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Abstract— The complex permittivity spectra
(CPS) of 2-nitrotoluene (2NT) -Dimethyl
sulfoxide(DMSQO) and 1-nitropropane(NTP)
-Dimethyl sulfoxide(DMSQO) mixtures in the
frequency range of 10 MHz to 50 GHz were
determined using a time domain
reflectometry (TDR) technique over the
whole concentration range. The CPS have
been fitted to the Debye relaxation model.
The static dielectric constant (g) and
relaxation time (t) for both systems were
calculated from the CPS using the nonlinear
least squares fit method. The observation that
2NT-DMSO mixtures have a lower dielectric
constant than 1-nitropropane-DMSO
mixtures, despite the longer relaxation time,
highlights the complex interplay of factors
influencing dielectric properties in mixtures.

Index Terms— Dielectric  constant,
Complex  permittivity, Time domain
reflectometry (TDR), 2-nitrotoluene

Relaxation time, 1-nitropropane

I. INTRODUCTION

The nitro group (-NO;) can have a complex and
multifaceted influence on the dielectric
properties of a molecule, depending on the
specific context and interactions within the
material. The presence of other functional
groups and atoms in close proximity to the nitro
group can influence its electronic interactions
and impact its contribution to the overall
dielectric properties [1-4]. A dielectric study is

thus required to better understand the molecular
interaction between the nitro group and other
functional groups. Additionally, the orientation
and spatial arrangement of the nitro group within
the molecule can also play a significant role in
calculating its effect on dielectric behaviour.
Understanding these factors is crucial for
predicting and manipulating the overall
dielectric behaviour of a material. To understand
this interaction, we have chosen 2
nitrotoluene(2NT) -DMSO and 1 nitropropane
(NTP) -DMSO mixture.
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NO;

Fig. 1. Structure of 2-Nitrotoluene

NO
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Fig. 2. Structure of 1-Nitropropane

2NT has a benzene ring substituted with
a nitro group (-NO,) at the 2-position as shown
in Fig. 1. The aromatic ring contributes to its
overall polarity, but the presence of the methyl
group (-CH3) adds steric hindrance. Fig.2 shows
structure of NTP. It is a straight-chain alkane
with a nitro group (-NO,) attached. It lacks the
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aromaticity of 2NT but has a more linear
structure. DMSO was chosen as the solvent
because of its high polarity and ability to
dissolve a wide range of compounds. Also, the
interaction between the nitro group and the
sulfoxide group in DMSO can lead to interesting
chemical reactions. Overall, the differences in
structure between 2NT and NTP contribute to
variations in their reactivity and behaviour. The
choice of DMSO as a solvent may also impact
the outcome of chemical reactions involving
these compounds.

Both NTP and 2NT can engage in
dipole-dipole interactions  with  DMSO
molecules, influenced by their respective dipole
moments and geometric factors. These
interactions can affect the overall orientation and
mobility of molecules in the mixture, impacting
the dielectric response. The nitro group can
influence the dielectric properties of both NTP
and 2NT. The nitro group affects the dielectric
behaviour of these mixtures, but the specific
outcome depends on the interplay of various
factors. More research is needed to precisely
quantify and understand this impact under
different mixture compositions and
measurement conditions.

The results of the current investigation
demonstrate the effect of nitro group on 2NT
-DMSO and NTP -DMSO mixtures at various
concentrations.  Variations  in  dielectric
properties have been studied at frequencies
ranging from 10 MHz to 50 GHz in order to gain
a better knowledge of the relaxation mechanisms
using time domain reflectometry. Understanding
these mechanisms can provide insights into the
dynamics of the nitro groups and their
contribution to the dielectric relaxation process.
To calculate the gy and t, the least squares fit
method is used.

The results of the current investigation
demonstrate the effect of nitro group on 2NT
-DMSO and NTP -DMSO mixtures at various
concentrations.  Variations  in  dielectric
properties have been studied at frequencies
ranging from 10 MHz to 50 GHz in order to gain
a better knowledge of the relaxation mechanisms
using time domain reflectometry. Understanding
these mechanisms can provide insights into the
dynamics of the nitro groups and their
contribution to the dielectric relaxation process.

To calculate the gp and 1, the least squares fit
method is used.

Il. EXPERIMENTAL PROCEDURE
A. Materials
2NT and NTP were purchased commercially
from Loba Chemie Pvt. Ltd.,, Mumbai, with
99.00% purity. DMSO was obtained from S. D.
Fine-Chem Ltd. The binary mixture of
NTP-DMSO and 2NT-DMSO was prepared at
varying concentrations by volume fraction.

B. Measurements

The CPS were obtained using the TDR
technique [5]. The Tektronix digital serial
analyzer model no. DSA8300 sampling
mainframe oscilloscope along with the dual
channel sampling module 80E10B has been used
for time domain reflectometer. The experimental
setup and instrument calibration are carried out
in accordance with the references [6, 7].

I11. RESULTS AND DISCUSSIONS
Fig 3 and Fig. 4 display the
frequency-dependent CPS for NTP-DMSO and
2NT-DMSO at various  concentrations
respectively. The CPS obtained with TDR are
fitted to the Havriliak - Negami expression using
the non-linear least squares fit method [8-9].
Ey— &,
T (oo Y @
Where €y, T, €0, o and B are the fitting
parameters. o is the angular frequency. The
Debye (a =0, B = 1)[10], Cole-Cole (0 < a <1
and g =1) [11] and Davidson — Cole (o =0 and
0 < B <1)[12] relaxation models are the limiting
cases of Havriliak - Negami expression.
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Fig. 3. Frequency dependent complex
permittivity spectra for NTP-DMSO
mixtures at 25 ° C
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Fig. 4. Frequency dependent complex
permittivity spectra for 2NT-DMSO mixtures
at25°C

The study compares o for 2NT-DMSO
and NTP-DMSO mixtures at 25°C for different
volume fraction of DMSO at 25 °C as
represented in Fig. 5. It is found that, despite 2
NT having a higher dielectric constant than NTP,
when DMSO interacts with both, the dielectric
constant of 2 NT-DMSO is smaller than that of
NTP-DMSO over different concentration
ranges. The study by Dhage et al. reports that the
interaction between 2NT and DMSO is weak [2],
leading to negative excess parameters for the
entire system, which indicates weaker molecular
interactions. Also, the study of NTP-DMSO
reports positive excess parameters [3], which
indicate a stronger molecular interaction. Our
observations are supported by these results.

The dielectric constant of 2-NT may be
influenced by the aromaticity and the presence
of the nitro group, leading to relatively higher
values compared to NTP. NTP have a lower
dielectric constant compared to 2-NT due to its
linear structure and potentially lower polarity.
Even 2-NT has a larger permanent dipole
moment than NTP, its interaction with DMSO
molecules found weaker compared to the
interaction between NTP and DMSO. This
weaker interaction can lead to a lower overall
polarization of the mixture, resulting in a smaller
dielectric constant. The seemingly contradictory
trend in 2NT-DMSO vs. NTP-DMSO mixtures
underscores how interactions beyond individual
dipole moments significantly affect dielectric
properties.

Comparison of relaxation time (t in ps)
for 2NT-DMSO and NTP-DMSO mixtures for

different volume fraction of DMSO at 25 °C is
represented in Fig. 6. The value of t of
2NT-DMSO mixtures found to be greater than
NTP-DMSO mixtures over different
concentration ranges. 2-NT has a larger aromatic
ring compared to 1-NTP's linear structure. This
bulkier size can create steric hindrance, making
it harder for 2-NT to rotate in the applied electric
field during TDR measurements. Slower rotation
translates to longer relaxation times.

When the concentration of DMSO
increases in  2-NT-DMSO  mixtures, the
relaxation time decreases. This suggests faster
molecular reorientation as DMSO concentration
increases. Higher DMSO content could dilute
the 2-NT molecules, reducing their influence on
reorientation and leading to faster overall
movement. On the other hand the value of t of
NTP-DMSO mixtures increases with increasing
DMSO concentration, resulting in increased
viscosity and slower movement, which leads to
longer relaxation times.
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Fig. 5. Comparison of dielectric constant for
2NT-DMSO and NTP-DMSO mixtures for
different volume fraction of DMSO at 25 ° C
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Fig. 6. Comparison of Relaxation time for
2NT-DMSO and NTP-DMSO mixtures for
different volume fraction of DMSO at 25° C
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IV. CONCLUSION

Both 2-NT and NTP contain nitro groups, their
structural and chemical differences lead to
variations in their g9 and T when interacting with
DMSO. These differences arise from factors
such as molecular structure, polarity, and
intermolecular interactions. These interactions
can involve factors like dipole-dipole
interactions and solvent dynamics, leading to
complex behaviours [13-15].
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