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Part VIII. The Alkaline Hydrolysis of Ethyl Aeetate in Acetone-Water Mixtures 
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IN earlier parts of this series published in these Proceedings, the reaction 
in these solvent mixtures were studied over a large range of compositions. 
While it was clear that the reaction is an ion dipole one, certain discrepancies 
could not escape attention. While the trend of the reaction appeared to 
conforto to normal expectations over the range of dielectric constants, 
abnormal features appeared to be unavoidable in the region of small addi- 
tions of the organic solvent to water, particularly a reversal of the rate- 
constants in relation to the dielectric constant. A fuller study of these 
observations (5) appeared necessary and the present report deals with 
this abnormal region. A similar trend had also been noticed by Tommila 
and bis associates, 1952. 

DISCUSSION OF RESULTS 

The experimental procedure adopted in the present studies involved 
a control of temperature and of composition as well as of analytical proce- 
dure which by standard statistical considerations can lead one to regard a 
difference in activation energy (Arrhenius) of the order of 300 calories as 
being outside the limits of experimental error. The values of the rate con- 
stants and the Arrhenius parameters for the reaction at three different tempe- 
ratures are presented in Table I be!ow. The range in temperatures had to 
be restricted by the low boiling point of  the organic solvent and the need for 
a reasonable rate of  reaction consistent with the accuracy aimed at. For 
fuUer evaluation of the position of maximum rate and the drift in the posi- 
tion with temperature, it will be convenient to use the graphical representa- 
tion in Fig. 1. 

In aU cases, rate constants as well as the Arrhenius parameters tend to 
rise progressively for small additions of organic solvent reaching a maximum 
in the region where the mole fraction of  the acetone is between 0.015 and 
0.021. Thereafter, the apparent inttuence of  the solvent follows the normal 
expectations for ah ion~ reaction. Ah examination of  Fig. 1 further 
shows that increase of temperature enhances the abnormalities while re- 
taining the general features. An exarnination of the Arrhenius parameters 
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shows that,  within the limits o f  exper imental  error ,  the act ivat ion energy 
increases linearly with the mole  f rac t ion  o f  added  acetone in the initial stages 

TABLE I 

Al1 rate constants are in units of moles./litre/seconds -1 

Mole fraction k~ values E 
of  K. Calories logl0 PZ 

acetone 30 ~ C. 35 ~ C. 40 ~ C. 

0 0"1617 0"1862 0"2817 10-530 6-75 

0"00497 0"1628 0"1929 0-2891 10"880 7-01 

0"01009 0"1657 0-1974 0"2967 11"050 7"14 

0-01538 0"1674 0"2053 0-3059 11"430 7"41 

0"02084 0-1645 0"2018 0-3094 11"970 7"81 

0"02646* 0-1589 0-1889 0"2890 11"340 7"33 

* The value of the Arrhenius parameters for this solvent composition differs frcm the values 
reported in Part IV. This is partly due to the greater accuracy of temperature control as well as 
analytical technique. 
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before reach;ng a max imum value with a change in the slope thereafter  
(Fig. 2). The  absence o f  any mechanis t ic  change is clearly shown by the 

close paraUelism between the f requeacy  fac to r  and Arrhenius  act ivat ion 
cnergy (Fig. 3). 
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A study of the physical properties of the mixtures of these two solvents 
clearly reveals the non-ideal behaviour of the binary system and this aspect 
is more fully considered in a separate communication. The last two columns 
of the table represent essentially composite quantities, not all of which can 
be readily computed. Following Fairclough and Hinshelwood (1938), 3 the 
entropy of activation which is included in the frequency factor of the rate 
equation may be considered to be related to the square-root of the activation 
energy and this too is noticed even where the rate constant is apparently 
abnormal (Fig. 3). The Arrhenius activation energy incorporates also a 
function of the dielectric constant of the medium but in the region of compo- 
sitions used here no data are available and measurements are in progress in 
these laboratories to fill the gap. 

Though ir is generally considered that the slowest step in any postulated 
mechanism is the tate determining one and the measured rate constant is a 
measure of this part, ir has to be recognised that all the terms in the tate 
equation are essentially composite involving aH the steps. The accepted 
mechanism of ester hydrolysis involving hydroxyl ion catalysis involves in 
the first instance of a complex of the ester with the hydroxyl ion followed by 
interaction with solvent molecules leading to the products. SmaU additions 
of acetone can modify one or both the stages. The interacting ion is initially 
solvated, andas Ackermann (1957)1 has shown, water molecules ate disposed 
tetrahedrally round the hydroxylion. In the absence of evidence to the 
contrary, one may presume that small additions of acetone do not lead to 
any different reacting entity. The change in liquid structure brought about 
by this addition of acetone, however, alters the effective concentration of the 
hydrated hydroxyl ion and this should, in its tuna, modify the entropy of 
activafion. Apparently, this is balanced by the possibility of the solvation 
of the hydroxyl by acetone and the consequent increase in the size of the 
solvated ion increases the frequency of encounter. 

As an ion-dipole reaction, even small changes in dielectric constant 
may be expected to be a dominant factor since the reaction tate constant 
may be ordinarily expressed by a relation of the type, 

l n k  = l n k  o - f  (I/D). 

For smaU additions of organic solvent, changes in dielect¡ constant are 
relatively small and the normal influence of this factor is more than offset 
by structural changes in the environment. 

While a study of catalysis by other species was not taken up, the earlier 
observations of Dawson (1927) 3 together with theoretical expectations on the 
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role of a common ionic species made it worth while to study the influence 
of  added potassium acetate in the different solvent mixtures. Only a single 
concentration was tried and an upward trend in the rate was noticeable in 
aU cases (Table II). At the same time the position of maximum velocity in 
relation to solvent composition shifted to a smaller proportion of  the organic 
solvent. 

TABLE II 

lnfluence o f  added potassium acetate on reaction rate 

Concentrat ion of  salt :  0 .0444 M 

Composition of 
solvent: Vol. 

% acetone 

100 k~ 

30~ 35~ 40~ 

0 16.42 21-42 29.14 

2 17.15 22.36 30.85 

4 17.33 22.79 31.41 

6 16.89 21.74 29.91 

8 16.37 20.62 28.90 

10 15.83 19.43 28.35 

The pronounced catalytic effect of  acetanions as well as the increase 
in dielect¡ constant in solutions of  electrolytes appear to be more important 
than any possible mass law effect by the presence of  a common ion. There 
does not appear to be any trend to suggest any eomplications of  a lirst order 
kinetics that may be expected for base catalysed alkyl-oxygen fission. Under 
the conditions of experiment, normal acyl-oxygen fission with a transition 
state involving the association of the hydroxyl ion with the ester represents 
the course of the kinetics. 

E X a ' E ~ X L  

Materials used.--AU the solvents used were purified by methods de- 
scribed in earlier parts. Conductivity water was used, freshly prepared eaeh 
time. The ester was purified by standard methods and fresh samples were 
ttsed for each experiment. The potassium acetate used was a Merck extra- 
pure quality preparation and adequate precautions had to be taken to avoid 
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errors through the hygroscopic nature of the compound. The physical 
characteristics used conformed to the following constant values in each 
sample prepared : 

Ethyl Acetate: B.P., 77.1-77.2 ~ C. 
n~ ~ 1"3690 
Density~ 5, 0.9010. 

Acetone: B.P., 56.1-56.2 ~ C. 
n~  o, 1.3530 
Density~ 5, 0.7860. 

Measurements.--The reaction was carried out in tested Jena glass bottles 
with negligible evaporation losses at the temperatures used over several weeks. 
Calibrated stoppered measuring flasks were used in preparing standard solu- 
tions and in determining concentrations, corrections were applied for the 
expansion of the solutions. Refractive indices were determined with a 
Pulfrich refractometer while densities were determined with pycnometers 
making due allowance for buoyancy corrections. The reactions were car¡ 
out in an accurate thermostat where temperatures were electronically 
controUed to 0.01 ~ C. 

Aliquot parts of  the reaction mixture were analysed from time to time 
using an electromet¡ titration method employing the Serfass Electron Ray 
Titration Unit Assembly with two platinum electrodes. 

Typical runs are presented in Tables III, IV, V and VI. 

In Tables III, IV and V the concentration of the acid used for chilling 
the reaction was about twice that of  the base. 

StrMMARY 

The alkaline hydrolysis of ethyl acetate in water containing small addi- 
tions, of acetone have shown that the earlier expectations of abnormal trend 
in the rate of reaction were correct. The absence of mechanistic change 
is indicated by the continuity in the curve for correlation of  the two 
Arrhenius parameters. Any explanation has to be in relation to the struc- 
ture of the environment of the reacting species and the requirement of  the 
properly hydrated reacting ion. 
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