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Dielectric Properties of Oleic Acid in Liquid Phase
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Measurement of the static dielectric permittivity of liquid oleic acid at different temperatures from
289 K, above of the melting point, to 298 K are reported. These data, together with the dependence
of the refractive index and density on temperature, are used in order to evaluate dielectric properties
of oleic acid. The dipole moment and Kirkwood correlation factor are evaluated from experimental
data using the Kirkwood-Fréhlich’s statistical mechanical theory of dielectrics. The experimental
results for the dipole moment are compared with conformational structure study of the oleic acid
molecular followed by electronic structure calculations and the results are in good agreement. The
correlation between the individual oleic acid dipole moment orientations are discussed taking into

account the Kirkwood correlation factor.
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1. INTRODUCTION

From the technological point of view, unsaturated fatty
acids, as well as their derivatives, have attracted great
attention by their unique activities or functions as medical
and industrial materials. The knowledge of dipole moment
of molecules to nanotechnology is related within the func-
tionality of these compounds producing designed products
for specific applications.'

The design of materials in nanoscale can be re-arranged
through interactions such as: electrostatic dipole, hydro-
gen bonds, van der Waals interactions, hydrophobic and
hydrophlic interactions. An example of this arrange is the
induced self-aggregation where the arrangement of the
molecules is driven under control through an external mag-
netic field or electrical field.

Unsaturated fatty acids are widely distributed in bio-
logical tissues as a main constituent of biomembranes.
In most cases, they are linked at 2 position of phospho-
lipids and generate a large variety of the characteristics
of membranes; i.e., they promote fluidity and control the
phase transition behavior depending on the environmental
condition.® In technology for new materials, hydrophobic
nanoparticles of copper capped with oleic acid were pre-
pared to prevent oxidation.* In spite of such importance,
only a little is known about molecular-order structures and
physicochemical properties even for the case of oleic acid,
the more abundant monounsaturated fatty acid in nature
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as component of vegetable oils (olive, sunflower, peanut,
etc.). A high content of oleic acid in the composition of
buriti oil, a vegetable oil extracted from fruits of the buriti
palm (Mauritia flexuosa L.), a palm tree with large occur-
rence in the Amazon region, have been reported and some
measurements of their electrical and optical properties were
reported.>” Among the properties of the fatty acids, spe-
cial attention is given to the dielectric properties, such as
the dielectric permittivity and dipole moment. Mognaschi
et al.>!! had reported dipole moment and Kirkwood corre-
lation factor g for some saturated fatty acids in the liquid
phase, and they pointed out that the study of the dielectric
properties of fatty acids is a good source of information
about their associative behavior.

In this work measurement of the static dielectric permit-
tivity as a function of temperature is used in the framework
of the Kirkwood-Frohlich statistical mechanical theory of
dielectrics'>!? to study polar oleic acid in the liquid phase.
From our measurements and data on oleic acid, the dipole
moment and the Kirkwood correlation factor, g, has been
evaluated and is reported. This factor is important because
gives information about the correlations between the ori-
entations of dipole moments due to short-range ordering
interactions. Since the dipole moment of the oleic acid
in the gaseous phase has not been reported previously to
our knowledge, we performed semi empirical and ab initio
calculations based on quantum mechanics with optimized
geometry of the molecule aiming to find a theoretical value
for the dipole moment of the oleic acid, which is compared
with that found experimentally.
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2. MATERIALS AND METHODS

Oleic acid (cis-9-octadecenoic acid) is a monounsaturated
monocarboxylic fatty acid with molecular weight M =
282.47 g-mol~! and melting point of 13.4 °C (286.4 K).
Oleic acid with purity above 99% was obtained from
Sigma-Aldrich and used without further treatments.

The temperature dependence on the density of liquid
oleic acid was obtained from literature data.'* The density
was found to decrease linearly as the temperature increase:

d=dy+aT (1)

with d, =0.902 g-cm™ and a = —6.20 x 10~* g-cm~3.K~!.
The refractive index depending on temperature was
measured using an Abbe’s refractrometer provided with
the temperature controlled by circulating thermostated
through it. The refractive index depends linearly of the
temperature:
n=ny+(dn/dT)T ()

where n, = 1.467 and dn/dT = —3.8 x 10~* K~!, in good
agreement with values reported in the literature.'*

The dielectric permittivity dependent on temperature
was measured with a General Radio capacitance bridge in
the liquid phase from 289 K, above the melting point, to
298 K. A three-electrode cell for measurements on lig-
uids was used with electrical field of 100 V-m~! and the
results were found to be independent of field intensity
and frequency. All the measurements were obtained in a
frequency of 20 kHz. At this frequency, the permittivity
values can be considered as static, because the relaxation
times of most of the fatty acids are of the order of 10~'%s.1
All the DC measurements were repeated several times,
exhibiting good repeatability and, consequently, the results
can be considered a confirmation of the results reported
here. More details about experimental setup can be found
elsewhere.’

Since experimental data are not available for both the
dipole moment and geometries of the molecule of oleic
acid, were performed DFT calculations based on quantum
mechanics with systematic geometry optimizations.

In this work we used the following methodology (the
molecular structure is shown in Fig. 1): the electronic
structure of the systems is examined using Hartree-Fock
based approaches within the framework of the Gaussian'®

Fig. 1. Oleic acid (1-unsatured bond) in the natural conformation.

2

packages. The standard basis sets, 6-31G, 6-31G*, 6-
311G, 6-311G*, were used for all calculations, yielding
similar qualitative results. The geometries of the analyzed
structures were fully optimized using Hartree-Fock, a pro-
cedure used successfully in previous studies.!’!

To obtain a more realistic description of the electronic
transitions, it is necessary to use methods specially devel-
oped to handle these aspects, and we have adopted the
Intermediate Neglect of Differential Overlap/Spectroscopic
- Configuration Interaction (INDO/S-CI) method® in this
investigation, by using on the average 220 configurations
(singlet/triplet) with the geometries obtained from ab initio
RHF (Restricted Hartree-Fock) calculations and 3-21G*
basis set. Also state-of-art Density Functional Theory was
employed to simulate the dipole moment using B3LYP
functional and several basis set as 6-31G, 6-31G, 6-31G*,
6-311G, and 6-311G*.

3. RESULTS AND DISCUSSION

In Table I are summarized the experimental results obtained
for the refractive index, mass density, and dielectric per-
mittivity in temperatures from 289 K to 298 K. The table

Table I. Refractive index, mass density, and dielectric properties of the
oleic acid depending on the temperature.

T (K) n d (g-em™3) & P,; (cm’-mol™")
289 1.4615 0.892 2.50 51.85
290 1.4608 0.891 2.40 50.68
292 1.4600 0.890 2.33 50.03
294 1.4592 0.888 2.24 48.87
296 1.4585 0.887 2.11 47.38
298 1.4577 0.886 2.03 46.38

46 - 1
1 1 1 1 1 1 1

3.32 3.34 3.36 3.38 3.40 3.42 3.44 3.46
103/T/K!

Fig. 2. P, (Molar polarization) as a function of 1/7T (temperature)
where is the experimental values obtained up to 10 independent measure-
ments and—is the fit by Eq. (3) showing a good concordance experimen-
tal/theoretical results.
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Table II. Dipole moment of fatty acids using different methods based on DFT approach and ZINDO/S-CI.

Dipole moment (D)

Molecular modeling

Experiments

Fatty acid ZINDO/S-CI B3LYP 6-31G B3LYP 6-31G*

B3LYP 6-311G

B3LYP 6-311G* Debye Kirkwood

Oleic acid 2.64 2.53 2.42

2.59 2.48 2.47£0.05 2.63£0.05

1D =3.328 x 10730 C-m.

shows too the molar polarization (P,;) depending on tem-
perature calculated from the Kirkwood-Frohlich‘s equation

(D@4 ) (MY _ N ()
P = 9¢ (E) E) [‘H 380kBT] ®)

where ¢ is the dielectric constant, M is the molecular
mass, N, is the Avogrado’s number, « is the molecular
polarizability (polarizability volume) of the molecule, u*
is the apparent dipole moment, g, is the electrical per-
missivity in vacuum, 7 is the absolute temperature, and
ky is the Boltzmann’s constant. The Eq. (3) shows a lin-
ear function behavior as y = a + bx for molar polarization
and dependence with reciprocal of the absolute tempera-
ture (the angular coefficient is b = N, (u*)?/(9¢,kp) and
x = T7"). The plot of the molar polarization (3) as function
of the inverse absolute temperature, 1/7T for oleic acid is
shown in Figure 2. By fitting the experimental data using
linear regression the value of the angular coefficient b was
found equal to 42.06 cm?-mol~'-K and the apparent dipole
moment was estimated as u* =2.63£0.05D. It was uti-
lized the molar polarization from the Debye’s theory to
find the dipole moment of the oleic acid and the value
obtained was u = 2.47+0.05D, but we stress that this
theory is valid for gases, not for liquids.

By the Kirkwood-Frohlich’s theory the apparent dipole
moment is related to the correlation factor by the equation
wx = g"2u, where u is the dipole moment in the ideal
gas phase. Since the dipole moment of oleic acid in the
gaseous phase is not known, were adopted the values cal-
culated using quantum mechanics. These theoretical values
are shown in Table II, where one report the experimen-
tal values too. As it is well known that ab initio calcula-
tions are more adequate to represent a molecular structure
is possible to find out very good experimental/theoretical
rate. Indeed, these results presented in Table II shows both
possibilities, trans and cis conformer equally probably for
the liquid structure.

Table II shown the values of the Kirkwood correla-
tion factor obtained using the experimental value for the
apparent dipole moment of the oleic acid, u* = 2.63 +
0.05 D, and the different values for w calculated by the
modeling methods listed in the Table II. At first sight,
the values of g are very nearby for both, trans and cis
conformer of the molecule of oleic acid. Second, when
related to the results calculated by empirical methods
the correlation among dipole moments of each molecule
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occurs mainly with antiparallel orientation. When calcu-
lated using values obtained taking account configuration
interactions (INDO/S-CI) and ab initio methodologies, we
observe that g & 1.0, meaning that there is a week corre-
lation between dipole moments.

4. CONCLUSION

We have demonstrated an experimental/theoretical
approach for realizing dielectric permittivity of liquid
oleic acid as molecular liquids including different tem-
peratures from 289 K to 298 K. The dipole moments of
the oleic acid presented are reported at first time at our
knowledge. Kirkwood correlation factor g estimated using
the ratio between experimental measurement and theoret-
ical calculations by ab initio modeling methods indicates
that orientational correlation among dipole moments of
each molecule is antiparallel. This feature could direct be
followed by the quantum nature of organic structure as a
single compound as predicted by the ab initio calculations.
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