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Abstract
Miscibility of binary mixtures of benzyl benzoate and liquid paraffin as functions of temperature and composition
has been determined using phase separation method. The binary mixtures demonstrated a critical (upper)
solution temperature of 35 °C at 101325 Nm? with a mixing gap. A tie-line drawn at 28 °C across the phase diagram
indicated that benzyl benzoate at concentrations between 38% and 77% remained practically immiscible with
liquid paraffin due to phase saturation, while phase separation will occur in a solution containing a binary
mixture 0 25% benzyl benzoate in liquid paraffin stored at temperatures lower than 18 °C.
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1. Introduction

A comparative preliminary clinical test of leaf
essential oil of Lippia multiflora Moldenke, family
Verbenaceae (Lippia oil) and benzyl benzoate as
ectoparasitic agents was carried out using liquid
paraffin as the placebo and diluting medium
(Oladimeji et al., 2000). The choice of liquid paraffin
as diluting medium arose from the fact that it is
stable, non-reactive (Turkoglu et al1., 1999), and non-
sensitizing (Fisher ef al., 1971). However, while the
Lippia oil was completely miscible with the liquid
paraffin at all concentrations, benzyl benzoate
exhibited concentration dependent miscibility in
liquid paraffin, thus limiting the concentration at
which the benzyl benzoate could be applied for the
clinical test. The degree of miscibility of two liquids
is often dependent on temperature and their
composite concentrations (Peters ef al., 1992; Lim
etal., 1993). Partially miscible liquids are generally
categorized into three different systems based on
increased miscibility with rise in temperature
(Eustaquio-Rincon et al., 1993; Cuevas et al., 1995),
decreased miscibility with rise in temperature (Chen
el al., 1997), and miscibility showing upper and
lower temperature dependence (Gelb et al., 1999;
I'oreman and Luks, 2000). The degree of solubility
or miscibility of benzyl benzoate with some liquid
media has been reported (Reynolds, 1989). However,
there is no report on the miscibility of binary
mixtures of benzyl benzoate and liquid paraffin. In
this study, the effect of temperature and composition
variations on the degree of miscibility of binary
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mixtures of benzyl benzoate and liquid paraffin is
investigated and reported.

2. Experimental

Benzyl benzoate and light liquid paraffin (Williams
Ransome and Sons Ltd., England), whose weight per
milliliter (g/mL) were determined as 1.1131+0.0081
and 0.8397 + 0.0057, respectively, using British
Pharmacopoeia method (1998) were used for the
experiment. A series of binary mixtures of varied
concentrations of benzy! benzoate (5 to 95%) in
liquid paraffin were prepared volumetrically in 10mi
stopper measuring glass cylinders graduated in 0.1
mL. The required volume of the benzyl benzoate was
added to the liquid paraffin and shaken for 5 min
using a mechanical shaker. The test samples were
stored at appropriate temperature (6 to 45 ‘C) + 0.5
‘C over a period of 24h in thermo-regulated
refrigerator (Astell Hearson, England) or water bath
(GFL, Germany). The samples were subsequently
observed for total miscibility or phase separation
(Lim ef al., 1993). The temperatures at which the
two liquids become miscible were recorded, while
the volume fraction of the separated phases at
different temperatures and concentrations were
measured. The results were the mean values + SD
of three determinations for each of the twenty
treatments. The experimental results and the
calculated values were subjected to #-test with
minimum level of significance established at 5%
(Steel and Torrie, 1980).
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3. Results and Discussion

The temperature-composition phase diagram of
binary mixtures of benzyl benzoate and liquid
paraffin is indicated in Fig. 1. The mixtures fall into
category of a system showing increase in miscibility
with rise in temperature. The phase boundary points
AB and CD represent the effect of temperature on
the miscibility of benzyl benzoate in liquid paraffin
and that of liquid paraffin in benzyl benzoate,
respectively. To the right of line AB, addition of
benzyl benzoate to liquid paraffin led to separation
into two phases to give a saturated solution of benzyl
benzoate in liquid paraffin until line CD is reached.
Further addition of benzyl benzoate to liquid paraffin
after line CD, led to the formation of an unsaturated
solution of liquid paraffin in benzyl benzoate as a
single phase. The phase boundary curve ABCD,
therefore, separates the single-phase system of one
liquid (solution of benzyl benzoate and liquid
paraffin) from a two-phase system of two mutually
saturated liquids. Above line BC, which has been
defined as Critical (upper) Solution Temperature
(CST) (Cuevas et al., 1995; Gelb et al., 1999), the
benzyl benzoate and the liquid paraffin were miscible
in all proportions. This critical upper solution
temperature was found to be 35 °C for the binary
mixture of benzyl benzoate and liquid paraffin. The
phase boundary points AB and CD were further
regressed and defined by equations
2.65+0.53X (r=0.93) and
121.56-1.24X (r = -0.99), respectively,

from which the value of X (concentration of benzy!
benzoate at CST) was calculated (tangent method)
as 67.2% v/v, which is not quite different from 68.0%
v/v obtained experimentalily. The concentrations of
benzyl benzoate at which miscibility with liquid
paraffin will occur at temperature below 35 "C were
calculated based on the two equations and the values
compared statistically with those obtained
experimentally. The calculated t-value (1.782)
compared with the tabulated value (2.093, df = 19),
indicated no significant difference between the
calculated and experimental data (P > 0.05). A tie-
line drawn at 28 °C (room temperature) across the
phase diagram indicated that benzyl benzoate at
concentrations between 38.0% and 77.0% v/v
remained immiscible with liquid paraffin due to
phase saturation. The miscibility of benzyl benzoate
with liquid paraffin at concentration higher than
77.0% vlv, however, was due to formation of an
unsaturated solution of liquid paraffin in the benzyl
benzoate.

4. Conclusion

The effective concentrations of benzyl benzoate
prescribed for the treatment of scabies range between
10% and 25% (Reynolds, 1989; Elgart, 1996;
Olasode and Onayemi, 1998). While such
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concentrations are readily miscible with liquid paraffin
at 28 °C (an average room temperature encounters
in the tropics), it is implied from the phase diagram
obtained in this study that a binary mixture containing
25% benzyl benzoate in liquid paraffin will separate
at temperatures lower than 18 °C.
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Fig.1: Temperature-composition phase diagram of binary mixtures of benzyl benzoate and liquid paraffin.
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Legend to Fig. |:
CST = Critical Solution Temperature (35 “C).
ABCD = Phase boundary points.




