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ABSTRACT

Ultrasonic vel ocity measurement provides an important tool to study the liquid state. The measurement of ultrasonic
velocity in liquid mixture provides valuable information about their physico-chemical properties and nature of
molecular interaction in them. Ultrasonic parameters provide valuable information about various inter and intra
molecular interactions in solution. Cefotaxime sodiumis used as an antibiotic in pharmaceutical. It is antibacterial,
S-lactum; third generation cephalosporin. Ultrasonic velocity, density and viscosity of aqueous solution of
cefotaxime sodium at different concentrations, temperatures and different frequencies such as 2MHz, 4MHz and
6MHz have been experimentally determined. Ultrasonic parameters such as adiabatic compressibility,
intermolecular free length and relaxation time of these solutions are computed on the basis of these measurements.
Various molecular interactions in these solutions have been analyzed on the basis of the variation of these
parameters with concentration, temperature and fregquency.
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INTRODUCTION

The investigation of reasonable molecular intecendi for antibiotic resistance have been attemptednbny
researchers? Ultrasonic is an area of intense scientific ancht®logical research. Science and technology of
ultrasonic is widely sought in the recent years ifatustrial and medical applications. The studybehavior of
propagation of ultrasonic waves in liquid systemd aolids is now rather well established as ancéffe means for
examining certain physical properties of the materilt is particularly well adapted to examine rofpas in such
physical properties while they occur. The ultrasstudies provide a wealth of information aboutest liquids. It
explains many properties of liquids, solutions. Tieasurement of ultrasonic velocity in pure liquéatgl mixtures
is an important tool to study the physico-chemmalperties and also explains the nature of moledntaractions.
The parameters obtained in such a study are useirirto derive an insight into the molecular iatgion in such
solutions. A number of research&t$iave investigated the molecular interaction inemys solution of antibiotic.
Cefotaxime sodium is used as an antibiotic in plaaenticals.

In continuation of work®, in the present study, ultrasonic velocity, dgnaitd viscosity measurement of aqueous

solution of antibiotic cefotaxime sodium at diffatdemperatures, concentrations and frequenciescara®d out.
The data obtained is used to calculate variousstimall parameters. The data and the results olstainéng this
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investigation may give detail information regardingplecular interactions, drug absorption and trassions
activity.

EXPERIMENTAL SECTION

Antibiotic drug cefotaxime sodium obtained from Afk laboratories limited was used. Double distilieter was
used for making solutions. Densities were measuvid the help of density bottle. Weighing was dooe
CB/CA/CC Conpech Digital Balance CCB-124, (+ 0.0@f)1 A special thermostatic water bath arrangemeatt
made for density, viscosity and ultrasonic veloaitgasurements in which there is continuous stirofhgater with
the help of electric stirrer and temperature vatatvas maintained within £ 0.1°C. All the ultrasowelocities
were measured by multi frequency interferometent@iEnterprises, Model F-83) with accuracy of 3% at
frequencies 2, 4 and 6MHz. Viscosities of the sohg were measured by Oswaldiscometer.

RESULTSAND DISCUSSION

In the present investigation, measurements of tleasviscosities and ultrasonic velocities of soltvwater and an
antibiotic cefotaxime sodium solution have been enad

The adiabatic compressibilitg)is evaluated by using equation.
B= 1/v2d
Intermolecular free length has been evaluated &drabatic compressibility3f by Jacobson’s formula,

Ly =  KVBs L 2)
Where, K is the temperature dependent constant kramwJacobson's constant.
Relative Viscosity of Solution is calculated by atjan
2= N1.to.ds/t;.do

Where, n ;=viscosity of watern ,= viscosity of experimental liquid,#time flow of water, f=time flow of
experimental liquid, gkdensity of water and ds=density of experimentaliti.

Relaxation time is evaluated by equation

T =4/3pn

The values of ultrasonic velocities, densities aisdosities at different frequencies, concentratiand temperatures
are tabulated in table 1, 2 and 3.

Table 1: Acoustic parameter s of aqueous solution of Cefotaxime sodium at 2M Hz.

. . . Acoustic
Temperature Concentration U\I/t;ﬁgic Densit%/ Vigx:osity - | Oﬁ?)lf glit Irntf?rerglc’melne;?rl]a rela_xation
(K) (M) mis) (Kg/im®) nx10° (NSm™) Bx10™ Lr (A9 time
Yl f Tx10%sec
0.001 1489.33 1016.16 0.8699 4.43 0.01320 5.146
303.15 0.01 1491.21 1025.55 0.9301 4.38 0.01313 4.438
0.1 1524.10 1043.55 1.1765 4.12 0.01273 6.471
0.001 1526.54 1006.14 0.9168 4.27 0.01304 5.213
308 0.01 1527.13 1016.52 0.9262 4.22 0.01297 5.209
0.1 1564.90 1039.00 0.9467 3.93 0.01251 4.961
0.001 1563.38 999.53 0.7559 4.09 0.01286 4.125
313 0.01 1528.2¢ 1010.5: 0.764: 4.2¢ 0.01309 4317
0.1 1637.99 1038.66 0.7855 3.59 0.01204 3.758
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Table 2: Acoustic parameter s of aqueous solution of Cefotaxime sodium at 4M Hz.

. . . I . Acoustic
Temperature | Concentration U\I/tézi?gc Densitsy Vlns:(:igg,ty oor':grlgiclity In;(raregc;LeStL;:ar relaxation
(K) M) (m/s) (Kg/m) (NSm?) Bx10™° L; (A% Txllléqoesec
0.001 1525.52 1016.16 0.8699 4.22 0.01289 4.908
303.15 0.01 1523.95 1025.55 0.9301 4.19 0.01284 5.207
0.1 1527.27 1043.55 1.1765 4.10 0.01270 6.444
0.001 1599.44 1006.14 0.9168 3.89 0.01244 4.749
308.15 0.01 1593.29 1016.52 0.9262 3.88 0.01243 4.785
0.1 1599.81 1039.00 0.9467 3.76 0.01224 4.747
0.001 1596.21 999.53 0.7559 3.93 0.01260 3.697
313.15 0.01 1597.07 1010.52 0.7642 3.88 0.01252 3.953
0.1 1672.37 1038.66 0.7855 3.44 0.01180 3.605
Table 3: Acoustic parameter s of aqueous solution of Cefotaxime sodium at 6M Hz.
Acoustic
Temperatur Concentratio Ultrasoni Densitg Viscosig Adiabatic Intermolecula | relaxatio
e n (M) cVelocity | (Kg/m yqle compressibilit r freelength ntime
(K) (m/s) ) (NSm?) y Bx10™° Lt (A% Tx10
1D$C
0.001 1633.63 1016.16  0.8694 3.68 0.01204 4.277
303.15 0.01 1643.56 1025.5% 0.9301 3.60 0.01191 4.476
0.1 1636.14 1043.54 1.1765 3.57 0.01186 5.61p
0.001 1635.60 1006.14  0.9164 3.72 0.01217 4.541
308.15 0.01 1638.54 1016.52  0.9262 3.66 0.01208 4.525
0.1 1639.92 1039.0( 0.94671 3.58 0.01194 4.517
0.001 1640.79 999.53 0.7559 3.72 0.01226 3.738
313.15 0.01 1643.10 1010.52  0.7642 3.67 0.01217 3.735
0.1 1738.32 1038.64 0.7855 3.19 0.01135 3.337

From the experimentally determined values of dgnsiiscosity and ultrasonic velocity of aqueoususoh of
cefotaxime sodium at different concentrations, terafures and at different frequencies such as 2MMi+z and
6MHz, various acoustical parameters like adiabatenpressibility, intermolecular free length and w@st@
relaxation time have been evaluated. From this ohati@cular interaction in aqueous solution of cafohe sodium
will be predicted.

A keen look at the Table 1, 2 and 3 suggest thatetkperimentally calculated values of ultrasonitosi¢y of

agueous solution of cefotaxime sodium increasels initreases in concentration, temperature as wdileguency
such as 2MHz, 4MHz and 6MHz where as the valuedeabity and viscosity increase with increases aanagon

and the same is deceases with increases of temperdhe increasing values of density, viscositg atirasonic
velocity show that there is moderate attractionveen solute and solvent molecule. The decreasalines of
density and viscosity with increase in temperathiews decrease in intermolecular forces due teeasing the
thermal energy of the system.

Adiabatic compressibility exhibits reverse trendthat of ultrasonic velocity as shown in Table-1,a@d 3.
Adiabatic compressibility decreases gradually vifttrease in concentration, temperature and frequdrgcause
this depends on electron donor and acceptor cypaaitire. Water is polar solvent when antibioti¢otaxime
sodium is added the association of solute and sblrm®lecules occur resulting in close packing aligiong of
molecules. Because of this, solution become lesapoessible and hence values of adiabatic compiigsib
decrease. The decreased values of adiabatic cosiiplies indicate strong intermolecular associatibatween
cefotaxime sodium and water molecules. This strortgrmolecular interaction indicates the hydrogeond
formation in aqueous solution. This observatiosiiilar to that of study of aqueous solution ofcckbxil where
strong intermolecular interaction is attributedtie hydrogen bond formatidn.

The intermolecular free length depends on adialzaticpressibility and shows similar behavior to tbiaadiabatic
compressibility and inverse to that of ultrasongétoeity. The intermolecular free length decreasis increases of
concentration, temperature as well as frequencig ifldicates possibility of breaking dipole in cefikime sodium
by mixing water and gets associated in the stredbyrelectrostriction thus decreasing the free spaailable. This
prevails that specific strong intermolecular intti@n between cefotaxime and water molecules tgiese.

Decreased value of free length indicates strugitwenoting behavior of solute molecule.
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Relaxation time increases with increase in cone#iott and same decreases with rise in temperatureedl as
frequency. Relaxation time, which is of the order 6™ sec, is due to structural relaxation prot®asd in such

situation it is suggested that the molecules geiranged due to co-operative process.
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Fig;1 adiabatic compressibility at different concentration, temperature and frequencies.
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Fig;2 freelength at different concentration, temperatur e and frequencies.
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Fig;3 relaxation time at different concentration, temperature and frequencies.
CONCLUSION

The present study of aqueous solution of cefotaximspecific behavior of acoustical parametersctdl strong
interaction of solute-solute and solute-solventultesy from hydrogen bond formation in aqueous 8ofu of
cefotaxime sodium, which may be responsible togase drug absorption and transmission at higherecdration,
temperature and frequency.

REFERENCES

[1] C. Roumana, G. Velraj, Roumaisa, M. G. Mohammed iKampure Appl. Ultrason., 302008,97.
[2] S. K. Paliwal and V. A. Tabhan&, Pure Appl. Ultrason., 26,2004, 105.

[3] K. M. Swamy, S. Ranganathan, K.L. Narayana and Bpuj, Proceedings of Eighteenth National Symposium
on Ultrasonics, NSU-XVIII, 2009, Vellor€009, 110.

[4]4.C. Roumana, G. Velraj, P. E. Akilandeswari, M. NBbhammed Kamil, Proceedings of Eighteenth National
Symposium on Ultrasonics, NSU-XVIIi2009, Vellore, 2009, 144.

2676



Sunanda S. Aswaleet al J. Chem. Pharm. Res., 2012, 4(5):2671-2677

[5]S. S. Aswale, A. B. Dhote, R. S. Hajare, P. B. Ragdnshi and S. R. Aswale, Proceedings of Eighteenth
National Symposium on Ultrasonics, NSU-XVIII, 200%llore, 2009, 132.

[6] S. R. AswaleS. S. Aswale, A. B. Dhote and D. T. Tayad€hem. Pharm. Res. (6),2011,233.

[7]S.S. Aswale, P.B. Raghuwanshi, D.T. Tayde and &sRale,J. Indian Chem. Soc., 84,2007,159.

[8]S. S. Aswale, S. R. Aswale, D. T. Tayade and FR&huwanshi, Proceeding of thternational Society Bio-
Technology conferenc2008, Gangtok, 2008, 325

[9] S. S. Aswale, S. R Aswale, D. T. Tayade, and R&jhuwanshi). pure appl.Ultrason., 30,2008, 62.

[1O]L. E. Kinser and A. R. Frey, fundamentals of acimgstNew Delhi Wiley Easterri989.

[11]S. Ali Hyder and A. K. NainJ. phys., 74B, 63.

[12]A. Dhanlaxmi and S. Sekat, Acoust. Soc. Ind., 13(2),1995, 66.

[13]S. Naidu, and R. Prasatl,Pure Appl. Ultrason., 27,2005, 15.

[14]D. Anbanathan]. Acoust. Soc. India, 4,1974, 123.

[15]S. BalujaJ. Indian Chem. Soc., 81,2004, 570.

2677



