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Esterification of carboxylic acid is a very important class of reaction in organic synthesis. Comparative kinetic studies of es-
terification of acetic acid with methanol catalysed by heteropoly and mineral Bronsted acids, viz. phosphotungstic acid, hy-
drochloric acid, sulphuric acid, and nitric acid were carried out. The investigation was done in the temperature range of 308
to 328 K. HCI exhibited distinctively higher catalytic activity than the other three Bronsted acids. Specific reaction rate with
H,PW,,0,, also was found to be excellent, particularly at higher temperature.
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Introduction

Organic esters find wide and versatile day to day appli-
cations. They are essential players in the manufacture of
many value added products in pharmaceutical, food, cos-
metics, and fine chemical sectors'~3. Being green and envi-
ronmentally friendly, the esters are also preferred solvent/
reaction media during organic synthesis. The esters are non-
corrosive and non-toxic; in addition, they do not possess
obnoxious or foul characteristics. Long chain fatty acid me-
thyl/ethyl esters have attracted much attention recently be-
cause they are potential substitute of petroleum diesel*°.
Thus, esterification of carboxylic acids is of great relevance
and important in organic transformations. Production and
market of esters are vast. Catalysts play key role in the car-
boxylic acid to organic ester transformation. Sulphuric acid
is being used conventionally since long back. Solid acids
like ion exchange resin, supported heteropolyacid, sulphated
materials, etc., are being used.

The esterification of fatty acids can be carried out apply-
ing strong Bronsted acids as catalyst. Concentrated strong
acids are not preferred choice because of their corrosive
nature. However, they can be used in sufficiently diluted form
provided satisfactory rate of reaction is achieved. Kinetic in-
formation is very useful and essential for reactor design and
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process development. On the other hand, studies on kinet-
ics of catalytic esterification of carboxylic acids are very in-
teresting. Comparative kinetic studies of catalytic esterifica-
tion of acetic acid with methanol are scanty. Further studies
are worth. Kinetic studies of esterification of acetic acid with
methanol catalysed by heteropoly and mineral acids viz.
sulphuric acid, nitric acid, hydrochloric acid, and phospho-
tungstic acid are reported in the present study.

Experimental

Esterification of acetic acid with methanol was carried
out in a two-necked round bottom flask reactor (500 mL ca-
pacity). The reactor was equipped with condenser, oil bath,
digital temperature controller, and digital magnetic stirrer. The
reaction runs were done under atmospheric pressure and in
the temperature range of 308 to 328 K. Methanol was taken
in large excess over acetic acid (70:1, molar ratio) in all re-
action un to drive the reaction towards the ester and also to
keep methanol concentration practically constant during the
reaction runs and thus making the reaction effectively pseudo-
first order one'”. In a typical run, a solution of acetic acid
(0.0525 mol) and methanol (3.663 mol) was taken in the re-
actor and heated to reaction temperature. Then, acid cata-
lyst (0.0003 mol, in terms of H*) in methanol (1 mL) was
added and the reaction was initiated by starting stirring (600
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rpm). Initial volume of reaction mixture was 150 mL. Aliquots
of reaction mixture (1 mL) were pipette out periodically and
analysed by conventional titrimetry using standard KOH so-
lution®. KOH consumed by the catalyst acid was determined
and all the titrimetry data of reaction mixtures were corrected.
Reaction conditions at a glance were as follows. Initial con-
centration of acetic acid = 0.350 mol L~"; initial concentra-
tion of methanol = 24.420 mol L~"; reaction temperature =
308, 313, 318, 323, and 328 K; concentration of catalyst (H*)
=0.002 mol L™; acid catalysts studied = H,SO,, HCI, HNO,,
and H3PW,,0,4. The amount of different acid catalysts was
determined keeping in mind the number of acidic protons in
the particular catalyst acid molecule, i.e. two for sulphuric
acid (H,S0Oy), one for hydrochloric acid (HCI) and nitric acid
(HNO3), and three for phosphotungstic acid (H3PW4,04).
Thus, H* concentration was same in the reaction runs with
all catalytic species. Reaction runs in absence of external
catalyst was also performed.

Results and discussion

In general, esterification reaction between carboxylic acid
and alcohol follows second order kinetics with respect to the
reactants'’. However, if one reactant is taken in large ex-
cess over the other then the concentration of the reactant
taken in large excess practically remains constant and the
reaction effectively becomes first order one with respect to
the other reactant that has been taken in smaller concentra-
tion. Such reactions are called pseudo-first order ones. In
the present study, methanol (M) was taken in large excess
over acetic acid (AA) and only those data corresponding to
less than 20% conversion of AA were considered. Hence,
concentration of M practically remained constant in the do-
main of study. As a result, the reaction can be considered as
pseudo-first order one with respect to AA, and irreversible
towards the ester.

AA + M+ [H*] — Ester + H,0
Rate = - dCAA/dt = kCAACMCH+
C terms are concentrations, t is time, and k is the rate con-

stant. Now, Cy+ is constant and C,, is also practically con-
stant.

Therefore, — dCpp/dt = k'Cpa

where k” = kCy,Cy+ is the pseudo-first order rate constant.
Integration of the above equation results

In Cpa =In COyn - k't (1)

where, In COAA is the initial concentration of AA.

Plot of In Cpp with t gives straight line. The slope of the
line gives the value of pseudo-first order rate constant, k”.

The esterification reactions between AA and M catalysed
by H,SO,, HCI, HNO,, and HyPW,,0,, were carried out at
308, 313, 318, 323, and 328 K. Reaction runs in absence of
catalyst acid were also performed; no consumption of acetic
acid was observed even at extended period of reaction time
of 6 h at the highest reaction temperature (328 K). There-
fore, it is obvious that transformation of acetic acid to ester
was effected only by the applied external acid catalysts. The
plots of In Cp, vs t were made and are presented in Figs. 1,
2, 3 and 4. The data points beautifully fitted in straight lines.
The results indicated that the reaction, under the applied
conditions, followed first order kinetics® 1012,
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Fig. 1. First order kinetic plots of esterification of acetic acid with
methanol catalysed by H,SO,.
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Fig. 2. First order kinetic plots of esterification of acetic acid with
methanol catalysed by HCI.
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Fig. 3. First order kinetic plots of esterification of acetic acid with
methanol catalysed by HNO3.
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Fig. 4. First order kinetic plots of esterification of acetic acid with
methanol catalysed by H3PW450,.

The reaction rate constants were determined from the
slopes of the corresponding straight lines and are listed in
Table 1.

The apparent activation energy was determined apply-
ing Arrhenius equation,
k" =Aexp (- EJRT) (2)

k" is the pseudo-first order rate constant, A is the pre-expo-
nential factor, E, is the apparent activation energy, R is the
universal gas constant, and T is the temperature. Now, tak-
ing natural logarithm of eq. (2),
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Table 1. Rate constants of the esterification of acetic acid with

methanol
Temperature Pseudo-first order rate constants, k’ (min~");
Esterification of acetic acid with methanol
catalysed by

(K) H,S0, HCI HNO;  H3PW,,0,
308 0.0044 0.0104 0.0058 0.0072
313 0.0061 0.0132 - 0.0096
318 0.0086 0.0160 0.0083 0.0127
323 0.0103 0.0187 0.0106 0.0172
328 0.0133 0.0237 0.0135 0.0216

Ink"=InA-E,/RT

Plot of In k" vs 1/T gives straight line. Apparent activation
energy (E,) can be calculated from the slope (E,/R) of the
straight line. The pseudo-first order reaction rate constants
of esterification of AA with M, catalysed by the four Bronsted
acids, in the temperature range of 308 to 328 K, were deter-
mined and are listed in Table 1. Arrhenius plots (In k vs 1/T)
were constructed applying the data of Table 1 and are pre-
sented in Figs. 5, 6, 7, and 8. The data points nicely main-
tained linearity.

The apparent activation energies (E,) were determined
from the slopes (E,/R) and are listed in Table 2.

The catalytic activities of the hetropoly and mineral
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Fig. 5. Arrhenius plot of esterification of acetic acid with methanol
catalysed by H,SO,.
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Fig. 6. Arrhenius plot of esterification of acetic acid with methanol
catalysed by HCI.
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Fig. 7. Arrhenius plot of esterification of acetic acid with methanol

catalysed by HNO;.
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Fig. 8. Arrhenius plot of esterification of acetic acid with methanol
catalysed by H3PW,504,.

Table 2. Apparent activation energy of esterification of acetic acid
with methanol catalysed by heteropoly and mineral Bronsted acids

Catalyst Activation energy, E,
(kJ mol)

H,S0, 45.94

HCI 33.52

HNO, 35.07

Bronsted acids (H,SO,, HCI, and HNO3, HsPW,,0,) in the
esterification of acetic acid with methanol are compared at a
glance in Table 1. The results clearly show that the rate of
the reaction catalysed by HCl is higher than that catalysed
by the other three acids at all temperature. Activity of HCl is
more or less double to that of H,SO,, which is used fre-
quently. The heteropoly acid, HsPW,,0,, also exhibited
excellent activity. The activity of PTA is distinctively lower
than that of HCI at lower temperature. However, the activity
of HsPW,,0,4 becomes comparable to that of HCl as the
temperature is increased. Faster increase in activity of
HsPW,,0,, with increase in temperature reflected in the
higher value of activation energy. In spite of excellent spe-
cific activity, HCI is not a preferred catalyst in concentrated
form due to its corrosive and volatile nature. However, when
sufficiently diluted, as in this study (0.002 mol L=!, pH ~ 2.7),
HCI can be used safely. Human lower stomach experiences
HCI concentration of this level or higher>14. H,PW,,0,,,
being non-hazardous, is also a potentially good candidate® 1012,

Conclusions

Kinetic studies of esterification of acetic acid with metha-
nol catalysed by heteropoly and mineral Bronsted acids
(H3PW,504q, H,SO,, HCI, and HNOs) were carried out. In
terms of activity, the catalysts can be graded as: HCI >
HsPW,,0,4 > HNO3 > H,S0O,. Being highly active, HCI de-
serves attention; it can be successfully applied in sufficiently
diluted form. H;PW,,0,, also exhibited excellent activity. It
is a potentially good candidate as it is environmentally friendly.
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