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Abstract

The phase behavior of different fatty carboxylic acids (FA) in oil/water system was studied.
The Winsor I-1II-II transitions of ionized compounds were attained by varying the FA composi-
tion through the formulation scan. The effect of adding an alcohol in the system was study. The
middle-phase volume decreases with the chain length and alcohol concentration. On the other
hand, FA partition in biphasic systems was study. The partition isotherm is obtained plotting
the decimal logarithm of the acid concentration in the oil and water phase. The intercept of this
graph is related with the critical micellar concentration (cmc) of each fatty acid. It was observed
that the cmc decreases with the chain length of FA.

Key words: Cmc; fatty acid; formulation scan; phase behavior.

Comportamiento de fase de acidos carboxilicos grasos
en sistemas n-heptano/agua

Resumen

Se estudio el comportamiento de fase de diferentes acidos carboxilicos grasos (FA) en siste-
mas aceite/agua. La transicion Winsor I-1II-II de compuestos ionizados se obtuvieron variando
la concentracion de FA a través de barridos de formulacion. Se estudio el efecto de adicion de al-
coholes en el sistema. El volumen de fase media disminuye con la longitud de la cadena y la con-
centracion del alcohol. Por otro lado, se estudié6 el reparto de FA en sistemas bifasicos. La isoter-
ma de reparto se obtiene graficando el logaritmo decimal de la concentracion de acido en las fa-
ses oleicay acuosa. El punto de intercepcion de este grafico se relaciona a la concentracion mi-
celar critica (cmc) de cada acido graso. Se observo que la cme disminuye con la longitud de la ca-
dena del FA.

Palabras clave: Acidos grasos; barridos de formulacion; comportamiento de fase; cmc.

Introduction a lot of research has been carried out to un-
derstand more and more complex situa-
tions. As a consequence the formulation
variables were recognized and their influ-

The phase behavior of ternary
surfactant-oil-water systems was first eluci-
dated by Winsor (1) 50 years ago. Since then
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ence was established in a quantitative fash-
ion for many systems (2, 3). The phase be-
havior of surfactant-oil-water systems is
usually referred to the Winsor model (1, 3).

When the surfactant affinity for the wa-
ter (respectively oil) phase dominates a so-
called Winsor Type I (respectively II) phase
behavior takes place in which an aqueous
(respectively oil) surfactant-rich phase is in
equilibrium with an excess oil (respectively
water) phase. When the affinity of the sur-
factant for the oil phase exactly equilibrates
its affinity for the water a so-called Winsor
Type III system is attained in which a
microemulsion containing most of the sur-
factant is in equilibrium with both excess
water and excess oil. As the formulation is
changed monotonously phase behavior
transition takes places either in the direc-
tion I-=III-II or vice versa (4-11).

Lipids, including fatty acids, are impor-
tant group of amphiphilic molecules that are
used in stabilizing oil-water (o/w) inter-
faces. Lipid as well as fatty acid as amphi-
philic molecules may self-assemble into a
variety of aggregates ranging from micelles
to bi-layers to multilayered stacked of lamel-
lar type to other form of liquid crystalline
structures (12, 13). In any case vesicles in
emulsion with these appealing feature finds
potential applications in pharmaceutical
and cosmetic industries due to their ability
in releasing drugs and other biologically ac-
tive substances encapsulated in a slow and
controlled manner (14).

Low molecular weight amphiphiles
such as phospholipids are capable of forming
vesicles from both their aqueous solutions
and o/w emulsions. Strong evidence of the
presence of fatty acid vesicles in o/w emul-
sions was provided by Ferezou et al. (15),
Hajri et al. (16) and Westsen and Wehler (17),
reported that in most fatty acid stabilized
commercial o/w formulations lipid vesicles
coexist as dispersed phase with emulsified
droplets. Aqueous fatty acid solutions are ca-
pable of forming vesicles spontaneously,

where vesicles are formed as a function of pH
by deprotonation of fatty acid molecules (18).
In these systems carboxylate anion are re-
garded as surfactant, whilst the correspond-
ing fatty acid as a co-surfactant (19).

Wider knowledge has been developed
on the quaternary systems water/oil/sur-
factant/alcohol (6-11), especially in applica-
tion to enhanced oil recovery (20, 21). These
studies have led to a good understanding of
the relations between the nature of the sur-
factant, oil, alcohol and composition pa-
rameters and the phase pattern (especially
the multiphase behavior often named Win-
sor II-III) within pseudo ternary diagrams.
In the specific case of the polyethylene oxide
surfactants, the simple variation of the tem-
perature leads to the progressive change of
the phase pattern. This behavior can be re-
lated to the change in the polar head hydra-
tion. On the other hand, enhanced oil recov-
ery by alkaline flooding was proposed some
years ago as an inexpensive way to take ad-
vantage of the acid components that occur
naturally in some crude oils (22, 23).

The stabilization of oil-in-water emul-
sions can also be attained in this way. In
these cases the carboxylic acid contained in
the crude oil adsorbs at the O/W interface,
where it is neutralized into a carboxylic salt
with surfactant properties such as interfa-
cial tension lowering or emulsification. In or-
der to obtain three-phase systems (Winsor
IIl) as a traces of the optimal formulation
(R= 1), we studied the effect of FA length
chain in the phase behavior of fatty acids in
FA/oil/water systems.

Experimental Procedure

The studied amphiphiles were as fol-
lows: caprilic acid (C8), capric acid (C10),
lauric acid (C12), myristic acid (C14), pal-
mitic acid (C16) and stearic acid (C18),
which behave as surfactants (all provided by
Merck). They are referred to as CN, where N
indicates the number of carbon atom in the
acid molecule. FA-oil-water systems are
studied according to the so-called one-
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dimensional scan technique. For each of the
series, a dozen test tubes are prepared, each
containing oil, water, and acid in identical
amounts, but with the nature of one of the
components changing progressively from
one test tube to the next. In the present
study the fatty acid length chain and con-
centration are the studied variables.

Test tubes typically contain 10 mL of
n-heptane, 10 mL of aqueous phase (dion-
ized water with NaOH and NaCl at 0.6
mol/L, from Merk), and X grams of commer-
cial fatty acid (0.4 to 2.0 % p/v). The FA is in-
troduced as an oil solution. The tubes are
closed with a screw cap and placed in a verti-
cal position at constant temperature enclo-
sure (25°C). They are gently stirred once a
day for a period of one week to improve the
phase contact; then they are left to fully
equilibrate for at least 2 weeks. When the
mass of acid was increased the number, vol-
ume and composition of phases were regis-
tered for each fatty acid surfactant.

The samples were described according
to the Winsor classification of multiphase
systems. Since in low concentration sys-
tems, the FA is not enough to produce a
three-phase optimum system, a concentra-
tion scan of alcohol co-surfactant (n-propa-
nol, n-buthanol, and n-hexanol, from
Merck) was made.

In the specific case of the partition iso-
therm study the biphasic systems was used,
and the acid concentration is much lower. It
was taken as close to the cmc of the salt in
water and different NaOH concentration
were used to produce a formulation scan. In
the all cases, the concentration of acid in the
different phases was determined by HPLC
method using a Nucleosil C18 (25 cm x 4.6
mm, 5 pym) column and acetonitrile (Baker
Chemicals) as mobile phase (24).

Result and Discussion

The pH-sensitive systems are best
treated as containing a mixture of two am-
phiphilic species that occur in different pro-

portions depending on the pH. In order to
observe the phase behavior of fatty acid in an
oil/water system, a scan formulation with
different fatty acid was performed. In this
system the optimum pH is independent of
the acid concentration. That is, does not de-
pend on the initial acid concentration of the
system due to the formation of a tampon. On
the other hand, when sodium hydroxide is
added in the three-phase region, a reaction
take place with the acid specie and their
soap appear in the interface due to its hydro-
philic character and the acid-base equilib-
rium presented.

Figure 1 shows the concentration scan
for C12 in an n-heptane/water system. The
results showed that it is possible to obtain
a wide range of WIII systems. The optimum
formulation (three phase system where the
microemulsion is in equilibrium with both
water excess and oil excess phases) was
reached at 1.4%, 1.2% and 1.0% p/v for the
lauric (C12%*), myristic (C14*) and palmitic
(C16%*) acid, respectively as shown in the
Table 1.

Figure 2 shows that in these systems
takes place a transition of type WII-WIII-WI.
In WII (water-in-oil microemulsion) an excess
water phase is in equilibrium with the
microemulsion phase, i.e. water is solubilized
into reverse micelles dispersed in the oil con-
tinuous phase. In WIII (middle phase) a
microemulsion occurs between Winsor type I
and type I. This phase is thermodynamically
stable and contains virtually all of the surfac-
tant, and a mixture of oil and water. This mid-
dle phase coexists with excess oil and water
phases. WI (oil-in-water, microemulsion)
contains an excess oil phase and surfactant
micelles in the microemulsion phase. In this
phase, the oil solubility is enhanced by parti-
tioning into surfactant micelles dispersed in
water continuous phase).

Table 1 also shows the impact of fatty
acid chain length on the phase behavior of
the microemulsion: the longer the chain
length and the lower concentration of the
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Figure 1. Formulation scans for C12 acid in an n-heptane/water system.

fatty acid (C16) required for achieving the

phase transition. This result is as expected

Table 1
Characteristics of the fatty acid in the optimum formulation systems.

Acid g Acid/ 100 mL Middle phase volume (mL) pH
C12 1.4 2.8 7.87
Cl4 1.2 3.0 8.35
C16 1.0 3.9 8.86
Water phase: NaOH and NaCl at 0.6 M.
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Figure 2. Variation of the phase volume along the FA formulation scan.
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and can be described on the basis of modi-
fied Winsor’s R-ratio (Equation 1) (1):

ACO
ACW

- Aoo —AL
- AWW - AHH

R = [1]

Term A represents the interaction en-
ergy per unit interfacial area. Subscripts C,
W and O are interfacial surfactant, water,
and oil molecules, respectively, whereas
subscripts L and H represent the lipophilic
and hydrophilic parts of the surfactant. A
Winsor type II system has an R-ratio greater
than unity because the interaction energy
between the surfactant and the oil is larger
than that between the surfactant and the
water (3, 25-26) due to the lipophilic charac-
ter of these fatty acids. As the R-ratio ap-
proaches one, conditions are favorable to
form a Winsor III or IV system (3). System
containing short-chain fatty acids (n=8, 10)
formed a clear solution whereas the system
containing long-chain fatty acids (n =12, 14)
resulted in gel formation. This could be due
to the lack of solubility of long-chain fatty

acids and consequently a liquid crystal/gel
formation occurs (3, 25, 27).

On the other hand, a lineal relation-
ship of the volume of middle phase with the
concentration of the FA in the system was
observed; this indicates that this phase
contains the biggest concentration of sur-
factant. The microemulsion volume in the
Winsor III system for C16 was always larger
than for C12, which indicates the better
solubilization attained with the former on a
weight basis.

As the concentration of a surfactant in
an aqueous or oil solution is increased, the
so-called micellization takes place at a con-
centration referred to as the critical micelle
concentration or cmce. The cmc is not exactly a
value but certain concentration interval that
can be relatively wide if the surfactant is a
mixture of notably different chemical species.
The partition isotherm of the carboxylic acid in
the oil-water system was determined over the
concentration range and above the cmc of the
corresponding soap solution. Figure 3 shows
the partition of C8, C10, C12 and C14 in the
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Figure 3. Partition of (A) C8, (B) C10, (C) C12, and (D) C14 acid; obtained by HPLC on a Nucleosil C18
(25 cm x 4.6 mm, 5 um) column and acetonitrile as mobile phase.
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n-heptane-water biphasic system at 25°C. As
seen in this figure, the partition of a surfac-
tant in n-heptane-water system exhibits an
abrupt change of slope when the equilibrium
concentration of the surfactant attains the
cme. This crossing point allows calculated a
estimate value of the cmc for each fatty acid
studied.

A decrease of the cmc value as the
number of carbon atoms in the hydrophobic
group increases was observed. The cmc
(mM) calculated was: 17.37 (C8), 11.22
(C10), 7.41 (C12) and 4.82 (C14). A widely
used rule for straight-chain ionic surfac-
tants is that the cmc is halved by the addi-
tion of one methylene group to its hydropho-
bic group. However, when the number of
carbon atoms in a straight-chain hydropho-
bic group exceeds 16, the cmc no longer de-
creases so rapidly with an increase in the
chain length. This may be due to the coiling
of these long chains in water (26, 28-31).

On the other hand, the addition of alco-
hol is known (3, 32, 33) to cause a phase be-
havior transition of the Winsor I-Winsor III-
Winsor II kind for ethoxylated alkylphenols.
Moreover, since soaps are anionic surfac-
tants, alcohol is added in systems of high
soap concentration so that a microemulsion

forms instead of a solid mesophase (3). In
low FA concentration system alcohol is not
necessary. However in the referred case
there is not enough surfactant to produce a
three-phase behavior. To study the effect of
alcohol in these systems to obtain Winsor III
(three-phase) behavior, an alcohol concen-
tration scan was carried out by increasing
amounts of n-butanol in a FA/n-he-
ptane/water system with different NaOH
concentration. Figure 4 show this effect. It
can be observed that for a system with low
NaOH concentration (0.2 M) a high alcohol
concentration is necessary to attain the
three-phase system, due to negligible ionic
strength brought by the presence of sodium
hydroxide. In these systems the acid is solu-
bilized in the aqueous phase thanks to the
alcohol that partitions into it.

Furthermore, when the Winsor III is
attained and more alcohol is added to the
three-phase system, the middle phase vol-
ume is reduced. This change essentially
follows the variation in the middle phase
volume, so that the concentration of FA in
the middle phase remains roughly con-
stant. The middle phase volume for C16
acid was higher due their more lipophilic
character. This effect was also studied for

® y=-0.94N+27.40 (0.9986), 0.2 MNaOH
O y=-1.50N +31.00 (0.9999), 0.4 MNaOH
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Figure 4. Concentration of n-Butanol necessary for obtain three-phase system in the
acid/n-heptane/water system with different NaOH concentration.
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Figure 5. Variation of the middle phase volume with different alcohol in the n-heptane/water system.
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Figure 6. Effect of adding alcohol on the FA concentration in the oil phase.

n-propanol and n-hexanol. In the all cases
the middle phase volume decreases with
the alcohol concentration (Figure 5). Fig-
ure 6 show as decrease the FA concentra-
tion in the oil phase with the chain length,
that which indicates that the more lipo-
philic acid is distributed mostly in the mid-
dle phase.

Conclusions

The concentration for attains the opti-
mum formulation decrease with the chain
length FA due to lipophilic character of these
surfactants. In the oil/water system the cmc
value of these acids decreases with the

length chain acid. On the other hand, for the
system with NaOH 0.2 M a high n-butanol
concentration (more than 10 % v/v) was nec-
essary, due to negligible ionic strength
brought by the sodium hydroxide to produce
a Winsor III system.
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