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ABSTRACT

Time Domain Reflectometric studies has been applied on the binary solutions of
methylcellosolve (MCS) with acetylacetone (Acac) in the entire concentration range at 298 K in the
frequency range of 10 MHz-32 GHz. The values of relaxation time (t), effective Kirkwood correlation
factor (g°"), corrective Kirkwood correlation factor g,and excess permittivity (¢£) have been calculated.
The relaxation time of MCS slowly decreases with increase in Acac concentration suggesting that
the size of the heteroassociated rotating unit decreases. The rate at which t value decreases is more
in MCS rich solutions which means that the formation of heteromolecular H-bonds dominantly occur
in MCS rich solutions. Parallel orientation among the dipoles occur as suggested by the g*" values
which are greater than unity in all the solutions. The excess permittivity ¢ values calculated using
mole and volume fractions qualitatively exhibit the same deviation from ideal behaviour.

Keywords: Dielectric relaxation, Methylcellosolve, H-bond, Molecular interaction,
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INTRODUCTION

2-Methoxyethanol, also known as
Methylcellosolve (MCS), is an organic compound
which has H-bond donor as well as acceptor groups’,
the C-H, CH, and CH, are the donor groups and
the C-O-C is the hydrogen bond acceptor group.
It can be used as a solvent for electrolytes and
has many industrial applications?*. It is essential
to know the interacting properties of MCS through
intermolecular H-bonds, which are very important
type of non-covalent interaction forces that operate

among homo as well as hetero molecules and play
an important role in determining the shape, structure
and properties of molecules®7, with other molecules
in fundamental research as well as industrial
applications point of view. The interacting behaviour
of MCS in the presence of various polar molecules
has been studied by many researchers®-"" using the
techniques such as ab initio calculations, Raman
spectroscopy, ultrasonic studies, FTIR studies etc.
Each technique is capable of providing its own
characteristic information regarding the molecular
interactions. Dielectric spectroscopy is an effective
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tool that can be applied to obtain unique information
regarding the fluid structure and has been employed
to study the associating behaviour of MCS with
chlorobenzene'?, a substituted benzene, and ethyl
acetate'® by our research group. In the present work
MCS is dissolved in acetylacetone (Acac), which
belongs to the diketone class of compounds that
exist as a mixture of keto and enol tautomers and is
used as a chelating reagent for its ability of involving
in coordinate complexation with metals', at various
mole fractions and the associating behaviour of
MCS in the solutions have been investigated with
the help of the parameters obtained using dielectric
spectroscopy.

MATERIALS AND METHODS

Acetylacetone and methylcellosolve
(anhydrous 99.8%) were purchased from Sigma
Aldrich Pvt. Ltd, USA and are used as received. The
time-domain reflectometric studies on pure Acac,
MCS, and their binary solutions in the concentration
range of 0 = X < 1 was carried out with the help of a
Tektronix Digital Serial Analyzer DSA 8200 sampling
mainframes with the sampling module 80E08 in
the frequency range: 10 MHz—-32 GHz at 25°C'>16.
The complex permittivity spectra e* (o) have been
obtained using the method of non-linear least square
fit'18, Mass measurements have been made using
a digital analytical balance supplied by Eagle Scale
Manufacturing Works, Gujarat was used.

Theory

The complex dielectric permittivity spectra
can be fitted using the Havriliak-Negami (HN)
function'®

(1)

Where a(0O<a<1)andB(0<p<1)are the
shape parameters, o is the angular frequency, t is
the relaxation time, ¢ is the static dielectric constant
and ¢_ is the dielectric constant at high frequency.
The Debye, Cole-Cole and Cole-Davidson relaxation
models are described by (=0, p=1), O <a <1, f=1)
and (a=0,0 < B < 1), respectively.

The alignment of dipoles in a pure polar
liquid can be obtained from the Kirkwood correlation
factor g.2°

)

Where p, p, M and k are the gas phase
dipole moment, density, molecular weight and the
Boltzmann constant, respectively.

The dipolar alignment in a polar-polar
binary liquid mixture is given by the effective
Kirkwood correlation factor (g*f).!

3)

Here Nand X are the Avogadro number and
the mole fraction, respectively. a, b and m represent
the liquid a, liquid b and the mixture, respectively.
The corrective Kirkwood correlation factor g2 is
calculated using the relation.

(4)

The excess permittivity is a parameter
which can be used to investigate the heteromolecular
interactions a solution has been calculated using the
following four in formulae,??%

Where ¢ is the volume fraction. The excess
permittivity values have been fitted using the Redlich-
Kister equation.?6?”

9)
with B, as the Redlich-Kister coefficients.

RESULT AND DISCUSSIONS

The variation of dielectric permittivity (¢')
and dielectric loss (¢'") with the logarithmic frequency
has been presented in Fig. 1. The Cole-Davison
model has been used for all the solutions (0 < X2
< 0.9) except pure Acac which was fitted using the
Debye model. The static permittivity ¢ and relaxation
time 1 values for pure MCS and Acac in the present
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work are found to be close to the literature values®2.
The relaxation time (t) of neat Acac is 14.02 ps and
that of neat MCS is 29.72 ps (Table 1) which is greater
than t value of Acac. This higher relaxation time of
MCS is due to the formation of multimers. Yaseen
et al.,*® reported that the co-operative process of
multimers O-H...O linkage give rise to high relaxation
time. So, the relaxation time can be used to investigate
the size of the rotating molecular unit and not for
identifying the specific H-bond interaction sites of the
solution constituents. The value of t slowly decreases
towards the value of pure Acac (Table 1) when its mole
fraction is increased from 0 to 1. The rate at which
the t value decreases is more in MCS rich solutions
when compared with that in Acac rich solutions. This
type of changes in t value signifies that the size of the
MCS multimer units got affected much in MCS rich
solutions and this in turn means that the formation of
heteromolecular H-bonds is more favoured in MCS
rich solutions.

Fig. 1. The graph of a) dielectric permittivity (¢’) and b) dielectric
loss (€”) against LOG F for MCSAcac solutions at 298 K

Table 1: Density(p), Static permittivity (¢, ),
permittivity at high-frequency limit (¢ ) and relaxation
time (z), effective Kirkwood correlation factor (g*")
and corrective Kirkwood correlation factor (g,) for the
binary mixture of MCS with Acac. Here, X /¢, is the
mole/volume fractions of Acac at 298 K

X, b, plglemd) e € t(ps) g g,
0.00 000 0934 1711 197 297 145 1.00
0.10 0.13 0936 17.40 1.98 234 147 097
0.18 022 0.874 17.89 208 205 1.42 092
028 0.34 0871 1878 214 192 1.44 091
040 046 0.878 19.87 214 192 152 0.93
051 057 0872 2134 223 166 156 0095
063 0.69 0.888 2309 228 154 1.65 1.04
071 076 0.883 2497 229 153 176 1.04
0.83 0.86 0.866 2556 230 153 179 1.02
087 090 0915 2571 231 142 179 1.00
100 1.00 0926 2649 233 140 1.82 1.00
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Fig. 2. The dependency of the dielectric constant (¢ ) of the
binary solutions on the mole fraction of Acac at 298 K

Non-linear variation of ¢ with the mole
fraction of Acac can be noticed (Fig. 2) in the 0 <
X2 < 0.71 concentration range and linear change
occurs in the remaining range of the concentration.
The non-linearity of the ¢, vs X, has been reported
in terms of homo as well as heterointeractions in
various articles®3. In the present work, the non-
linear change has been attributed to the presence
of H-bond interactions of MCS with Acac while the
linear variation is due to the relatively weaker hetero
interactions. The g**and g, values calculated using
mole and volume fractions remain the same (Table
1). The g°" values of neat MCS and neat Acac are
1.45 and 1.82, respectively, which are the indicators
that the dipoles of both MCS and Acac have
parallel angular correlation. This parallel alignment
of the dipoles continues to exist over the entire
concentration range where the g°"values are greater
than one. But the parallel angular correlation has
been reported'?'® only in MCS rich solutions when it
is mixed with chlorobenzene (dipole moment = 1.69
D)/ethyl acetate (dipole moment = 1.78 D) which
are relatively less polar when compared with the
Acac (dipole moment =2.78 D). The value of g, the
measure of the degree of hetero interaction, is found
to slightly deviates from unity indicating the presence
of weak heteromolecular H-bond interaction forces
in the binary solutions. The g, shows a bit more
deviation in MCS + chlorobenzene/ethyl acetate'>1
binary solutions.

The excess dielectric permittivity &£ values
(Figs. 2 and 3) of the binary solutions computed using
egs. (5)-(8) qualitatively give the same information on



GANESAN., Orient. J. Chem., Vol. 37(3), 717-721 (2021)

the heteromolecular interactions with the exception
of the point at which the transition from negative to
positive regime takes place. Therefore, usage of
mole fraction instead of volume fraction qualitatively
causes no difference in the information regarding
the heteromolecular interactions that are present
in the binary solutions at different concentrations.
According to most of the literature reports2325.34-87,
the positive deviation of ¢f from ideal values is
due to the formation of H-bonded structures with
increased number of parallel aligned dipoles and the
negative deviation is the result of the presence of
heteromolecular interactions with a decrease in the
number of parallel oriented dipoles. But our earlier
research work® has confirmed that the interpretation
of positive/negative ¢f values as the sign of increase/
decrease of the number of dipoles is incorrect if the
binary solutions consist of associative molecules.
Therefore, the negative ¢ values for MCS rich
solutions can be taken as the sign of i) formation of
heteroassociated molecular networks with smaller
dipole moments and ii) the decrease in the degree
of alignment of dipoles®“°, that can be inferred
from the relatively smaller g* values in MCS rich
solutions, while the positive deviation of ¢f values
is the indication that heteromolecular complex has
been formed with higher dipole moment*'.

Fig. 3. Plot of a) Excess permittivity SE=(SDm—8mm)—[(8‘—8°°1)
X,+((€,~€,,)X,] against the mole fraction X, of Acac and b)
excess permittivity 8E=(Sum—SMm)—[(stm)¢1+((82—8m2)¢2)]
against the volume fraction ¢, of Acac of MCSAcac binary
solutions at 298 K
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Fig. 4. Plot of a) Excess permittivity e5=¢__—[€ X +€,X,]
against the mole fraction X, of Acac b) excess permittivity
E ; . .

e-=¢g, -[€,0,+€,9,] against the volume fraction (¢,) of Acac in
MCSAcac binary solutions at 298 K

CONCLUSION

Dielectric studies has been applied on the
binary solutions of MCS with Acac at different mole
fractions of MCS/Acac. The relaxation time of MCS
slowly decreases towards the value of pure Acac with
the increase in its concentration. The rate of decrease
in the t value is found to be more in MCS rich solutions
than in Acac rich solutions and so the formation of
heteromolecular H-bonds is more favoured in MCS
rich solutions. The g*"values suggest that the dipoles
of the heteroassociated molecular networks have
parallel angular correlation. The excess dielectric
permittivity g, values have been calculated using the
four formulae available in literature. All the four have
qualitatively yield the same trend of deviation of &*
values from the ideal values.
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