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ABSTRACT

Ultrasonic velocity and density of aqueous solutadrDichlofenac sodium is reported at different pematures,
concentrations and at different frequencies. Re¢atissociation, free volume, Rao’s constant anda/$acbnstant

were calculated from these data. The acoustic a@metntodynamic properties are used to study molecular
interaction existing in the solution.
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INTRODUCTION

Study of molecular interactions between solute soldent media has got great importance in many fi¢lscience
including medicinal chemistry, industrial procesdaischemistry etc. The structure making and stmecbreaking
properties of solute can be studied by measuriagogity and ultrasonic velocity of an electrolytetie solutions

[1]. Literature survey shows that many researcherge studied the molecular interactions by ultn&seelocity
and viscosity measurement [2-8].

In continuation of our worf9-11], in the present paper we report the ultraswelocity, density of aqueous solution
of Dichlofenac sodium at different temperaturesnhocamtrations and at different frequencies. Fromsehe
experimental data the number of thermodynamic petar® namely relative association, free volume, 'fRao
constant and Wada'’s constant have been calcul@hee parameters were utilized to study molecutaractions
occurring in the solution at different temperatuimcentrations and at different frequencies.

MATERIALS AND METHODS

Experimental:

The chemicals used were of analytical grade. Dodisi#led water was used for preparation of solusi. A special
thermostatic water bath arrangement was made fwitye ultrasonic velocity and viscosity measuretagim which
continuous stirring of water was carried out withe thelp of electric stirrer and temperature vasiativas
maintained within ~ +0.0®C multi frequency interferometer (Mittal EnterpsseModel F-83) with accuracy of
+0.03% and frequency 2 MHz, 4MHz, 6MHz were usedthie present work for measurement of ultrasonic
velocities of solutions. Densities of solutions eemeasured using specific gravity bottle. Thesaiesalwere
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accurate up to = 0.1 kgfnAll the weighing was made on CA-124 (CB/CA/CTissr Contech) digital electronic
balance having an accuracy of £ 0.0001g. Viscasifehe solution were measured by Ostwald’s visetem

RESULTS AND DISCUSSION
From the observed values relative association,viobeme, Rao’s constant, Wada’'s constant were (ke

Relative association is a function ofaswnic velocity and is calculated by the equation,
ds o /3
R= —

\3

Where, ¥ and ¥ are ultrasonic velocities in solvent and solutiespectively
Where, y and ¥ are ultrasonic velocities in solvent and solutiespectively.

Free volume is calculated by following equation
Vi- [Megv/K n)*2

Where, My is effective molecular weight, K is a temperatiméependent constant which is equal to 4.28 %fa0
all liquids.

Rao’s constant and Wada’s constant is also a measgimteraction existing in the solution.
Rao’s constant is calculated by using followingatéun.

R=[Megdv™® L (3)
Wada'’s constant is calculated by following equation
W=[Meddg> L (4)

Table 1: Thermodynamic parameters of Dichlofenasodium at 2 MHz

Temp. _ Ultrasonic Density Rela‘tivg Free volgme Rao’s constant Wada’'s constant
(K) Concentration(M) velocity (m/S) (kg/ M) association V§x10 . (R) W)
(Ra) (m*mole) (m*mole)(m/*? (m¥mole)(N/m?)*"
0.001 1524.48 1009.61 1.008 1.20 0.2052 0.3889
303.15 0.01 1563.58 1020.58 1.0108 1.34 0.2052 0.3890
0.1 1601.30 1038.83 1.020 143 0.2087 0.3963
0.001 1492.57 1003.31 1.0172 0.997 0.2050 0.3886
308.15 0.01 1526.7° 1014.7: 1.021: 1.0% 0.204¢ 0.388¢
0.1 1564.2! 1036.9¢ 1.03¢ 1.2¢ 0.207¢ 0.394:
0.001 1454.82 1001.28 1.0265 0.846 0.2037 0.3865
313.15 0.01 1488.29 1008.85 1.0264 0.920 0.2043 0.3875
0.1 1526.12 1030.52 1.0239 1.12 0.2071 0.3936
Table 2: Thermodynamic parameters of Dichlofenac stium at 4 MHz
. ) Free , Wada’'s constant
Temp. Concentration U\I/t;c\osgtr;l ¢ Densit3y asRseoliit;ie;) n volumg Rao s(g))nstant . (W) o
(K) (M) mis) (kg/ ) (Rw) (r\n/%gle) (m¥mole)(m/)® (m*/mole)(N/nt)
0.001 1669.52 1009.61 1.0015 1.38 0.2115 0.3991
303.15 0.01 1593.80 1020.58 1.0285 1.38 0.2065 0.3912
0.1 1675.18 1038.83 1.029 1.85 0.2119 0.4014
0.001 1601.42 1003.31 1.0248 1.11 0.2099 0.3965
308.15 0.01 1598.74 1014.72 1.0371 1.18 0.2080 0.3936
0.1 1673.37 1036.96 1.035 1.25 0.2075 0.3942
0.001 1600.17 1001.28 1.0265 0.976 0.2103 0.3971
313.15 0.01 1670.85 1008.85 1.019 1.09 0.2123 0.4005
0.1 1671.05 1030.52 1.039 1.12 0.2071 0.3936
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With increasing concentration and temperature sdtn&c velocity increases suggesting that solutevesibl
interaction is more. At 2 MHz ultrasonic velocitycreases at 303.15 K for 0.01 M while at 4 MHz &ndHz for
0.01 M concentration the ultrasonic velocity desesaand at 313.15 K at 4 MHz ultrasonic velocigréases. The
solute occupy the interstitial space of water aamttto break the original ordered state of water ttuits self
association and hence Ultrasonic velocity incredisesirly at 2 MHz and 4 MHZ at 313.15 K but at éH¥ it
shows non linearity

Table 3: Thermodynamic parameters of Dichlofenac stium at 6 MHz

. . . Relative Free volume Rao’s constant Wada's constant
Temp. | Concentration Ultrasonic Density association VX108 (R) w)
; 3
) M) velocity (m/S) | (kg/ m) (Ra) (mimole) | (m¥mole)mi® |  (mPmole)(N/m?)M
0.001 2298.32 1009.61 0.9068 2.23 0.2353 0.4373
303.15 0.01 2074.14 1020.58 0.9489 2.05 0.2255 0.4217
0.1 2181.2 1038.83 0.9495 2.75 0.2314 0.4329
0.001 2295.33 1003.31 0.9216 1.9 0.2367 0.4395
308.15 0.01 2068.8 1014.72 0.9643 1.74 0.2267 0.4236
0.1 2182.49 1036.96 0.9686 2.06 0.2316 0.4336
0.001 2290.08 1001.28 0.9226 1.67 0.2370 0.4400
313.15 0.01 2066.84 1008.85 0.9620 1.50 0.2279 0.4256
0.1 2179.7 1030.52 0.9653 1.90 0.2332 0.4358
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Fig 1: relative association at different concentrabns, temperatures and at different
frequencies
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Fig 2: free volume at different concentrations, temeratures and at different frequencies.

Relative association is influenced by two fac{a®y
1) Breaking up of associated solvent moleculesdatitian of solute.
2) The salvation of solute.

From fig-1 it shows that relative association ims®s with increasing concentration, temperature adsal with
frequency except at 313.15 K at 2 MHz for 0.1 Musioh and at 308.15 K and 313.15 K at 4 MHz it shawn
linearity. When solute is added to solvent sabraif solute takes place and hence relative adgmtiscreases.
But at 313.15 K at 2 MHz for 0.1 M solution and3&8.15 K at 4 MHz for 0.1 M and at 313.15 K for D.®
solution relative association decreases meanghbet may be breaking up of water molecules whértests added
to solvent. With increasing concentration and terapee relative association increases but it sHowsvalues of
relative association at 6 MHz as compared to 2 Midd 4 MHz. At high frequency breaking up of solven
molecules takes place and hence relative assatias low values. The increase in relative assoociahows
strong solute-solvent interaction.

Free volume is one of the significant factors iplaiing the free space and its dependent progehéee close
connection with molecular structure and it may slateresting features about interactions betwegridi mixtures.
Fig-2 shows that free volume increases with indngasoncentrations and frequencies but decreagbsngreasing
temperatures. When concentration of solute is asad, due to hydrogen bonding in water the molscnfesolute
may arranged in the solvent in such a way that gp@ace may not be available due to which soluteres less
compressible and hence free volume increases.dselia free volume shows ion-solvent interactiogsdlution.
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Fig 3 : Rao’s constant at different concentrations, temgratures and at different
frequencies.

Rao’s constant shows non linearity with increasingcentration, temperature. Wada’s Constant at 2 MEreases
with increasing concentration and decreases witheasing temperatureBut at 4 MHz and 6 MHz it shows non

linearity. Many authors [13-14] have interpretedlecalar interaction in terms of non linear changdrao’s and
Wada's constant.

Fig- 3 and fig- 4 shows that with increasing fregeye Rao’s constant and Wada’s constant increaskscates that
availability of more number of solute moleculesigiven region thus leads to a tight packing of ioned Increase

in Rao’s constant and Wada’s constant with increpfiequency shows strong solute-solvent interaatixisting in
the solution.

CONCLUSION

Ultrasonic velocity, density have been measured #oueous Dichlofenac sodium solution at different
concentrations, temperatures and at different fages. Relative association, free volume increakess solute-
solvent interaction present in the solution. Alsithwincreasing frequency Rao’s and Wada’'s constacreases
shows strong solute-solvent interaction exist egblution.
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Fig 4: Wada's constant at different concentrationstemperatures and at different
frequencies
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