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EFFECTS OF PULSED ELECTRIC FIELD
ON THE ESTERIFICATION REACTIONS
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ABSTRACT. The effects of alternative pulsed electric fields on the esterification
reactions between acetic acid and different alcohols were investigated in this
paper. The aim of this study was the synthesis of some esters using a new
and ecological method. Only acetic acid and different alcohols were used as
raw materials and an alternative pulsed electric field as accelerator. Also,
the enzymatic synthesis of esters was performed in order to draw a conclusion
on the effectiveness of the new proposed method. Gas chromatography
analysis showed that the esterification was considerably enhanced by an
alternative pulsed electric field. The highest amounts of ester were obtained
for n-propyl acetate, significantly higher than in the case of enzymatic
synthesis. The synthesis of i-butyl and i-amyl acetate using the alternative
pulsed electric field shows the formation of lower amounts of ester, probably
due to the conformation of the molecule. Using raw materials of natural origin
(acetic acid and alcohols obtained, for example, by fermentation) in the
presence of an alternative pulsed electric field, natural esters are obtained
and they can be used without restrictions in pharma, food, perfume or
cosmetic industry.
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INTRODUCTION

In pharma, food, perfume or cosmetic industry, a large number of odors
and flavoring compounds are used [1]. Among these, the most commonly
products used are esters; they are generally obtained by removing a molecule
of water as a result of the reaction between a carboxylic acid and an alcohol
or phenol. On the other hand, esters can also be synthesized by Tishchenko
reaction or by the addition of a carboxylic acid to an alkene, but there are
many other chemical methods that are less used [2, 3]. If esters must be
used in pharma and food industry, they are mandatory obtained using enzymes
as catalysts, the most preferred being lipases [4]. Also, esters can be obtained
using transesterification reaction, or assisted by microwaves, visible light, pulsed
electric fields [5 - 10].

There are two ways to obtain natural esters by chemical synthesis,
starting from raw materials of natural origin: by chemical reaction using enzymes
as catalysts or by chemical reaction using a pulsed electric field as a catalyst
[11]. Considering that obtaining esters by enzymatic methods involve high
costs, the aim of this study was to apply and test a new esterification method
using only acid and alcohol as raw materials, and a rectangular pulsed
electric field (20 kHz) as catalyst. The synthesized esters were n-propyl acetate,
i-butyl acetate and i-amyl acetate. These three esters were chosen because
they have applications in pharma, food industry and in cosmetics [12-14]. In
order to draw a conclusion on the effectiveness of the new proposed method
using the pulsed electric field as catalyst, the enzymatic synthesis of these
esters was performed.

RESULTS AND DISCUSSIONS
n-Propyl acetate synthesis

In Figure 1 (A,B,C), the results obtained in the esterification reaction
of acetic acid with n-propanol are shown. The reactions were performed in the
presence of an alternative pulsed electric field (20 kHz) as catalyst compared
with the enzymatic synthesis.

The amount of ester obtained in the case of pulsed electric field
synthesis for all 3 molar ratios and at every sampling hour is higher compared
to the amount of ester obtained after enzymatic synthesis. The amounts of
n-propyl acetate obtained after 26 hours using a pulsed electric field as
catalyst are 108.8 mg (1:2), 202.2 mg (1:1) and 199.3 mg (2:1), significantly
higher than the ones obtained enzymatically: 92.9 mg (1:2), 104.1 mg (1:1)
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and 113.3 mg (2:1). The highest amount of n-propyl acetate, 202.2 mg, was
obtained when the molar ratio between reactants was 1:1 in the case of
synthesis using an alternative pulsed electric field. This result indicates a
higher efficiency compared to other molar ratios and the excess of reactants
to increase the reaction efficiency is not required.

If the syntheses were performed using excess, either acid or alcohol,
significant changes have been observed 26 hours later, especially in the case
of pulsed electric field method, so the amount of ester obtained using excess
alcohol is around two times lower compared to the quantity obtained in
equimolar ratio.

Using an excess of acid, a decrease around 5% was observed; thus,
the optimal molar ratio between reactants for the synthesis of n-propyl acetate
was 1:1.

n-Propyl acetate

n-Propyl acetate _ ]
Acetic acid : n-propanol = 1: 1

Acetic acid : n-propanol =1:2

]
th
=]

[
=1

X
= en
=1
X
=
=1

=]
o
=]

o= n

[= =1
=]
==

Amourt of ester (ma)
P
Amourt of ester {mg)
5

=]

an an ﬂ caml ﬂd

Time (h) p
Time h

o smati HPulzed i d
Enzymatic Pulsed electric fiel OE nzymatic wPulsed eledric field

A B
n-Propyl acetate
Acetic acid : n-propanol = 2 : 1

mdﬂ dd

OEnzy matlc [ ] PUI‘?E"' electric field

250

[*]
=1
=1

= n
o o

Amount of ester (mg)

C

Figure 1 (A,B,C). The amount of n-propyl acetate obtained for molar ratio
acetic acid : n-propanol 1:2, 1:1 and 2:1

For the enzymatic synthesis of n-propyl acetate, the optimal molar ratio
under the selected reaction conditions is 2:1. In the case of alcohol excess,
the amount of ester decreases around 20%, and in the case of the equimolar
ratio the amount of ester is about 10% lower than in the case of the optimal
molar ratio 2:1.
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i-Butyl acetate synthesis

In Figure 2 (A,B,C) the results obtained in the esterification reaction
of acetic acid with i-butyl alcohol are shown. All reactions were performed in
the same conditions as the previous ones.
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Figure 2 (A,B,C). The amount of i-butyl acetate for molar ratio
acetic acid : i-butanol 1:2, 1:1 and 2:1

It can be observed that in the case of all three molar ratios and at every
sampling hour the amount of i-butyl acetate obtained using pulsed electric field
as catalyst for synthesis is lower compared to the amount of ester obtained
enzymatically. The amounts of j-butyl acetate obtained after 26 hours using
a pulsed electric field as catalysts are 10.5 mg (1:2), 28.1 mg (1:1) and 22.9
mg (2:1), lower than the ones obtained enzymatically: 137.5 mg (1:2), 81.5
mg (1:1) and 99.1 mg (2:1). The highest amount of ester was obtained when
the molar ratio between reactants was 1:1 in the case of pulsed electric field
synthesis. This result indicates a higher efficiency compared to other molar ratios,
with no need for excess reactants to increase the reaction efficiency. If the
syntheses were performed using a reactant excess, either acid or alcohol,
significant changes are observed after 26 hours, especially in the case of pulsed
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electric field method, so the amount of ester obtained using excess alcohol
was around three times lower compared to the quantity obtained in equimolar
ratio. When an excess of acid was used, it was observed a decrease around 25%);
thus, the optimal molar ratio between reactants for the synthesis of i-butyl acetate
in pulsed electric field was 1:1. The enzymatic synthesis of i-butyl acetate proved
to be more efficient, the optimal molar ratio under the selected reaction conditions
being the molar ratio 1:2. In the case of excess acid the amount of ester decreases
around 25% and in the case of the equimolar ratio the amount of ester was
about 35% lower compared to the optimal molar ratio (1:2).

i-Amyl acetate synthesis

In Figure 3 (A,B,C), the results obtained in the esterification reaction
of acetic acid with i~amyl alcohol are shown. All reactions were performed in
the same conditions as the previous ones. The synthesis of i-amyl acetate by
the two presented methods were similar to the reactions of obtaining i-butyl
acetate, which practically confirms the unfavorable influence of the branched
chain on the development of these reactions in the pulsed electric field.

FAmMyl acetate FAmyl acetate

»op Acetic acid - i-amyl alcohol = 1 -2 Acetic acid : -amyl alcohol = 1: 1

e ]
= i =
=2 o o

n
=

Amount of ester (mg)
Amourt of ester {mag)

F%@@mﬂlﬁ

100
50
, m oL |_|.’_L ’_L
2 4 6 10

12 9~ 2%

26

Time (h} Time (h)
OEnzymatic WPulsed eleciric field OEnzymatic WPulsed elecric field
A B

FAmyl acetate
Acetic acid : ;amyl alcohol = 2:1

- - ] ]
= wn = A
=1 =1 =1 =]

Amourt of ester (mag)

n
=

2 12 ~ 26

_i;ne (h}
OEnzymatic = Pulsed eledric field
C
Figure 3 (A,B,C). The amount of i-amyl acetate for molar ratio
acetic acid : i-amyl alcohol 1:2, 1:1 and 2:1
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The amounts of i-amyl acetate obtained after 26 hours using a pulsed
electric field as catalyst are 14.7 mg (1:2), 24.0 mg (1:1) and 27.2 mg (2:1),
lower than the ones obtained enzymatically: 239.1 mg (1:2), 99.0 mg (1:1)
and 124.1 mg (2:1). The highest amount of ester was obtained when the molar
ratio between reactants was 2:1 in the case of pulsed electric field synthesis.
If the syntheses were performed using excess of alcohol, significant changes
were observed after 26 hours, especially in the case of the pulsed electric
field method; therefore, the amount of ester obtained was approximately 2
times lower compared to the amount obtained when the molar ratio was 2:1.

In the case of i-amyl acetate synthesis using the reactants in equimolar
ratio, it was observed a decrease around 15%, thus resulting that the optimal
molar ratio between reactants for the synthesis of i-amyl acetate using the pulsed
electric field was 2:1.

The enzymatic synthesis of i-amyl acetate proved to be more efficient,
the optimal molar ratio under the selected reaction conditions being the ratio
of 1:2. Using an excess of acid the amount of ester decreases around 50%,
and in the case of the equimolar ratio the amount of ester was about 60%
lower compared to the optimal molar ratio of 1:2.

It can also be seen that after 12 hours of reaction there is no directly
proportional increase in the amount of ester with the number of hours indicating
an equilibrium.

CONCLUSIONS

Experimental determinations have shown that the pulsed electric field
has an impact regarding the esterification reaction of acetic acid with different
alcohols. Due to the orientation of the molecular dipoles in alternative pulsed
electric field, the probability of effective collisions with the formation of reactive
products is increased. In case of branched alcohols, due to the interactions
that manifest themselves between the branched chains, the catalytic effect is
less pronounced.

In this study, three esters of acetic acid with linear and branched aliphatic
alcohols were synthesized in the presence of a pulsed electric field and
enzymatically. The synthesis of some esters using a pulsed electric field as
catalysts was demonstrated for the first time, the obtained results being a
starting point in the synthesis of "green" esters.

The highest amounts of ester, in the case of pulsed electric field synthesis,
were obtained for n-propyl acetate, significantly higher than in the case of
enzymatic synthesis. The synthesis of i-butyl and i-amyl acetate in pulsed
electric field synthesis shows the formation of lower amounts of ester, probably
due to the branched chain of the alcohol.
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According to the literature data, a such behavior can be explained taking
into consideration the difference between values of the relative polarization
of the molecules for the 3 studied alcohols. The greater relative polarization,
the more effect of the pulsed electric field is more intense, orienting the
alcohol molecules in favorable positions of effective clashes, which materializes
by obtaining higher quantities of ester compared to the reactions in which
alcohols with lower relative polarizations are used (branched chain alcohols
with bigger molecules) [15].

Therefore, starting from raw materials of natural origin, it was
demonstrated that natural esters can be obtained using the method presented
in this study and it can be used in the food industry because the use of
electricity as a catalyst is a natural process, thus it does not have any harmful
effect.

On the other hand, flavorings used in the food industry are obtained
exclusively enzymatically, which means a higher production cost due to the
high price of enzymes as well as the necessary equipment. Therefore, the
price of the finished product (flavor) will be higher.

In conclusion, starting from raw materials of natural origin and using
as catalyst an alternative pulsed electric field, natural esters can be obtained
with a significantly lower production cost than in the case of obtaining esters
for the food industry using enzymes as catalysts.

EXPERIMENTAL SECTION
Materials

The reagents used fot these studies are commercial and they have
been used without further purification: acetic acid (99%, Chimreactiv), n-propanol
(99%, Merck), i-butanol (99%, Merck), i-amyl alcohol (99%, Merck), acetone
(99%, Merck), decane (99%, Merck), enzyme: lipase Candida antarctica - lipase B
(Genofocus).

Enzymatic synthesis
In 5 mL Eppendorf tubes predetermined volumes of acetic acid and
alcohol (n-propanol, i-butanol and j-amyl alcohol) corresponding to the molar

ratios of acid: alcohol = 1:2, 1:1 and 2:1 were added, and then the enzyme
Candida antarctica lipase B was added, representing 1% of the reaction mass.
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The reactions were incubated at 50°C, 1000 rpm and samples were
collected at predetermined time intervals: 2, 4, 6, 10, 12 and 26 hours.

Synthesis using a pulsed electric field as catalyst

In a 30 mL glass mini-reactor (figure 4), predetermined volumes of acetic
acid and alcohol (n-propanol, i-butanol and i-amyl alcohol) corresponding to
the studied molar ratios (acid : alcohol = 1:2, 1:1 and 2:1) were added for a total
volume of 25 mL reaction mass. A stainless steel electrode connected to an
electronic power amplifier which generates high voltage (5000 V) with a
frequency of 20 kHz (rectangular signal), it was inserted inside the glass reactor
that on the outside of it is provided with a thin copper sheet sheath that
constitutes the external electrode connected to the ground of the device.

The reactions were incubated at 50°C with stirring at 1000 rpm and
samples were collected at predetermined time intervals: 2, 4, 6, 10, 12 and
26 hours.
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Figure 4. Device used for synthesis of esters using a pulsed electric field.

The amount of esters (mg) obtained for all the reactions (pulsed
electric field and enzymatic synthesis) was monitored by flame ionization gas
chromatography using acetone as solvent, and decane was used as the
internal standard. Chromatographic analyses were performed using a Varian
450-GC chromatograph with autosampler and the parameters used were:
injector temperature: 250°C, detector temperature: 300°C, temperature range:
from 40°C to 80°C (10°C/min), carrier gas pressure (hydrogen): 10 psi. The
mixture (1000 pl) subjected to GC analysis consisted of: 100 pl of reaction
mass, 880 pl acetone and 20 ul decane (internal standard).

Confirmation of acetates formation was performed using the classical
spectral methods (data not shown):
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- Fourier-transform infrared spectra (FT-IR) for the obtained samples
were performed using a Bruker Vertex 70 spectrometer (Bruker Daltonic Gmbh,
Germany) equipped with a Platinum ATR spectrometer, Bruker Diamond Type
A225/Ql.

- Mass spectra were recorded with GC-MS Thermo-Scientific TRACE
1310 gas chromatograph, ITQ1100 lon Trap MS. The parameters used in the
GC-MS analysis were: transfer line temperature: 310°C, injector temperature:
250°C, the gas flow was 1ml/min in the reading range 50-500 m/z.

- NMR spectra were recorded with the Bruker FOURIER 300 NMR
spectrometer in CDCls.

ACKNOWLEDGEMENTS

The financial support and research facilities were offered by Doctoral School
of Politehnica University of Timisoara.

REFERENCES

1. D. Baines; N.C. Da Costa; M.L. Dewis; S.Eri; J.Grigor; S.J. Herman;
S.B.Jameson; J.Knights; P. Kraft; J.Margetts; L.O’Hare; D.J. Rowe; L.Turin;
C.Winkel; M.Zviely; Chemistry and Technology of Flavors and Fragrances,
D.Rowe, Blackwell Publishing, Oxford, UK, 2004, pp. 56-82
2. V.V. Rekha; M.V. Ramani; A. Ratnamala; V. Rupakalpana; G.V. Subbaraju; C.
Satyanarayana; C. S. Rao; Org Process Res & Dev, 2009, 13, 769-773

. T. Seki; T. Nakajo; M. Onaka; Chem. Lett., 2006, 35(8), 824-829

. A. Rajendran; A. Palanisamy; V. Thangavelu; Braz Arch Biol Technol, 2009, 52,
207-219

5. M. Salaheldeen; A. A. Mariod; M. K. Aroua; S.M.A. Rahman; M. E. M. Soudagar;
I.M.R. Fattah; Catal., 2021, 11(9), 1121

. N. R. Khan; V. K. Rathod; Process Biochem, 2018, 75, 89-98

. H. Wang; J. Ni; Y. Zhang; Tetrahedron Lett., 2022, 104, 154021

. D. C. Cubides-Roman; V. H. Pérez; H. F. de Castro; C E. Orrego; O. H. Giraldo;

E. G. Silveira; G. F. David; Fuel, 2017, 196, 481-487

9. H. Ligong; D. Xuebao; JSCUT, 2011, 39(12),127-131

10. Y. Feng; T. Yang; Y. Zhang; A. Zhang; L. Gai; D. Niu; Front Nutr., 2022, 9,
1048632

11. Z. R. Lin; X. A. Zeng; S. J. Yu; D-W. Sun; Food Bioprocess Tech, 2011, 5,
2637-2645

12. M. C. C. Corradini; R. A. B. Gomes; J. H. H. Luiz; A. A. Mendes; Chem Eng Commun,
2016, 203 (11), 1432-1442

AW

(oo BN Ne)]

57



IOAN-ALEXANDRU UDREA, VALENTIN ORDODI, CRISTINA PAUL,
CRISTIAN STANESE, NICOLAE VASZILCSIN

13. A. Izci; E. Uyar; E. Izci; Chem Eng Commun, 2008, 196, 56-67

14. A. Wolfson; D. Saidkarimov; C. Dlugy; D. Tavor; Green Chem Lett Rev, 2009,
2,107-110

15. https://sites.google.com/site/miller00828/in/solvent-polarity-table, accessed at
24.02.2023.

58


https://sites.google.com/site/miller00828/in/solvent-polarity-table

