Journal of Industrial Technology 4 · (2), 1994, 1-11

EFFECT OF ALKYL ALKANOL ON THE PENETRATION OF
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RINGKASAN: Satu kajian terhadap kesan siri alkohol ke atas penembusan air

ke dalam struktur hablur cecair lame/a dengan kehadiran minyak kelapa sawit
RBD telah dilakukan dengan kaedah pembelauan sinar X bersudut rendah pada
3CPC. Pengurangan pada penembusan air telah didapati apabila minyak sawit
RBD hadir dalam struktur hablur cecair lame/a. Pengurangan ini adalah tertinggi
untuk siri alkohol yang mempunyai rantaian terpanjang.
ABSTRACT: The effect of a series of alkyl alcohol on the penetration of water

into a lamellar liquid crystal structure in the presence of a vegetable oil, RBD
palm olein was carried out by employing small angle x-ray diffraction technique
at 30°C. A reduction in the penetration of water was found when RBD palm
olein molecules were present in the lamellar liquid crystal structure. This reduction
in the penetration of water was highest in the alcohol series with the longest
chain.

KEYWORDS: Lamellar liquid crystal, RBD palm olein, small angle x-ray diffraction,

solubilization.
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INTRODUCTION

The introduction of micellar solution and solU1bilization concept by McBain (1950) has since
attracted investigators to further understand the mechanism of enchanced solubility of a
compound. The compound to be solubiliz1ed or the solubilizate may simply be located
in the polar region of the amphiphatic structurie or be associated with the amphiphile between
the palisade layer. The degree of solubility depends on the structure of the amphiphile,
the type of surfactant or solvent and the nature of solubilizate (Bourrel and Schechter,
1988). An amphiphatic structure commonly used as the host to these solubilizates is the
lamellar liquid crystal (Ekwall, 1975).
The lamellar liquid crystal structures form the basis of the formulations used in many topical
products such as skin cream and ointments. These are stable structures and are made
up from sheets of surfactant and alcohol (acting as co-surfactant) bilayers separated by
water layers (Figure 1). They exhibit a large solubilization ability due to their dual environment
(hydrophile and lipophile) and high degree of molecular order (4). Such structures were
indentified by the pioneering work of Ekwall (1975). There are numerous literature for
both aqueous and non-aqueous systems (Laughlin et al., 1990; Bleasdale and Tiddy, 1990;
Kekicheff, 1989; Sadaghiani et al., 1989; Moucharafieh and Friberg, 1979; Friberg et al.,
1986; Friberg et al., 1989). The work on solubilization employing these structures has
also been satisfactory (Garti et al., 1991; Friberg et al., 1990; Wahlgren et al., 1984) due
to their great potential in industrial applications.
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Figure 1. A lamellar liquid crystal structure divided into three zones.
A: water/polar, B: hydrocarbonl-paliisade, and C: methyl/nonpolar layer.
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In this study, the author employed refined, bleached and deodorized (RBD) palm olein
as the solubilizate to study the penetration of water into the lamellar liquid crystal. The
effect of a series of linear alkyl alcohol acting as co-surfactant on the penetration behaviour
was also carried out. The author feels that this work on the incorporation of RBD palm
olein into a lamellar liquid crystal structure is essential to illustrate the former's suitability
as a component of surfactant-based formulations. Palm oil is abundantly produced at
a relatively low cost in Malaysia. The rapid emergence of oleochemical industries in this
country further strengthens the need to do extensive research in order to promote, diversify
and expand the oil palm industry, thus perpectuating Malaysia's position as a leading
supplier of palm oil.

MATERIALS AND METHODS
Materials
The surfactant cetyltrimethyammonium bromide (CTAB) was obtained from Sigma Chemical
and the series of alkyl alkanol i.e. 1-pentanol, 1-hexanol and 1-octanol were from Aldrich.
All of these materials were of highest purity and no further purification was performed.
The RBD palm olein was obtained from PORIM, Bangi and its fatty acid content (Table
1) was analyzed by gas-liquid chromatography. The iodine number based on the hydrocarbon
content was found to be 58.4. The water used to prepare the samples was doubly distilled.
Table 1.

Fatty acid composition of RBD Palm Olein
Fatty acids

Percentage

Laurie
C12:0
Myristic C14:0
Palmitic C16:0

0.2
1.0
39.8

Stearic C18:0
Oleic
C18:1
Linoleic C18:2
Others

4.4
42.5
11.2
0.9

Preparation of Lamellar Liquid Crystal Samples
The samples were prepared by weighing 250 mg of total CTAB/alcohol at a ratio of 65:35
(wt/wt) in a 7 mm culture tube with a screw cap. The samples were then titrated with
water and homogenized using Thermolyne vortex meter followed by centrifugation at 500010000 rpm. The RBD palm olein [5.0 wt.%/(CTAB + alcohol)] was then added to the
liquid crystalline samples. The phase transition was followed by direct observation between
cross polarizers and identified using a Will polarizing microscope (Model V 365).
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Determination of Interlayer Spacings
The interlayer spacing of the liquid crystalline samples was determined by the small angle
X-ray diffraction method at room temperature. The interlayer spacing was calculated using
the standard Bragg equation.
The diffraction angle, 0, is calculated by:
tan (20)

=

OS

(1)

2(/ + x )

where D is the distance between the peaks obtained from the x-ray measurements, S
is a calibration factor associated with the detector, I is the length between the sample
and detector and x is the calculated length from the calibration curves.

Small

Angle X-ray Diffraction

A Kiessig small angle camera from Richard Seifert employing a conventional Ni filtered
Cu source operating at 40 kV and 30 mA was used. The diffraction pattern was detected
using a Tennelec detector system (Model PSD-1100). The exposure time for the samples
was set to 1000 seconds and the alignment of the instrument was checked by lead stearate
standard with an interlayer spacing of 48.2 A. The diffractogram of the standard is shown
in Figure 2.

Figure 2. The small angle x-ray diffraction pattern of lead stearate standard. The
distance of the main peaks corresponds to an interlayer spacing of 48.2 A.
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RESULTS AND DISCUSSION
Optical Pattern

The addition of the CTAB/alcohol (65:35 wt./wt.) mixture over a water content
of 30-40 percent forms a typical lamellar liquid crystalline structure. The alcohols used
were 1-pentanol, 1-hexanol and 1-octanol. The optical patterns, before and after the addition
of RBD palm olein into the liquid crystals are illustrated in Figures 3 and 4 respectively.
Figure 3 shows the texture of the liquid crystal prior to the addition of RBD palm olein
exhibits an oily streak pattern. The presence of RBD palm olein molecules altered the
texture to a striated type (Figure 4). Both these patterns are typical lamellar liquid crystal
structure. This phenomenon illustrates to a certain extent that the addition of RBD palm
olein to the above structure has induced a perturbation in the organisation of the amphiphilic
molecular but the overall lamellar liquid crystalline structure is maintained.

Figure 3. Optical pattern of a typical lame/lar liquid crystal at
a representative region before the addition of RBD palm olein.

Figure 4. Optical pattern of a typical lamellar liquid crystal at
a representative region after the addition of RBD palm olein.
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Small Angle X-ray Diffraction
The calculated interlayer spacings from the small angle x-ray diffractograms were plotted
against water fractions in the range of 30-40 percent corresponding to the water ratio of
0.4-0.67. The RBD palm olein (5.0 wt.%/(CTAB + alcohol)) was then added to the liquid
crystalline samples at CTAB/alcohol weight ratio of 65/35 and the water content adjusted
to 30-40 weight percent.
Figure 5 shows a plot of the interlayer spacing, d, for the systems prior to the addition
of RBD palm olein for all the series of alcohol used against the ratio of water. The interlayer
spacings were found to increase linearly with the water ratio in the region investigated.
A uniform increment of about 3 A in the interlayer spacings was also observed as the
alcohol series was increased (Figure 5). This is expected as a longer hydrocarbon chain
should exhibit a higher interlayer spacing (Ekwall, 1975). A similar trend was observed
when the RBD palm olein was added to the liquid crystalline host as shown in Figure
6. However the interlayer spacings remained constant when RBD palm olein was added
directly to the liquid crystals (Figure 7). In addition, the solubilization of RBD palm olein
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Figure 5. Interlayer spacing as a function of water volume
fraction for CTAB:
(i) o, pentanol, (ii) ~. hexanol and (iii) o, octanol; weight
ratio of 65/35.
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Figure 6. Interlayer spacing as a function of water volume fraction for CTAB in:
(i) •. pentanol, (ii) ..6., hexanol and (iii) •. octanol, weight ratio of 65/35 after
the addition of RBD palm olein.

48..---- -- - - - - - - - - ,

48

.g

"'
u
z

44

if.

"'a:w

:5a:
w

42

~

\i':

40

-

'-----'----'-----'----'-----'

0

O.OII

0.1

0.18

0.2

0.211

ABO PALM OLEJN/ (1·ABD PALM OLEIN) WEIGHT RATIO

Figure 7. Interlayer spacing as a function of added RBD palm olein
weight fraction for samples of initial compositions:

i)
ii)
iii)

o, 40% CTAB, 22% pentanol, 38% water (wt. %).
Li, 44% CTAB, 24% hexanol, 32% water (wt. %).
o, 39% CTAB, 21% octanol, 40% water (wt. %)
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was found to be dependent upon the co-surfactant hydrocarbon chain; a solubility of about
20 percent for the CT AB/octanol/water system as compared to only about 12 percent for
the CTAB/pentanol/water system. The results in Figure 7 may be interpreted as the
penetration of RBD palm olein throughout the entire liquid crystal structure (Figure 1).
However the fact that the interlayer spacing remained constant after the addition of RBD
palm olein to just the liquid crystal shows that the water/RBD palm olein had penetrated
into only the amphiphile region (Figure 1). The relative penetration of water and RBD
palm olein could not be determined from this result. In order to establish this value one
of the factors must be eliminated. This was done by extrapolating the results in Figures
5 and 6 to zero solvent composition, thus eliminating the influence of water. The penetration
of RBD palm olein per se could hence be established.
Table 2 shows a regular increase of the extrapolated values of the interlayer spacing,
d0 for both systems as the alcohol series increased. The slopes were however higher
after the addition of RBD palm olein. This parameter was then used to deduce the
Table 2. Values for the extrapolated interlayer spacings, d0 , slopes
and penetration factor, a, for the liquid crystal samples
d 0 (A)

a

slope

Liquid Crystal
No RBD

RBD

No RBD

RBD

No RBD

RBD

CTAB/Pentanol

24.48

24.32

26.97

30.77

-0.10

·0.26

CTAB/Hexanol

25.73

27.30

"32.58

31 .84

-0.27

-0.16

CTAB/Octanol

31 .65

29.90

25.88

33.42

0.18

-0.11

penetration of water into the liquid crystals. The penetration fraction of water, a, is
defined as follows. For an added solvent that is localized entirely in the polar zone A
or methyl zone C (Figure 1), a = 0. The variation of the interlayer spacing, d, with the
volume ratio of added substance to that of the original, R, is

(2)

d = d0 (1 + R)

in which d0 is the extrapolated interlayer spacing to zero solvent. If the solvent is partitioned
equally into zones A, 8 and C (figure 1), a = 1 and the interlayer spacing function becomes
independent of R, i.e.,

(3)
When penetration occurs in the intermediate layer, i.e. Zone 8, a is defined by,
d

=d

0

(4)

[1 + (1 - a)R]
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and this relation satisfies the conditions stated in equations (2) and (3). Further rearrangements
of equation (4] lead to

(5)
where (d 0 - d0 a) is the slope obtained from Figures 5-7. Hence the penetration factor
for intermediate penetration into zone B (Figure 1) is given by,
a = 1-slope/do

(6)

The penetration factors, a , before and after the addition of RBD palm olein, at various
alcohol series are summarized in Table 2. The a values obtained exhibited two distinct
phenomena.
The presence of RBD palm olein resulted in a marked reduction of water penetration into
zone B (Figure 1). Increasing the alcohol series showed the opposite effect on the penetration
factor (Table 2), both with the absence/presence of RBD palm olein. The negative a values
obtained for the compositions of CTAB/pentanol and CTAB/hexanol (Table 2) may at first
glance seem surprising since a negative value implies that the interlayer spacing increases
more than that corresponding to the added water.
This behaviour may be explained by the solubility of water in the various alcohols. The
solubility of water in alcohol is 12/88 (w/w) and 4/96 (w/w) for pentanol and hexanol
respectively. Therefore pentanol/water or hexanol/water solution shows less tendency to
penetrate into zone B (Figure 1) than the free pentanol or hexanol per se. Such a behaviour
resulted in a larger influx of pentanol or hexanol into zone A (Figure 1) which in turn brought
about the negative a values for the penetration of water. This phenomenon was not
observed for the octanol system due to the immisciblity of water in octanol. Hence the
octanol molecules are either located in zone B or C (Figure 1). The reduction in the
water penetration as RBD palm olein was added could be explained by the hydrophobic
nature of the latter. The presence of RBD palm olein between the palisade layers obviously
prevents the water molecules from penetrating into the layered structure and thus are
anchored in the polar region (zone A, Figure 1). The rate of change of the penetration
factor, a, with the carbon number of the alcohol series is however more systematic when
the RBD palm olein is present in the structure as shown in Figure 8.

CONCLUSIONS

The penetration of water, with RBD palm olein incorporated into the lamellar liquid crystalline
structure, comprising of a series of alcohol as co-surfactant was confirmed by small angle
x-ray diffraction method. The presence of RBD palm olein in the lamellar liquid crystal!
structure prevents water from penetrating into the palisade layer. The penetration is also
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CARBON NUMBER

Figure 8. Plot of penetration factor against carbon number
of the alcohol series:
i) o, before and ii) ~. after addition of RBD palm olein.
dependent on the solubility of water in the alcohol series. The reduction in water penetration
into the palisade layer may stabilized the liquid crystal structure. This phenomenon is
a favourable occurrence in the formulation of cosmetic products.
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