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The solubilities of cloxacillin sodium in binary butyl acetate + methanol and ethyl acetate + methanol
solvent mixtures were measured at temperatures ranging from (283.15 to 298.15) K. The experimental data
can be well correlated by the CNIBS/Redlich-Kister model. The results show that the solubility of cloxacillin
sodium increases with increasing temperature and mole fraction of methanol in these two binary mixed
solvents.

Introduction

Cloxacillin sodium (6b-[3-(2-chlorophenyl)-5-methyl-isox-
azole-4-carbonylamino]-penicillanic acid; sodium salt, CAS No.
642-78-4) is a common antibiotic, used in veterinary drugs, for
the treatment of mastitis.1 The molecular structure can be seen
from Figure 1. Solvent systems butyl acetate + methanol and
ethyl acetate + methanol are used for crystallization of
cloxacillin sodium. The temperature range of (283.15 to 298.15)
K was selected because of degrading of the compound in high
temperature. The solubilities of cloxacillin sodium in binary
butyl acetate + methanol or ethyl acetate + methanol solvent
mixtures are the crucial data for controlling the crystallization
process. However, up to now, few solubilities of cloxacillin
sodium in other solvents have been reported in the literature.

In this work, the solubilities of cloxacillin sodium in butyl
acetate + methanol and ethyl acetate + methanol at temperatures
ranging from (283.15 to 298.15) K were experimentally
determined using a laser monitoring observation technique.

Experimental Section

Materials. A white crystalline powder of cloxacillin sodium
was obtained by recrystallization. Its purity, determined by
HPLC according to ChP2005, was found to be higher than 99.0
%. The butyl acetate, ethyl acetate, and methanol (purchased
from Tianjin Chemical Reagent Co., China) used for experi-
ments were of analytical reagent grade and dried with anhydrous
bitter salt before use.

Apparatus and Procedure. The solubilities of cloxacillin
sodium in different solvents were measured by a synthetic
method.2-5 The apparatus for the solubility measurements was
similar to those described in the literature6,7 and described only
briefly here. A laser beam was used to determine the disap-
pearance of the last solute in the solvent at a fixed temperature.
The laser beam monitoring system consisted of a laser generator,
a photoelectric transformer, and a light intensity display. The
solubility apparatus included a jacketed glass vessel maintained
at a desired temperature by circulating water from a thermostat.
A mercury-in-glass thermometer with an uncertainty of ( 0.05
K was inserted into the inner chamber of the vessel for the
measurement of the solution temperature, and the temperature
was controlled to within ( 0.1 K of the desired value.

Continuous stirring of the solution was achieved with a magnetic
stir bar. A condenser was connected with the vessel to prevent
the solvents from evaporating. An analytical balance (Mettler
Toledo AB204-N, Switzerland) with an uncertainty of ( 0.0001
g was used for the measurement of the masses of the solute
and solvents.

During the experiments, the predetermined solvents were
placed in the vessel and stirred continuously at a required
temperature. Cloxacillin sodium was added to the vessel
simultaneously. The laser beam intensity passing through the
vessel reached a maximum when the solute dissolved com-
pletely. Then an additional portion of solute [about (2 to 5) mg]
was added into the vessel. This procedure was repeated until
the last addition of solute could not be dissolved completely.
The interval of additions was 30 min. When the laser intensity
did not exceed 90 % of the maximum, the solute was believed
to be not dissolved completely. The total amount of the solute
dissolved was recorded. The solubility experiment was repeated
three times, and the mean values were used to calculate the
mole fraction solubilities (x0). It is expressed by eq 1. The
composition of the solvent mixture (x1

0) was defined by eq 2

x0 )
m0 ⁄ M0

m0 ⁄ M0 +m1 ⁄ M1 +m2 ⁄ M2 +m3 ⁄ M3
(1)

x1
0 )

m1 ⁄ M1

m1 ⁄ M1 +m2 ⁄ M2 +m3 ⁄ M3
(2)

where m0, m1, m2, and m3 represent the mass of the cloxacillin
sodium, methanol, butyl acetate, and ethyl acetate, respectively.
M0, M1, M2, and M3 are the molecular weights of the solute,
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Figure 1. Chemical structure of cloxacillin sodium.
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methanol, butyl acetate, and ethyl acetate, respectively. For the
case of butyl acetate + methanol, m3 ) 0 in eqs 1 and 2, while
for the case of ethyl acetate + methanol, m2 ) 0. The uncertainty
in the solubility values is estimated to be ( 1.0 %.

Results and Discussion
The solubilities of the cloxacillin sodium in the binary butyl

acetate + methanol and ethyl acetate + methanol solvent
mixtures at the temperatures ranging from (283.15 to 298.15)
K are presented in Table 1 and graphically shown in Figures 2
and 3.

Acree8 and Acree et al.9 suggested the combined nearly ideal
binary solvent (CNIBS)/Redlich-Kister model as a possible
mathematical representation for describing how the experimental
isothermal solubility of a crystalline solute dissolved in a binary
solvent mixture varied with binary solvent composition, which
is expressed by eq 3

ln x0 ) xB
0 ln(x0)B + xC

0 ln(x0)C + xB
0 xC

0∑
i)0

N

Si(xB
0 - xC

0 )i (3)

where Si is the model constant and N is the number of solvents.
xB

0 and xC
0 refer to the initial mole fraction composition of the

binary solvent calculated as if the solute was not present. (x0)i

is the saturated mole fraction solubility of the solute in pure
solvent i.

Substitution of (1 - xC
0 ) for xB

0 in eq 3 with N ) 2 and
subsequent rearrangements result in eq 4

ln x0 ) ln(x0)B + [ln(x0)C - ln(x0)B + S0 + S1 + S2]xC
0 +

[-S0 + 3S1 + 5S2]xC
02
+ [-2S1 - 8S2]xC

03
+ [-4S2]xC

04
(4)

which can be written as eq 5

ln x0 )B0 +B1xC
0 +B2xC

02
+B3xC

03
+B4xC

04
(5)

The solubility data in the above two binary mixed solvents
are correlated by eq 5, and the solubilities (103 x0) are listed in
Table 1. The values of the parameters B0, B1, B2, B3, and B4 for
eq 5 are presented in Table 2, together with the root-mean-
square deviations (rmsd). The rmsd’s are defined in eq 6

rmsd) { Σi)1
N (xi

calcd - xi)
2

N } 1⁄2

(6)

where N is the number of the experimental points; xi
calcd

represents the solubility calculated from eq 5; and xi represents
the experimental values of solubility.

Table 1. Solubility of Cloxacillin Sodium (0) in Binary Butyl
Acetate (2) + Methanol (1) Mixtures and Ethyl Acetate (3) +
Methanol (1) Mixtures

butyl acetate + methanol ethyl acetate + methanol

x1
0 103x0 102((x0 - x0

calcd)/x0) x1
0 103x0 102((x0 - x0

calcd)/x0)

T/K ) 283.15 T/K ) 283.15
0.156 0.379 -6.5 0.164 0.652 2.7
0.202 0.814 -5.4 0.212 1.56 5.9
0.258 1.88 6.8 0.263 2.74 -5.9
0.307 2.90 1.6 0.314 5.01 2.8
0.360 4.40 0.62 0.366 7.45 1.6
0.411 6.00 -2.7 0.418 10.1 -0.48
0.461 8.43 1.9 0.467 13.1 -0.0023
0.511 11.0 1.8 0.517 16.3 -0.53
0.559 13.7 0.41 0.566 20.0 1.0
0.606 17.0 1.3 0.616 23.3 0.56

T/K ) 288.15 T/K ) 288.15
0.151 0.499 -10 0.163 0.912 -7.3
0.201 1.14 -3.4 0.213 2.13 1.1
0.259 2.48 3.9 0.264 4.06 3.4
0.316 4.22 2.0 0.313 6.24 -0.61
0.370 6.14 -3.3 0.364 9.16 -0.48
0.403 7.92 -0.4 0.414 12.3 -0.17
0.458 11.1 0.2 0.463 15.5 0.32
0.509 14.4 0.2 0.512 18.7 0.46
0.560 17.7 -0.7 0.560 21.8 -0.23
0.606 20.6 -0.2 0.610 25.7 0.22

T/K ) 293.15 T/K ) 293.15
0.142 0.635 4.5 0.158 1.02 -7.5
0.186 1.39 9.6 0.212 2.54 2.4
0.251 2.79 -3.2 0.264 4.63 2.1
0.311 5.13 0.86 0.315 7.09 -1.4
0.363 7.49 0.29 0.363 9.99 -1.5
0.408 9.98 1.6 0.413 13.7 0.98
0.457 12.6 -0.40 0.463 17.1 -0.75
0.509 16.0 0.50 0.512 21.0 0.28
0.556 19.2 0.81 0.563 24.6 -0.57
0.603 22.2 0.078 0.612 28.0 0.011

T/K ) 298.15 T/K ) 298.15
0.0882 0.152 -1.3 0.162 1.31 -5.3
0.148 0.587 -0.048 0.217 3.51 -3.5
0.206 1.73 7.0 0.268 7.07 4.6
0.281 4.33 2.2 0.318 10.3 -0.19
0.350 7.88 -1.2 0.367 13.7 -1.8
0.395 10.8 -0.76 0.410 17.2 0.33
0.447 14.4 -0.48 0.461 20.8 -1.1
0.492 17.8 0.92 0.510 24.8 -0.78
0.546 21.3 -0.77 0.560 29.3 -0.035
0.594 24.9 -0.21 0.610 33.1 -1.2

Figure 2. Mole fraction solubility (x0) of cloxacillin sodium in binary butyl
acetate (2) + methanol (1) solvent mixtures: g, T/K ) 298.15; 0, T/K )
293.15; ∆, T/K ) 288.15; O, T/K ) 283.15.

Figure 3. Mole fraction solubility (x0) of cloxacillin sodium in binary ethyl
acetate (3) + methanol (1) solvent mixtures: g, T/K ) 298.15; 0, T/K )
293.15; ∆, T/K ) 288.15; O, T/K ) 283.15.
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From Tables 1 and 2 and Figures 2 and 3, the following
conclusions can be reached: (1) the solubility of cloxacillin
sodium in binary butyl acetate + methanol and ethyl acetate +
methanol solvent mixtures increases with both the increase of
temperature and the mole fraction of methanol within the
temperature range under consideration. (2) The calculated
solubilities of cloxacillin sodium show good agreement with
the experimental values. Thus, the experimental solubility data
and the correlation equations in this work can be used as
fundamental data and models in the purification process of
cloxacillin sodium.
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Table 2. Parameters of Equation 5 for Cloxacillin Sodium in
Binary Butyl Acetate + Methanol and Ethyl Acetate + Methanol
Mixtures

T/K ) 283.15 T/K ) 288.15 T/K ) 293.15 T/K ) 298.15

Butyl Acetate + Methanol
B0 -12.13 -11.15 -11.11 -11.41
B1 39.22 32.95 35.32 35.08
B2 -89.94 -70.46 -76.87 -63.43
B3 109.8 86.81 88.68 54.16
B4 -52.88 -45.54 -41.52 -16.78
104rmsd 0.94 0.85 0.76 0.99

Ethyl Acetate + Methanol
B0 -12.51 -10.84 -10.88 -12.49
B1 45.83 32.00 36.19 56.01
B2 -107.7 -55.87 -79.78 -149.5
B3 129.8 42.96 92.67 192.7
B4 -62.22 -9.428 -44.23 -95.21
104rmsd 0.98 0.59 0.85 1.5
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