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The solubility of difloxacin in methanol, acetone, and ethanol was measured by a gravimetrical method from
(293.15 to 313.15) K under atmospheric pressure, and the solubility data were correlated against temperature.

Introduction

Difloxacin is a new member of the fluoroquinolone drug family.
Fluoroquinolones are a group of antimicrobials that have become
widely used in veterinary medicine because of their broad spectrum
of properties.1,2 The principal advantages of fluoroquinolones
include good oral bioavailability, bactericidal activity at low tissue
concentrations, and good penetration into phagocytic cells.3,4

Difloxacin is a fluoroquinolone antibacterial drug that was specif-
ically developed for use in veterinary medicine. It has been shown
to be effective in the treatment of experimentally induced pneu-
monic pasteurellosis in calves.5 Difloxacin was also found to be
as effective as clindamycin-gentamicin in the treatment of
experimentally induced intra-abdominal abscess associated with
Bacteroides fragilis.6 The pharmacokinetics of difloxacin have been
evaluated in dogs, rabbits,7 sheep,8 goats, and lambs,9 and its
bactericidal and inhibitory activity against small animal pathogens
has been determined.10-12

These biological properties prompted us to study the solubility
of difloxacin in different solvents at different temperatures.

In the present study, the solubilities of difloxacin in methanol,
acetone, and ethanol have been measured from (293.15 to
313.15) K at atmospheric pressure.

Experimental Section

Materials. Difloxacin, with a mole fraction purity of 99.6
%, was purchased from Hiran Orgochem (Ankleshwar, India).
It was dried to constant mass in an air oven at 383 K before
use. The choice of solvent depends on the solubility and relative
permeability. All of the solvents, methanol, acetone, and ethanol
were analytical grade reagents. These solvents were purified
by fractional distillation. Their purities were checked by
Shimadzu GC-MS (model no. QP-2010) and were found to be
greater than 99.65 %.

The drug was recrystallized, and its melting temperature was
determined by an open capillary method. The observed value was
found to be (551.15 ( 0.1) K. However, the reported value13 is <
548.15 K. The structure of the drug is shown in Figure 1.

Solubility Measurement. The solubilities were measured by
a gravimetric method.14 For each measurement, an excess mass
of difloxacin was added to a known mass of solvent. Then, the
equilibrium cell was heated to a constant temperature with
continuous stirring. After at least 3 h (the temperature of the
water bath approached constant value, then the actual value of
the temperature was recorded), the stirring was stopped and the
solution was kept still for 2 h. A portion of this solution was

filtered, and by a preheated injector, 2 mL of this clear solution
was taken in another weighted measuring vial (m0). The vial
was quickly and tightly closed and weighed (m1) to determine
the mass of the sample (m1 - m0). Then, the vial was covered
with a piece of filter paper to prevent dust contamination. After
the solvent in the vial had completely evaporated at room
temperature, the vial was dried and reweighed (m2) to determine
the mass of the constant residue solid (m2 - m0). All of the
masses were taken using an electronic balance (Mettler Toledo
AB204-S, Switzerland) with an uncertainty of ( 0.0001 g. Thus,
the concentration of the solid sample in the solution, mole
fraction, x, could be determined from eq 1

x)
(m2 -m0)/M1

(m2 -m0)/M1 + (m1 -m2)/M2
(1)

where M1 is the molar mass of drug and M2 is the molar mass
of the solvent.

At each temperature, the measurement was repeated three
times, and an average value is given in Table 1 along with
uncertainty.* Corresponding author. E-mail: shipra_baluja@rediffmail.com.

Figure 1. Structure of difloxacin (IUPAC name: 6-fluoro-1-(4-fluorophenyl)-
7-(4-methylpiperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid).

Figure 2. Solubility, x, of difloxacin as a function of temperature in: O,
acetone; 0, methanol; 4, ethanol.
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Results and Discussion

The mole fraction solubilities, x, of difloxacin in methanol,
acetone, and ethanol at different temperatures (293.15 to 313.15)
K are summarized in Table 1. The variation of solubility with
temperature is also shown in Figure 3. It is observed that
solubility linearly increases with the increase in temperature.
Furthermore, solubility is higher in ethanol than in methanol
and acetone.

As shown in Figure 3, the mole fraction solubility, x, of
difloxacin was correlated as a function of temperature. The
temperature dependence of difloxacin solubility in solvents is
described by the modified Apelblat equation15,16

ln x)A+B(T/K) (2)

where x is the mole fraction solubility of difloxacin, T is the
absolute temperature, and A and B are the parameters. The values
of these parameters are given in Table 2. The calculated

solubilities, xci, are also reported in Table 1. The experimental
solubility of drug in the studied solvents was compared with
the calculated solubility (xci). The difference between experi-
mental and theoretical solubilities (∆x ) x - xci) is plotted
against temperature in Figure 4. Similar behavior has been also
reported in literature.17,18

Furthermore, relative average deviations (ARD) and root-
mean-square deviations (rmsd), calculated by eqs 3 and 4, are
listed in Table 2

ARD) 1
N∑

i

N xi - xci

xi
(3)

RMSD) [∑
i)1

N (xci - xi)2

N- 1 ]1/2

(4)

where N is the number of experimental points and xci is the
solubility calculated by eq 2.

The relative deviations (RD) between the experimental and
calculated values of solubilities are also calculated by eq 5 and
are given in Tables 1.

Relative Deviation) (x- xci

x ) (5)

Furthermore, the enthalpies of solution, ∆H, were calculated
using the van’t Hoff equation,19 that is, from the slope of the
plot of ln x versus 1/T.

The standard Gibbs energies of the dissolution process, ∆G,
were also calculated using the following equation20,21

∆G)-RT ln x (6)

where x is the mole fraction of the investigated substance in
the saturated solution.

Using these ∆H and ∆G values, the standard entropies of
solution, ∆S, were obtained from the well-known equation22

∆G)∆H- T∆S (7)

where ∆H is the molar enthalpy of solution.

Table 1. Observed Mole Fraction Solubilities (x), Calculated Mole
Fraction Solubilities (xci), and Relative Deviation (RD) of Difloxacin
in Different Solvents

T/K 102x 102xci 100 RD

Acetone
293.15 0.52 ( 0.017 0.54 ( 0.020 0.83
295.15 0.58 ( 0.023 0.58 ( 0.014 0.19
298.15 0.67 ( 0.021 0.67 ( 0.024 -0.42
300.15 0.73 ( 0.030 0.71 ( 0.034 -0.64
303.15 0.81 ( 0.052 0.79 ( 0.021 -0.46
305.15 0.87 ( 0.024 0.85 ( 0.037 -0.39
308.15 0.96 ( 0.036 0.96 ( 0.038 -0.08
310.15 1.04 ( 0.020 1.03 ( 0.026 -0.18
313.15 1.10 ( 0.020 1.15 ( 0.049 0.96

Methanol
293.15 0.64 ( 0.040 0.64 ( 0.026 -0.05
295.15 0.68 ( 0.041 0.67 ( 0.047 -0.27
298.15 0.73 ( 0.052 0.72 ( 0.052 -0.20
300.15 0.77 ( 0.038 0.76 ( 0.040 -0.28
303.15 0.84 ( 0.026 0.82 ( 0.037 -0.55
305.15 0.88 ( 0.032 0.86 ( 0.051 -0.49
308.15 0.95 ( 0.035 0.93 ( 0.042 -0.54
310.15 0.99 ( 0.028 0.97 ( 0.041 -0.37
313.15 1.04 ( 0.013 1.05 ( 0.020 0.18

Ethanol
293.15 3.87 ( 0.047 4.08 ( 0.039 1.67
295.15 4.35 ( 0.023 4.42 ( 0.031 0.54
298.15 5.07 ( 0.043 4.98 ( 0.043 -0.56
300.15 5.59 ( 0.029 5.40 ( 0.061 -1.21
303.15 6.36 ( 0.027 6.08 ( 0.0 67 -1.61
305.15 6.83 ( 0.038 6.59 ( 0.053 -1.35
308.15 7.54 ( 0.032 7.42 ( 0.032 -0.61
310.15 7.95 ( 0.029 8.04 ( 0.065 0.43
313.15 8.56 ( 0.058 9.06 ( 0.055 2.29

Figure 3. Variation of mole fraction solubilities (x) and calculated mole
fraction solubilities (xci) with temperature for drug in different solvents.
Calculated mole fraction solubility, xci, is shown as a dotted line for all
solvents: O, acetone; 0, methanol; 4, ethanol.

Table 2. Constants A and B of Equation 2, Relative Average
Deviations (ARD), and Root-Mean-Square Deviation (rmsd) of
Difloxacin in Different Solvents

solvents A B 10-5 rmsd 100 ARD

acetone -16.27 0.037 0.04 -0.02
methanol -12.34 0.024 0.02 -0.28
ethanol -14.85 0.039 4.45 -0.04

Figure 4. Fractional deviations, ∆x ) x - xci, of difloxacin solubility at
various temperatures in: O, acetone; 0, methanol; 4, ethanol.
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The Gibbs energy of dissolution process of the drug can also
be separated into a relative fraction of both the enthalpy and
entropy terms by the following equations23

ςH )
∆H

∆H+ T∆S
· 100 (8)

ςTS )
T∆S

∆H+ T∆S
· 100 (9)

These thermodynamic values for different solvents are
reported in Table 3. As evident from Table 3, the main driving
force of the solution for process for all of the used solvents is
the entropy. For acetone, methanol, and ethanol, solution is
entropy driven with a fraction of (55.25, 57.18, and 57.99) %.
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Table 3. Thermodynamic Function of Dissolution of Difloxacin in
Various Solvents

∆G -∆H -T∆S

solvents kJ ·mol-1 kJ ·mol-1 kJ ·mol-1 ςH ςTS

acetone 12.191 51.97 64.16 44.75 55.25
methanol 12.074 36.04 48.12 42.82 57.18
ethanol 7.056 18.53 25.58 42.00 57.99
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