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ABSTRACT

In the present work, the ultrasonic studies havenbeonducted on the binary mixtures of Cinnariznd Benzene
at 2.9979 MHz and at different temperatures fror8KR%0 328 K using Ultrasonic interferometer. Funthéhe
experimentally determined ultrasonic velocity arehsity are used to calculate the various thermoudatioal
parameters like adiabatic compressibilif) (intermolecular free lengthf), specific acoustic impedance(Z), molar
volume(Vy, available volume YS), Rao’s number¢fR and Wada’'s number(W). The intermolecular intéiats
responsible for the changes in thermo-acousticahpeeters with respect to temperature are discuskesi noticed
that weak molecular interactions are present betwide components of the mixture and the molecularactions
are observed to be decreasing with increase in &atpre.

Keywords: Ultrasonic velocity, adiabatic compressibility, entnolecular free length, Wada’'s number, molecular
interactions.

INTRODUCTION

The understanding of intermolecular interactionsveen polar and non-polar molecules can be beste nbgd
ultrasonic investigations and they find application several industrial and technological proce§se. In many
industrial applications, liquid mixtures rather thaingle component liquid system are used in psicgsand
product formulations. The ultrasonic study of lidgiand liquid mixtures are very important in untsrding the
nature and strength of molecular interactions. Bibéogical activity of drug molecules and the aation energy of
the metabolic process basically depend on the &ypk strength of intermolecular interactions [4-Bhough the
molecular interaction studies can be best carrigdtfrough spectroscopic methods, the other nootsysopic
techniques such as dielectric, magnetic, ultraseelocity measurements have been widely used infidha of
interactions and structural aspect evaluation stufii-11]. The unique property of sound wave i ithgives direct
and precise information of adiabatic propertiese Tise of ultrasound is one of the well recognizgatr@aches for
the study of molecular interactions in fluids. Sgheé sound itself is highly sensitive to the sturetand interactions
present in the liquid mixtures as it is fundamdwtatlated to the binding forces between the ctuestits of the
medium [12-13]. Properties of liquid and liquid mixes are thermodynamically very important as padtudies of
the thermodynamic, acoustic and transport aspétts.compositional dependence of thermodynamic pti@gse
have proved to be very useful tool in understandimg nature and extent of pattern of molecular eggtion
resulting from intermolecular interactions betwélesm components [14-16].
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Cinnarizine is a drug derivative of Piperazine #ns characterized as an antihistamine and cal@bannel broker.
It is also known to promote cerebral blood flow asulis used to treat cerebral apoplexy, post tracemabral
symptoms and cerebral arteriosclerosis. Howevir fihore commonly prescribed for nausea and vomiting to
motion sickness or other sources such as chemgthdténelps to prevent travel sickness and dizsnén view of
all these various biological applications of theugir we have studied the thermo-acoustical parasmebér
Cinnarizine and Benzene mixture in order to un@athe molecular interactions.

MATERIALS AND METHODS

The molecular formula of Cinnarizine isgH,gN, and its molecular weight is 368.514 g/mol.
The molecular structure of Cinnarizine is as fokow

e
o

The compound Cinnarizine is procured from Sigmari&ldand AR grade Benzene from s d fine-chem. Ltdlia.
Both the chemicals are used without any furtheifigation. The ultrasonic velocity and density fosingle weight
fraction of 0.0147 using Cinnarizine as solute Bedizene as solvent are measured using Ultrasor@ddrometer
(M/s Mittal Enterprises, Model F-84) working at 9/ MHz frequency with the accuracy of 0.5%. Furthiee
density of the liquid mixture is determined by wgpia bicapillary pycnometer. The accuracy in thesign
measurement is of the order of + 0.0003grBoth, ultrasonic velocity and density are measuae different
temperatures ranging from 299K to 328K. The tempeeaof the mixture is maintained within + 0.1K ngian
electronically operated constant temperature whéth. From these experimental data, various thexcoastic
parameters like adiabatic compressibifijy(intermolecular free length{l, specific acoustic impedance(Z), molar
volume(V,,), available volume ¥S), Rao’s number(ff and Wada’'s number(W) have been determinedyubia
following relations [17]:

B= (1S p) 1)
Li=KpY? (2

Where K= (93.875+0.375T) x 0

Z=pu 3)
V m = (Maf1+Mf)) / p1o (4)
Va(s): (1' u/ Q) Vm (5)

Where y, = 1,600 m/s

Ra=Vpu'® (6)

W = Vm B-l/7 (7)

Where K is the temperature dependent constant krasafacobson constant [18], M is the molecular pfasghe

mole fraction,p is the density, u is ultrasonic velocity, T is @igsolute temperature, while the suffixes 1, 2 Bhd
indicate the relevant quantity for the solute, salvand solution respectively.
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RESULTS AND DISCUSSION

The experimentally determined values of ultraselocity and density at different temperaturesgiven in table
1. The calculated thermo-acoustic parameters likabatic compressibility, intermolecular free ldmgand specific
acoustic impedance values are presented in the tablhe molar volume, available volume, Rao’s neménd
Wada’s number values are presented in table 3.

Table 1. Ultrasonic velocity and Density at differat temperatures

T/K ]| u/ms' | p/kgm®

299 | 1289.70 875.14
302 | 1271.7: 872.3:

308 | 1252.52 867.47
313 | 1229.74 862.19
318 | 1207.55 857.41
323 | 1187.17 851.37
328 | 1164.38 846.31

Table 2. Adiabatic compressibility, Intermolecularfree length, Specific acoustic impedance at diffent temperatures

T/K [P 10°/n?NT | Ly 10”° /m | Z1G /kg m%s?
299 6.8699 0.5399 1.1287
303 7.0883 0.5524 1.1093
308 7.3481 0.5676 1.0865
313 7.6696 0.5850 1.0603
318 7.9983 0.6027 1.0354
323 8.3341 0.6207 1.0107
328 8.7152 0.6402 0.9854

Table 3. Molar volume, Available volume, Rao’s numbr, Wada’s number at different temperatures

T/K | V10 /m*mol* | V,(s) 1¢C° /m*mol* | R, 10*/m®* s*¥ mol* | W 1C3 /m® mol*
299 0.0903 17.5139 9.8298 1.8397
303 0.0906 18.5888 9.8154 1.8374
308 0.0911 19.7854 9.8205 1.8382
313 0.0917 21.2119 9.8204 1.8382
318 0.0922 22.6080 9.8153 1.8374
328 0.092¢ 23.951: 9.829! 1.839¢
328 0.0934 25.4241 9.8241 1.8388

In order to understand the molecular interactiotie variation of ultrasonic velocity, density, dutidic
compressibility, intermolecular free length, spiecéicoustic impedance, molar volume, available vy Rao’s
number and Wada’'s number with temperature are eduaind the corresponding graphs are shown in theef
from I-1X respectively.

Fig.l. Variation of u /m s™* with T/K

Fig.Il.Variation of p /Kg m™ with T/K
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Fig.lll. Variation of B 10"/ m*N* with T/K Fig.IV. Variation of Ly 10"°/m  with T/K
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The variation of ultrasonic velocity in a mixturegends upon the increase or decrease of interniatdoee length
[20]. Based on the model for sound propagationijrigyand Kincaid have proposed that intermoleculee fength
is the dominant factor in determining the variatmfultrasonic velocity of the solution at diffetetemperatures
[19]. It is observed from table 2 that, the intelemnllar free length increases with increase in &naipire, which
implies that the mean distance between the molscirlereases thereby decreasing the potential enefgy
interaction between them thus leading to the deerém the values of velocity and density [21]. Tdezrease in
density with temperature is mainly due to decreafsentermolecular forces due to thermal agitati@2][ The
decrease in ultrasonic velocity with increase imgerature indicates the presence of weak mole@iaractions
between the components of the mixture [23].

It is also observed from table 2 that, the adigbatimpressibility increases with increase in terapge. The
adiabatic compressibility increases as the ultr@seglocity and density decreases as it is eviffemh the equation
1. This trend is very much observed in our presewstigation. Further it is observed that molatunee and
available volume also increases with increase mptrature. The increase in adiabatic compressibititolar
volume and available volume with temperature isimdication of weak molecular interactions betweée t
components of the mixture [25]. In the present gtilng variation of Rand W with temperature is found to be non-
linear and it may be due to the interaction betwden solute molecules rather than the solvent beni24].
Further, it is also observed from table 2 that, #ipecific acoustic impedance also decreases witease in
temperature indicating the presence of weak madedateractions between the components of the méxtu

CONCLUSION

In the present study the various thermo-acousticaameaters viz. adiabatic compressibility, intermolecuree
length, specific acoustic impedance, molar voluawajlable volume, Rao’s number and Wada’'s numbee haen
evaluated from ultrasonic velocity and density #fedent temperatures. The ultrasonic velocity, signand
acoustic specific impedance decreases with increasetemperature, whereas adiabatic compressibility,
intermolecular free length, molar volume and avd#davolume increase with increase in temperatufeom the
above studies, it is observed that weak molecul@ractions are present between the componentseahixture
and these interactions are found to be decreadihgnerease in temperature.
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