OUR HERITAGE

ISSN: 0474-9030Vol-68, Special Issue-38 ?\
ONE DAY NATIONAL CONFERENCE ON RECENT ADVANCES IN SCIENCES Q >

Held on: 13*February 2020. N el
Organized by: Department of PHYSICS, CHEMISTRY, MATHEMATICS, BOTANY & 12 0 T e el it st 1
ZOOLOGY Shivaiji Arts, Commerce and Science College Kannad. Dist: Aurangabad

(MS)

Study of Molecular Interaction in Binary Mixture of Lorazepam with
Methanol Using Bruggeman Model

Dongare A. K., Tupe S. K.?, Sayyad S. B.2

!Department of Physics, Vasantdada Patil College, Patoda, India.
2Department of Physics, Shri Kalikadevi College, Shirur (K), India.
SDepartment of Physics, Milliya Arts, Science & Management Science College,
Beed, India.
akdbeed@rediffmail.com, syedsb@rediffmail.com

ABSTRACT

The dielectric relaxation parameters of Lorazepam with Ethanol in the microwave frequency range of
10MHz to 50MHz have been determined using time domain reflectometry technique. The Tektronix
DSA8300 sampling oscilloscope sampling main frame with the dual channel sampling module
80E10B has been used for these measurements. The time dependent data is analyze to obtain complex
reflection coefficient. The complex permittivity spectra obtained by applying bilinear calibration
method. The Bruggeman parameters are obtained using static dielectric constant. It is observed that
fz shows a small deviation to upper side from the ideal Bruggeman behavior for every temperature

studied of Lorazepam with Methanol as binary mixture.

KEYWORDS :-Lorazepam, Methanol, Time domain reflectometry, Dielectric relaxation,

Bruggeman factor.
INTRODUCTION

The dielectric relaxation measurement at microwave frequencies have provided an effective
means of studying mechanism of molecular process and intermolecular interaction between
the binary mixtures of the organic compounds [1-5]. The Bruggeman parameter of binary
polar liquids provides information regarding solute-solvent intermolecular interaction

between the molecules.

Lorazepam, is a medicine sold under the brand name Ativan, Tavor, Temesta, among others.

It is used to treat anxiety disorders, trouble sleeping. Lorazepam is also used, along with other
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treatments, for acute coronary syndrome due to cocaine use [6]. Methanol is a clear, colorless
liquid. It has an alcoholic or repulsive odor, flammable. Methanol mixes easily with water. It
occurs naturally in humans, animals and plants. Many fruits, vegetables, fermented drinks
and soda provide a source of methanol in the diet. Methanol is an important commercial
chemical. It is used as a solvent [7].

In this work we report the dielectric study of Bruggeman factor of Lorazepam with Methanol
binary mixture at 20% of volume fraction concentration and 283, 288, 293 and 298K
temperature.

Table 1. Physical constant of pure liquids.

Name of Mol. Formula | Literature Mol. Wt. | Density in | Dipole R.I.
Compound Value of &5 | g/mol g/cm?3 Moment

pD
Lorazepam CisH10CI2N20;2 | N.A. 321.2 1.52 N.A. 1.60
Methanol CHsOH 32.7 32.04 0.792 1.69 1.3314

EXPERIMENTAL

A. Chemical and sample preparation

The chemical used in the present work are Lorazepam and Methanol is of spectroscopic
grade, obtained commercially with 99% purity and used without further purification. The
solutions were prepared at six different compositions in steps of 20 % by volume. These
volume fractions are converted to mole fractions for further calculations. Using this volume
percentage the weight fraction is calculate [8] as

X, = Vapa
AT [(Vapa)+(Vppp)]

where, Va and Vg are the volume and pa and pg is the density of liquid A(Atarax) and B

(other chemical) respectively.
B. T.D.R. specification, Time domain reflectometry set up and data acquisition.

The Tektronix DSA8300 sampling oscilloscope sampling main frame with the dual channel

sampling module 80E10B has been used for time domain reflectometry. The sampling
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module provides 12ps incident and 15ps reflected rise time pulse. The coaxial cable used to
feed pulse has 50 Ohm impedance, inner diameter of 0.28mm and outer diameter of 1.19mm.
Sampling oscilloscope monitors changes in pulse after reflection from end of line. Reflected
pulse without sample Ra(t) and with sample Rx(t) were recorded in time window of 5 ns and
digitized in 2000 points. To minimize the signal to noise ratio the signal reflected is obtained
from 512 samples after an optimum average of 100 times for each record. The subtraction
[p(t) = Ra(t) — Rx(t)] and addition [q(t) = Ru(t) + Rx(t)] of these pulses are done in
oscilloscope memory. These subtracted and added pulses are transferred to PC through
compact disc for further analysis [9].

C. Data analysis
The time dependent data were processed to obtain complex reflection coefficient spectra,

p*(w) over the frequency range from 10 MHz to 50 GHz using Fourier transformation

[10,11] as

p'@) =[5l 5

Where, p(w) and q(w) are Fourier transforms of [R1 (f) - Rx ()] and [R1 (t) + Rx (1],
respectively. C is the velocity of light, ® is angular frequency and d is the effective pin length
and j = root (-1). The complex permittivity spectra [12]e*(w) were obtained from reflection
coefficient spectra p*(w) by applying a bilinear calibration method. The experimental values
of €*(w) are fitted by Debye equation [13].

£0—Ex

* —
€ (w) = &0t 1+jwt

where, €0, € and 7 as fitting parameters. The value of &, was kept to be constant as the fitting
parameters are not sensitive to &.. A non-linear least squares fit method [14] used to

determine the values of dielectric parameters.
RESULT AND DISCUSSION

The static permittivity of two component mixture must lie somewhere between two extremes
corresponding to static permittivity of two liquids. In order to understand the dipole

interaction in the mixture of two liquids, a various mixture formulae have been proposed [15,
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16]. Bruggeman mixture formulae [16-18] can be used as first evidence of molecular
interactions in binary mixture. This formula states that static permittivity of binary mixture
(esm), solute A (esA) and solvent B (esB) can be related to volume fraction of solvent (V) in

mixtureasfs =1V

o= (=) () =1

EsA—EsB Esm
According to above equation linear relationship is expected in Bruggeman factor fg and (V).
Any deviation from this linear relation indicates molecular interactions. Experimentally, it
was found that the Bruggeman factor deviates from the linear behavior. It was proposed to
modify the model as follows [19]

fo = (22m52) (22)” 21 o= (@— VIV

EsA—EsB Esm
In this model, it is assumed that the volume fraction V is modified by a factor a-(a-1)V in the
mixture due to solute — solvent interaction. The value of a=1 corresponds to the Bruggeman’s
equations. The value of a can be determined by statistical technique of least square fit
method [20].

Table: 2. Temperature dependent dielectric parameters for binary mixture of Lorazepam with
Methanol.

283K 288K 293K 298K
Mole Fraction
N T AR L R B S
0 33.27 | 56.25 | 32.03 | 51.7 | 31.69 | 49.94 | 32.12 | 48.81
0.046 34.46 | 64.87 | 33.85 | 57.24 | 33.58 | 53.14 | 33.52 | 52.94
0.113 38.14 | 68.59 | 36.14 60 | 34.32 | 55.59 | 34.14 | 54.51
0.223 40.58 | 78.1 |38.96 | 67.71 | 38.45 | 57.55 | 37.35 | 57.59
0.434 45.87 | 77.36 | 43.76 | 70.07 | 41.98 | 58.33 | 41.42 | 53.6
1 58.96 | 81.78 | 53.47 | 71.66 | 52.58 | 67.13 | 48.43 | 59.27
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The Bruggemen factor which is the ratio of theoretical value of static dielectric constant
computed from Bruggemen mixture formulae and practically obtained values has been
obtained [21]. A linear relationship has been expected from the Bruggemen factor values,
which gives a straight line when fg plotted against volume fraction. However the
experimental values of fg were found to deviate from the linear relationship. The nonlinear
relationship of Lorazepam with Methanol system suggest an intermolecular interaction takes
place in the mixed components. It is assume that volume fraction in the mixture is modified
by a factor [a-(a-1)¢]. This modification may be due to the structural rearrangement of solute
molecules in the mixture. The value of ‘a’ contain information regarding the change in
orientation of solute molecules in the mixture. The value of ‘a’ determined from the least
square fit method, for all the studied system. The value of ‘a’ = 1 corresponds to ideal
Bruggemen mixture formulae. The deviation from unity relates to corresponding mixture
interaction [22]. The parameter ‘a’ in the modified Bruggemen model also provide
information regarding nature of molecular interaction as [23]

1. The straight line from (0,1) to (1,0) represents noninteraction between solute — solvent
system. In such case, the value of parameter ‘a’ will be 1.

2. The deviation to the upper part of the straight line indicates that effective volume of
the solvents gets enhanced in presence of solute. The value of ‘a’ becomes less than
one in such case.

3. The deviation to the lower part of the straight line indicates reduction of effective

volume and value of the parameter ‘a’ gets larger than one.

—e—283 —x— Ideal | Figure 1: The Bruggeman plot for
1 Lorazepam with Methanol at 283K
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Figure 2: The Bruggeman plot for
Lorazepam with Methanol at 288K
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Figure 3: The Bruggeman plot for
Lorazepam with Methanol at 293K
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Figure 4: The Bruggeman plot for
Lorazepam with Methanol at 298K
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Figure shows the Bruggeman plot for Lorazepam with Methanol, volume fraction of Lorazepam
(V) against Bruggeman factor fg at particular temperature K. Linear line shows expected ideal
behavior, small deviation line shows the experimental obtained behavior.

It can be seen from figure 1, 2, 3 and 4 fg shows a small deviation to upper side from the ideal
Bruggeman behavior [21]. Indicate that effective volume of the solvents gets enhanced in
presence of solute. The value of ‘a’ becomes less than one in such case. This confirms the weak
intermolecular interaction in the mixture. Furthermore values of (fg) increase with increase in
temperature and decrease in volume fraction of Diazepam, which shows temperature dependent
nature of molecular interactions [24].

CONCLUSION

It can be concluded that fs shows a small deviation to upper side from the ideal Bruggeman
behavior of Lorazepam with Methanol in binary mixture. The interaction of the mixture is
discussed using Bruggeman model at four different temperatures is weak and nature of molecular

interactions is temperature dependent.
ACKNOWLEDGEMENT

The authors wish to acknowledge the Department of Physics Dr. Babasaheb Ambedkar
Marathwada University Aurangabad, Department of Physics Swami Ramanand Teerth
Marathwada University Nanded, Department of Physics Milliya Arts, Science and Management

Science College Beed.
REFERENCES

[1] V.P.PawarandS. C. Mehrotra, J. Mol. Lig.,108(3),95-105, 2003

[2] V.A. Ranaand A. D. Vyas, J. Mol. Liq.,102(3),3079-3091, 2002

[3] M. Malathi, R. Sabesan and S. Krishnan, J. Mol. Lig., 109, 11-18, 2004

[4] A. N. Prajapati, A. D. Vyas, V. A. Rana and S. P. Bhatnagar, J. Mol. Liqg., 151, 12-16,
2010

[5] R. J. Sengawa, Sonu Sankhla, Vinita Khatri and Shobhna Choudhary, Fluid Phase
Equilibra, 293,137-140, 2010

[6] https://en.wikipedia.org/wiki/lorazepam#

Page |1329


https://en.wikipedia.org/wiki/lorazepam

[7]
[8]

[9]
[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]

[18]

[19]
[20]

[21]

[22]

[23]

OUR HERITAGE

ISSN: 0474-9030Vol-68, Special Issue-38 ?\

ONE DAY NATIONAL CONFERENCE ON RECENT ADVANCES IN SCIENCES Q )
Held on: 13*February 2020. ) Zal

Organized by: Department of PHYSICS, CHEMISTRY, MATHEMATICS, BOTANY & 111 1 W g R Ao

ZOOLOGY Shivaiji Arts, Commerce and Science College Kannad. Dist: Aurangabad
(MS)

https://pubchem.ncbi.nim.nih.gov/compound/Methanol#section=0Overview

P.B.Undre, S.N.Helambe, S.B. Jagdale, P.W.Khirade and S.C. Mehrotra. Pramana J.
Physics. 68. 851 (2007)

Manual T.D.R. Tektronix DSA8300

Bevington PR. Data reduction and error analysis for the physical sciences. New York;
McGraw Hill; 1969.

P.B.Undre, S.N.Helambe, S.B. Jagdale, P.W.Khirade and S.C. Mehrotra. Pramana J.
Physics. 68. 851 (2007)

Manual T.D.R. Tektronix DSA8300

C.E.Shannon, Proc. Inst. Radio Eng. 37, 10(1949)

H.A. Samulan. Proc. IRE, 39, 175 (1951)

C. J. F. Bottcher, Theory of electric polarization, Elsevier, Amsterdam, 1952.

D.A.G. Bruggeman, Ann. Phys., (Leipzig), 5,636, 1935.

U. Kaatze, Zeitschrift fur Physikalischechemieneuefolge, Bd., 153, S141,

1987.

S. M. Puranik, A. C. Kumbharkhane and S. C. Mehrotra, The Static permittivityof binary
mixtures using an improved Bruggeman Model, J. Mol. Lig., 59, 1731994,

Puranik S M , Kumbharkhane A C, Mehrotra S C, J. Mol. Liq. 1994;59:173-7

Bevington PR. Data reduction and error analysis for the physical sciences. New York;
McGraw Hill; 1969.

D. A. G. Bruggemen, ‘The dielectric constant of a composite materials’ Annals of
physics vol. 5 p. 636, 1935.

P. Jeevananandam et al Dielectric Relaxation Study of 2-Butoxyethanol with Anilin and
Substituted Anilines Using Time Domain Reflectometry Advances in physical chemistry
volume 2014 Article ID 659531 http://dx.doi.org/10.1155/2014/659531

Binary Polar Liquids, Structural and Dynamic Characterization Using Spectroscopic
Method. by Suresh Mehrotra, Ashok Kumbharkhane, Ajay Chaudhari 11.2.2 page 443-
444,

Page |1330


https://pubchem.ncbi.nlm.nih.gov/compound/Methanol#section=Overview
http://dx.doi.org/10.1155/2014/659531

OUR HERITAGE

ISSN: 0474-9030Vol-68, Special Issue-38
ONE DAY NATIONAL CONFERENCE ON RECENT ADVANCES IN SCIENCES Q >

Held on: 13*February 2020. ) Zal
Organized by: Department of PHYSICS, CHEMISTRY, MATHEMATICS, BOTANY & 11 S Siged afaafE Au o
ZOOLOGY Shivaiji Arts, Commerce and Science College Kannad. Dist: Aurangabad

(MS)

[24] Binary Polar Liquids, Structural and Dynamic Characterization Using Spectroscopic
Method. by Suresh Mehrotra, Ashok Kumbharkhane, Ajay Chaudhari 1.5.3 page 443-
444,

Page [1331



