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formation, molecular association by intermolecular hydrogen bonding in the

INTRODUCTION

Open Access This article is
licensed under a Creative
Commons Attribution 40 Atorvastatin is a member of the drug class known as statins, used for

International License, which permits use, . . -
S Y S lowering blood cholesterol. Chemically, it is (3R, 5R)-7-(2-(4-flurophenyl)-

reproduction in any medium or format, as long 3-phenyl-4 (phenylcarbamoy 1)-5-propan-2-3,5dihydroxyheptanoicacid.
as you give appropriate credit to the original - | jke g]] statins, Atorvastatin works by inhibiting HMG-CoA reductase, an

author(s) and the source, provide a link to the . . . . .
Creative Commons license, and indicate if ~ €nzyme found in liver tissue that plays a key role in production of

changes were made. The images or other  cholesterol in the body. The primary uses of Atorvastatin are for the
thirdparty material in this article are included

in the article’s Creative Commons license,
unless indicated otherwise in a credit line to is recommended to be used only after other measures such as diet,
the material. If material is not included in the  exercise, and weight reduction have not improved cholesterol levels
article’s Creative Commons license and your

intended use is not permitted by statutory (DFUgS'Com' 2011)'
regulation or exceeds the permitted use, you
will need to obtain permission directly from
the copyright holder. To view a copy of this
license, visit http://creativecommons.org/ medicine, jewelry cleaning, pipe inspection, and nondestructive test.
licenses/by/4.0/ Within nondestructive test, ultrasonic waves give us the ability to ‘see

through’ solid / opaque material and detect surface or internal flaws

treatment of dyslipidemia and the prevention of cardiovascular disease. It

Ultrasonic waves are used in many applications including plastic welding,
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Figure 1: chemical structure of Atorvastatin

without affecting the material in an adverse manner. It
had been identified, about 200 years ago, that dogs could
hear (Gamow and Clevel, 1978). This Canine ability is
often used in police department work and by dog trainers.
These sound waves are used by bats as kind of
navigational radar for night flying (Duncan, 1981). Even
blind people unconsciously develop a similar method by
which obstacles are sensed by the reflected echoes of their
footsteps or the tapping of a cane. In the field of
technology, the waves are being used to measure depth of
sea, directional signaling in submarine, and mechanical
cleaning of surface soldering (Ameta et al.,, 2001), and to
detect shoals of fish. Acoustic sonograms have become an
important medicinal diagnostic tool which is widely used
nowadays (Frizzell, 1998; Wells, 1977). Ultrasonic waves
are used for both diagnosis and therapy. It includes the
detection of wide variety of anomalies, such as tumor,
bloodless surgery, and proper extraction of broken teeth,
cardiology, and stone fragmentation (Shrivastava and
Kailash, 2004). Ultrasound is more sensitive than X-rays in
distinguishing various kinds of tissues. It is believed to be
less hazardous than X-rays, although possible hazards of
ultrasound have not yet been thoroughly explored (Scars,
1974). The unique feature of sound wave property is that
it gives direct and precise information of the adiabatic
properties of solution. The data of velocity of sound in
very few liquids were available up to 1930. The discovery
of interferometer and optical diffraction method improved
the investigation, both qualitatively and quantitatively.
Most of the information extracted from ultrasonic study of
fluids is confined to the determination of hydration
number and compressibility (Shilo, 1958; Bukin, 1979).
The successful application of acoustic methods to
physicochemical of solution becomes
possible after the development of adequate theoretical
approaches and methods for precise ultrasound velocity
measurements in small volumes of liquids (Sahai, 1979;
Baluja and Oza, 2001; Aswar, 1997). In the present paper,

investigations

148 | RTST-2021

viscometric ultrasonic studies have been studied in
aqueous solutions at different temperatures over a wide

range of Atorvastatin concentrations. From the
experimental values a number of thermodynamic
parameters namely ultrasonic velocity, adiabatic

compressibility, acoustic impedance, relaxation time, free
length, free volume, internal pressure, Rao’s constant,
ultrasonic attenuation, cohesive energy, and molar
volume, Wada’'s constant has been -calculated. The
variation of these parameters with concentration was
found to be useful in understanding the nature of
interactions between the components (Aliand and Naine,
1999; Aswale et al., 2011; Dabarse et al. 2011), Praharaj et

al, 2012).

Measurement of Acoustical parameters:

The various acoustical parameters were calculated from U,
1N & p value using standard formulae. On using ultrasonic
velocity, density and viscosity the following acoustical
parameters like adiabatic compressibility (Bad),
intermolecular free length (Lf), relaxation time (T), free
volume (Vf), internal pressure (Ili), acoustic impedence
(Z), Wada’s constant (W), ultrasonic attenuation (a/f 2),
Rao’s constant (R), molar volume (Vm), cohesive energy
(CE) was calculated by applying the following expressions.

1. Ultrasonic velocity (v): The relation used to determine
the ultrasonic velocity is given by,

v=fxAms!

Where, f - Frequency of ultrasonic waves, A - Wave length
2. Adiabatic  compressibility (kx):  Adiabatic
compressibility which is defined as,

k=(1/v%p) kgl ms2

Where, v - Ultrasonic velocity, p - Density of the solution.

3. Free volume (Vf): Free volume in terms of the
ultrasonic velocity (v) and the viscosity of the liquid (n)
calculated by formula

Vf=(Mv/kn) 3/2 m3

Where, M is the molecular weight and k' is a
temperature independent constant equal to 4.28x 109
for all liquids.

4. Acoustic impedance (Z): The acoustic impedance is
computed by the formula
Z =vxpkgmz2sl
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5. Free length (Lf): It is calculated on using formula,

Le =(KV k)

K - Jacobson temperature dependent constant defined as
K=(93.875 + 0.345T) x10-8,

k =Adiabatic compressibility.

6. Ultrasonic Attenuation (o/f2): It is calculated by,

o/f2 = 8mn2n/3pv3

7. Viscous relaxation time (T): It is calculated by using
the relation,

T =4n/3pv?
8. Rao’s Constant (R): Rao’s constant is calculated by

using formula,
—F 1 — bl 1
R =V.y or R (ﬂ) ik

M= Molecular Weight.

9. Wada constant (W): It was calculated by formula,
W=M.x17/p

10. Internal pressure (Ili): On using below cited formula
internal pressure is calculated,

pi
M]

kn 12
i = b AT [Tq]

11. Molar volume: It is the ratio of density & molecular

weight.
Vm = L
M
12. Cohesive energy (CE): Cohesive energy is calculated
by formula quoted below,

CE = ITiVm

MATERIAL METHODS

Atorvastatin used in the present work was of analytical
reagent (AR) grade with a purity of 99.9%, It is used
without purification. Different concentrations of solution
were prepared by adding sufficient amount of solvent
ethanol to Atorvastatin. The ultrasonic velocity (v) has
been measured in ultrasonic interferometer Mittal Model-
F-05 with an accuracy of 0.1%. The viscosities (1) of
binary mixtures were determined using Ostwald’s
viscometer by calibrating with double distilled water with
an accuracy of +0.001 PaSec. The density (p) of this binary
solution was measured accurately. using 25 ml specific
gravity bottle in an electronic balance precisely and
accurately. The basic parameter U, n, p were measured at
various concentration (0.0125 to 0.1%) and temperature
of 303 K, 308 K & 313 K. The various viscometric
ultrasonic parameters were calculated from v, n & p value
using standard formulae. On using ultrasonic velocity,
density and viscosity the following acoustical parameters
like adiabatic compressibility (x), intermolecular free
length (L¢), relaxation time (T), free volume (V¢), internal
pressure (IIi), acoustic impedance (Z), ultrasonic
attenuation (a/f 2), Rao’s constant (R), molar volume
(Vm), cohesive energy (CE) were calculated (Varada and
Mabu, 1995; Nikam and Mehdi, 1993; Aswale, 2012;
Prasadand and Rajendra, 2003; Suryanarayana and
Pugazhendhi, 1986; Aswale et al.,, 2013; Ekka et al., 1980,
Rajula et al., 1994; Paladhi and Singh, 1990).

RESULTS & DISCUSSION

The measured values of ultrasonic velocity, density and
related thermo acoustical parameters of Atorvastatin
with Water at 303K, 308 K, and 313 K temperatures in
different concentrations are shown in table 1a,1b,1c and
2a,2b,2c.

Table 1: Ultrasonic velocity, Density, Viscosity, Adiabatic compressibility, Intermolecular free length, free volume, Rao’s
constant of different % concentration of solution of compounds in ethanol at, 303 K, 308 K, 313 K.

a) Solution of Atorvastatin in ethanol at 303 K
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& ‘g 8 S = 285 | 2824 EBg — s 8 | . E
= ,Egm 3 S e 2 E R o T H 'S 2 S o &
. R e =T E— [
S el A = B> 8 | <8kpE| 8 mwE | &8
0.012 987.64 0.7363 1490 4.542 4.2118 22.682 1.9578
S5
0.025 989.92 0.7656 1496 4.507 4.2286 21.476 1.9550
0.05 991.96 0.8966 1506 4.438 4.1802 17.116 1.9553
0.1 1013.56 0.9728 1520 265 4.0974 15.356 1.9195
b)Solution of Atorvastatin in ethanol at 308 K.
£ IS = E 2 Z
E - 2 .. =7 25 £ = | =
= =~ =1 — = = r=) —_— >
= = 2 L 25 | £ 8, = g2 2 = 8.
g = g 5 2 .2 2335 5 g o I 8 S g g
S = == = Z 52 E = 8 % B g & = == B 2
0.0125 | 982.64 0.7403 1472 4.6889 4.3337 22.045 1.9583
0.025 983.88 0.7506 1490 4.5781 4.2821 21.971 1.9639
0.05 988.4 0.8304 1500 4.4786 4.2354 19.129 1.9606
0.1 988.92 0.9454 1510 4.4260 42118 15.872 1.9631
c) Solution of Atorvastatin in ethanol at 313 K.
g — £ k= w = =
8= i = = g 5 3
g = B 2 o B 8 £ 5 E S
- =1 = = 7] - 1] —_ = o
2 2% |22 |BE 52 5. 2|8 2 &= E |2
S = | 8 =2 2 S £ 2 Z|2 &5 S22 3 & 8 & 2
S £ | a ¥ = 5 = B2 8 % B85 & % & =B =
0.0125 | 979.92 0.6625 1466 4.7354 4.3926 25.911 1.9621
0.025 980.88 0.6808 1470 4.6859 4.3696 25.050 1.9633
0.05 984.88 0.7377 1481 4.4229 4.3402 22.365 1.9584
0.1 986.80 0.8444 1492 4.5495 4.3056 18.468 1.9609

Table 2- Internal pressure, Acoustic Impedance, Relaxation time, Ultrasonic attenuation, Cohesive energy and Molar
volume, Wada’s constant, at 303 K,308 K, 313 K.
a) Solution of Atorvastatin in ethanol at 303 K.

g B g8 & | g g E =

= — = | .2 = —~ ‘g = o 2 = =
Z = E%a‘%% - S 48 252 L= £ Z m. S 5 8+ B
g = T g g3 28 w2 g3 £ 38 8RB &8s = 5 5 8 == =
s = = L= B> = oo 3 g =3 &2 £ = 9 S — S g = Q S S = =
o S g awlf EwMd2 EEHdBER2|E 8% O § = =S 2 e B
0.0125 57.705 1.474546 4.4594 5.8899 3.7018 9.8847 171.29
0.025 58.856 1.481910 4.6020 6.0620 3.69741 10.0588 170.90

0.05 63.568 1.494883 5.3071 6.9444 3.69792 10.8416 170.55

0.1 66.862 1.541624 5.5321 5.5321 3.63987 11.1657 166.99
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b)Solution of Atorvastatin in ethanol at 308 K.

5 2 = & < g 5 =

£ £ o A E 2 =

- E= | tw|E=x |B 5 E|E £z 2 £z 2
S g5 = g |2 3 5 £ 2|2 % S % M2 F B
0.0125 59.0283 1.4478 4.6288 6.1966 3.7028 10.1599 172.1198
0.025 59.1676 1.4659 4.5817 6.0636 3.7118 10.1739 170.9518
0.05 62.1171 1.4855 4.9588 6.5059 3.7065 10.6323 171.1655
0.1 66.1277 1.4942 5.5832 7.2863 3.7104 11.3128 171.0755
c) Solution of Atorvastatin in ethanol at 313 K.
| = | GEJ - GEJ ="

£ - A = . £ 2 ER

E_ 5% |fEew|fz |EE5iE EE |£9:Z |22

S& | E LR 2ETE |2 |EE£ET52 28 |Ss§E |2
0.0125 56.7257 1.4385 4.1830 5.6189 3.7089 9.7935 172.6467
0.025 57.4060 1.4467 4.2539 5.6870 3.7108 9.9012 172.4777
0.05 59.7791 1.4595 4.5477 6.0511 3.7029 10.2687 171.77

0.1 63.7704 1.4722 5.1225 6.67658 3.7069 10.9409 171.5682

The variation of acoustical parameters with concentrations and temperature is shown graphically in fig.1 to 14.
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Fig.1: Ultrasonic velocity Vs. concentration and Fig.2: Variation of Density
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It is observed from Figure 1 that ultrasonic velocity and

temperature

with increase in molar concentration. This indicates that

acoustic impedance show nonlinear increasing variation the complex formation and intermolecular weak
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association which may be due to hydrogen bonding.
Thus, complex formation can occur at these molar
concentrations between the component molecules. From
Fig. 2, it was observed that density of solutions increases
as concentration increases and decreases with increase
in temperature. Nonlinear trend of density with
concentration as shown in figure 2 indicates the
structure-making and breaking property of solvent due
to the formation and weakening of H-bonds. It is evident
from figure 3 that the Adiabatic compressibility (k)
shows an inverse behavior compared to the ultrasonic
velocity. Adiabatic compressibility decreases with
increase in concentration of Atorvastatin. The decrease in
compressibility implies that there is an enhanced
molecular association in the system with increase in
solute concentration.

The opposite trend of ultrasonic velocity and adiabatic
compressibility indicate that the association among
interacting Atorvastatin and ethanol molecules. Figure 4
depicts that viscosity with
concentration with
temperature. In the present system of Atorvastatin,
Figure 5 shows that the intermolecular free length varies
nonlinearly with increase in molar concentration which

increases increase in

and decreases increase in

suggests the significant interaction between solute and
solvent due to which structural arrangement is also
affected. Figure 6 shows that free volume increases as the
concentration as well as temperature increases. It shows
the increasing magnitude of interaction between the
Atorvastatin and Ethanol. In Fig. 7, it is seen that there is
an increase in value of Rao’s constant with increase in
concentration as well as temperature. Figure 8 shows
that internal pressure decreases with concentration and
decreases with increase in temperature. In Fig. 9, it is
seen that ultrasonic attenuation decreases with increase
in concentration as well as with temperature. Figure 10
depicts that the acoustic impedance increases as
concentration increases and decreases with an increase
in temperature. Figure 11 depicts that Wada’s constant
decreases with increase in concentration as well as
temperature. Figure 12 shows that cohesive energy
decreases with increase in concentration as well as with
temperature. Figure 13 shows that the molar volume
decreases with increases in molar concentration indicate
the association through hydrogen bonding. From figure
14, it is evident that the Relaxation time decreases with

increase in concentration. The variations of these

154 | RTST-2021

properties with concentration provided the information
about molecular interactions like effect of solute on the
solute-solvent and solvent solvent interactions. These
parameters granted the information about the nature of
solute and its impact on the solvent structure.

Conclusion

In the present paper the ultrasonic velocity , density,
viscosity and acoustical adiabatic
compressibility ,intermolecular free length, relaxation
impedance , attenuation, Rao’s constant,
molar volume, cohesive energy, Wada’'s constant have
different concentrations. The
parameters indicate that there is a strong molecular
interaction between unlike molecules as the concentration
of drug solution increases. The molecular interaction
decreases with an increase in temperature. The results
obtained in this study of thermodynamic parameters show
that there is the presence of specific molecular
interactions in water and Atorvastatin molecules, which
are responsible for increase in drug absorption and
transmission. These properties are directly responsible

parameters, Viz.
time, acoustic

been measured at

for the increase in potency of the drug and shows good
effectiveness of the drug. So, this compound possesses
remarkable and noticeable acoustical property. It can also
be concluded that molecular interactions in the aqueous
solution of Atorvastatin are due to complex formation
based on hydrogen bonding.
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