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Oz

Son birkag¢ on yilda, endistride mikrodalga (MW) spektroskopi
uygulamalarinin kullanimi dnemli 6lgiide artmistir. Bu teknik,
dielektrik parametrelerin (€' ve €”) 6l¢imi yoluyla alkol-su
karisimlari hakkinda ¢ok 6nemli ayrintilar vermesi nedeniyle
oldukga kullanighidir. Bu ¢alismada, saf sudan saf alkole dogru
konsantrasyon degisimleri icin etanol-su ve metanol-su
karisimlarinin dielektrik parametreleri (€' ve €&”) belirlendi.
Etanol-su ve metanol-su karisimlarinin dielektrik
parametrelerinin (€ ve €”) kirlma noktalarinin %43 ve %44
hacim fraksiyonlarinda, Xet= 0.20M ve Xmet = 0.26M molar

fraksiyonlarinda oldugu tespit edildi.

Anahtar Kelimeler: Mikrodalga
Permittivity; Alkol-su karisimlari

teknigi; Dielektrik parametre;
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Abstract

Over the last few decades, the utilization of microwave (MW)
spectroscopy applications in industry has grown dramatically.
This technique is very useful as it gives very important details
about alcohol-water mixtures through the measurement of
dielectric parameters (€’ and €”). This research determined the
dielectric parameters (€ and €”) of ethanol-water and
methanol-water mixtures for concentration changes from pure
water to pure alcohol. The ethanol-water and methanol-water
mixture volume fractions of 43% and 44%, respectively, as well
as the molar fractions xet= 0.20M and Xmet = 0.26M, obtained the
breaking points of the dielectric parameters (€’ and €”).

Keywords: Microwave technique; Dielectric parameter; Permittivity;
Alcohol-water mixtures

1. Introduction

Many industrial applications involve using ethanol and
other alcohols, as well as their aqueous water mixtures.
Ethanol and methanol are the most often utilized alcohols
when water is dissolved at room temperature. Alcohol'
heterogeneity, which results from the development of
alcohol-alcohol, water-water, or alcohol-water clusters, is
a crucial characteristic.  Alcohol-water  binary
combinations have already been thoroughly researched
using a variety of techniques, such as molecular dynamics
simulations (MDS) (Benmore and Loh 2000, Tanaka et al.
1985), X-ray scattering (Hayashi et al. 1990, Nishikawa
and Lijima 1993), mass spectroscopy (Takamuku et al.
2000), nuclear magnetic resonance with time domain (TD-
NMR) technique (Jora et al. 2017, Okay 2023, Yoshida et
al. 2006), Microwave dielectric spectroscopy (Kanse et al.
2006, Mohsen-Nia et al. 2010, Morlyoshl et al. 1990,
Oguzhan Akgol 2020). Due to its remarkable sensitivity to
molecule polarization or collective dynamics, dielectric
spectroscopy (DS) is thought to be one of the most

attractive techniques for investigating the unique

structures of water clusters and alcohol structures. One
important physicochemical property of a solvent is its
dielectric constant. Dielectric constants have important
scientific and biological applications. A charged particle's
dielectric constant tells us how strong the electric field is
it in a solvent (Mohsen-Nia et al. 2010).
Permittivity is a measure of a material's dielectric

around

properties. The dielectric loss factor on the imaginary part
of the permittivity constant's € real portion is referred to
as €. The material's dielectric constant (€') indicates how
much energy it can hold, and the dielectric loss factor (£")
indicates how much energy is created by the material. It
claims that it can take in energy and turn it into heat
(McSweeney and B. P. L. H 1995, Tataroglu 2013).

In this study, the permittivity constants € and €” known
as dielectric parameters of the ethanol-water and
methanol-water mixture have been investigated from
pure water to pure alcohol. The dielectric behavior of
alcohol-water mixtures is explored using the hydrogen-
bonded hypothesis.
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2. Materials and Methods
2.1. Experimental Procedures

The liquid forms of methanol and ethanol were purchased
from Sigma-Aldrich® (99%). Deionized water (Milli-Q, 18.2
M) with various volumes and molar fractions was used to
create a mixture of ethanol and methanol that was also
maintained at room temperature. Agilent Technologies'
E8364B PNA series network analyzer (VNA) and Agilent
85070E Dielectric Slimform Probe Kit were used to
measure a set of samples with varied alcohol
concentrations in alcohol-water combinations (Figure 1).
A 50-ohm load terminal, pure water, and air at 25 °C were
used to calibrate the liquid test fixture. Alcohol-water
mixture samples were measured at 25 °C in a frequency
range of 10 MHz to 50 GHz.
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Figure 1. Photo of Agilent Network Analyzer (VNA) and Dielectric
Kit.
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Figure 2.a-d. Real and imaginary parts of dielectric spectra of ethanol-water, and methanol-water mixtures (molar fractions at 25 °C).

3. Results and Discussions

Figure 2. a-b-c-d. displays the dielectric constants (€’ and
€”) spectra of the two types of alcohol-water mixture
from pure alcohol to pure water—ethanol-water and
methanol-water (molar fractions)—as a function of
frequency, from 10 MHz to 50 GHz. At least three repeats
of each measurement were performed. The
measurements of the dielectric constant € and €” were
taken as the average value (at 1 GHz). The obtained
dielectric constants (€' and €”) from pure water to pure

alcohol (volume and molar fractions) are displayed in
Figures 3. a—b and Figures 4. a—b, respectively. The figures
demonstrate that for all of the investigated aqueous
solutions, the dielectric constant values (€’) dropped as
the concentrations of methanol and ethanol increased. In
addition, the results show that for all of the aqueous
solutions under investigation, the dielectric constant
values (€”) rose as the concentrations of methanol and
ethanol increased. The trends in the € and €” values for
varied amounts of water-methanol and water-ethanol
combinations (Figures 3 and 4) are similar. After the
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measurements were made, the dielectric constant was
compared to values reported in the literature, which
demonstrated the accuracy of the data (Kanse et al. 2006,
Lone et al. 2008, Mohsen-Nia et al. 2010). When
comparing my findings to the values reported in the
literature, the margin of error for the dielectric
measurements of pure water, methanol, and ethanol was
roughly 2,4%, 10%, and 38%, respectively. It is clear that
the outcomes produced by the commercial Agilent
85070E Dielectric Slimform Probe Kit and Agilent E8364B
PNA series network analyzer devices are in agreement
with one another.

Returning to Figures 3 and 4, the results show that the €
values for methanol-water mixtures are consistently

higher than those for ethanol-water mixtures. Physical
properties of compounds, such as solubility, melting and
boiling points, and intermolecular interactions, are
correlated with their molecular polarity. It is known how
the polarity of the molecule and the dielectric constants
relate to each other. Additionally, molecules that possess
O-H bonds have the ability to form hydrogen bonds. As
the length of an alcohol's alkyl chain increases, London
dispersion forces between molecules can increase and
even surpass (as in the case of ethanol). Consequently,
methanol displays a minimal London dispersion force, and
its reported dielectric constants are greater than
ethanol's, as expected (Kanse et al. 2006, Lone et al. 2008,
Mohsen-Nia et al. 2010).
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Figure 3. a—b Dielectric constants (at 1 GHz) ethanol-water and methanol-water for volume fraction
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Figure 4. a—b Dielectric constants (at 1 GHz) ethanol-water and methanol-water for molar fraction

As we previously stated, both types of alcohol show a
fairly similar tendency in the dependence of € and €” vs.
concentration. The only difference between ethanol-
water and methanol-water mixture is the values of the
turnover (breaking) points. Arrows are provided as
references to indicate certain volumes-molar fraction
(breaking) points in the € and €” values. Arrows are
provided as a guide to indicate special volume
concentrations; they read 43% for ethanol and 44% for
methanol. These values correspond to Xet= 0.20 and Xmet
= 0.26 in the molar fractions of ethanol and methanol-
water mixes, respectively. € decreases with the increase
of concentration toward turnover points. Following that,
€ values rise and subsequently fall with larger alcohol
fractions in the direction of pure alcohol liquid. Similarly,

€” rises as alcohol content increases approaches turnover
points. After that, € values decline and then increase
with larger alcohol fractions toward pure alcohol liquid.

The alteration in the alcohol-water clusters' transition
structure is connected to this breaking point. Additionally,
it is reliant on the forming of hydrogen bonds between
molecules of alcohol and water. The rotational and
translational motion of water and molecules are also
impacted by this clumping phenomenon. Several research
teams (Burikov et al. 2010, Matsugami et al. 2016,
Takamuku et al. 2001, 2004) have used a variety of
methodologies to examine the hydrogen-bonding
characteristics of the alcohol-water system. We provided
the following explanation for the observed concentration
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dependence using information from the literature. It is
well known that pure water molecules, even when they
are in a liquid condition, prefer a tetrahedral
arrangement. This means that, on average, neighboring
molecules are orientated to one another so that they
create water clusters that are tetrahedral for a brief
period (in the near range). A small amount of alcohol does
not immediately change this dynamic organization, but as
the alcohol concentration rises, the water molecules'
near-range arrangement begins to change. At volume
concentrations of %43 (xet= 0.20M) for ethanol and %44
to (Xmet = 0.26M) for methanol, the tetrahedral-like
organization breaks down in the intermediate
concentration range because alcohol-water clusters
rather than water-water clusters occur in the mixes. An
increase in the number of chain-like clusters of alcohol
molecules and a drop in the ratio of alcohol-water clusters
are the effects of raising the alcohol concentration above
turnover concentrations (Noskov et al. 2005, Takamuku
et al. 2000, Yoshida et al. 2006).

4. Conclusions

In this study, the dielectric parameters (€ and €”) of
ethanol-water and methanol-water mixtures from pure
water to pure alcohol (volume and molar fractions) have
been examined using the microwave (MW) spectroscopy
technique. Both types of alcohol showed the same
tendency in terms of how concentration affects dielectric
parameters. € decreased as concentration increased
approaches turnover points. Following that, &€ values
raised and then fell with increasing alcohol fractions in the
direction of pure alcohol liquid. Similarly, € climbed as
alcohol content reached turnover points. After that, £€”
values decreased and subsequently increased with
increasing alcohol fractions toward pure alcohol liquid.
The observed behavior is qualitatively explained.
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