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I. INTRODUCTION 
 

In our earlier reported works1-3 effect of dipolar 

aprotic solvents like DMSO, Diaxon and DMF on the 

acid catalysed solvolysis of lighter methanoate has 

been studied but studies on the solvent effect of 

dipolar protic solvent on the catalysed solvolysis of 

heavier methanoate are not available till today. 

 

Hence it is thought essential to study the effect of a 

dipolar protic solvent ethanol on the acid catalysed 

hydrolysis of Propyl methanoate, as its use as 

flavouring agent seems to be very useful in the food 

technology. 

 

Experimental & Calculation: Export quality of 

Propyl methanoate, made in USSR and SISCO grade 

of high degree pure ethyl alcohol (99.5%) were used. 

The kinetics of the reaction was studied by adding 

0.45 ml of ester through syringe pipette into 50 ml 

of 0.5 M solution of HCl. The reaction was found to 

obey the first order kinetic equation and the 

evaluated values of specific rate constants have been 

recorded in Table-I. The value of log k and log [H2O] 

of the reaction media are recorded in Table - II. From 

the slope of the plots of log k versus log [H2O], the 

number of water molecules associated with the 

transition state of the reaction have been evaluated 

and are placed in Table III. The values of both iso-

composition and iso-dielectric activation energies 

have been mentioned in Table-IV and Table-V 

respectively. The values of thermodynamic activation 

parameters were calculated using Wynne-Jones and 

Eyring equation4 and are synchronised i Table-VI. 

 

Table-I shows that the rate constant values of the 

reaction decrease with increasing proportion of 

ethanol in the reaction media. On plotting log k 

values against mole % of ethanol as shown in Fig.-1, 

it is obvious that up to 20.60 mol % of the ethanol in 

the reaction media, the rate of the reaction falls 

rapidly but beyond (above) 20.60 mol% of ethanol, 

the depletion in the rate follows slow path. The 

decreasing trend in the values of the specific rate 

constants needs to be discussed in the light of 

Hughes and Ingold5 predictions according to which 
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an increase in the dielectric constant values of the 

reaction media causes an increase in the rate when 

there is concentration or constructions of charges on 

the transition stage and causes a decrease in the rate 

when there is diffusion or destruction of charges on 

the transition stage. The values of dielectric 

constants of the reaction media go on decreasing 

with gradual addition of ethanol. So our findings are 

fully in accordance with the qualitative, 

 

Table-1 Specific rate constant values of Acid catalysed hydrolysis of Propyl Methanoate in  

water-DMSO media kx 103 in min-1 mol-1 
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Fig.1: Variation of log k values with mol % of EtOH in 

water-EtOH media prediction of Hughes and Ingold. 

However, our findings are also in agreement with the 

qualitative prediction of Laidler and Landskroener6 

and also with the recent reports of Singh & Kumari7 

and Kumar & Singh8 who predicted that the rate of 

ion dipolar reaction decreases with decrease in the 

dielectric constant values of the reaction media. 

 

Evaluation of Solvation number and 

Determination of mechanistic pathways followed 

by the reaction: 

Solvation number 'n' is the number of water 

molecules associated with transition state of the 

reaction. Robertson9 has derived an equation, which 

is as: 

log k=log ko+n log [H2O] 

where 'n' is the solvation number and is evaluated 

from the slopes of the plots of log k versus log [HO]. 

Robertson et al10. suggested that value of 'n' for 

unimolecular reactions is fairly high while that of 

bimolecular reactions, it will be low. 

 

From the recorded values of log k and log [H2O] in 

Table - II, the log k values were plotted against log 

[H2O] as shown in Fig.-2 and the evaluated values of 

the slopes of the straight lines have been enlisted in 

Table-III. 

 

From Fig.-2 it is clear that at each temperature two 

intersecting straight lines are obtained at log [H2O] 

value 1.415 which corresponds to 46.80% of water 

concentration (v/v) in water-EtOH reaction media. 

 

From the recorded values of the slopes of the plots 

of log k versus log [H2O] in Table -III, it is clear that 

below or before log [H2O] value 1.415, which 

corresponds to 46.80% of water in the reaction 

media, the number of water molecules associated 

with the activated complex increases from 0.252 to 

0.945 with increase in temperature of the reaction 

from 20 to 40°C. Similarly, for above 46.80% water 

concentration in the reaction media, the number of 

water molecules involved in the formation of the 

activated complex increase from 0.510 to 1.258 with 

rise in temperature from 20 to 40°C. 

 

Overall, it is concluded that number of water 

molecules associated with the activated complex 

increase from 0.252 to 1.258 with rise in temperature 

from 20 to 40°C and from this trend, in the light of 

the guidelines of Robertson et al10 it is inferred that 

the mechanistic pathway of the reaction is changed 

from bimolecular to unimolecular with 
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Table-III 

Values of the slopes of the plots of log k versus log [H2O] values at different temperatures 
 

 
 

Fig. 2: Variation of log k values against log [H2O] 

values in water-EtOH media increase in water 

concentration or with decrease in ethanol content of 

the reaction media and also with increase in the 

temperature of the reaction. 
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From the enhancing trend of number of water 

molecules involved in the formation of the activated 

complex, it is also inferred that on addition of 

ethanol in the reaction media, the equilibrium of 

water is shifted from its dense form to bulky form. 
 

 
 

These observations and interpretations have also 

recently been supported by Singh & Hafizee11, Singh 

& Singh12, Monalisa & Singh13, Singh & Perween14 

and Kumar & Singh15 

 

Solvent effect on activation energies (Iso-

composition and Iso-dielectric) of the reaction: 

From Table-IV, it is obvious that Ec values go on 

decreasing with increasing the concentration of 

EtOH in reaction media. This trend is probably due 

to solvation changes taking place either at initial 

state level or at the transition state level or at the 

level of both the initial and transition states as 

reported earlier by several researchers11-15 in this 

field. Considering the extent of solvation to be a 

dominant factor, the following three factors seem to 

be responsible for decrease in E, values with gradual 

addition of EtOH in the reaction media:- 

 

(i) The transition state is desolvated less than the 

initial state 

(ii) The transition state is solvated more than the 

initial state and 

 
 

(iii) The transition state is solvated and the initial 

state is desolvated. 

 

The transition state being large cation (ester + H+) is 

available more for solvation by EtOH molecule than 

the initial state, so the third factor seems to be 

operative in our case and it is also supported by the 

decrease in entropy of activation (ΔS*) of the 

reaction as shown in Table VI. So situation third is the 

more plausible explanation for decrease in Ec values 

of the reaction as recorded in Table - IV. 

 

It is, thereforeinferred that Ec values of the reaction 

go on decreasing due to solvation of the transition 

state and desolvation of initial state. This view has 
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also been supported recently by the researchers of 

Singh group. 16,17 
 

Effect of Solvation on the Iso-dielectric 

Activation Energy (ED) of the Reaction: 

With a view to minimise the dielectric effect, the iso-

dielectric activation energy was evaluated from the 

slopes of the Arrhenius plots of log kD values 

(Obtained from interpolation of the plots of log k 

values against D values of the reaction media) 

against 1/T following the guidelines of Wolford18 

and Elsemongy et al19 and the value thus obtained 

have been tabulated in Table-V. From the Table-V, it 

is found that ED values go on increasing from 70.53 

to 92.38 kJ/mol with increase in D values from D=35 

to D = 75 This trend of increase in ED values is quite 

in agreement with changes (decrease) in EC values of 

this reaction and also with the findings of Wolford18 

and Singh & Singh et al16,17.  

Solvent Effect on Thermodynamic Activation 

Parameters of the Reaction: 

The three thermodynamic parameters namely 

enthalpy of activation (ΔH*). free energy of activation 

(ΔG*) and entropy of activation (ΔS*) of the reaction 

were evaluated using Wynne-Jones and Eyring 

equation4 and have been mentioned in Table - VI. 

From the values enlisted in Table - VI, it is clear that 

ΔG* values of the reaction go on increasing with 

simultaneous decrease in both the ΔH* and ΔS* 

values of the reaction. 

 

In order to observe the variation in these 

thermodynamic parameters more clearly, they were 

plotted against the mol % of ethanol which have 

been shown in Fig. -3,4 and 5 for ΔH* ΔG* and ΔS* 

respectively. From Fig. 3, 4 and 5, it is clear that ΔH* 

ΔG* 
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Fig.5: Variation of ΔS* values with mol % of EtOH in 

water-EtOH media and ΔS* vary non-linearly to the 

considerable extent with the concentration (mol %) 

of ethanol and this is the indication of specific 

solvation taking place in the reaction media 

according to Saville and Hudson20 

 

The ΔH* and ΔS* are complimentary to each other as 

the resulting net property of ΔG* in Table-VI is a well 

behaved function, From the values of ΔG* in Table-

VI and also from the Fig.-4, it is clear that ΔG* is 

being little affected by the solvent composition (mol 

%). However, there is considerable enhancement 

(from 88.21 to 90.32 kJ/mol at 30°C) in ΔG* values. 

 

From Table VI, it is also clear that ΔG* values are 

found to increase simultaneously with depletion in 

both the ΔH* and ΔS* values (as seen in Table - VI). 

From the thermodynamic relation- ΔG* = 

ΔH*-TΔS* 
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it is clear that enhancement in ΔG* values with 

simultaneous decrease in both of ΔH* and ΔS* values 

of the reaction is possible only when the extent of 

depletion in ΔS* values is greater than in ΔH* values. 

From these findings, it is concluded that the acid 

catalysed hydrolysis of Propyl methanoate in water-

EtOH media is entropy controlled and enthalpy 

dominating reaction. 

 

Similar observations and interpretations have also 

been reported recently by Singh & Hafizee11, 

Monalisa & Singh13, Kumar & Singh15 and Singh & 

Singh et al21  

 

Solvent Effect on Solvent-Solute Interaction in 

the water-EtOH Reaction Media: 

For highlighting solvent-solute interaction for a 

solvolysis reaction, Barclay and Butler22 have 

correlated the enthalpy of activation (ΔH*) and the 

entropy of activation 

 

 

 
 

 
 

( ΔS* ) by means of the relationship - 

δm( ΔH* ) = ẞ Δm ( ΔS* ) 

where ẞ is a constant called iso-kinetic temperature 

and it is evaluated from the slope of plots of ΔH* 

values against ΔS* value. 

 

From the recorded values of ΔH* and ΔS* in Table VI, 

ΔH* values were plotted against ΔS* which is shown 

in Fig.-6. The plot consists of a straight line whose 

slope value has been evaluated to be 280.33≈280 

which is less than 300. On the guidelines of Lefller23 

it is concluded that there is weak but considerable 

solvent-solute interaction for acid catalysed 

hydrolysis of Propyl methanoate in aquo-EtOH 

reaction media. 

 

Such conclusions has also been supported by Singh 

& Ojha et al7. and recently by Singh & Singh24. Effect 

of [H+] on the rate and mechanism of the 

reaction: 
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In order to investigate the effect of acid 

concentration (H+ in concentration) on the acid 

catalysed hydrolysis of Propyl methanoate in water 

ethanol media, experiments were performed to 

study the kinetics at various concentrations of HCl 

(from 0.1M to 0.8 M), keeping the temperature, 

solvent composition and ionic strength of the 

reaction media constant. The reactions were carried 

out at 30o C in the reaction media having 30% (v/v) 

concentration of EtOH and the evaluated specific 

rate constants have been tabulated in Table - VII. 

From the tabulated values of log k and log [H+] in 

Table - VII, log k values were plotted against log [H+] 

and has been shown in Fig. 7. From Fig. -7, it is clear 

that the plot is an excellent straight line showing 

linear dependence of rate of reaction on [H+] ion 

concentration. The slope of the log k versus log [H+] 

plot is evaluated to be 1.003 which is 

 

almost equal to unity. From this value of slope 

(unity), it may be inferred on the basis of the 

hypothesis of  Zucker and Hammett25 that acid 

catalysed hydrolysis of Propyl methanoate in water-

ethanol media follows AAC
2 mechanism. 

 

Similar conclusions have also been reported by 

Singh et al26. and recently by Singh & Radha et al27. 
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