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ABSTRACT

Paper reports densities, ultrasonic velocities, and refractive indices of aqueous solutions of
meclofenamic acid sodium salt (Na-MCF). Densities, ultrasonic velocities, and refractive indices have
been measured at (298.15, 303.15, 308.15, and 313.15) K and at atmospheric pressure. Limiting molar
volume and limiting molar isentropic compressibility have been calculated. DFT method has been
used for computation of dipole moment, free energy, hydration free energy, and HOMO and LUMO
energies of Na-MCF. Gas phase properties have been computed by the use of GO9 W Software.
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1. INTRODUCTION

Non-Steroidal Anti-Inflammatory Drugs (NSAIDS) are commonly used as pain relief
medicines. They reduce pain or inflammation caused by headache, toothache, back pain,
arthritis, menstrual cramps or major injury.

The most commonly used NSAIDS include sodium salicylate, sodium ibuprofen,
sodium naproxen, and Na-MCF. The information regarding Drug-Water interactions is very
important to understand the biochemical reactions.

Density and ultrasonic velocity data can be used to understand nature of drug-water
(solute-solvent) interactions. In previous publications [1-2] density and ultrasonic velocity
studies of aqueous solutions of sodium salicylate and sodium ibuprofen have reported. This
paper reports densities, ultrasonic velocities, and refractive indices at (298.15, 303.15, 308.15,
and 313.15) K of aqueous solutions of Na-MCF.

The molality range 0.1144 < m > 0.3305 mol-kg" has been studied. This paper also
reports hydration free energy and gas phase properties like dipole moment, free energy, and
HOMO and LUMO energies of Na-MCF.
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2. EXPERIMENTAL DETAILS

Na-MCF (Sigma-Aldrich, Purity > 98%) was used without further purification.
Solutions of Na-MCF were prepared in triply distilled deionized water by weight-by weight
method in airtight stoppered glass bottle. Dhona balance to an accuracy of + 1x10™ g was
used to record the masses. Bi-capillary Pycnometer [3] was used for density measurements.
At 2 MHz, ultrasonic velocity measurements [3] were made by the use of Ultrasonic
Interferometer (M- 83 Mittal Enterprises, India). Bi-capillary Pycnometer and Ultrasonic
Interferometer were calibrated with triply distilled water before the measurements of density
and ultrasonic velocity, respectively of aqueous solutions. Uncertainties in the density and
ultrasonic velocity measurements were 5.8:107 kgm and 0.23 m's ', respectively.
Refractive indices are measured by using Cyber Abbe refractometer. Accuracy in refractive
index measurements was +0.0002.

All gas phase calculations were carried out by the use of Gaussian 09W software
package. The geometry of Na-MCF was fully optimized and the frequencies were calculated
in the gas phase by using DFT RB3LYP method at 6-31++G (d, p) basis set [4-5]. The
optimized geometry was used to compute the hydration free energy of Na-MCF by using
[EFPCM [6-7] solvation model.

2. 1. Limiting molar volume (V0¢)

The empirical equation [8-11] used for calculation of the limiting molar volume was

V0¢ and Vare partial molar volume and solute-solute interaction parameter. The apparent
molar volumes Vy were calculated by the use of the equation [11-12]

Vo= Mlp) - [(p - po) mppo] .............. 2

M, p, po and, m are the molar mass of the solute, density of the aqueous solution, density of
the water, and molality of the Na-MCF aqueous solution. Density, apparent molar volume,
and limiting molar volumes are reported in the Table 1.

Table 1. Densities (p), apparent molar volumes (V}), partial molar volumes (V0¢), and refractive
indices (n) of Na-MCF in Water

m p V,x10" n ) V,x10"
mol kg™ kg'm™ m’-mol”’ kg'm™ m’-mol ™’ "
298.15 K 303.15K
Vs Vs
0.000 0997.0 217.85%x10™ 1.3330 0995.6 218.99x107 1.3325
0.1144 1009.1 210.13 1.3400 1007.6 211.17 1.3395
0.1596 1013.9 209.02 1.3430 1012.4 209.80 1.3425
0.2047° 1 10187 20791 13460 | 1017.2 208.56 1.3455
0.2684 1025.6 205.98 1.3500 1024.0 206.88 1.3495
0.3305 1032.1 205.03 1.3535 1030.5 205.79 1.3540
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308.15 K 313.15K
Vs Vs
0.0000 0994.0 221.87x10™% 1.3320 0992.2 223.12x10™ 1.3315
0.1144 1006.1 213.98 1.3390 1003.8 215.12 1.3385
0.1596 1010.8 212.50 1.3420 1008.5 213.38 1.3415
0.2047 1015.5 211.20 1.3450 1013.2 211.94 1.3445
0.2684 1022.1 209.71 1.3490 1019.7 210.71 1.3485
0.3305 1028.5 208.43 1.3535 1026.1 209.29 1.3525

Density varies linearly with molality of the aqueous solutions of Na-MCF. Variations of
density with molality at different temperatures are shown in the Figure 1. The observed values
of V0¢ and V5 at 298.15, 303.15, 308.15, and 313.15) K are (217.85, 218.99, 221.87, and
223.12) x10° and (- 2.24, 2.31, 2.34, 2.42) x107, respectively. Least squares method was
used to calculate V0¢ and V; values. The thermodynamic property V0¢ is useful to get the
information about solute-solvent and solute-solute interactions. The positive value of 7’ is
the indication of strong solute-solvent (Na-MCF—-Water) interactions. Negative values of Vj
suggest weak solute-solute (Na-MCF — Na-MCF) interaction.

1035

1030 -
1025 -
1020 -

D

€ 1015 |

L

& 1010 -

Q 298.15 K
1005 + 303.15 K
1000 - 308.15 K

313.15K
995 I
v
990 | . . .
0.00 0.10 0.20 0.30 0.40
m/mol-kg

Figure 1. Variation of density of aqueous solutions of Na-MCF with molality.

2. 2. Limiting molar isentropic compressibility (K° 6.5)

Ultrasonic velocities of aqueous solutions of Na-MCF are reported in Table 2.
Ultrasonic velocity of Na-MCF aqueous solutions increases with increase in molality and
temperature. Figure 2 depicts the variation of ultrasonic velocity with molality at different
temperatures. By the use of ultrasonic velocity values, isentropic compressibility [13] values
were calculated with help of following equation.
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Ks=1/U2D) oo 3

Ks, u, and, p are the isentropic compressibility (Pa™'), ultrasonic velocity (m's™'), and density
(kg-m_3) of the solution. K decreases with increase in the concentration of Na-MCF and also
with increase in temperature. The variation of Kg with molality is shown in the Figure 3. The
equation used for the determination of the apparent molar isentropic compressibility (Ky,s)/
(m’® mol ™' Pa™') was

K¢,g = (l/mpo) (Ks - KSolvent) + Ks V¢,m ............ 4

Ksovent 18 the isentropic compressibility of water. To calculate the limiting molar isentropic
compressibility (K° 6.8)/ (m’® mol ™' Pa™") the Ky s data were fitted with the equation.

Figure 4 presents the variation of Ky s with square root of molality. At (298.15, 303.15,
308.15, and 313.15), the observed values of K5 are —3.39 x 107%,—2.28 x 107", —1.14 x
10" and —0.145 x 107", respectively. The values of Koq,,s were calculated by using least
squares method. The negative values of K° ¢.s are due to the strong Na-MCF-Water interaction.
K’ increases with increase in the temperature. The increase in the K’y s with temperature
suggests that some water molecule will release in the bulk water. Na-MCF drug is electrolyte
and therefore interact with the water by ion-dipole interactions which could lead to hydrophilic
hydration around the anionic or cationic groups.

Table 2. Ultrasonic velocities (u), isentropic compressibilities (Kg), apparent molar isentropic
compressibilities (Ky,s), and limiting molar isentropic compressibilities (KO ¢,s) of Na-MCF in Water.

m u Ksx10" Kpsx10" u Ksx10" Kysx10"
molkg” | m-s™ Pa™’ m®-mol*-Pa™! m-s ' Pa™' m’-mol”-Pa™’
298.15K 303.15K
K5 = -3.39x10™ K’ s=-2.28x10"
0.000 | 1496.8 4.48 (m’-mol"-Pa™) 1>09.0 441 (m’-mol-Pa™")
0.1144 | 1508.8 4.35 -1.70 1519.6 4.30 -8.57
0.1596 | 1512.4 4.31 -1.35 1522.6 4.26 -5.23
0.2047 | 1515.6 4.27 -1.08 1525.6 4.22 -3.72
0.2684 | 1519.4 4.22 -0.77 1528.8 4.18 -0.64
0.3305 | 1522.8 4.18 -0.50 1531.6 4.14 1.79
308.15K 313.15K
K= -1.14x10" K's =-1.45x10™°
0.000 | 1519.0 4.36 (m*mol™-Pa™") | 1528.0 4.32 (m*-mol™-Pa™)
0.1144 | 15284 4.25 -15.3 1536.4 4.22 5.87
0159 | 15314 | 422 0.04 1539.0 |  4.19 7.09
0.2047 | 1534.2 4.18 16.3 1541.2 4.16 8.52
0.2684 | 1537.6 4.14 36.3 1544.4 4.11 9.61
0.3305 | 1540.4 4.10 54.9 1546.8 4.07 11.0
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Figure 3. Variation of isentropic compressibility of aqueous solutions of Na-MCF with molality.
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Figure 4. Variation of apparent molar isentropic compressibility of aqueous solutions of Na-MCF
with square root of molality.

2. 3. Refractive indices

Refractive indices of aqueous solutions of Na-MCF are reported in the Table 1.
Refractive index varies linearly with molality of the Na-MCF aqueous solution. Figure 3
depicts the variation of refractive index with molality at different temperatures. Refractive
index of aqueous solutions of Na-MCF decreases with increase in the temperature.

2. 4. Computational study

For calculation of hydration free energy (AGOHyd), geometry of Na-MCF was fully
optimized using DFT RB3LYP method at 6-31++G (d, P) basis set. Hydration free energy
(AGOHyd), the work required to transfer a molecule from gas phase into the solution phase is
calculated by the use of the equation

AGhya=AG = AG ..., 6

AGOg and AG’ represent standard free energy of solute in the gas phase and in solvent,
respectively. The Integral Equation Formalism Polarizable Continuum (IEFPCM) solvation
model was used to calculate AGOHyd with the help Gaussian GO9W software [14].

The computed values of dipole moment of Na-MCF in gas phase and water are 6.21D
and 6.97D, respectively. The increase in the dipole moment of Na-MCF suggests the increase
in the ionic radius of Na-MCF while transforming from gas phase to water.

The computed values of free energies of Na-MCF in gas phase and water are -
1827.5418 Hartee and -1827.5889 Hartee, respectively. Therefore, value of AGOHyd will be -
29.54 kcal mol”. The computed negative value of AGOHyd indicates strong Na-MCF—-Water
interaction.
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The computed HOMO and LUMO energies of Na-MCF are -0.1907 and -0.0592
Hartee, respectively. Therefore, the LUMO-HOMO energy gap will be -0.1315 Hartee. Small
value of LUMO-HOMO energy gap indicates that Na-MCEF is reactive.
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Figure 5. Variation of refractive index of aqueous solutions of Na-MCF with molality.

3. CONCLUSION

Positive values of limiting molar volumes suggest strong Na-MCF—water interactions.
Isentropic compressibility decreases with increase in the concentration of Na-MCF and also
with temperature. It is the indication of release of some water molecules into the bulk water.
Limiting molar isentropic compressibility is negative.

The negative value suggests strong Na-MCF—water interactions. The type of interaction
is ion-dipole interaction because Na-MCF is an electrolyte. The computed value of dipole
moment of Na-MCF in water phase is greater than those of in gas phase.

This clarifies that the ionic radius of Na-MCF increases while transforming from gas
phase to water. Negative hydration free energy of Na-MCF suggests strong Na-MCF—-water
interactions. Na-MCEF is reactive because LUMO-HOMO energy gap is very small (negative).
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