from Harned and Owen (ref. 10) for the 

others. We also give the values of the ratio D-1/2Drl which 
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will be used in the discussion of this effect, in the third 

part of this paper. 

In all experiments, the kine tics were of the first 

order type; practically no deviation was observed except 

in 20%wt. aq. acetone where the rate constantly increased 

during the reaction. However in this medium, the ester 

concentration was of the order of 0.02 molal while 1n almost 

all the others, this concentration was about 0.01 molal. 

This is very probably the reason why such an effect was not 

observed in 70 or 8~ aq. acetone. In 75% aq. dioxane no 

similar effect was obtained even with an ester concentration 

of 0.02 molal. 



Table III 

Rate of Hydrolysis of ~-butyl rTolueneaulfona.te in 

different Media at ;o0 c. 

------------------------------------------------------------
Medium D D-l/2D+I eater cone. k1 x 10 6 

------------------------------------------------------------
46.5r.aq.dioxane ;1 o.4seo 0.009791 ;7.1 

50 % aq.dioxane )) o.4776 o.912e; 25.0 

60 % aq.dioxane 25.5 o.4711 0.01022 8.21 

70 % aq.dioxane 17.0 o.4570 0.01059 ;.oo 

75 % aq.dioxane 1;.5 o.4464 0.01120 1.69 

80 % aq. di oxane 11.5 o.4;75 0.0105; 1.026 

90 % aq. di oxane 5.5 o.;750 0.01088 0.168 

60 % aq.acetone 41.8 o.4822 0.01085 4.95 

70 % aq.acetone '55•7 Q.4792 0.012;; 1.92 

75 % aq.acetone ;2.5 o.4772 0.02155 0.825 

80 % aq. acetone 29.6 o.4750 0.01015 0.587 

80 % aq. ethanol ;2.8 o.4775 0.01040 5.17 

60 % diox. 20% H20 
20 % CR3No2 

18.0 o.4594 0.01109 0.968 

----------------------------------------------~--------------



-I6-

3° Ionic_ Strene;th Effe_ct on the Rate of 1Iydro:aiysis 

To investigate this effect, sodium perchlorate has been 

used. In 60 _::{, o,q. dioxane no appreciable effect on the rat E . 

has been observed even at concentration of sodium perchlorate 

as high a s 0.05 molE,l. 

Table IV shows some of the results obtained. 

Table IV 

Rate of hydrolysis of ~-butyl _£-toluenesulfona.te in 60% aq. 

dioxane at jo0 o.- Ini'luence of addition of Na0104 

ester cone. 
(mole/lit.) 

0.009509 

0.01671 

0.01017 

(a0104 cone. 
mole/lit.) 

0.007981 

0.01596 

0.0472 

6 6 k X IO k X IO 
(h;;.arolysis) (obsirved) 

Fo other sRl t tK ' s been enployed to determine the . ionic 

strength effect since a similar result obtained by l1Ic Cleary 

a nd Hrunmett (ref. 8) for ethyl .:2.-toluenesulfonate seems to 

confirm ours. 

In the same paper, those authors show alsc the influence 

in the same medium of the addition of chloride, bromide and 

iodide ions on the rate of solvolysis. We did not repeat such 

experiments i:n the case of the ~-butyl ester. Since we will 

. need Ivlc Cles,ry and Hamrr.1.ett I s results in the discussion below, 

v.re show i:n table V a brief outline of them. 
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Table V 

Rate of D~s1?_lacement of Et.Tos r- > OH- > Br- > C 1 -

I 0.8 0.32 0.14 

Rate of Solvolysis EtTos > EtI) EtBr) EtCl 

5.5 I 0.96 0.048 

Stability towards Displacement EtOH > EtI) EtCl > Et-Tos 

The same effect has been noted also in 75%aq. dioxane 

and 75%aq. acetone media. Here a noticeable increase of 

the rate has been observed especially in the case of acetone. 

The data. for those experiments are given in Tables IX and x. 
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4° The Nas s Law Effect 

To study this ef fect which, a ccording to Hughes a nd 

Ingold (ref.Iobis) is one of the six methods for the deter­

mina tion of the mechanism of solvolysis, we have added to 

the mixture some sodium. toluenesulf cna te. 

Gince in 60 }j a q. dioxa ne the i onic sti~ength effect 

ha s shown t o be not very i mportant, it will not oppose a 

possible nmss law effect. Only a small decrease of the rate 

of hydrolysis is observed in this medium ·with concentrations 

of sodium t oluenesulfonate slightly hi g:1er t b.Bn the ester 

concentrations. 11li th a concentra ti cn twice highe:r, a l a rger 

decrea se is observed but unfortuna t ely this result is not 

a bsolutely certain. 

Table VI shows the decrease observed in three ca ses. 

Table VI 

Rate of hydrolysis of ~-butyl ~toluenesulfonate in 60 % aq. 

dioxane medium, at ;o0 c., Influence of ~ddi tion of aodium 

p-toluenesulfonate • 

ester cone. 
(moles/Ii t.) 

O.OI099 

0.009698 

0.009698 

.!£1 X I06 
(hydrolysis) 

Na-Tos cone. 
moles/lit. 

0.01:,71 

0.,01:,71 

o.02l.J6 

.k1 X I0
6 

(observed) 
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In all those experiments 1t is important to note that 

the rate of hydrolysis is changed considerably by changing 

the amount of water 1n the medium ( as shown later.) 

Since the 40% water-60% dioxane medium cannot be pre­

pared too long in advance, because of the danger of oxidation 

of the dioxane in the air, forming peroxides, we had to use 

different preparations of the solvent. 

The maximum error in the weighing of the water and the 

dioxane is of the order of O .25%. 

We have calculated the. t such an error on the proportion 

of water in the mixture must lead to a variation of k1of about 

0.25 X l◊-6 . 

To minimize this important error, we refer whenever 

possible in the data given in this work to a corresponding 

value of the specific rate constant of the simple hydrolysis 

of the ester in the~ preparation of the solvent. 

In order to pennit the comparison of our data with those 

of McCleary and Hammett (ref. 8) in a similar experiment, 

we show their results 1n Table VII. 
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Table VII 

Rate of hydrolysis of ethyl rtoluenesulfonate in 60 % aq. 

dioxane medium at 50° C. Influence of addition of Na-Toe. 

Data from Mc Cleary and Hammett, J.A.c.s . .22,, 2254, (I94I) 

6 
eater cone. ikI x IO !Na-Toe cone. k--r: x 106 
(moles/lit.) (hydrolysis) (moles/lit.) !-{observed) 

-------------------------------------------------------------
5.70 

6.68 

0.10654 

0.10766 

5° Influence of Hydroxyl Ions on the Rate of Hydrolysis 

A pure uni:rnolecul2,r mechanism should not be influenced 

by the presence in the solution of hydroxyl ions. ·><- A bim.ole­

c~lar mechanism should in general be influenced by such a 

presence. 

A longer discussion of this point will be given in the 

following pages. Here we just \,Jc:l,nt to pres ent the : ·esul ts 

that we obtained in the case of ~-butyl 12-toluenesulf'onate 

~;ie first added some sodium hyd:coxicte to a solution con­

taining O.OI mole of est er in c' 60 % aq. dio:x:2,11.e medium. 

Only a small ir:crease of the r2te 1:Jc:,s obse::·-ved in six 

different runs. Since one of these was not absolutely 

certain, five only are recorded in Table VIII. 

-1/-- except by ionic strength effect. 
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In this table the values for (k1 ) 0
, the obse1·ved first 

order specific rate constant, have been obtained graphically. 

The plot of log ~§:-:!S>!•.§.· time \v2,S practically a straight 

line in some cases; in others small deviations were obse1~ved. 

For these last a method of rraphical differertiation has been 

applied 2,nd a :plot of lq ( observed first order rate constant) 

against time, extrapolated to zero. 

The V&,lue referred to a s ~ 2 are the oecond order rate 

constants. They have becm calculated by use of the oversimpli-

fied equation: 

(k' ) -Io 

c:md leading to: 

(OH) is the initial hydJ~oxyl ion concentration. 
0 

This expression is derived. from the fact that the total 

reaction rate can be written: 

or 

v = k I ( e st er ) + ~ 2 ( ester ) ( OH) 

v = k{ (ester) 

( the parenthesis indicate concentrations) 

By taking the values 0f the constants at ini ticil con­

centration, one eliminates their eveptual variations with 

changes in concentration. 
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Table VIII 

Rate of hydrolysis of ~-butyl .E_-toluenesulfonate in the 

presence of hydroxyl ions in 60 % aq. dioxane, at ,0° c. 

0.01110 0.01792 8.20 8.51 1.72 

0.01466 0.02197 8.15 8.5 1.94 

0.00971 o.0~59, 8.21 9.96 4.86 

0.01079 e.0;59j 8.21 9.78 4.,6 

0.010;; 0.0570 8.21 10.6, 4.24 

By looking ::i t this t s.ble one con see that if the cel­

culated va lues of (k2 )
0 

fit together in a close r ange of 

hydroxyl ion concentrations, they do not fit any better 

when the concentrations are very different. 

The cause of this might be some ionic strength effect 

which, when the hydroxyl ion concentration is increased, 

becomes less a nd les s negligible a nd also a solvent effect 

since, by a.ddi ti on of mC ions, the dielectric constant of 

the medium is increased. 

It is als0 possible to calculate k 2 by starting with 

tbe experimental value for t 2~ the observed second order 

ra.te constant. 
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However this method is not applicable here because the 
If 

values of ~2 are too small and the determination of k2 quite 

innacura te. 

Since we only wanted to obtain a qualitative picture 

of this particular effect, we did not try to ameliorate 

those data. 

We will simply consider the fact that a small increase 

in the overall rate is obtained in 60%"dioxane when some OH­

ions are added. Moreover this increase is proportional to 

the amount of OH- ions 1n the medium. 

Our next step was to detennine the same effect in a 

medium having a much smaller ionizing power. We choose a 

medium containing 75'}{, dioxane and 25% water. 

We first run a hydrolysis in the absence of any reagent. 

The reaction was a perfect first order one but quite slow. 

Next we study the hydrolysis in the presence of some sodium 

perchlorate in order to determine the ionic strength effect. 

Again the reaction was a good first order one and the rate 

was slightly increased. Finally we add to the solution an 

equivalent amount of sodium hydroxide. The reaction was 

still following pretty closely a first order kinetics and 

the rate was considerably increased. Those results are 

given 1n Table IX. 
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Table IX 

Rate of Hydrolysis of ~-Butyl J2_-toluenesulfonate in 75% aq. 

Dioxane at ;o° C. Addition of NaC104 and NaOH. 

--------------------------------------------------------------
Ester cone, Nao104 cone. OH- cone. (k1) xio6 ~)

0
xio5 

(moles/lit.) (moles/lit.) (moles/lit) 
0 

------------------------------------------------------~------
0.01120 1.69 

0 .01101 o.04046 1.86 

0.01026 0.04564 5.;2 

0.01994 (0.11) (i.69)* 

o.e1994 0.01056 2.27 

Here again the same anomaly regarding t he ca,l culated 

v a lue of(k0 ) appears. This second order c onstant is higher 
{..; 0 

the high:er the concentration of hydroxyl ions in the med-ium. 

A possible expl2.nation for thi s surpris ing effect would 

be tbc t the hic~1ly elect:;.onegative OH. - ions 2re strongly 

attracted by the positive end of the dipole (the butyl part) 

or by tbe positive butyl io:n, t~1erefore. inhibiting the 

reactivity of the wa.ter molecules. The 11igher the hydroxyl 

i cn concentration, the higher this inhibiting ac tion and 

consequently, the lower the value of ~1, leading to a constant 

v alue :for ! 2 • 

J?inally we have s tudj:e d the same effect in 75 % aq . a cetone 

a medium of higher dielectric strength . 
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'l'he increase of the rate by adding sor.rn hydroxyl ions 

to the system is less ir:.CI)Orta nt than in the case of- 75 5; 

2.q. di ox2 11e. As it hc:,s been pointed out in the second part 

of t~e results, the ionic strength effect is much more im­

pcrtant in this medium than in 75 ;'~ sq. dioxane. 

The figures are given in Table x. 

Table X 

Rate of Hydrolysis of ~-Butyl p-Toluenesulfonate in 75 % aq. 

Acetone at ,o° C. Addition of NaC104 and NaOH. 

Ester cone. NaCl04 cone. OH - cone. (k1) x106 
(moles/lit.) (moles/lit.) (moles/lit) -

0 

0.02155 

0.02202 

0.02182 

0.02182 

0.04619 

0.825 

1.102 

1.100 

(0.904)* 

,~ In Table IX a nd X the values in parenthesis have been 

calculated by makinf· l.l.se of the reason&.ble assumption that 

the i onic strength effect is propottional to the concentration 

of salt added. In t a ble IX a slight correction has also been 

ma de in order to t a ke ca:e of the f a ct that the initial con-

cent:rc,, tion '-'1P.s slightly hi {"1-..er than for the solvolysis in 

the absence of salt or sodium hyctcoxid.e. 
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60 f Temperature E feet 

The rate he,s been determined. also at 39.97° c. in 60 }& 

2.11.d 80 ;;; 2,q. di oxane. 

'I~1e energy of activ·ation is given in Table XI. 

Table XI 

Temperature effect on the rate of hydrolysis of ~-butyl 

,£-toluenesulfonate in 60 % and 80 % aq. dioxane. Temperature 

O 0 ;e C. ~nd ;9.97 O. 

Ester cone. 
molal 

6ofo aq.dioxane: 

0.01022 

0.01107 

80}& ag. di oxane: 

k1 at ;0
6
.00° O. ki at _;9,970 c. 

X IO - X IO - 0 

8-21 

26.6 

2.87 
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IV DISCUSSION 

1° Hydrolysis 

The kinetics observed during the hydrolysis of sec-. 
- . 

butyl 12.-toluenesulfonate are definitely of the first order 

type. 

This unfortunately does not give us too mucb information 

c.bout the mechanism involved. 

We know that a bimolecular mechani sr.a ( S,n ) or more 
.l·1 t::., 

precisely in this case a double displacement reaction of the 

type: 
+ - + -

R-X + B-Y - B--Y--R--X R-Y + B-X 

leads to pure first order kinetics when the concentration of 

one of the rea ctants is so much larger tha n that of the other, 

that it can be considered ~s buffered. 

The water in a hydrolysis of this type fulfills these 

conditions since it plays at the sam.e time the 1· ole of a 

reactant and the role of the solvent. 

The unimolecular mechanism of solvolysis ( S ) also 
lU 

called unimolecular dissociation leads to first order 

kinetics only a s a limit from 1.,rhich large deviations of a 

highly cbar2.cteristic natur e may 2rise. (:t-iughes, ref. I) 

:::fowever the presence of first order 1cinetics without 

deviations does not allow us to reject the unimolecular 

dissociation mechanism. 
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To ex.plain this point let us first consider briefly 

the two principal causes of deviation from first order 

kinetics in an SNI mechanism. 

One of them is due to the ionic strength effect. As 

the dissociation goes a.long, the ionic strength of the 

solution is increased due to the production of ions. We 

will see later that this increase produces a large acceleration 

of the rate. (ref. 9, 11) 

The second cause of deviation is the mass law effect. 

During the first stage of the dissociation mechanism., 

a-x - l~-'- --x<-> .±_ R+ + x- ~ R-OH + x-
~-1 ~s 

the building up of the concentration of the ions and especially 

of the negative one which does not participate any more in 

the forward reaction, produces, due to the equilibrium con­

ditions, a progressive backward reaction and therefore a 

progressive decrease of the observed rate. (ref. 9, 11) 

Of course those two effects are never separate from one 

another and since each of them acts in the opposite direction, 

it is quite possible that the total effect will be non­

e&istant or at least vecy small. 

This might be the case for our ~-butyl ester. However 

as Hughes md Ingold pointed out, (ref. 11) when a medium 

contains a large amount of water and we might say, more 

generally, when a medium has a large dielectric constant, 

the ionic strength effect is much diminished and might even 

not show up. 



-29-

The media used in our experiments contain always at 

least 20% wt. water, and no important deviation was observed 

in any case for ester cone. of the order of O .01 M. A 

slight effect however was obtained for an ester cone. of 

0.02 Min 25%aq. acetone. The rate was continuously in­

creased. No such effect was observed in the same medium 

for an ester cone. 0.01 M. 

In the "60% aq. 11 dioxane medium ( 6Q%wt of dioxane) 

the absence of any deviation due to increase of ionic 

strength is vecy understandable on the preceeding bases 

(D = 25.5)and would therefore lead to the conclusion that 

the mass law effect 1s inexistent or extremely small. This 

is quite possible, for it simply requires that the backward 

(~1 ) reaction be much slower than the second step forward 

reaction (k ) • -s 
When we pass to a medium containing only 20%wt. water, 

we have strong evidence, as we will show later, that the 

unimolecular character of the hydrolysis decreases con­

siderably, therefore leading to pure first order kinetics. 

One might wonder why we insist, e.ge.inst apparent 

evidences, to propose a unimolecular dissociation mechanism 

for the solvolysis of ~-butyl toluenesulfonate in the 

"60% aq." dioxane medium. 

By discussing the results given in the preceeding pages, 

we will show that this is very probably the case. 
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Hughes, Ingold and their co-worders who have studied 

the hydrolysis of alkyl halides, have pointed out (ref. 1) 

that when one increases the electron release power of the 

alkyl radical, the hydrolysis has more and more uni.molecular 

character. While methyl and ethyl halides react mainly 

by SN2 mechanism., and ~-butyl almost entirely by an SNl., 

the isopropyl halides react by both mechanisms simultaneously. 

Secondary butyl halides have not been investigated as 

far as we know to a considerable extent but their similarity 

with isopropyl halides is evident. 

Since the electron release power of an ethyl group is 

larger than that of a methyl group, (ref. 12) the total 

electron repulsion effect of the ~-butyl radical will be 

larger than that of isopropyl and therefore the uni.molecular 

mechanism will be favored. 

On the other hand, the presence of a larger ethyl group 

on the central carbon atom may, by some steric effect., reduce 

the ease of a displacement attack on the back of this atom, 

decreasing the possibility of SN2 mechanism. 

About the toluenesulfonate esters, the only reference 
' that we have is the hydrolysis of ethyl toluenesulfonate 

(ref. 8) the rate of which is about five times as fast as 

that of ethyl iodide or ethyl bromide and a hundred times 

faster than that of ethyl chloride (Table V). 
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It seems that the size of the negative substituent leads 

to an increase of the rate. Since those three halides are 

claimed to possess mainly an SN2 character in their solvolysis, 

the same thing must probably be tru.e of the tosyl ester. The 

results obtained by McClea.~/ and Hammett (ref. 8) are in favor 

of a predominant bimolecular displacement. 

Those ethyl esters like the methyl ones and on the op­

posite side, the ~-l::utyl, are hydrolyzed almost entirely 

by one mechanism and even considerable changes in the nature 

of the solvent are not impotent enough to produce a notice­

able amount of the other mechanism. 

For esters like isopropyl and sec-butyl however, a -
change in the solvation power of the medium may have a strong 

influence on the proportion of each mechanism. 

We will come back on this point later on. For the 

present time we want only to emphasize the fact that it is 

hardly possible to canpare the rates of solvolysis of such 

esters unless they have been performed in the same solvent 

even if those rates have been corrected for the difference 

of solvating power by some empirical function like that one 

proposed by Grunwald and W1nstein (ref. 3). 

There is no a p r iori reason why the proportions of both 

mechanisms sbould change in the same way for two different 

esters when passing from one solvent to another. 
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In order to compare our results with those obtained by 

McCleary and Hammett fore thyl toluenesulfonate (ref. 8) we 

decided to run our first experiments in the same medium, 

'150% aq." dioxane ( exactly 39. 28% wt. water in dioxane. ) 

The specific first order rate constant for ethyl tosyl 

at 50° c. is of the order of 6.4 x 10-6 sec-1 for an initial 

concentration of 0.01 molal (by extrapolation of those 

authors' curve; diagram (I) while the rate for ~-butyl 

toluenesulfonate at 30° c. is already 8.21 x 10-6 sec-1 , 

for the same initial concentration. 

This is in good agreement with the halides. Hughes 

(ref. 1) reports the following order for their rate of 

hydrolysis: 

Me > 1soP·rop. "> Et > tert-But. 

The fact that the first order rate constant of hydrolysis 

decreases with increase of the initial ester concentration 

(diagram. 1, Table II) has also been observed by Hammett and 

co-workers for ethyl toluenesulfonate (ref. 8) and benzhydryl 

chloride (ref. 6, 13) and also for the bimolecular hydrolysis 

of acetic anhydride by V. Gold (ref. 14). This last author 

claims that some solvent effect is probably responsible 

for this decrease. 

2° The Solvent Effect 

Having observed during some preliminary experiments 

that the rate of hydrolysis of sec-butyl toluenesulfonate -
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was extremely sensitive to variations in the amount of water 

in the medium, we decided to investigate this effect quite 

extensively. 

First we decreased continuously the amount of water in 

dioxane and by doing so the specific first order rate constant 

becomes smaller and smaller. Those results have already 

been mentioned and are recorded 1n Table III. 

We tried next to detennine whether the smaller pro­

portion of water or the lower value of the dielectric 

constant was responsible for this decrease of the rate. 

We added to a 75% aq. dioxane mixture 20% of nitro­

methane, a compound which has a very high dielectric constant. 

Thus we increased tre total dielectric strength of the medium 

from 13.5 up to 18.0. We were surprised to observe that 

the rate, instead of being increased was slightly decreased. 

Its value was the same as that of the rate 1n 80%aq. dioxane 

with a dielectric strength of only 11.5. 

Farinacci end Hammett have obtained a similar surprising 

effect when adding some nitrobenzene to a solution of benzhydryl 

chloride in ethyl alcohol (ref. 13,15). 

An explanation of this phenomenon, advanced by Professor 

Kirkwood has been recently mentioned by P. Auer (ref. 16). 

A solution can only be considered as a continuous medium 

when its constituents are comparable in electrostatic 

properties. When dipole moments and radii of interaction 
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are not of the same order of magnitude for the various 

constituents, the molecular character of the sol vent be­

comes apparent. The dielectric strength of the solvent is 

not any more the sum of the dielectric strength of the 

cons ti tuen ts • 

Ni trobenzene has a very high dipole moment and a large 

radius of interaction 1n comparison with ethyl alcohol. 

Their mixing produces large holes in the otherwise continuous 

pattern of dipoles, resulting in an actual decrease of the 

dielectric strength in the neighborhood of the reacting 

benzhydryl chloride molecules. 

The dipole moment of ni tranethane and its radius of 

interaction are smaller than those of nitrobenzene but ~till 

not in proportion w1 th those of water and dioxane. The 

introduction of this specie in the dioxane-water solvent 

decreases the rate probably for the same reason as that 

proposed for nitrobenzene. 

It was therefore impossible to obtain any answer to 

our problem by using nitromethane. In order to increase the 

dielectric strength Without increasing the amount of water, 

we tried next a mixture of 80% wt. ethanol and 20% water 

(D = 32.8). The rate was increased considerably but not 

as much as we expected on the basis of dielectric strength. 

we think however that here again another phenomenon 

came to interfere with the hydrolysis. A displacement 
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mechanism might probably occur between ethanol and sec-butyl 

toluenesulfonate molecules, producing the ethyl ester, the 

hydrolysis of which is, 2"ccording to tbe results of Mc Cleary 

and Hammett (ref.8) much slower than that of sec-butyl 

toluenesulfonate. 

Finally to decide if the dielectric strength effect was 

really responsible for the change of ra.te, we performed a 

number of experiments in different mixtures of water and 

acetone. Like in the dioxane-wa.ter mixtures, the rate was found 

to be propor~ional to the amount of water presez::it. 

In order to analyze the results obtained we sha.11 use 

some theoretical formulas derived by P. Auer from Kirkwood's 

expression for the activity coefficient of a polar specie 

in solution (ref.16). 

Those formulas are claimed to be only valid for medium 

of dielectric con1;3tant a,round 25 and higher. For lower values 

some non-electrostatic effects become importEmt and may 

change the whole picture. 

a) unimolecular dissociation: 

ln !Sl 

~I!" ln k :.---1-
-l kT kT 

= 61:-"_ln 
kT 

2. 
31T ~ 

1000( DkT) • 

OC.a.ic 

°'e 

D - 1 
2D + 1 
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fil: di pol e moment, b: r adius of sphere containing the - -
polc=:-.r specie; .§: : r cdius of sphere of effective intera ction 

of above polar s pecie a,nd real ions in soluti on; ~/:": ch&,n["e 

in chemical potential from initial s tate to transition s tate 

in sta nda rd state of activity; JJ,D,!£ ,T,~ a nd the o<' s hEve 

t h eir usual signification. 

The second part of this expeession i s cancelled out if 

we consider only the initial rate constants in the abs ence 

of salt; 

J3 
kT 

X D - 1 
~:'.D + 1 

1;.JheTe B is c.1, function of the dipole moments and radii of 

the sphere containing the pola r species RX a nd the tra nsi­

ti on complex . 
-fo 

b ) bi moleculra.r displ a cement : RX + HOH - Ro:;:'.~ + ".'-T 

ln l n O(RJ( ex,1-a.• 

Cxt 

6f," 1 
[ 

2 2 'l] D 7 higher t e~cL~s ln 1-...~ - m~+ m,,,~ me - .J... 
;;..2. - - - ir'r bt 

-+ kT 1::e b ~ 2D + 1 j_11 t ~ RX UiO 

Tbe r e.te constant here is the second order specific 

rate constant of solvolysis. In t h is ca se, the~ terms 

a re negli gi ble in di l ute solution. 
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We plot the values of log k1 against D-l/2D + 1 and 

obtained the two curves shown in Diagram III for dioxane­

water and acetone-water solvents. The two isolated points 

on this diagram correspond to 80% aq. ethanol and nitro­

methane-water-d!oxane mixture. 

From those curves we can deduce the two follo11\Ting im­

portant infonnations. 

1° The rate of hydrolysis in acetone-water mixtures is in 

excellent agreement with the formula above for an ~I 

mechanism ( ionic dissociation). The log of the rate is 

perfectly proportional to D - l/2D + 1 and the proportion­

ality factor is quite high. 

2° The plot of the log of the rate in dioxane-water may be 

divided into three parts: a) for D lower than about 10, 

interferences of a non-electrostatic nature do not permit 

to draw any significant conclusion: • b) from D : 10 up to 

D equal to aoout 18 the increase of the logarithm of the 

rate is almost proportional to D - l/2D + 1 rut the proportion­

all ty fa_ctor is much lower thal'1: for the acetone-water mlx­

tur·es; c) ,above D = 18, the proportional! ty ractor in-

creases quite fast until it reaches the same value than 

that for the acetone-water solvents after what it seems to 

remain constant. 

our interpretation of this curve is the following: for 

low values of the dielectric constant, the ester is hydrolyzed 

through a combination of both unimolecular dissociation and 
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bimolecular displacement; the amount of the last one in­

creases copstantly with D; for values of D above 25, the 

solvolytic mechanism is almost entirely an SNl. 

The fonnulas given in the previous pages are in favor 

of this explanation since, according to Auer1 s calculations, 

(ref. 16) the tenn 

> 0 

indicates a strongly polar transition state while the similar 

term for a displacement mechanism: 

m2 
RX -

b3 
RX 

is not ve!':f different from zero. This is because the transi­

tion state is much less polar in character and also because 

of the introduction of the tenn mH
2
o/b~

20 
into the equation. 

It is important to remember that when the bimolecular 

mechanism is involved, the part of the total first order rate 

constant corresponding to this mechanism (k~1 ) is also a 

function of the concentration of water 
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Therefore the fonnula given for the SN2 displacement be­

comes 

C 
kT 

since it was actually ~2 which was a function of D - l/2D+ 1. 

(Chere is written for the tenn in m's and Q's.) 

One can see that to find the actual variation of ~2 in 

function of the dielectric constant of the medium, it is 

necessary to subtract the corresponding value of 1n (H20) 

from the curve representing the variation of 1n ~!! When 

both bi- and unimolecular mechanism are combined as in the 

present case, one should subtract from the values of 

1n ~l the corresponding value of ln (H2o) proportionally 

to _:the contribution of the bimolecular mechanism in the 

solvolysis, a contribution that unfortunately we do not 

know. 

In any case the curve would be still more horizontal 

as soon a~ the bimolecular mechanism is used in the solvolysis. 

This would lead to a quite small value for the tenn C as it 

is proposed in the theory. 

The solvent effect is extremely interesting in that it 

gives a good qualitative picture of the change of mechanism 

occuring when the dielectric constant of the medium is in­

creased, rut 1 t fails however to furnish any quanti ta ti ve 

data in regard to the proportions in which each mechanism 



is involved in the solvolytic process. 

We do not lmow how the rate of a pure bimolecular 

solvolysis of §J!.Q-butyl toluenesulfonate varies with the 

dielectric strength. The only way to find it out would 

be to use media of very low dielectric constant but we 

1::'la.ve seen that in such solvents important non-electrostatic 

effect arise. 

The fact that the rate in acetone-water solvents is 

lower than the rate in dioxane-water mixtures of equal 

dielectric constant is probably due to some specific solvent 

effect. Similar variations are observed for ~1-bltyl 

bromide, the rate of which in acetone-water is slightly 

slower than in ethanol-water mixture of same dielectric 

constant. 

3° The Ionic Stren__gth Effect 

After having determined the value of the specific rate 

constant in 60% aq. dioxane, we add some sodium terchlorate 

to the mixture in order to see whether or not an ionic 

strength effect will appear. 

This effect has been thoroughly investigated by Hug~es, 

Ingold and their co-workers (ref. 9,11) on different esters 

and especially on ~-butyl bromide. 

Those authors, from statistical considerations on one 

hand and by calculating a value for the activity coefficient 

of the transition state {by a method similar to that used 

by Kirkwood; {ref. 17) on the other hand, finally obtained 
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the following formula for the rate of hydrolysis of alkyl 

esters by unimolecular dissociation: 

where ~ : z2 d; k(o): specific first order rate constant 
1 

at zero ionic strength! - ~=ester concentration; 0.912 

1016 • 4rr Ne4 1 (dis the distance between two 
Irn'.m ~ 2.303 

point charges~ surrounded by an ionic atmosp~ere of charge 

:t !.i N, f I k and D have their usual signification.) 

Unfortunately if this formula gives a good quantitative 

picture of the progressive increase of the rate during the 

hydrolysis (mentioned in the first part of this discussion,) 

it does not fit too well when some salt is added to the 

solution. 

Instead of the preceeding formula, we like much better 

the more general one obtained by combination of the same 

value of the activity coefficient for the transition state 

with the Bronstoed equation (ref. 14,16), 

1n k :: 1n k -0 - 4 TTNe2 
1000(t2 

1 
(DTJ2 

the m's are the dipole moments of the polar species; the 

indices r and t mean reactants and transition state.) the 

a's are the radii of spheres of effective interaction of 

polar species and real ions 1n solution). 
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From this equation one sees immediately that an in­

crease off must lead to an increcrease of k if the term 

( ~ mR mt) is negative, in other words if the transition 
Lai _<it 

R. 

state is more polar in character than the sum of the re-

actants. 

Of course this formula is only true if all molecules 

are dipoles and all effects other than electrostatic ones 

may be neglected. 

term 

Unfortunately, nobody knows the exact value or the 

( \ mR : mt) or of the parameter 6 of Hughes and 
LaR at 

ft 

Ingold which is in effect proportional to this term (ref. 16). 

However if the quantitative picture is not available, 

the qualitative one 1s quite significant. If the rate of 

hydrolysis of an ester is increased by addition of a salt 

which does not interact with it, we have a strong argument 

in favor of an SnI mechanism. A bimolecular mechanism is 

also speeded up by an increase of ionic strength but to a 

much smaller extent. 

On the other hand, the absence of such an effect is by 

no means against an ionic dissociation nor is it especially 

in favor of an SN2 type of mechanism when working in a medium 

of high solvating power, like 6Q% _aq. dioxane. 



In that medium for sec-butyl toluenesulfonate we have 

practically no effect (Table IV). The only thing that we 

may deduce from the absence of an ionic strength effect is 

that the transition state is either highly polar in 

character the effect being negligible because of the large 

amount of water present, or it is only slightly polar in 

character (3NI or SN2) in which case no effect is to be ex­

pected. 

In an other experiment, we studied the influence of 

ionic strength upon the rate in a 75% aq. dioxane medium. 

Here the increase was not at all negligible ( Table IX}; 

the ratio of (k1 ) observed over (k1 ) for the hydrolysis 
- 0 - 0 

in the absence of salt was 1.10 for a sodium perchlorate con-

centration three t:imes as high as the ester concentration. 

Although we had strong evidence in that medium for the 

presence of a large amount of SN2 character, a considerable 

part of the hydrolysis was probably still proceeding by a 

unimolecular dissociation mechanism. 

Therefore we believe that the increase of the rate 

observed is due to the presence of a highly polar trans! tlon 

state in the unimolecular dissociation. The increase to 

only 1.10 compared with 1.40 for ~1-butyl bromide in 90% 

aq. acetone (Ester concentration= LlCl concentration: 0.1 

molal) (ref. ll) is ascribed to the only partial contribution 

of this mechanism to the hydrolysis and to the still con­

siderable amount of water present. 
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If we admit the presence of a highly polar transition 

state in 75% aq~ dioxane, there is no apparent reason why 

this would not be the case in 60% aq. dioxane (higher solvating 

power.); the effect here being completely masked by a large 

amount of water. 

As a further evidence, the rate in 75%aq. acetone 1s 

influE11ced still more by an addition of sodium perchlorate. 

This can be predicted if by observation of the curve show­

ing the solvent effect: which indicate a pure SNI mechanism 

in that ease. 

For acetone-water mixtures, the steepness of slope 

indicates a highly polar transition state or in other words 

an ionization mechanism. 

4° The Mass law Effect 

This effect has already been mentioned in the first 

pa.rt of this discussion; it is produced by the addition to 

the solution of a salt having an ion identical with one of 

the products of the ionic dissociation. 

If we have a look again at the general equation of such 

a unimolecular mechanism, 

+ 
R-X R + 

we notice immediately that it is actually a combination of 

three reactions the rates of which may be written: 
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with the gener2,l condition: k1 < k 
- -s 

_At equilibr ium, v 1 = v_ 1 -rv8 and what we a ctually 

mea sure when we titrate the acidity produced is the velocity of 

the second step. 

by replacing the v's by their values given above, in this 
I 

eque,tion, one finally comes out with the expres s ion: 

Here 0/ = hlks is a measure of the intensity of the r.a.e,ss law 

effect. 

Therefore when the coefficient is sma.11, one ce.n 

easily see from previous expression that the r a te equa tion 

retains its norm&l form: 

Hughes,Ingold and co-workers (ref. 9) give different 

curves showing the variation of the r a tio of k1/~~ during 

t he course of a reaction for diffenent values of • 

It is seen that for values of this coefficient lower 

t han 5 , the maximum devia tion from pure first order kinetics 

is less than 10 ~. 
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However when a salt having an ion identical with one 

of the products of the dissociation is added, the rate ex­

pression obtained is the following: 

dx - ~l (a-x) 
at - a· (x + c) + 1 

Here, c is the salt concentration. 

In our experiments we have measured the initial rate 

constants . In this case, the initial rate constant is 

given by: .· 

(dx/dt)t- · : k~ • a: k!' a 
- 0 OIC-tl 

Here, k1 is the initial specific rate constant in the absence 

of salt and k~' is the initial rate constant in the presence 

of a concentration c of the "common ion" salt. 

Table V shows the results that we o~tained for this 

effect, in 60% aq. dioxane. The re.tio of k1 over ki' is of 

the order of 1.04 for a salt concentration of 0.01371. 

Since k~/k~' : 1.04, : Ot.0.014 + 1, this leads to the 

value of <X = 2.85. 

According to the results of Hughes and Ingold mentioned 

above, this value is much too small to pennit the observa­

tion of any decrease of the specific rate constant during 

the hydrolysis in the absence of "canmon ion" salt. 

Like the absence of an ionic strength effect, the 

absence of a mass law effect is by no means opposed to 

a unimolecular mechanism of hydrolysis. The small effect 



observed is even a proof that such a mechanism is certainly 

partially present. It seems extremely possible that the 

large E_-toluenesulfonate ion, once hydrated, shows only 

a weak tendency of recombining through the transition state 

with the .!!..2,-butyl ion. 

In other words, the value of k_1/k8 
must be quite small. 

If no bimolecular mechanism is involved at all, it must 

have a value of the order of 2.85 as it has been calculated 

above. 

Since no effect was apparent in 60% aq. dioxane there 

is still less chance that it would appear in media of lower 

dielectric constant in which the unimolecular mechanism 

responsible for this effect would be even less likely. An 

experiment in 80%aq. dioxane has confirmed this point of 

view. 
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5° Hyd_!,'Oxyl :!on Effect 

The increase of rate as well as the departure from 

first order kinetics when a certain amount of hydroxyl ion 

is added to the solution gives some infonnation about the 

mechanism involved. 

If the solvolysis mechanism is actually a unim.olecular 

dissociation the presence of OH- ions does not influence the 

kinetics, it simply increases the rate due to an ionic 

strength effect. 

If on the other hand a bimolecular displacement is 

operating, the rate will be affected by the presence of 

the hydroxyl ions • 

However if the tosyla te group is displaced by OH- ions 

to a certain extent, it will not necessarily be displaced 

to the same extent by the water molecules, for these last 

are much less electronegative and therefore show a con­

siderable less affinity to displace the tosylate or halogen 

group. 

Furthennore even in the presence of hydroxyl ions the 

ester molecules are still perfectly able to react with 

water by both mechanisms. 

Consequently, we only obtained a qualitative idea of 

the mechanism by studying this effect. 

1) If hydroxyl ions have no action on the rate, in 

other words if the ester is not able to react by an SN2 
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mechanism with this strongly negative specie, there is a 

strong probability that 1 t will not react by such e. 

mechanism with the much less electronegative water 

molecules. 

2) If some effect is observed, it shows that the 

ester is able to react by an 8N2 mech&nism but does not 

necessarily imply that 1 t reacts with water molecules by 

that mechanism. 

3) If a s~rong effect is observed, the ester is very 

probably hydrolyzed to a large extent or even entirely 

through a bimolecular mechanism in the presence or absence 

of hydroxyl ions. 

The calculated value of k 2 gives the magnitude of 

the OH ion effect. It is important however to refer also 

to the concentration of those ions in the solution since 

an ionic strength and a solvent effects are actually 

superposed on the OH-effect and increase the value of~• 

The ionic strength effect is extremely small in a 

60% aq. dioxane medium but the solvent effect is considerable. 

The ratio of !2/!1 is 2.25 for an initial hydroxyl ion con­

centration, ( OH- )
0 

. :: 0.02 and 4 .65 for ( OH-)
0 

: 0.043M 

(mean value). 

In 75% aq. dioxane the seme ratio has the values: 40.0 

for (OH-)
0 

= 0.045M (the ionic strength effect, important 

here being deduced) ·and 32.5 for (OH-)
0 

: 0.01:w. 
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-In 75% aq. acetone it is only 16.5 for (OH)
0 

= 0.013M. 

Those results are in excellent agreement with the solvent 

effect in the sense that they sbow a strong hydroxyl ion 

influence in 75%a,q. dioxane wheref 8'-bimolecule.r mechanism 

was predicted to be partly present; a much lower influence 

in 75% aq. acetone and a still lower in 60%aq. dioxane, 

two media where the unimolecular mechanism was proposed to 

be predominant. 

The presence of a higher effect in 75%aq. acetone than 

in 60% aq. dioxane s~ems logical on the basis of the 

respective amounts of water present. 
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V CONCLUSIONS 

The hydrolysis of !!£-butyl £-toluenesulfonate in 60% 

aq. dioxane works largely through a un!molecular dissociation 

of the ester molecules. A small amount of bimolecular dis­

placement is quite possible. The nature of the ester, the 

solvent effect and the OH ions effect are in favor of 

this while the ionic strength and the "common ion" effects 

are not opposed. 

The hydrolysis of the same sec-bu.tyl ester in 75%aq. -
dioxane possess a large amount of bimolecular character as 

shown by the solvent effect and the hydroxyl ions effect 

but it still contains quite an important amount of uni­

molecular character as the ionic strength effect demonstrates. 

Finally the hydrolysis in acetone-water media has a 

unimolecular mechanism as the ionic strength effect in the 

75% solvent indicates. In this medium however a small 

contribution of the bimolecular mechanism is not excluded 

since the hydroxyl ion effect is not negligible. 

The absence of any important mass law effect in every 
I 

case simply indicates that the tosyla,'iona show almost no 

tendency to refonn the original ester or more exactly that 

the back reaction 1s rather slow compared with the second 

step forward reaction. 

We believe that we have here in dioxane-water media 

experimental evidence for a transition from the unimolecular 
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mechanism of solvolysis at the higher percentages of water 

to the bimolecular displacement of an ester by the solvent 

molecules at the lower percentages of water. 

This transition is extended over a quite considerable 

range of dielectric strength and it is unfortunately not 

yet completed on the bimolecular side for low dielectric 

constant media. 

It is therefore impossible to lmow the variation of 

the rate of a pure bimolecular solvolytic displacement of 

~-mtyl toluenesulfonate. 

If the variation of this with dielectric constant were 

known, it probably would be possible to determine by 

analyzing the "solvent effect" curve, the proportions of 

each mechanisms present for any medium of intennediate 

dielectric constant. 

Hughes and Ingold (ref. 8 ) mentioned that methyl, 

ethyl and !.!2Propyl bromides show approximately the same 

increase of rate when a large amount of water is added to 

ethyl alcohol. 

However for high solvating media the variation of the 

rate of isopropyl bromide becomes larger and approaches the 

corresponding variation for ~-butyl bromide. 

They conclude that a change of mechanism occurs for 

1sopropyl bromide. Change of mechanism which is not sharp -
but spread over a certain range of values of the solvating 
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power of the medium. 

The results that we have obtained completely agree with 

this. 

We think that any alkyl halide or similar ester like 

the toluenesulfonates are probably theoretically able to 

react by both rnechanisma. 

They all must possess a curve similar to the one 

shown here by !,!_£-butyl toluenesulfonate and mentioned 

by Hughes and Ingold for the alkyl halides. Unfortunately 

the transition region, which may spread over a quite large 

range of dielectric strength, is for moat compounds out of 

the reach of the experiment. 
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