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Abstract - Hydrolysis reaction of ethyl acetate and sodium
hydroxide was carried at different temperature and calculate
the conversion of NaOH and also find out the reaction order
and activation energy of particular reaction. The maximum
conversion of NaOH was 96% at 36°C temperature and the
order of reaction for present reaction was best fitted for 2nd
order reaction with respect to sodium hydroxide. The
activation energy of reaction was calculated by Arrhenius
equation, E= 16.20 kcal/mol and frequency factor was k, =
1.85 * 102, The enthalpy and Gibbs free energy of present
reaction was also calculated by theoretical method at different
reaction temperature.
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1. INTRODUCTION

All chemical processes features reactions as the essential
step. Understanding of these reactions plays the vital role in
decision making regarding the choice of reactor, the size of
the reactor, magnitude of operating parameters; etc. An
operational as well as theoretical insight of any reaction
resides in the kinetic study of those particular reactions. This
study yields certain guiding parameters; namely, rate of
reaction, activation energy, rate constant. These parameters
allows for the design of scaled up reactor. It also makes it
possible to incorporate some modification within reactor
unit.

This project work aims to carry out the kinetic study of
hydrolysis reaction involving Ester acetate. Reaction is also
known as saponification reaction as it produces sodium salt
after completion.

In this reaction, Alkali breaks the ester bonds to release the
fatty acid. This is one of the most useful reactions in many
chemical industries; pharmaceuticals, food industries, and
others. [1] In this experimental study, ethyl acetate is used as
the main reactant. In Chemical and food industry it is used
as solvent. [2]

The product Sodium Acetate is also used in clearing purpose.
The special characteristic of sodium Acetate is “Hotice”.itis
crystalline form of sodium Acetate. In making hotice we are
using sodium tri sulphite in place of sodium Acetate to
generate Super Saturated salutation. Sodium acetate used as
salty vinegar test in chips and also as a sealing agent in
concrete. [3]

This work revolves around three key words; reaction,
hydrolysis and kinetic study. The following paragraph
expands on these three terms:

4+ Aprocessin which Raw Material are converted in to
the product that Reaction is called Chemical
Reaction. And Study of the parameter such as
reaction-order, reaction constant and the effect of
temperature, concentration, temperature and
agitation on these parameters.

Now second fundamental term is the Difference
between “Hydration Process” And “Hydrolysis
process” .When the process is carried by Addition of
water molecular is called “Hydration Process” while
the compound is broken by water molecule is called
“hydrolysis process”. [4]

Reaction kinetics is the study of rates of chemical
processes. Chemical kinetics involves investigation
of how different experimental condition can
influence the rate and yield information about the
reaction mechanism and transition stage, as well as
the construction of mathematical models.
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Chemical reaction takes place when a detectable number of
molecules of one or more species have lost their identity and
assumed a new form by a change in the kind or number of
atoms in the compound and by a change in structure or
configuration of these atoms. In this classical approach to
chemical change, it is assumed that the total mass is neither
created nor destroyed when a chemical reaction occurs.

Chemical kinetics is the part of physical chemistry that
studies reaction rates. The reaction rate for a reactant or
productin a particular reaction is intuitively defined as how
fast a reaction takes place. For example, oxidation of iron
under the atmosphere is a slow reaction which can take
years, but the combustion of butane in a fire is a reaction
that takes place in seconds.

2. EXPERIMENTAL SECTION
2.1 Method

First of all we prepare 500 ml of the 0.3 N Ethyl Acetate, 0.2 N
Sodium hydroxide and 0.2 N Hydrochloric Acid was the first
step of experimental work. Thereafter; 150 ml of 0.3 N Ethyl
Acetate was taken in the reaction beaker and this solution
was heated up to desired temperature (300 °C for firstrun) in
the water bath. Sodium hydroxide, heated up to same
temperature as ethyl acetate, was poured into reaction
beaker containing ethyl acetate. 10 ml of solution was drawn
out from the reaction mixture for titration after every two
minutes for the titration--against 0.2 N Hydrochloric Acid.
Similarly, the experiments were carried out to record the
consumption of sodium hydroxide in this hydrolysis reaction
occurring at different temperature; 30, 32, 36 degree Celsius.

The same procedure was carried out to analyze the effect of
stirring. During that particular run, reaction was allowed to
carry out under stirring effect, imparted by magnetic stirrer.

2.2 Calculations

The consumption of sodium hydroxide was tracked by
mean of volumetric titration. The amount of acid went in to
titration was substituted into the following equation to
determine the amount of sodium hydroxide present at
particular time.

N,V, = N,V,
Where, V; = Normality of NaOH
V] = Volume of mixture
N, = normality of HCL

V5 = Volume of HCl used For titration

o
Then for % conversion of Ethyl Acetate= 1- c—u x 100, [5]
ao

Where, C. = Concentration of reactant at different reaction
time
Cao = Initial Concentration of reactant

3. RESULTS AND DISCUSSIONS

3.1 Effect of reaction temperature

The reaction was studied at different reaction temperature
and calculate the conversion of NaOH with time. The
maximum conversion was 95% at 14 minutes time.
Conversion of NaOH at different temperature with respect to
time are showed in figure 1.
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Fig -1: Plot of conversion of NaOH vs time at different
temperatures.

3.2 Kinetic studies

Kinetics of hydrolysis of ethyl acetate with sodium hydroxide
has been extensively studied. The kinetic profile of given
reaction showed the continuous decrease in concentration of
sodium hydroxide with time as show in figure 2.

The rate of reaction is defined as the change in the number of
molecules of reacting species per unit volume per unit time.
It is also defined to be proportional to the concentration of
reacting species raised to a certain power called the order of
reaction. It is usually taken as the rate at which the reactant
disappear or the rate at which the product is formed.

The concept of rate of reaction is very important in
evaluating chemical reacting systems. It is the core factor in
the development of performance models to stimulate reactor
functional parameters.
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Fig -2: Plot of concentration of NaOH vs time.

Rate constant: Rate constant, K quantifies the speed of a
chemical reaction. For a chemical reaction where substance A
and B are reacting to produce C, the reaction rate has the
form

A+B—» (C
R =k [A]"[B]"

Where, k is the rate constant that depends on
temperature. A is the concentration of substance A in moles
per volume of solution assuming the reaction is taking place
throughout the volume of the solution.

Rate constant is the rate of reaction when the
concentration of each reaction is taken as unity. That is why it
is also known as specific reaction rate. It is a measure of the
rate of reaction, so the greater the value of the rate constant,
the faster the reaction. Each reaction has a definite value of
the rate constant at a particular temperature and the value of
the rate constant for the same reaction changes with
temperature and the values do not depend upon the
concentration of reaction but depend upon order of reaction.

The hydrolysis of ethyl acetate illustrates a bimolecular
reaction that gives sodium acetate and ethanol as the product
from which second order rate constant can be calculated:

EA + NaOH =——> SA + Eth

As the reaction proceeds, each hydroxide ion removed in
the formation of ethanol removes one molecule of ethyl
acetate, being the number of moles of either OH- or ethyl
acetate so removed, the concentration of the reactants
decreases. If we start with equal concentrations of the
reactants, the concentration of NaOH can be conveniently
followed at different time intervals by withdrawing an aliquot
from the reaction mixture and determining the NaOH present
initdirect or indirect titration with a standard solution of an
acid. The fact that it is a second order reaction can be
established by the consistency of the values of k determined
by substituting the titration results at different time intervals
in the second order rate equation.

In order to quantify the reaction order, rate constant and
activation energy, sets of lab-scale experiments were carried
out. In these experiments, two reactants; ethyl acetate and
sodium hydroxide were made to react at different
temperature; 30, 32, 36 degrees Celsius etc. The progress of
reaction was tracked by finding the consumption of reactants
with respect to time by mean of acid-base titration.

The second order rate constant with respect to
consumption of NaOH was also calculated at different
temperatures by plotting 1/Cnaon with time using following
equations, [5] which gives best fit for second order kinetic as
shows in figure 3:
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Fig -3: Second order rate constant plot of 1/Cnaon Vs
time.

Obtained value of rate constant “k” allows for the
determination of Arrhenius parameters like; activation
energy and frequency factor. Plot of logarithm of k against
the temperature yields the straight line. The slop of the
straight -line equals the factor E/R; while the intercept
represent the frequency factor.

The Arrhenius equation was fitted to the rate constant values
at various temperatures. The equation is, [5]

E
k= koexp )

Ink= -=—2= + Ink,
RT

Where, E (kcal/mol) = activation energy, ko = frequency
factor. The Arrhenius equation was fitted to the rate
constant values at three different temperatures and showed
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good fitness of Ink versus 1/T in figure 4. The activation
energy was found to be E=16.20 kcal/mol with frequency
factor 1.85x1012 for the given reaction.

19

E = 16.20 kcal/mol, R* = 0.99
k, = 1.85* 1012
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Fig -4: Arrhenius plot for activation energy.

The final expression for the rate constant can be written as,

16.20 kecal/mal
RT

k =1.85 x 10%exp (— )Iimol_lmin'i
3.2 Thermodynamic analysis

Thermodynamic analysis can lead to a better understanding
of the overall performance of any chemical reaction. The
thermodynamic properties of given reaction were also
studied.

Over all reaction is,

EA + NaOH =——————>SA + Eth

We calculate the enthalpy of formation of reaction at
standard state. For this we need enthalpy of formation of
substrates and products at T= 298 K.

AHEZ, =-445Kk mol![6]

AHg oy =-427 k] mol! [7]

AHZ, =-709.32 k] mol- [8]

AHE., =-235.3k] mol![9]
AHS g = ZﬂHfD'[:P?'aduct} — ZﬂHf"{:Reactaﬂt}

AH[ ;55 = —72.62 kJ/mol (Reaction is Exothermic)

By using following equation, we calculate theoretically Gibbs
free energy for this reaction at standard condition (T=298
K),

AGP 5 = LAGE (Product) — ¥, AGF (Reactant)
AGE, =-251.12 k] mol- [10]

AGy_ o =-380.7 k] mol [7]

AGZ, =-607.7 k] mol- [8]

AGZ., =-170.86 k] mol[11]

AG] .55 = —146.74 k] mol! (Spontaneous reaction in

forward direction)

Now,

AG = AG° + RTInQ,

As the reaction approaches equilibrium, AG becomes less
negative and finally reaches zero. At equilibrium [12]

AG = 0 and Q. = Keq, 50 we can write

AG® = —RTIn(K,, )

-aiT
Rl")

K eq=exp (

At 298K,

Keq= 5.27 * 1025

After that,
E  AH[ .. (1 1 )
In—=—""7""|=-— —
K, R \t 1,

By using above equation we can able to calculate equilibrium
constant at different temperature. The graph of Gibbs free
energy and equilibrium constant at different reaction
temperatures are shown in figure 5 & 6. Higher value of
equilibrium constant resulting in higher concentration of
product same thing are experimentally proved by getting
95% conversion of NaOH.
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Fig -5: Plot of Gibbs free energy of reaction vs Temperature.
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Fig -6: Plot of equilibrium constant vs Temperature.

4. CONCLUSIONS

Findings of the experiments reveal that the hydrolysis
reaction involving sodium hydroxide and ethyl acetate
follows second order kinetics. The value of reaction constant,
k, increases with temperature up to 36°C. It leads to the
conclusion that the temperature ranging from 30-34 is
critical for efficient conversion. Besides, this study has also
demonstrated the adverse effect of stirring on overall
reaction yield, which means that the reaction rate cannot be
enhanced by stirring; However, lower value of activation
energy for this particular reaction lend itself to the
enhancement by the use of appropriate catalyst. Higher
value of equilibrium constant and lower value of Gibbs free
energy also corroborate the fact to get maximum conversion
of NaOH, 95 % in very less time around 14 minutes at 36°C
for the given reaction.
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ABBREVIATIONS

EA - Ethyl acetate
SA - Sodium acetate
Eth - Ethanol

NOTATIONS

AHZ, - Enthalpy of formation of ethyl acetate at standard

state

AHy_ oy - Enthalpy of formation of sodium hydroxide at

standard state
AH_, - Enthalpy of formation of sodium acetate at standard

state
AHE,, - Enthalpy of formation of ethanol at standard state

ﬁH I:lﬂ i
r.232 - Enthalpy of reaction at 298 K

AGZ, - Gibbs free energy of ethyl acetate at standard state

AGy.on - Gibbs free energy of sodium hydroxide at

standard state

AGZ, - Gibbs free energy of sodium acetate at standard state

AGg,, - Gibbs free energy of ethanol at standard state

AG?, : .
r.2%8 - Gibbs free energy of reaction at 298 K

Keq - Equilibrium constant
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