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ABSTRACT

Ultrasonic velocity, density, and viscosity of agu solutions of aminoglycoside antibiotic- Neomygtilphate at
three different temperatures 298.15, 303.15 and 188, for various concentrations (0.0010 - 0.1p6®1.kg* have

been measured. From the experimental data, impbeaoustic parameters such as acoustic impedardiabatic

compressibility, free length, relaxation time, mm&l pressure, absorption coefficient, free volufRap’s constant,
Wada’s constant, cohesive energy, Gibb’'s free gnerglative association and Van der Waal's constaetre

calculated. These parameters were used to studyntiiecular interactions in aqueous neomycin sohgidt was
observed that the classical absorption and relaxatime decreases with the rise in temperature,tdugeakening
of intermolecular hydrogen bondings.
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INTRODUCTION

Neomycin is an aminoglycoside antibiotic. It is Hilig effective against Gram-positive and Gram-negabacteria
therefore it is commonly used for the preventiobaéterial contamination of cell cultures. The esviof literature
[1-5] revels that various acoustic parameters saglacoustic impedance, adiabatic compressibilige fength,
relaxation time, internal pressure, absorption ficieht etc. are very useful for understanding treture and
strength of molecular interactions in liquid sodums. An excellent review on pharmacodynamics and
pharmacokinetics of many antibiotics is reporteddampoli-Richards and Brogden [6]. However, a scawirk
has been done on physico-chemical studies of atitibi In our previous study we have carried outligts on
thermodynamic properties of streptomycin aqueodustisos [7]. In continuation of these investigatprin the
present paper, we report ultrasonic velocity, dgnsiiscosity and of aqueous Neomycin sulphate wlifferent
concentration range (0.0010 - 0.1003) mol*kag temperature T= (298.15, 303.15, 308.15) K. gdins data
various acoustical parameters were determined lemndeisults are interpreted in terms of moleculseractions in
neomycin agueous solutions.

MATERIALS AND METHODS

Neomycin sulphate, an aminoglycoside antibiotic 8No. 1405-10-3) having molecular weight of 908v@fs
obtained from HIMEDIA Ltd. India. The experimentalocedure adopted for the present investigatiaginilar to
our previous work [7]. The solvent double distilledter was used to prepare the fresh solutionsthlisolutions
were prepared on molality (concentration) basisubiyg a monopan electric balance of least cour@dlg. The
densities of solvent and all freshly prepared sohst were measured by using hydrostatic sinker oue#h different
temperatures T= (298.15, 303.15 and 308.15) K. &vimikasuring the densities, the temperature of erpatal
liquid was maintained constant by using thermobt&tO. The uncertainty in the density measuremerds w
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0.0001 g/cm The speed of sound in aqueous solutions of thimagtycoside antibiotic neomycin sulphate of
different concentration at different temperaturesravmeasured by using an ultrasonic interferomspecially
designed for pulse- echo overlap technique, witthoable walled liquid cell (2 MHz). The interferoreetwas
calibrated by measuring the speed of sound in @odisttilled water. The viscosity of binary liquidlgtions was
measured by using Ostwald’s viscometer owing toséisatility. The viscometer was placed in glagstiaough
which a current of water was maintained constatt thie help of thermostat U-10. The jar was propktiged by
asbestos thread leaving suitable window to illurt@rend observe the viscometer marks. The temperafuvater-
bath was maintained constant for a long time wigninaccuracy +0°C. The time interval of crossing the liquid
between two marks of the viscometer was measuredshng an electronic digital timer ET-450A (ECIL)he
accuracy of viscosity measurements was +0.1%.

Using above measured values, various thermodyngrarameters have been determined by using following
empirical relations:

Acoustic impedanceZ|)

Z = up (1)
Adiabatic compressibilityA)

B =1/u’ps 2)
Whereu is ultrasonic velocity ang, is the density of solution

Free length k)
Ly = K,p/? 3
wherek; is Jacobson, a temperature dependent consigat (93.875+0.375T) x 1®

Free Volume (/)

Vy = (Megpu/ kﬂ)3/2

4)
where M is effective molecular weight; is viscosity andk’ is constant equal to 4.28 x % thdependent of
temperature for all types of liquids.

Internal pressurer( )

1 2
m; = bRT (1) | 55> (5)

Moy
whereb stands for the cubic packing factor which is assdite be ‘2’ for all liquids and solutionk,is temperature
independent constarR,is gas constant arfdis the absolute temperature.
Relaxation time 1)

T=4/3n (6)

Absorption coefficientd/f?)

(a/f?) = 8n*n/3pu® )
Cohesive energy

C.E.=m XV (8)
Gibb’s free energy/AG)

AG = —kTlog(=-) 9)
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wherek is the Boltzmann’s constant (1.23 x2D.K?), h the Planck’s constant (6.62 x10.s)

Relative associatiorR(,)
Ry = (ps/po) (uo/w)? (10)

wherep,, u andp, u, are respectively the density and ultrasonic vé&jaai the solution and solvent.

Rao’s constantR,)
R, = (Meff/ps) (u)5 (11)

Molar compressibility or Wada'’s consta’}

M, _
w =( psff) p-17 (12)
Van der Waal's constanb}
_ RT Meppu?\'/?
b=V |1- " 1425 (13)

RESULT AND DISCUSSION

Table 1: Experimental data of density, viscosity ath ultrasonic velocity for Neomycin aqueous solutiamat T= 298.15, 303.15 and 308.15

K
Parameter Temperature _Value of parameters measured for concentration(mol.kg?)
(K) m=0.0010 0.0050 0.0100 0.0501 0.1003
Densityps 298.15 0.9982 1.0004 1.0028 1.0148 1.0341
10° (Kg.m) 303.15 0.9970 0.9995 1.0015 1.0138 1.0333
308.15 0.9961 0.9976 0.9988 1.0113 1.0313
Ultrasonic velocity 298.15 1498.11 1500.38 1503.58 1514.85 1528.36
u (m.sh 303.15 1510.40 1512.82 1514.14 1526.89 1541.97
308.15 1519.08 1521.84 1524.07 1536.84 1552.71
Viscosity n 298.15 0.908 0.975 0.995 1.099 1.213
10° (N.s.m?) 303.15 0.816 0.884 0.905 0.998 1.096
308.15 0.738 0.782 0.794 0.862 0.931

The observed values of densities, viscosities dimdsonic velocities of aqueous neomycin solutifarsdifferent
concentrations ranging from 0.0010 to 0.1003 ma! agdifferent temperatures T= (298.15, 303.15, BBBK are
presented in Table. For systematic understanding the effect of comaéinh and temperature on these parameters,
the graphs have been plotted and they are showige 1 (a-c).

Fig. 1la shows that the density of the aqueous nemmsolution increases almost linearly with theerim
concentration and decreases with the rise in tembper which is a usual expected result. No abnoghahge in
density is observed. This indicates that the phemmm of molecular aggregations do not affect thesitie of
solution.

Fig. 1b represents the variation of viscosity whk rise in concentration of the understudied agsiesmlution. It
was found that with the increase in concentratibe,viscosity increases sharply at first and thaitecsteadily for
all temperatures. The effect of temperature wasddo be decrease in viscosity of the solutions®ffect is due to
the increase in frictional resistance between #iyers of medium which varies with the concentratand

temperature.

The ultrasonic velocity variation in liquid givelset important information regarding the nature amel gtrength of
molecular interaction. The change in ultrasonicoe#y depends upon the change in elastic propedfethe
medium. Fig.1c suggests that the ultrasonic veldnitreases with the rise in concentration for\a@gitemperature.
This is due to the increase in density and visgasithe solution which leads to the decrease mp@ssibility of
the solution. Smaller values of ultrasonic velogitithe beginning are due to weak solute-solvertagtions as the
concentration is lower. With the increase in comeion, solute- solvent interaction increases aedce the
ultrasonic velocity. The linear behavior of ultragovelocity at later stage also indicates thatdhe no complex
formation in the system. The similar investigati@ane reported [8-11] for various aqueous drug smist
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Concantration { moke Kg'™)

Table 2: Derived parameters of Neomycin aqueous sgions at T= (298.15, 303.15, 308.15) K

Parameter T(K) Value of parameters obtained for concentrationmol.kg?)
m=0.0010 0.0050 0.0100 0.0501 0.1003

Acoustic impedance Z 9QKg. m%s?) 298.15 1.495 1.500 1.507 1.537 1.580

303.15 1.505 1512 1516 1.548 1.593

308.15 1.513 1.518 1.522 1.554 1.601
Adiabatic compressibility
10" (N-'m?) 298.15 4.464 4.440 4.411 4.294 4.140

303.15 4.397 4.372 4.355 4.231 4.070
Free length L 308.15 4.350 4.328 4.310 4.187 4.022

10 (m)

298.15 4.346 4.335 4.320 4.263 4.185

303.15 4.353 4.341 4.332 4.270 4.188
Free volume ¥ 308.15 4.368 4.356 4.347 4.285 4.199
108 (m*mol™)

298.15 1.830 1.658 1.624 1.491 1.387

303.15 2.175 1.944 1.892 1.744 1.637
Internal pressure 308.15 2.550 2.357 2.325 2.194 2.113
m 10°(Pa)

298.15 2.734 2.823 2.839 2.876 2.902

303.15 2.623 2.721 2.741 2.773 2.791
Relaxation time 308.15 2.526 2.590 2.597 2.607 2.602
T 10%(s)

298.15 5.404 5.773 5.852 6.292 6.696

303.15 4.784 5.153 5.255 5.630 5.948
Absorption coefficient 308.15 4.281 4.513 4.563 4.812 4.993
off? 10"

298.15 7.113 7.587 7.675 8.191 8.639
Cohesive energy 303.15 6.245 6.716 6.844 7.271 7.606

(J moh) 308.15 5.557 5.848 5.904 6.174 6.340

298.15 50.043 46.000 46.098 42.885 40.247
Gibb’s free 303.15 57.038 52.887 51.849 48.368 45.672
Energy 308.15 64.436 61.056 60.358 57.200 54.965
10%( J molY)

298.15 4.022 4.264 4.314 4.580 4.808
Relative 303.15 3.696 3.974 4.047 4.304 4.509
Association(R) 308.15 3.399 3.599 3.641 3.842 3.982

298.15 0.9982 0.9999 1.0016 1.0110 1.0272

303.15 1.0010 1.0030 1.0047 1.0142 1.0304

308.15 1.0020 1.0029 1.0036 1.0133 1.0298
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Fig. 1 Effect of Concentration and Temperature ong) Density, (b) Viscosity, and (c) Ultrasonic veldty of aqueous neomycin solutions
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Fig. 2 Variations of various derived parameters wih concentration (a) Acoustic inpedence, (b) Adiabat compressibility, (c) Free length,
(d) Free volume, (e)Internal pressure, (f) Relaxatin Time, (g) Absorption coefficient, (h) Cohesivereergy, and (i) Gibb’s free energy of
aqueous neomycin solutions at different temperature

Table 2 shows various acoustic parameters whicle wetermined form the measured parameters, imsatiic
velocity, density, and viscosity.

The component of the solution that resists theasttnic wave propagation is known as acoustic impesla-ig.2a
shows the variation of acoustic impedance with eatration, and temperatur€he increase in acoustic impedance
with the increase in concentration as well as teatpee in the present aqueous solution is due goctiange in
inertial properties and elastic properties of tldution. This indicates the molecular associatidnsolute and
solvent through the hydrogen bonding.

Physico-chemical properties of liquid can be uned by adiabatic compressibility as the hydrogemding
between the unlike components in the solutionsedesss with the compressibility [12, 13]. The additof solute
makes the medium denser due to which the adialatiapressibility decreases with the concentratione T
compressibility also decreases with the temperatiiiteese characteristics are found to be valihingresent case
as the behavior of the adiabatic compressibiligvahin Fig. 2b follow the same nature.

The variation of free length is shown in Fig.2c.idtobserved from this figure that tliee length of aqueous
neomycin solution decreases with the rise in comagan. This indicates that there exists a sigatfit solute-
solvent interaction which leads to a structure pyting behavior. The decreasing trend of free length rise in
concentration is due to decrease in spacing bettfeemolecules of aqueous neomycin solution. The fength
however, was found to be increases with the rigerimperature as higher temperature increases #duingpbetween
the molecules. This type of variation in the freadth is due to the presence of dipole-dipole auttion and donar-
acceptor interactions between solute solvent médscit also indicates structure promoting tendemicgolute [14-
16].

Fig. 2d shows the variation of free volume of aqueomeomycin solution with concentration and alsthwhe

temperature. Structure making or breaking natéingater with salt can be understood by the freein [17]. The
decrease in free volume with the rise in conceiatnaand with the rise in temperature confirms thespnce of ion-
solvent interactions [18]. The decrease in freaunm@ with the concentration of the solution shovat the spacing
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between the solute and solvent molecule decreases ansequence of which there is strengtheningphite-
solvent interaction.

Many researchers reported the significance of matepressure and its correlation with various thetymamic
parameters [19-21]. Internal pressure of the smiutvhich is measure of cohesive force between thkecules is
found to be decreased with rise in temperaturéhaens in Fig. 2e. The nature of internal pressure he rise in
temperature is due to solute-solvent interactions.

The relaxation time variation of aqueous neomydutions at different temperature is as shown ig.Fi This
figure shows that the relaxation time increase$ lie concentration, and decreases with the termyerarhis
effect is due to weakening of intermolecular hy@modgonding and structure breaking effect causedhbymal
vibrations [22].

The classical absorption value of aqueous neonsalirtion increases with the concentration and desere with the
temperature as shown in Fig.2g, strongly suppbesritermolecular hydrogen bonding and enhancadessblvent
interactions [23]. The close packed water structnsorbs more sound energy due to intermoleculdroggn
bonding and hence more the classical absorptiareval

Variations in cohesive energy and Gibbs free enevigly concentration and temperature are shown gn Hh and
Fig. 2i respectively. They show vice-versa chanagties. These observations are agreed with thertep literature
[24, 4].

Relative association is the important property ol the firm impact of molecular interactions daunderstood.
In the present study relative association of agsesmlution is increased with rise in concentrabows that this
property is influenced by salvation of solute maled25]. Increase in relative association with @amration shows
increase in solute-solvent interactions [26]

Table 1: Derived Parameters for Neomycin aqueous kdions at T= (298.15, 303.15, 308.15) K

Constants Temperature Value of constants obtained for concentration(mol.kg?)
(K) m=0.0010 0.0050 0.0100 0.0501 0.1003
Rao’s constant R 298.15 2.065 2.069 2.075 2.129 2.184
10* (m° N 303.15 2.073 2.077 2.082 2.137 2.192
308.15 2.079 2.085 2.093 2.147 2.202
Wada'’s constant W 298.15 3.910 3.919 3.930 4.039 4.152
10*(m*s?) 303.15 3.923 3.931 3.943 4.052 4.166
308.15 3.933 3.944 3.959 4.068 4.182
Van der Waal's 298.15 1.524 1.527 1.532 1.576 1.622
constant 18 cnfmole®  303.15 1.526 1.529 1.533 1.578 1.623
308.15 1.527 1531 1.537 1.581 1.626

Table 3 shows some constants such as Rao cong¥auta Constant and Van der Waal constant for various
concentration of the solution at different temperas. Rao constant is a measure of extent of ttteraexisting in
solution. The values of Rao constant shows incngalsend with the concentration indicates thatriagnitude of
interactions is enhanced. Wada constant dependsdmiatic compressibility and is taken as confiramatfor
existing interactions. The increasing trend in Wadastant with concentration indicates the presesfclarge
number of solute-solvent molecules in a given negihus leads to tight packing of the medium anHaened
molecular interactions [27].

CONCLUSION
Ultrasonic velocity, density and viscosity of aqusmeomycin solution were measured for differemicemtrations
and temperatures. Other important acoustic parametere calculated. These parameters were inteprigt
connection with the molecular interactions in aqieaeomycin solution. In general we found that ni@ecular
interaction increases with the addition of neomysmitute in water. The temperature effect on thesameters was
also discussed at appropriately.
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