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Reflectance measurements on gels and emulsions
containing cetrimide and cetostearyl alcohol—a

preliminary investigation
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Various light scattering properties—the reflectivity, contrast ratio and scattering index of a
series of gels and emulsions containing cetrimide, cetostearyl alcohol, water and liquid
paraffin have been examined using reflectance measurements made at 560 nm using a
four-filter, tristimulus colorimeter. The scattering properties of both systems were
dependent on the total interfacial surface area of either the dispersed unreacted cetostearyl
alcohol and/or the dispersed droplets of liquid paraffin, and hence increased with increasing
concentration of both ingredients. For the emulsion containing liquid paraffin, the
scattering Froperties increased linearly with the concentration of liquid paraffin but with the
ternary gel system the scattering properties were not directly related to cetostearyl alcohol
concentration. This was confirmed by microscopy as due to the changes in the size of the
dispersed unreacted cetostearyl alcohol. The results illustrate the potential of this simple,

reproducible non-destructive technique in the study of the structure of such systems.

The mixed emulsifer system of cetrimide and ceto-
stearyl alcohol is frequently used in the formulation
of antiseptic creams and much work has been done in
an attempt to define the structure of these creams
(Barry & Saunders 1970; Eccleston 1975). The
creams have been invariably described, somewhat
subjectively, as shiny, white semi-solids but any
further work to quantify this appearance has tended
to besignored despite the fact that, in as early as 1936,
optical techniques in the form of reflectance
measurements had already been shown to be of use
in assessing the opacity of simple oil-in-water emul-
sions (Morse 1936). More recent work by Langlois et
al (1954) using transmission measurements and Lloyd
(1959) using reflectance measurements have also
demonstrated the applicability of optical techniques
in the study of both coloured and white emulsions. In
this paper we report the use of reflectance measure-
ments to determine the scattering properties of gels
and emulsions containing cetrimide and cetostearyl
alcohol with specific emphasis on defining the
relations between the results and the proposed
structure of these systems.

Theory

The optical properties of a dispersed system, be it an
emulsion or suspension, are dependent upon light
reflection and refraction at the various interfaces,
light absorption by the various phases, and light
scattering by the dispersed phase. While the laws of
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reflection and refraction at plane boundaries are well
established, the laws of scattering are complex,
especially where the intensity of the incident light is
much diminished by passage through the system as
occurs with an opaque emulsion and other intensely
light scattering systems. In the analysis of such a
system, it is always assumed that only one side of the
sample is illuminated and that, for reflectance
measurements, the other side is in intimate contact
with a defined backing reflecting the transmitted
light in a defined manner. In the assessment of the
system as a whole, three measurements can be easily
made: firstly, the measurement of the reflectance of
the sample with a highly reflecting white backing
(designated R,); secondly, the measurement of the
reflectance of the sample with a highly absorbing
black backing (designated Rp), and thirdly the
measurement of the reflectance of a sample so thick
that any further increase in thickness has no signifi-
cant effect (designated R., commonly known as the
reflectivity or reflectance at infinite thickness). From
these measurements, a simple approach to the
assessment of the opacity of the sample can be made
in terms of the contrast ratio (usually expressed as a
percentage) equivalent to the ratio of Ry to R,, at
some defined thickness.

However, if data of a more fundamental nature
are required, then it is necessary to apply the
Kubelka-Munk theory (Kubelka & Munk 1931). In
this theory two more constants are needed to define
the optical properties of the system, viz S, the
scattering coefficient, a measure of the total light
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scattered, and K, the absorption coefficient, a
measure of the total light absorbed. S, K, and R,
(expressed as a fraction) are related by the simple

expression:
K (1-R.)?
<~ on )
S 2R,

This simple equation has been extended and made
more general (Kubelka 1948):

Sx= » Coth-1 (~_2Re 2)
x = — Coth-
b bRy (
where 1+K L (2 + R 3)
a= —_—=— | — »
—1(2K8+K2)i-—1 LR (4)
°S “2\R., 7

In these equations x is the thickness of the sample,
the product of S and x being usually referred to as the
scattering power of the sample.

MATERIALS AND METHODS

All the materials used were of Pharmacopoeial
grade. The ternary systems T; — T¢ were prepared
according to the formulae in Table 1. Cetostearyl
alcohol at 80 °C was dispersed in aqueous cetrimide
solution at the same temperature and stirred gently
with a paddle stirrer for 1 h before being allowed to
cool to approximately 60 °C. The mixture was then
homogenized using a Silverson multipurpose high
speed mixer until the setting point of the gel was
reached or for not more than 15 min. The gel was
then allowed to cool to room temperature (20 °C).
The emulsions E; — E; were prepared in a similar
fashion except that the cetostearyl alcohol was
dissolved in the liquid paraffin at 80 °C before being
added to the aqueous cetrimide solution at the same
temperature. All systems were allowed to stand for
at least 2 weeks before being tested.

Reflectance measurements using the green light
filter (wavelength 560 nm) were carried out using a
Hunterlab four filter, tristimulus, colorimeter
(Model D25A, Hunter Associates Laboratories Inc.,

Table 1. Formulations used (all concentrations % wiw).

o T L, T, T, T, T, E, E, E
Cetrimide 05 05 05 05 05 05 o5 ob o3

Cetostearyl

plleohol 025 05 10 25 40 100 100 100 100
iquid

wharaffin — - — — — — 50 100 20-0
aterto 100-0 100-0 100-0 100-0 100-0 100-0 100-0 100-0 100-0
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Virginia, USA) fitted with a 10 mm diameter viewing
aperture. The creams were poured onto microscope
slides bounded by black rubber ‘O’ rings of internal
diameter 22 mm and height varying from 1-78 to
5-33 mm. The backing tile was firmly pressed over
the ‘O’ ring to ensure intimate contact with the cream
and the slide placed over the viewing aperture of the
colorimeter. The Y tristimulus value (i.e. the green
filter reflectance) of each sample was noted and the
contrast ratio determined by dividing the reflectance
value with a black backing tile (Rg) by the reflec-
tance value with a white backing tile (Rw). The Y
tristimulus values of the black and white backing tiles
were 0-02 and 85-0% respectively. The R, values
were determined in a similar manner except that a
black plastic holder of internal diameter 22 mm and
height 600 mm was used to contain the sample and no
backing tile was used. Scattering coefficients on each
sample at each film thickness were determined using
equation (2) and the mean and standard deviation
evaluated.

RESULTS AND DISCUSSION

Before discussing the results in detail, it is pertinent
to discuss the choice of 560 nm for the wavelength of
the incident light used in this work, despite the fact
that no mention of wavelength was made in the
theoretical section. Briefly, the reason for chosing
the Y tristimulus or green filter values is because for
white opaque systems, at least, this value is generally
defined as being in agreement with the average visual
response of the human eye. Hence it is the traditional
wavelength used when measuring the opacity of
paper and paint films (Mitton 1973). Morse (1936)
used a wavelength of 540 nm when measuring the
opacity (defined as the ratio of the reflectance of a
10 mm thick sample with a black backing to the
reflectance of a standard block of calcium sulphate)
of an oil in water emulsion where the oil phase was
coloured red, but Lioyd (1959) used a wavelength of
450 nm for measuring R.. of a similar emulsion. The
wavelengths used by both workers were chosen only
after experiments over a wide range of wavelengths
were found to give similar trends. Measurements
made at both 450 and 590 nm for our system
supported these earlier findings.

Results for the measured R, values, calculated
contrast ratios and calculated scattering coefficients
are shown in Figs 14. Although for both the ternary
gels and the emulsions, all three parameters show the
same trends, the superiority of using the scattering
coefficient can be clearly seen, in that it is calculated
from measurements at different samplie thicknesses
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Fic. 1. The effect of cetostearyl alcohol concentration on
the contrast ratio at three thicknesses for the ternary gel
formulation. @ 5-33 mm M 3-53 mm A 1.78 mm.

and thus provides a statistical estimate of its preci-
sion. These results can be put in perspective by
comparison with data for scattering coefficients
obtained for tablet film coatings containing titanium
dioxide; 50-200 mm-! (Rowe 1984).

The opacity or intensity of light scattering in any
dispersed system, be it an emulsion or a suspension,
is dependent upon the following:

(a) The complex index of refraction of the
dispersed phase relative to that of the continuous
phase, m, defined by the equation of Mie (1908):

n = (ngng) (1 - ik) )

where ny4 and n. are the refractive indices of the
dispersed phase and the continuous phase respec-
tively, k is the absorption coefficient of the dispersed
phase and i is the square root of —1. For the white
opaque system used in this study k will be negligible
and hence the opacity will be dependent solely upon
the value of the ratio ng/n.. In fact, in the case of
paint films, it has been shown that there is a
rectilinear relationship between relative opacity and
the function

(ng/n;)? — 112
(ng/ne)? + 2 Mitton (1973)

(b) the interfacial surface area, which is factor
dependent not only upon the dispersed phase vol-

R. C. ROWE AND H. K. PATEL

40

30

037 23456784800

Cetosteary!l alcohol
conen (% wiw)
Fic. 2. The effect of cetostearyl alcohol concentration on
the R., value for the ternary gel formulations.
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FiG. 3. The effect of cetostearyl alcohol concentration on
the scattering coefficient for the ternary gel formulation.

ume but also on the size and distribution of the
dispersed phase. It has been shown, for instance,
that for a coloured oil-in-water emulsion R, is
directly related to the interfacial surface area raised
to a power (Lloyd 1959). However, Langlois et al
(1954) have shown a direct relation between the
interfacial surface area and the relative light trans-
mission (defined as the ratio of the light intensity
transmitted by the clear liquid to that transmitted by
the emulsion of which it is in the external phase, i.e. a
measure of the opacity) for white emulsions, the
proportionality constant being a function of the ratio
ng/ne.

Despite the fact that in the system studied here the
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FiG. 4. The effect of the concentration of liquid paraffin on
the contrast ratios at three thicknesses (@ 5-33 mm
B 3-53mm A 1-78 mm), the R.. value %, and the scattering
coefficient ¥ for the emulsion formulation.

continuous phase is not simply water, as used by
previous workers, but consists of water entrapped in
a continuous lyotropic liquid crystalline network
produced by the interaction of cetostearyl alcohol
and the cetrimide (Eccleston 1975), and that the
dispersed phase is either liquid paraffin and/or
unreacted particles of cetostearyl alcohol, the light
scattering data do conform to the concepts discussed
above. Firstly, the opacities of the emulsions are
generally higher than those of the ternary gels, as
indeed they should be, since the refractive index of
the liquid paraffin is 1-48 compared with 1-43 for the
refractive index of cetostearyl alcohol, and secondly,
there is a direct relation between the opacity and the
oil concentration in the emulsion studied (micro-
scopical examination confirmed that there was no
significant difference in the size distribution of the oil
droplets with increasing oil concentration).

The opacity change on the addition of increasing
amounts of cetostearyl alcohol in the ternary gel is
due primarily to the amount and size of the excess
cetostearyl alcohol particles present. At concentra-
tions below 1% cetostearyl alcohol there is little light
scattering since there is no unreacted alcohol—a
result confirmed microscopically. Above this con-
Centration there is a rapid increase in scattering due
0 increasing amounts of unreacted cetostearyl
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alcohol, but the increase is not linear as would
be expected. Microscopical examination of these
systems revealed that at concentrations above 4%
cetostearyl alcohol there was a gradual increase in
the overall size of the unreacted particles. This would
lead to a lower than expected interfacial surface area
and hence a lower opacity.

These results have a particular relevance when
considering the applicability of reflectance measure-
ments as a quality control technique. In all the
systems studied, great care was taken to avoid air
entrapment on cooling. However, on one occasion in
the manufacture of a ternary gel containing 10%
cetostearyl alcohol, air entrapment did take place.
Subsequent reflectance measurements showed that
the aerated system had an R, of 54-54% (cf. 38-11%
non-aerated) and a scattering index of 0-5356 +
0-0332 (cf. 0-2070 * 0-0120 non-aerated). Aeration
had increased the apparent dispersed phase volume
and hence the total interfacial surface area.

The results certainly show that differences in the
scattering properties of these systems can be high-
lighted by this method and illustrate its potential in
the study of their structure and in the optimization of
the formulation and processing conditions during
product development. The technique is simple,
reproducible, rapid and, above all, non-destructive.
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