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Abstract: Understanding possible interactions of drugs and the factors that command such interactions
could be helpful to control their disadvantageous effects upon human health. In this study, volumetric
properties for the solution of diclofenac potassium (DP), a non-steroidal anti-inflammatory drug
(NSAID), were investigated for the first time to look into its molecular interactions at four
different temperatures varying from 298.15 K to 313.15 K at 5 K intervals in water as well as
aqueous hydrotropic agent urea (1M) solutions. Experimental density data obtained using a
pycnometer have been taken to estimate apparent molar properties, i.e., limiting apparent molar
volume (V¢°), apparent molar volume (Vy), limiting apparent molar expansibility (Eq)o) and
apparent molar expansibility (Eg). The results obtained were discussed in terms of solute-
solvent and solute-solute interactions in the studied systems. The obtained results from
volumetric data were explored in terms of the existence of solute-solvent interactions in
aqueous systems of drug solutions.
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1. Introduction

Studying the physicochemical properties of drugs in various solvents is very significant
in understanding the binding trends within the system under investigation. To develop a new
drug is not only a highly uncertain but also a costly and long journey. So from preclinical to
clinical investigations, drug development is a complex and lengthy process. A chemical entity
in pharmacology, a drug is used to cure, treat, prevent, or diagnose disease. To understand the
drug actions even at the molecular level, the study of physicochemical properties is very much
essential [1-5]. To investigate drug’s pharmacokinetics and pharmacodynamics, the study of
its interactions with physiologically important molecules in the living organism is of utmost
significance [6, 7]. Diclofenac potassium (DP) [Chemical structure: in Table-1; IPUAC name:
2- [2- (2, 6-dichloroanilino) phenyl] acetic acid; molecular formula: C;,H;;Cl,NO,: molecular
mass: 296.148 g/mol ] is an NSIAD and is sold under the trade name of Cataflam, Voltaren
and others. It is commercially available as both a sodium and potassium salt. This drug is used
to treat pain and inflammatory disorders [8-11]. Diclofenac can also be used combining with
opioids if needed. Despite its various uses, it also has a lot many side effects, significantly
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vascular and coronary risk. It has a short half-life of 1.2- 2 hrs, but the action of a single dose
of it is much longer (6 to 8 hr). This may be because diclofenac persists for over 11 hrs in
synovial fluids, which is found in the cavities of synovial joints. Diclofenac has poor agueous
solubility, low bioavailability, and incomplete absorption. Solubility is an essential parameter
for the immiscible mixture of solvents used for drug formulation and dosage form design.
Although a number of methods are reported in the literature like particle size reduction,
hydrotropic, pH adjustments, using complexing agents, cosolvents, and surfactants for the
enhancement of solubility [12-14], among all these methods, hydrotropic is a simple, popular
and effective method to increase the aqueous solubility of the drug molecules [15, 16].
Hydrotropes are the class of amphiphilic molecules that can not create well - organized
structures like micelles in water but easily increases the aqueous solubility of organic molecules
[17, 18]. Neuberg first coined the term ‘hydrotropy’ in 1916, which can increase the solubility
of poorly soluble organic substances in water. The term has become more and more specific
over the years.

This article is the continuation of our research work on the study of molecular
interactions of ibuprofen and paracetamol using the hydrotrope method in different solvent
systems. In the current study, water is chosen for the dissolution of hydrotropic agent urea to
increase the solubility of DP [19 - 21]. Here in this article, experimental density values and
various derived parameters from density for DP of six different concentrations are reported in
two solvent systems (water and aqueous urea) and at four temperatures. This is the extension
of the work on DP where the effect of temperature and concentration on DP solutions were
investigated in an aqueous urea medium [22]. As almost all the biological phenomena occur in
aqueous media, it is quite interesting to study different drug interactions possible in a biological
system. For this, the solvation nature of DP is very much significant in understanding the
interactions of a drug, reaching and distribution of the drug to the bloodstream, etc.

For the present work, experiments were performed with solutions of different
concentrations of the drug in water as well as hydrotropic agents, urea (1M) at different
temperatures. In order to investigate different molecular interactions of DP by hydrotrope
method, the goals of this work are to (1) report the experimental data of density in aqueous and
aqueous solutions of 1M urea as hydrotropic agents (2) compute apparent molar properties
from density data and (3) analyze different derived volumetric parameters. Though much
attention has been given to understand different inter and intramolecular interactions of DP, to
the best of our knowledge, no work is reported on the above-mentioned volumetric properties
of DP using hydrotropic agent 1M urea in an aqueous medium. Hence it was planned to
research on such work and thus the results are discussed in terms of solute-solute and solute-
solvent interactions.

2. Materials and Methods

2.1. Materials and sample preparation.

All chemical reagents used were of GR, BDH, or AnalaR grades. The details of the
samples used for this study, i.e., DP and urea, are given in Table 1. All the reagents were used
without further purification. Conductivity water of specific conductance of 10 Scm™ was used
for making all the solutions. The solutions were prepared in water (solvent) and water + 1M
urea (solvent) by weighing the DP (solute) of the required quantity on a digital weighing
machine with a precision of £ 0.001 mg and dissolved in the solvent to get the stock solution
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and then five concentrations of DP were prepared for the experimental study. Then the
experiments were carried out at four different temperatures (298.15 — 313.15 K). The solutions
were prepared on a molality basis, and the conversion of molality into molarity was done by
using the standard expression.

¢ =md (1+0.001m M™1) 1)

2.2. Methods.

The pycnometer used to measure the solution’s density at 298.15, 303.15, 308.15, and
313.15K was calibrated with deionized double distilled water. The temperature was maintained
constant at the desired degree by using a hot water thermostat. Density values of water were
obtained from literature at the needed temperatures [23].

2.3. Symbols.

Symbols used in brief as per their appearance.

Symbols Name of the Parameters Units
c Molar concentration mol.m~3
m Molal concentration mol. kg~!
dand dy Density of solution and solvent, respectively kg.m3
M Molecular mass of the solute kg. mol !
Vs Apparent molar volume m?3.mol !
V,° Partial molar volume m3.mol~1
S, Massion’s coefficient m>/2 mol /2
Ey Apparent molar expansibility m3.mol~1. K1
E,’ Partial molar expansibility m3.mol~1. K1
Sk Experimental slope m>/2.mol*/2. K1

Table 1. Chemical samples used with their Provenance and purity.

Chemical name with Molar mass P Mags Purification .
-1 rovenance fraction Chemical structure
formula (g.mol™) - method
purity
Orissa Drugs & i
Diclofenac potassium Chemicals Ltd h o "
(CyqH Clp KNO,) 334.24 (ODCL). >0.99 Used as such N
147710~72 2 Bhubaneswar,
Odisha el
Laboratory 0
Urea Chemicals
(NH,CONH,) 60.06 Bhubaneswar, >0.99 Used as such
Odisha HN™ "NH,

3. Results and Discussion

3.1. Density and apparent molar volume.

Experimentally determined density values for DP in water and aqueous 1M urea are
reported in Table 2 at four different temperatures in atmospheric pressures. A graphical
representation is given in Figure 1. As usual, density values are higher in higher concentrations
of DP solutions and lower at higher temperatures [24]. The former trend could be due to the
greater extent of intermolecular interactions in solutions, whereas the later trend might be due
to the increased kinetic energy of the molecules because of the increased thermal energy, and
finally, the increase in volume reduces the density.
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Table 2. Values of density, d ( kg. m~2) of DP solutions for its different concentrations, ¢ (10~3. mol.m™3) in
aqueous and aqueous 1M urea media at different temperatures.

Conc. of DP d(kg.m™3)
(1073.mol. m~3)
(c) 298.15 K 303.15 K 308.15 K 313.15K |298.15 K |303.15 K| 308.15K | 313.15K
Water (AQ) 1M urea
4 997.1 995.8 994.2 9925 1072.8 | 1070.3 | 1068.4 1068.1
6 997.3 995.9 994.3 9925 1077.7 | 10754 | 1074.1 1070.0
8 997.7 996.1 994.4 992.9 1078.8 | 1076.5 | 1075.4 1074.6
10 998.1 996.1 994.5 993.3 1079.9 | 1077.8 | 1076.5 1075.6
12 9984 996.4 994.8 993.9 1080.7 | 1078.4 | 1077.3 1076.4
14 998.7 996.7 995.6 994.6 1081.4 | 1079.2 1077.9 1076.6
16 999.3 997.3 996.1 995.7 1082.6 | 1080.3 | 1079.0 1078.7

Standard uncertainties in concentrations are, u (c) = 0.01(1073.
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Figure 1. Variation of density, d with concentration, ¢ for DP solutions in (a) aqueous and (b) aqueous 1M urea
system at different temperatures.

Table 3. Apparent molar volume V;, (m3.mol™?) values for solutions of DP of different concentrations, ¢
(1073. mol. m™3) in water and aqueous 1M urea system at different temperatures.

Conc. of DP Vy (m3.mol™?)
(1073.mol. m~3)
(c) 298.15 K 303.15K | 308.15K | 31315K 298.15K | 303.15K | 308.15K |313.15K
Water 1M urea
4 -0.992 -0.495 -0.317 -0.597 -4.415 -4.357 -4.222 -4.232
6 -1.018 -0.773 -0.768 -0.823 -3.718 -3.713 -3.719 -3.123
8 -1.036 -0.823 -0.819 -0.632 -2.919 -2.915 -2.944 -2.890
10 -1.067 -0.881 -0.890 -0.936 -2.439 -2.456 -2.460 -2.407
12 -0.962 -0.926 -0.920 -1.043 -2.096 -2.094 -2.113 -2.069
14 -0.875 -0.822 -0.860 -0.916 -1.844 -1.849 -1.852 -1.787
16 -0.885 -0.845 -0.874 -0.964 -1.685 -1.683 -1.686 -1.689

Standard uncertainties in apparent molar volumes u (V,) = (0.002 m*®.mol™?).

Since chemical mixtures are usually kept at a constant temperature and pressure, it’s
partial molar properties are very much effective in determining any extensive property. Thus
the partial molar volume is an utmost significant thermodynamic parameter in getting
knowledge with respect to drug- water or drug — solvent (other than water) interactions. Using
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the experimentally determined density values of the DP in both the solvents chosen, partial
molar volume can be calculated applying the empirical equation [25-28],

V‘b = Vcbo + SV\/-C (2)

Plot of Vg vs V¢ shows a linear relationship. V¢° and S,, are the intercept and slope of
the straight line. The apparent molar volume V,, were calculated using the relation [28, 29]
Vo = [1000/cdy](dg — d) + (1/Mdy) (3)

The knowledge of molecular metabolism, as well as the orientation and degree of
intermolecular interactions in solutions, can be established in distinction to the excess molar
volume. The total volume of the solution may or may not be the same as the volumes of each
of the liquids involved. This can be understood from the association or dissociation persisting
in between the components in the liquid mixture. Weak interaction may result in volume
expansion, and strong interaction results in volume contraction. As seen from Table 3 that
Vg for the drug, the solute is increased with a rise in temperature in 1M urea solvent because
the rise in temperature could boost the molecular thermal movement, which increases the
intermolecular distance developing an increase in Vy, [30].

When a solute is added to a solvent, there may exist a different type of interactions, one
of which is called solute-solvent interactions and is defining Vy,. The creation of the gap by the
solute molecules in between themselves and nearby solvent molecules may increase the
molecular size of the solvated molecules. So apparent molar volumes are normally greater than
molecular volumes. As can be seen from Table 1, apparent molar volume increased with
temperature and an increase in the content of DP in the aqueous 1M urea system. It is also
observed that Vgshows a similar trend with the square root of concentration of DP in water at
all the concerned temperatures, i.e. V, decreased and then increased with concentration. This
may be due to the variation in hydrogen bonding between the drug (solute) and the solvent
(water). A similar trend is also followed by V, values in 1M urea medium with Ve at all the
studied temperatures (Figure 2 (a, b, c, d)).

— e e
-\“0—\.__./—0—-

> 3.0

—=— water
—e— water + 1M urea

—=— Water
—e— Water + 1M urea

454

T T T T T T T T T T
20 25 3.0 35 4.0 20 25 30 35 40

Ve (102 . mol*%. m*?) Ve /(107 . mol . m*%)

\_M_Q__*ﬁ ‘\/\.\/g.
@

-3.0 " 304

—=— Water
—e— Water + 1M urea

—a— Water
—e— Water + 1M Urea

L 28 = = o 20 25 30 35 40

ve /(107 . mol . m*%) e /{10 . mol ¥ m*)

Figure 2. Variation of apparent molar volume, Vg, with the square root of concentration, Ve for DP in water and
water + 1M urea system at 298.15, 303.15, 308.15 and 313.15 K shown in (a), (b), (c) and (d), respectively.
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3.2. Partial molar volume.

The values of partial molar volume V¢° were calculated by the least-square fitting of
Vg Vs. Vc as given by equation (2), where S, is the slope, say Massion’s coefficient, which
specifies solute-solvent interactions (Table 5).

The negative values of V¢°state that in aqueous and aqueous 1M urea media, there are
weak solute _ solvent interactions. The V¢° values can also be observed increased with an
increase in temperature [31]. At a higher temperature, the solvent molecules get detached from
the primary solvation shell and go to the bulk of the solution, thereby causing expansion of the
solution. In simple it can be said, this increase in V¢° is due to the loss of hydration or solvation.
It can be clearly seen that the V¢° values are higher in water than water + 1M urea system
showing stronger DP-solvent interaction in water than DP- solvent interaction in aqueous urea
medium. Similarly, the positive values of S,, the interaction parameter that signalizes

interactions between solute molecules; indicates the greater DP-DP interaction in the chosen
solvents.

3.3. Apparent molar expansibility and limiting apparent molar expansibility.

The apparent molar expansibility was calculated using the following relation (4)and
are tabulated in Table 3.

Ep = Vg + (o — 0g)1000c™? (4)
Where ag = —1/d, (8do/8¢)p (4a)
o= —1/d (8do/80), (4b)

The limiting apparent molar expansibility Eq,o and the experimental slope Sg values
were listed in Table — 4, which were estimated by the least-square fitting of E, vs. Ve called

Massion’s equation (5)[23, 32] and is represented in Figure 3 at 298.15 and 303.15 K. The
similar trend is followed at 308.15 and 313.15 K.

Eq) = Eq)o + SE\/C (5)

In Eqn (3), g and a are the coefficients of expansion of the solvent and solution,
respectively [28, 33] and were derived from the relations (4a and 4b).

Table 4. Apparent molar expansibility, Eq (m*.mol~*.K~) values for solutions of DP of different
concentrations, ¢ (1073. mol.m~3) in water and aqueous 1M urea system at different temperatures.

Conc. of DP Ep X 103m3. mol 1. K1
(1073.mol. m™3)
(c) 298.15 K 303.15 K 308.15 K 313.15K | 298.15K | 303.15K | 308.15K | 313.15K
Water 1M urea
4 10.23 10.39 10.45 10.36 -12.60 -12.58 -12.53 -12.54
6 6.70 6.78 6.79 6.77 -8.67 -8.66 -8.67 -8.46
8 4.94 5.01 5.01 5.07 -6.54 -6.54 -6.55 -6.53
10 3.88 3.94 3.93 3.92 -5.27 -5.28 -5.28 -5.26
12 3.21 3.22 3.22 3.18 -4.41 -4.41 -4.42 -4.41
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Conc. of DP Ep X 103m3. mol~1. K1
(1073.mol. m~3)
(c) 298.15 K 303.15 K 308.15 K 313.15K | 298.15K | 303.15K 308.15K | 313.15K
Water 1M urea
14 2.73 2.75 2.74 2.72 -3.80 -3.80 -3.80 -3.78
16 2.35 2.37 2.36 2.33 -3.35 -3.35 -3.35 -3.35

Standard uncertainties in apparent molar expansibility, u (Eg) = (0.003 x 103m3. mol~*.K™1).
104 (l) 104 (“)
| \ " s \<

—s=— Water —s— Water
| —»— Water + 1M Urea . —e— Water + 1M Urea |

E, /10°. m"mol "K'
o
E, /10°. m"mol ".K

20 25 30 35 40 20 25 30 3s 40
Yo /(10*2 . mol 2. m*?) Yo 1(10°* . mol 2. m*?)
Figure 3. Variation of apparent molar expansibility, E4 with the square root of concentration, Vc for DP in
water and water + 1M urea system at 298.15 and 303.15 K shown in (i) and (ii), respectively.

Table 5. Different density parameters V,,°(m®.mol™?), S, (m*/2.mol~%/2), E;,° (m%.mol~1.K™1), Sg
(m3/2.mol~3/2, K~1) for DP in aqueous and agueous solutions of 1M urea at different temperatures.

Vv, Sy E,° x 103 Sg x 10°
Temp (K) (m?.mol ) (m®/2.mol~3/2) (m3. mol1. K1) (m3/2.mol3/2. K1)
Water
298.15 -1.19 (+0.002) 0.07 (x0.001) 16.38 (+0.07) -3.72 (x0.08)
303.15 -0.34 (+0.001) 0.15 (x0.001) 16.65 (+0.05) -3.79 (x0.04)
308.15 -0.07 (¥0.002) 0.23 (x0.002) 16.74 (+0.08) -3.82 (x0.07)
313.15 -0.26 (+0.003) 0.19 (x0.003) 16.68 (+0.09) -3.81 (x0.06)
1M urea
298.15 -7.08 (¥0.001) 1.41 (+0.003) -20.04 (+1.02) 4.42 (x0.02)
303.15 -7.00 (¥0.002) 1.38 (+0.002) -20.01 (+1.01) 4.41 (x0.01)
308.15 -6.84 (+0.001) 1.33 (+0.001) -19.96 (¥1.03) 4.39 (x0.02)
313.15 -6.40 (+0.004) 1.23 (x0.001) -19.81 (¥1.04) 4.36 (+0.03)
Standard  errors  for  limiting  the  apparent molar  volume V¢° and  experimental  slopes,

Sy’ limiting apparent molar expansibility Eq,oand experimental slope Sg are given in parenthesis.

Solution properties are complicated because of different types of interactions with the
solvent. The molecules in the solvent rather than moving alone are precisely imparted as a
cluster or cage-like group. So in order to deal with other molecules, the caged molecule must
separate from the solvent cage. The idea about this caging effect is obtained from the partial
molar expansibility, E¢°values [23, 34, 35]. A perusal of Table-4 says that Ed,o are positive for
DP in aqueous medium whereas negative for DP in aqueous 1M urea system. That means the
caging effect is favored in water which is again in agreement with the higher values of
V¢° when DP is added to it at all the four temperatures considered and such structure making
effect is not favored in aqueous urea medium, which is also suggested by positive values of Sg
that means less contraction of the solvent molecules.

4. Conclusions
This article studied the interaction of DP with water and aqueous 1M urea medium
using the measured density data from the experimental method at (298.15 -313.15K). The
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presence of a reasonable solute-solvent interaction was identified between DP-water and DP-
aqueous 1M urea solvents. Density increased with an increase in the concentration of DP and
decreased with an increase in temperature, suggesting strong solute-solvent interactions.
Vgvalues increased with the concentration of DP in aqueous 1M urea and decreased with

increased temperature. The increase in V¢° values with an increase in temperature are due to
the dehydration or loss of solvation since the solvent molecules get separated from the solvation
shell. The positive values of E¢° in DP-water medium indicates the structure making effect is
favored, and its negative values in DP- aqueous 1M urea show it’s not favored in this medium.
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