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ABSTRACT

The alkaline hydrolysis of ethyl pyruvate, a biologically relevant a-keto ester, was investigated in aqueous
ethylene glycol media over solvent composition from 10-50% (v/v) and temperatures 20-50°C. The reaction
kinetics were followed by conductometric measurements, and the corresponding specific rate constants were
evaluated from the conductivity data. A systematic decrease in the specific rate constant was observed with
increasing ethylene glycol content in the reaction medium. This behaviour is attributed to changes in the
solvent environment, including solvation, hydrogen-bonding interactions and solvent polarity.
Thermodynamic activation parameters were subsequently evaluated to obtain information about the
energetic changes associated with formation of the activated state. The iso-composition activation energy
decreases from 46.50 kJmol! to 34.73 kJmol! with increasing ethylene glycol concentration from 10 to
50% (v/v). The variation of the kinetic and activation parameters with solvent composition provides insight
into the influence of ethylene glycol-water interactions on hydroxide-ion reactivity and transition-state
stabilization. The study demonstrates that changing the composition of an aqueous ethylene glycol medium
can significantly modify the kinetic characteristics of alkaline ester hydrolysis.

Keywords: Ethyl pyruvate; alkaline hydrolysis; ethylene glycol; solvation; thermodynamic activation
parameters.

INTRODUCTION

The kinetics of chemical reactions in mixed aqueous solvents are strongly influenced by the
physicochemical characteristics of the reaction medium. Solvent composition can modify molecular
interactions, reactant solvation, ionic mobility, and the relative stability of the reactants and activated
complex. Consequently, investigating chemical reactions in binary solvent systems provides valuable
information about the relationship between solvent structure and reaction mechanism.

Ester hydrolysis is an important reaction in physical organic chemistry because its rate is sensitive to the
characteristics of the ester, the nature of the attacking nucleophile, and the surrounding solvent environment.
Under alkaline conditions, hydroxide ions attack the electrophilic carbonyl carbon of the ester, initiating
nucleophilic acyl substitution'!! The subsequent transformation produces the corresponding carboxylate ion
and alcohol.
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Ethyl pyruvate is an o-keto ester containing both ester and keto functional groups!?. Its structural
characteristics make it an interesting substrate for investigating solvent-dependent reaction kinetics. The
presence of the adjacent keto group may influence the electronic environment of the ester functionality and
its interaction with the surrounding solvent molecules!®!. The alkaline hydrolysis of ethyl pyruvate begins
with nucleophilic attack of hydroxide ion on the ester carbonyl carbon. This produces a tetrahedral
intermediate in which the carbonyl oxygen carries increased electron density. Subsequent collapse of this
intermediate results in cleavage of the ester alkoxy group and formation of the carboxylate product*].
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Ethylene glycol is a polar protic solvent containing two hydroxyl groups capable of participating in
hydrogen-bonding interactions. When mixed with water, it produces a solvent environment with properties
that differ from those of pure water. Changes in ethylene glycol concentration can influence solvent polarity,
hydrogen-bonding structure, and the solvation behaviour of ionic species!®.

In alkaline hydrolysis, the interaction of hydroxide ions with water and ethylene glycol molecules may affect
their effective reactivity toward the ester substrate!”). Variations in solvent composition can also modify the
relative solvation of the reactants and the activated complex, thereby influencing the observed reaction rate.

The objective of the present work is to investigate the kinetics of alkaline hydrolysis of ethyl pyruvate in
aqueous ethylene glycol mixtures and evaluate the effects of solvent composition and temperature on the
rate constants, activation energy, and thermodynamic activation parameters.

EXPERIMENTAL

Materials

Ethyl pyruvate (ethyl 2-oxopropanoate), sodium hydroxide, ethylene glycol, potassium chloride and oxalic
acid of analytical grade were used for the experiments. Freshly prepared double-distilled water was used for
preparing the solutions and reaction mixtures.

Instrumentation

Conductometric measurements were carried out using a calibrated conductivity meter fitted with a suitable
conductivity cell. A thermostatically controlled water bath was used to maintain the required reaction
temperature during the kinetic measurements.

Kinetic Measurements

The conductivity meter was calibrated using standard 0.01 N KCI solution, and the conductivity cell was
rinsed thoroughly with double-distilled water before each measurement to avoid contamination and ensure
reliable readings. The alkaline hydrolysis of ethyl pyruvate was investigated conductometrically in aqueous
ethylene glycol mixtures of composition from 10% to 50% (v/v) and temperature range 20°C to 50°C.
Equimolar solutions of ethyl pyruvate and sodium hydroxide were employed for the kinetic studies. The
required solvent mixtures were prepared by mixing appropriate volumes of ethylene glycol and double-
distilled water while maintaining a constant final reaction volume. Before mixing, the reactant solutions
were allowed to attain the desired temperature. The reaction was initiated by combining the reactants, and
conductivity readings were recorded at regular time intervals until the reaction approached completion. The
resulting conductivity data were used to calculate the corresponding second-order rate constants for each
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ethylene glycol composition and temperature. Identical experimental conditions were maintained throughout
the kinetic measurements to ensure consistency and facilitate comparison of the solvent-dependent reaction
behaviour.

RESULTS AND DISCUSSION

Effect of ethylene glycol composition on the specific rate constant

The specific rate constants (k) obtained for the alkaline hydrolysis of ethyl pyruvate in aqueous ethylene
glycol at different solvent compositions and temperatures are presented in Table 1 and variation of log k
with increasing mol% shown in Table-2 and Fig-1.The reaction rate shows a systematic dependence on the
proportion of ethylene glycol in the reaction medium!®.

At a given temperature, the specific rate constant decreases as the ethylene glycol content is increased®!%,

This indicates that modification of the solvent environment affects the interaction between hydroxide ion
and ethyl pyruvate, and it also affect the stabilisation of transition statel!!! .

TABLE 1 Specific rate constants, k, (Lmol's!) for alkaline hydrolysis of ethyl pyruvate in aqueous
ethylene glycol at different solvent compositions and temperatures.

Temperature in Specific rate constants k at different composition of ethylene
°C glycol (v/v)%
10% 20% 30% 40% 50%
20°C 19.53 16.61 14.79 13.19 11.75
30°C 36.36 30.95 26.31 21.88 19.08
40°C 66.22 57.80 46.94 38.02 30.21
50°C 117.64 96.15 78.12 60.60 44.84

TABLE 2 The variation of log k with ethyl pyruvate with increasing mol% of ethylene glycol at
different temperatures.

% of Ethylene | mol% of log k at different Temperature
glycol ( v/v) Ethylene
glycol 20°C 30°C 40°C 50°C

10% 3.43 1.29 1.56 1.82 2.07
20% 7.40 1.22 1.49 1.76 1.98
30% 12.05 1.16 1.42 1.67 1.89
40% 17.57 1.12 1.34 1.58 1.78
50% 24.23 1.07 1.28 1.48 1.65
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Fig 1 Variation of log k value with mol % of ethylene glycol at different temperatures
Determination of iso-composition activation energy

TABLE 3 Variation of log k with 10%/T (in K™) for the alkaline hydrolysis of ethyl pyruvate in aqueous
ethylene glycol media.

Temperature log k at different compositions
. 3
in 10°/T 10% 20% 30% 40% 50%
°C
20°C 341 1.29 1.22 1.16 1.12 1.07
30°C 3.30 1.56 1.49 1.42 1.34 1.28
40°C 3.19 1.82 1.76 1.67 1.58 1.48
50°C 3.09 2.07 1.98 1.89 1.78 1.65
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Fig 2 Plot of log k value with 10%T for alkaline hydrolysis of ethyl pyruvate in aqueous ethylene glycol
media.
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TABLE 4 Iso-composition activation energy (Ec) for the alkaline hydrolysis of ethyl pyruvate in
aqueous ethylene glycol mixtures.

% of ethylene glycol (v/v) 10% 20% 30% 40% 50%

Ec( kJmol™) 46.50 45.64 43.67 39.73 34.73

The temperature dependence of the specific rate constants was analysed using the Arrhenius equation. Plots
of log k against 10° /T were constructed for each ethylene glycol composition shown in Table-3 and (Fig-2),
and the corresponding iso-composition activation energy were calculated from the slopes of the linear plots.
The iso-composition activation energy values obtained at different ethylene glycol compositions are listed in
Table 4. The experimentally determined iso-composition activation energy decreases with increasing
ethylene glycol concentration, this behaviour indicates a reduction in the apparent energy barrier in the
modified solvent environment!'>!3], Such a change may arise from altered solvation of hydroxide ion and
changes in the stabilization of the activated state.

Effect of dielectric constant on iso-dielectric activation energy

TABLE 5 Iso-dielectric activation energy (Ep) for the alkaline hydrolysis of ethyl pyruvate at different
dielectric constants in aqueous ethylene glycol media.

Value of D 64 68 72 76 80

Ep (kJmol™) 54.53 57.93 63.10 66.19 68.64

The results indicate a progressive increase in iso-dielectric activation energy with increasing dielectric
constant of the reaction medium (Table-5). The observed variation suggests that the dielectric properties of
the aqueous ethylene glycol system influence the energetic requirements of the hydrolysis process. Changes
in solvent composition modify the solvation environment of the reacting ionic species and may affect ion—
dipole interactions and transition-state stabilization. These solvent-dependent interactions provide insight
into the relationship between the dielectric properties of the medium and the reaction mechanism!!*!3],

Effect of water concentration on the specific rate constant

TABLE 6 Variation of log k with log[H:0] for the alkaline hydrolysis of ethyl pyruvate in aqueous
ethylene glycol at different temperatures.

% of Ethylene % of | log[H20] log k at different temperatures
HO
lycol (v/v

glycol (v/v) 20°C 30°C 40°C 50°C
10% 90% 1.70 1.29 1.56 1.82 2.07
20% 80% 1.64 1.22 1.49 1.76 1.98
30% 70% 1.56 1.16 1.42 1.67 1.89
40% 60% 1.52 1.12 1.34 1.58 1.78
50% 50% 1.44 1.07 1.28 1.48 1.65
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Fig 3.Variation of log k with log [H2O]for the alkaline hydrolysis of ethyl pyruvate in aqueous ethylene
glycol media.

Determination of solvation number

TABLE 7 Slope values obtained from the plots of log k versus log[H,O] at different temperatures in
aqueous ethylene glycol media.

Temperature 20°C 30°C 40°C 50°C

Slope 0.840 1.097 1.334 1.612

To obtain additional information concerning the role of the aqueous component, the dependence of the
reaction rate on water concentration was examined by plotting log k against log [H>O] shown in Table-6 and
Fig-3. The resulting relationship provides an empirical measure of the sensitivity of the reaction rate to
changes in water concentration. The slope (Table-7) obtained from these plots may be expressed as an
apparent solvation parameter!'®!. Changes in this parameter with temperature or solvent composition indicate
that the organization of the solvent surrounding the reacting species changes during the reaction. The
observed dependence of the rate on water concentration can therefore be interpreted in terms of changes in
the solvation environment accompanying formation of the activated statel!”],

Thermodynamic Activation Parameters

TABLE 8 Thermodynamic activation parameters (AH", AS", AG") for the alkaline hydrolysis of ethyl
pyruvate in aqueous ethylene glycol media. AH", AG" in kJmol”, AS” in Jmol 'K

% of Thermodynamic Activation Parameters
ethylen
e AH" | AG" | AS AG" | AS AG" | AS AG" | AS
glycol

20°C | 20°C 30°C | 30°C 40°C | 40°C 50°C | 50°C
(v/v)

10% 4421 | 74.62 | -103.79 | 75.65 | -103.77 | 76.67 | -103.72 | 77.65 | -103.54

20% 43.46 | 75.01 | -107.70 | 76.06 | -107.60 | 77.03 | -107.26 | 78.20 | -107.56
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30% 40.99 | 75.28 | -117.05 | 76.48 | -117.13 | 77.56 | -116.86 | 78.74 | -116.89

40% 37.20 | 75.52 |-130.79 | 76.91 | -131.06 | 78.09 | -130.66 | 79.41 | -130.70

50% 32.24 | 75.78 | -148.63 | 77.26 | -148.61 | 78.67 | -148.35 | 80.21 | -148.52

The thermodynamic activation parameters (Table-8), namely enthalpy of activation (AH"), entropy of
activation (AS"), and Gibbs free energy of activation (AG”), were evaluated to obtain further insight into the
reaction process''®l. The enthalpy of activation provides information about the energetic requirement for
formation of the activated complex. The entropy of activation reflects changes in molecular organization
during the transition from reactants to the activated state. The Gibbs free energy of activation represents the
free-energy barrier associated with the reaction under the experimental conditions. Variations in these
parameters with ethylene glycol concentration may be associated with changes in solvent organization,
hydrogen-bonding interactions, and solvation of the reacting species!!”). The combined analysis of kinetic
and thermodynamic parameters provides a broader understanding of the influence of aqueous ethylene
glycol on the alkaline hydrolysis of ethyl pyruvate!?°!.

CONCLUSION

The present study investigates the influence of aqueous ethylene glycol on the kinetics and thermodynamic
characteristics of alkaline hydrolysis of ethyl pyruvate. The reaction rate constants were evaluated at
different solvent compositions and temperatures using conductometric measurements. The kinetic analysis
provides information about the temperature dependence of the reaction and the influence of solvent
composition on its activation barrier. Evaluation of the thermodynamic activation parameters further helps to
interpret the energetic and molecular characteristics of the activated complex. The findings can contribute to
a better understanding of solvent-dependent ester hydrolysis and the role of hydrogen-bonding interactions,
solvation effects, and solvent composition in controlling reaction kinetics.
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