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e dielectric constants and excess dielectric constants of the binary systems: acetonitrile + butyl amine, + ethylamine
and +methylamine have been studied at 303, 313, and 323K temperatures and over the completemole fraction range.e dielectric
constants for these mixtures were measured using a microcontroller based system. e results are positive over the entire range of
composition. Symmetrical curves were observed for the systems in which the maximum occurs approximately at 0.7-mole fraction
of acetonitrile. e results are discussed in terms of intermolecular interactions. e investigation of dielectric constant of mixed
solvents bearing amines aims at better comprehension of their biological, chemical, pharmaceutical, technological, and laboratory
applications.

1. Introduction

e dielectric constant is an important property of mixed
solvents and plays an important role in the characterization
of materials electrical properties. When a binary mixture
is formed, the expected properties thermodynamic param-
eters, such as volume, dielectric parameters, and refractive
index, do not vary linearly [1]. e concept of an excess
thermodynamic property surged in the �eld of chemical
thermodynamics, and therefore physicists and electrical
engineers seldom use it. us we �nd of interest to look
for the place that the excess dielectric permittivity can
occupy in the domain of binary dielectrics. Knowledge of
frequency-dependent dielectric properties of binary liquid
mixtures is important both in fundamental studies of solvent
structure determination and its dynamics as well as in the
practical applications. At a fundamental level, the frequency-
dependent dielectric behavior of liquid mixtures provides
information on molecular interactions and mechanism of
molecular process. In pharmaceutical and analytical sciences,
the dielectric constant ofmixed solvents is required to predict

the solubility and chemical stability of the drug [2].is work
is a continuation of our previous studies [3–5] of dielectric
and excess dielectric properties of various binary liquid
systems, which are of special interest in chemical and electro-
chemical processes. Acetonitrile is a non-hydrogen-bonded
systemwith large value dipolemoment. Its dielectric constant
is high (35.09) and allows precise conductometry and poten-
tiometry measurement, yet it is more inert then hydroxylic
solvents in that it solvates the majority of the cations and
particularly anions much more weakly [6]. Amines have
higher boiling points than nonpolar compounds of the same
molecular weight but lower boiling points than alcohols.
Amines interact more strongly with a component containing
electron withdrawing groups than with other molecules.
Amines are amongst the most important reagents in organic
synthesis and represent an important class of bio-organic
solvents. e investigation of dielectric constant of mixed
solvents bearing amines aims at better comprehension of
their biological, chemical, pharmaceutical, technological, and
laboratory applications [7].
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e excess dielectric constant 𝜀𝜀𝐸𝐸 is de�ned as

𝜀𝜀𝐸𝐸 = 𝜀𝜀 observed − 𝜀𝜀 ideal

𝜀𝜀𝐸𝐸 = 𝜀𝜀12 − (𝜀𝜀1𝑋𝑋1 + 𝜀𝜀2𝑋𝑋2),
(1)

where 𝜀𝜀12 is dielectric constant of the binary liquid mixture.
𝜀𝜀1 and 𝜀𝜀2 are the dielectric constants of solvent and solute
respectively. 𝑋𝑋1 and 𝑋𝑋2 are the mole fractions of solvent
and solute respectively. e mole fraction represented by
mole/L. e positive deviations from ideal behaviour (𝜀𝜀𝐸𝐸
being positive) are qualitatively attributed to a “build in”
of components of the mixture in the structure of respective
solvent. e negative deviations from ideal behaviour (𝜀𝜀𝐸𝐸
being negative) are explained qualitatively either due to
interstitial salvation or due to breaking of aggregates [3–
5]. In view of the current interest on dielectric and excess
dielectric constant values of the mixed solvents, we report
new experimental data for binary systems acetonitrile + butyl
amine, + ethylamine, and + methylamine at 303, 313, and
323K temperatures (keeping the solution in temperature
bath at constant temperature and measured the dielectric
constant of the solution) over the complete mole fraction
range have been carried out.e aim of the study to provides
information regarding solute-solvent interaction.

2. Experimental

2.1. Materials. Butyl amine is soluble in all organic sol-
vents. It is used as an ingredient in the manufacture of
pesticides (such as thiocarbazides), pharmaceuticals, and
emulsi�ers. It is also a precursor for themanufacture ofN,N�-
dibutylthiourea, a rubber vulcanization accelerator, and n-
butylbenzene sulfonamide, a plasticizer of nylon. Ethylamine
is miscible with virtually all solvents and is considered to be a
weak base, as is typical for amines. Ethylamine is widely used
in the chemical industry and organic synthesis. Ethylamine
is a precursor to many herbicides including atrazine and
simazine. Methylamine is the simplest amine. Industrially
methylamine is sold in its anhydrous form in pressurized
railcars and tank trailers. It has a strong odour similar
to �sh. Methylamine is used as a building block for the
synthesis of many other commercially available compounds.
Hundreds of millions of kilograms are produced annually,
liquid methylamine can be used as a solvent analogous to
liquid ammonia. It shares some of the properties of liquid
ammonia, but is better for dissolving organic substances, in
the same way that methanol is better than water.

In the present paper analytical-reagent-grade samples
were used a�er necessary puri�cation and distillation mostly
as per procedure cited byWeissberger [8].e chemicals used
were acetonitrile, butyl amine, ethylamine, andmethylamine.
Acetonitrile was puri�ed as described by �utnam et al.
[9]. Acetonitrile was puri�ed by treatment with anhydrous
potassium carbonate followed by several distillations over
phosphorous pentoxide. e acetonitrile so obtained was
distilled at atmospheric pressure through a glass helix packed
column approximately 90 cm in length. e central cut was
redistilled and stored over anhydrous calcium sulphate.

2.2.Measurement. edielectric constants and excess dielec-
tric constants for the systems acetonitrile + butyl amine, +
ethylamine, and + methylamine at 303, 313, and 323K have
been measured using the microcontroller based system [10]
for the measurement of dielectric constant. It is based on the
principle that the change in frequency of anXR-2206 function
generator, when the liquid forms the dielectric medium
of the dielectric cell, is measured with a microcontroller.
e instrument system covers a wide range of dielectric
constants for various liquids at various concentrations and
at different temperatures. e system is quite successful in
the measurement of dielectric constant in liquids with an
accuracy of ±0.2%.

3. Results and Discussion

In recent years there has been considerable advancement in
the theoretical and experimental investigation of the dielec-
tric properties of binary liquid mixtures. Liquid mixtures
exhibit various phenomena, which cannot be found in pure
substances. e most interesting of these are perhaps the
new types of phase equilibrium, which arise from the extra
degrees of freedom introduced by the possibility of varying
the proportions of the components. A limited number of
studies have been reported for mixtures.

e dielectric constants of binary liquid mixtures: ace-
tonitrile + butyl amine, + ethylamine and + methylamine
are measured at 303, 313, and 323K and over the complete
mole fraction range. e results of measurements for these
systems are presented in Tables 1, 2, and 3 respectively. It is
observed that at a given temperature the dielectric constant
varies as a function of concentration for all the three binary
liquid mixtures. Chandrasekhar [11] has reported as that the
temperature increases, the dielectric constant decreases. Our
results support this viewpoint. In amines lone pair is there,
lone pair electrons may interact with carbon in CN group
and electron density around nitrogen will decrease. We are
expecting interactions between CN and NH2 groups only
not formation of hydrogen bond, because acetonitrile is an
aprotic solvent. Based on that dielectric constant will change.

e excess dielectric constant 𝜀𝜀𝐸𝐸 is also one such param-
eter that indicates the strength and nature of intermolecular
interactions in binary liquid mixtures. e excess dielectric
constant data provide the following information in relation
to the molecular conformation [2–5]:

(i) 𝜀𝜀𝐸𝐸 = 0 indicates that mixture constituents do not
interact and thus have ideal mixing behaviour;

(ii) 𝜀𝜀𝐸𝐸 < 0 indicates that mixture constituents interact so
as to reduce the total number of effective dipoles that
contributed to the mixture dielectric polarization;

(iii) 𝜀𝜀𝐸𝐸 > 0 indicates that the constituents of a mixture
interact in such a way that there is an increase
in number of effective dipoles contributed in the
mixture dielectric polarization;

(iv) the magnitude of 𝜀𝜀𝐸𝐸 values is the evidence of the
strength of unlike molecules H-bond interactions;
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T 1: Dielectric constants for acetonitrile + butyl amine mixture at 303, 313 and, 323K.

S. No Concentration (mole fraction) Dielectric constant at 303K Dielectric constant at 313K Dielectric constant at 323K
1 0.0 5.4 5.39 5.29
2 0.1 8.79 8.67 8.54
3 0.2 11.82 11.69 11.57
4 0.3 14.84 14.74 14.62
5 0.4 18.13 18.08 17.85
6 0.5 21.56 21.42 21.26
7 0.6 25.25 25.06 24.75
8 0.7 28.76 28.47 28.26
9 0.8 30.24 30.13 29.87
10 0.9 32.85 32.73 32.61
11 1.0 35.09 34.94 34.79

T 2: Dielectric constants for acetonitrile + ethylamine mixture at 303, 313 and, 323K.

S. No Concentration (mole fraction) Dielectric constant at 303K Dielectric constant at 313K Dielectric constant at 323K
1 0.0 6.30 6.28 6.19
2 0.1 10.06 9.90 9.76
3 0.2 13.08 12.97 12.79
4 0.3 16.17 15.95 15.75
5 0.4 19.53 19.16 18.84
6 0.5 22.75 22.59 22.13
7 0.6 26.19 25.95 25.58
8 0.7 29.54 29.29 28.88
9 0.8 31.35 31.12 30.80
10 0.9 33.62 33.48 33.18
11 1.0 35.09 34.94 34.79
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F 1: Excess Dielectric constant for acetonitrile + butyl amine
mixture versus concentration at 303, 313, and 323K.

that is, higher 𝜀𝜀𝐸𝐸 values represent the stronger H-
bond unlike molecular connectivities between unlike
molecules and vice versa;

(v) the molar concentration corresponding to pro-
nounced maximum of 𝜀𝜀𝐸𝐸 values represents the stoi-
chiometric ratio of a stable adduct in the mixture.

e excess dielectric constants for the above binary liquid
mixtures were evaluated using (1). e variation of 𝜀𝜀𝐸𝐸 as

0

0.5

1

1.5

2

2.5

3.5

3

0 0.2 0.4 0.6 0.8 1

Concentration (mole/L)

E
x

ce
ss

 d
ie

le
ct

ri
c 

co
n

st
an

t

303 K

313 K

323 K

F 2: Excess dielectric constant for acetonitrile + ethylamine
mixture versus concentration at 303, 313, and 323K.

a function of concentration is graphically represented in
Figures 1, 2, and 3, respectively. Observation of variation
of 𝜀𝜀𝐸𝐸 with acetonitrile in all three binary mixtures indicates
that they are positive and less in magnitude. e positive
deviations from ideal behaviour (𝜀𝜀𝐸𝐸 being positive) are quali-
tatively attributed to a build-in of components of the mixture
in the structure of respective solvent. 𝜀𝜀𝐸𝐸 > 0 indicates that the
two solvents interact in such a way that the effective dipole
moment increases. ere is formation of multimers and
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T 3: Dielectric constants for acetonitrile + methylamine mixture at 303, 313 and, 323K.

S. No Concentration (mole fraction) Dielectric constant at 303K Dielectric constant at 313K Dielectric constant at 323K
1 0.0 9.40 9.39 9.29
2 0.1 12.95 12.66 12.42
3 0.2 16.00 15.56 15.33
4 0.3 18.92 18.54 18.09
5 0.4 22.03 21.74 21.16
6 0.5 25.11 24.62 24.13
7 0.6 28.12 27.83 26.70
8 0.7 31.27 30.66 30.42
9 0.8 32.73 32.32 31.93
10 0.9 34.41 33.86 33.54
11 1.0 35.09 34.94 34.79
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F 3: Excess dielectric constant for acetonitrile + methyl
aminemixture versus concentration at 303, 313, and 323K.

dimers. A dimer is a chemical or biological entity consisting
of two structurally similar subunits called monomers, which
are joined by bonds, which can be strong or weak. Generally
a multimer implies a few monomers attached together. But
polymer will be formed with many number of monomers.
e excess dielectric constant which varies as a function of
concentration and reaches an optimum ration at 0.7 indicates
the liquidmixtures in such away that the total effective dipole
moment increases (property of amoleculewhere the presence
of polar bonds generates a centre of positive charge and a
centre of negative charge that do not coincide; suchmolecules
have regions that are always positively or negatively charged).
ere is a tendency of dipole aligned in parallel direction.e
nonzero 𝜀𝜀𝐸𝐸 values over the entire concentration range of these
mixtures (Figures 1–3) suggest that electron transport will be
made easily from one molecule to other, because electron
�ow in medium will increase as well as the interactions
in between CN and NH2. We expect that excess dielectric
properties depends on electron transport.

4. Conclusion

e positive deviations from ideal behaviour indicate that
mixtures can be attributed to an interstitial accommodation
of acetonitrile. In view of positive deviation it occurs as a

simple “pure dilution” process, as expected for ideal solvents
mixtures. e paper presents the precise dielectric constant
values of the binary liquid mixtures, which are widely used in
biological, chemical, and industrial applications.
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