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Abs tract

The pha se beha vior of diffe rent fatty car bo xylic acids (FA) in oil/wa ter sys tem was stu died.
The Win sor I- III- II tran si tions of io ni zed com pounds were at tai ned by varying the FA com po si -
tion through the for mu la tion scan. The effect of adding an al co hol in the sys tem was study. The
middle-pha se vo lu me de crea ses with the chain length and al co hol con cen tra tion. On the other
hand, FA par ti tion in bipha sic sys tems was study. The par ti tion iso therm is ob tai ned plo tting
the de ci mal lo ga rithm of the acid con cen tra tion in the oil and wa ter pha se. The in ter cept of this
graph is re la ted with the cri ti cal mi ce llar con cen tra tion (cmc) of each fatty acid. It was ob ser ved
that the cmc de crea ses with the chain length of FA.

Key words:  Cmc; fatty acid; for mu la tion scan; phase beha vior.

Com por ta mien to de fase de áci dos car bo xí li cos gra sos
en sis te mas n- hep ta no/agua

Re su men

Se es tu dió el com por ta mien to de fase de di fe ren tes áci dos car bo xí li cos gra sos (FA) en sis te -
mas acei te/agua. La tran si ción Win sor I-III-II de com pues tos io ni za dos se ob tu vie ron va rian do
la con cen tra ción de FA a tra vés de ba rri dos de for mu la ción. Se es tu dió el efec to de adi ción de al -
co ho les en el sis te ma. El vo lu men de fase me dia dis mi nu ye con la lon gi tud de la ca de na y la con -
cen tra ción del al co hol. Por otro lado, se es tu dió el re par to de FA en sis te mas bi fá si cos. La iso ter -
ma de re par to se ob tie ne gra fi can do el lo ga rit mo de ci mal de la con cen tra ción de ácido en las fa -
ses olei ca y acuo sa. El pun to de in ter cep ción de este gráfico se re la cio na a la con cen tra ción mi -
ce lar cri ti ca (cmc) de cada áci do gra so. Se ob ser vó que la cmc dis mi nu ye con la lon gi tud de la ca -
de na del FA.

Pa la bras cla ve: Aci dos gra sos; ba rri dos de for mu la ción; com por ta mien to de fase; cmc.

In tro duc tion

The phase be hav ior of ter  nary
surfactant- oil- water sys tems was first elu ci -
dated by Win sor (1) 50 years ago. Since then

a lot of re search has been car ried out to un -
der stand more and more com plex situa -
tions. As a con se quence the for mu la tion
vari ables were rec og nized and their in flu -
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ence was es tab lished in a quan ti ta tive fash -
ion for many sys tems (2, 3). The phase be -
hav ior of surfactant- oil- water sys tems is
usu ally re ferred to the Win sor model (1, 3).

When the sur fac tant af fin ity for the wa -
ter (re spec tively oil) phase domi nates a so-
 called Win sor Type I (re spec tively II) phase
be hav ior takes place in which an aque ous
(re spec tively oil) surfactant- rich phase is in
equi lib rium with an ex cess oil (re spec tively
wa ter) phase. When the af fin ity of the sur -
fac tant for the oil phase ex actly equili brates
its af fin ity for the wa ter a so- called Win sor
Type III sys tem is at tained in which a
microe mul sion con tain ing most of the sur -
fac tant is in equi lib rium with both ex cess
wa ter and ex cess oil. As the for mu la tion is
changed mo noto nously phase be hav ior
tran si tion takes places ei ther in the di rec -
tion I®III®II or vice versa (4-11).

Lip ids, in clud ing fatty ac ids, are im por -
tant group of am phi philic mole cules that are 
used in sta bi liz ing oil–wa ter (o/w) in ter -
faces. Lipid as well as fatty acid as am phi -
philic mole cules may self- assemble into a
va ri ety of ag gre gates rang ing from mi celles
to bi- layers to mul ti lay ered stacked of la mel -
lar type to other form of liq uid crys tal line
struc tures (12, 13). In any case vesi cles in
emul sion with these ap peal ing fea ture finds
po ten tial ap pli ca tions in phar ma ceu ti cal
and cos metic in dus tries due to their abil ity
in re leas ing drugs and other bio logi cally ac -
tive sub stances en cap su lated in a slow and
con trolled man ner (14).

Low mo lecu lar weight am phi philes
such as phos pholip ids are ca pa ble of form ing 
vesi cles from both their aque ous so lu tions
and o/w emul sions. Strong evi dence of the
pres ence of fatty acid vesi cles in o/w emul -
sions was pro vided by Fere zou et al. (15),
Hajri et al. (16) and West sen and Weh ler (17),
re ported that in most fatty acid sta bi lized
com mer cial o/w for mu la tions lipid vesi cles
co ex ist as dis persed phase with emul si fied
drop lets. Aque ous fatty acid so lu tions are ca -
pa ble of form ing vesi cles spon ta ne ously,

where vesi cles are formed as a func tion of pH
by de pro to na tion of fatty acid mole cules (18).
In these sys tems car boxy late an ion are re -
garded as sur fac tant, whilst the cor re spond -
ing fatty acid as a co- surfactant (19).

Wider knowl edge has been de vel oped
on the qua ter nary sys tems wa ter/oil/sur -
fac tant/al co hol (6-11), es pe cially in ap pli ca -
tion to en hanced oil re cov ery (20, 21). These
stud ies have led to a good un der stand ing of
the re la tions be tween the na ture of the sur -
fac tant, oil, al co hol and com po si tion pa -
rame ters and the phase pat tern (es pe cially
the mul ti phase be hav ior of ten named Win -
sor II®III) within pseudo ter nary dia grams.
In the spe cific case of the poly eth yl ene ox ide
sur fac tants, the sim ple varia tion of the tem -
pera ture leads to the prog ressive change of
the phase pat tern. This be hav ior can be re -
lated to the change in the po lar head hy dra -
tion. On the other hand, enhanced oil re cov -
ery by al ka line flood ing was pro posed some
years ago as an in ex pen sive way to take ad -
van tage of the acid com po nents that oc cur
natu rally in some crude oils (22, 23).

The sta bi li za tion of oil- in- water emul -
sions can also be at tained in this way. In
these cases the car box ylic acid con tained in
the crude oil ad sorbs at the O/W in ter face,
where it is neu tral ized into a car box ylic salt
with sur fac tant prop er ties such as in ter fa -
cial ten sion low er ing or emul si fi ca tion. In or -
der to ob tain three- phase sys tems (Win sor
III) as a traces of the op ti mal for mu la tion
(R= 1), we stud ied the ef fect of FA length
chain in the phase be hav ior of fatty ac ids in
FA/oil/wa ter sys tems.

Ex pe ri men tal Pro ce du re
The stud ied am phi philes were as fol -

lows: ca prilic acid (C8), ca pric acid (C10),
lauric acid (C12), myris tic acid (C14), pal -
mitic acid (C16) and stearic acid (C18),
which be have as sur fac tants (all pro vided by
Merck). They are re ferred to as CN, where N
in di cates the number of car bon atom in the
acid mole cule. FA- oil- water sys tems are
stud ied ac cord ing to the so- called one-
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 dimensional scan tech nique. For each of the
se ries, a dozen test tubes are pre pared, each 
con tain ing oil, wa ter, and acid in iden ti cal
amounts, but with the na ture of one of the
com po nents chang ing pro gres sively from
one test tube to the next. In the pres ent
study the fatty acid length chain and con -
cen tra tion are the stud ied vari ables.

Test tubes typi cally con tain 10 mL of
n-he ptane, 10 mL of aque ous phase (di on -
ized wa ter with NaOH and NaCl at 0.6
mol/L, from Merk), and X grams of com mer -
cial fatty acid (0.4 to 2.0 % p/v). The FA is in -
tro duced as an oil so lu tion. The tubes are
closed with a screw cap and placed in a ver ti -
cal po si tion at con stant tem pera ture en clo -
sure (25°C). They are gen tly stirred once a
day for a pe riod of one week to im prove the
phase con tact; then they are left to fully
equili brate for at least 2 weeks. When the
mass of acid was in creased the number, vol -
ume and com po si tion of phases were reg is -
tered for each fatty acid sur fac tant.

The sam ples were de scribed ac cord ing
to the Win sor clas si fi ca tion of mul ti phase
sys tems. Since in low con cen tra tion sys -
tems, the FA is not enough to pro duce a
three- phase op ti mum sys tem, a con cen tra -
tion scan of al co hol co- surfactant (n-pro pa -
nol, n-buth anol, and n-hex anol, from
Merck) was made.

In the spe cific case of the par ti tion iso -
therm study the bipha sic sys tems was used, 
and the acid con cen tra tion is much lower. It
was taken as close to the cmc of the salt in
wa ter and dif fer ent NaOH con cen tra tion
were used to pro duce a for mu la tion scan. In
the all cases, the con cen tra tion of acid in the 
dif fer ent phases was de ter mined by HPLC
method us ing a Nu cleo sil C18 (25 cm x 4.6
mm, 5 µm) col umn and ace to ni trile (Baker
Chemi cals) as mo bile phase (24).

Re sult and Dis cus sion
The pH- sensitive sys tems are best

treated as con tain ing a mix ture of two am -
phi philic spe cies that oc cur in dif fer ent pro -

por tions de pend ing on the pH. In or der to
ob serve the phase be hav ior of fatty acid in an 
oil/wa ter sys tem, a scan for mu la tion with
dif fer ent fatty acid was per formed. In this
sys tem the op ti mum pH is in de pend ent of
the acid con cen tra tion. That is, does not de -
pend on the ini tial acid con cen tra tion of the
sys tem due to the for ma tion of a tam pon. On
the other hand, when so dium hy drox ide is
added in the three- phase re gion, a re ac tion
take place with the acid spe cie and their
soap ap pear in the in ter face due to its hy dro -
philic char ac ter and the acid- base equi lib -
rium pre sented.

Fig ure 1 shows the con cen tra tion scan 
for C12 in an n-hep tane/wa ter sys tem. The
re sults showed that it is pos si ble to ob tain
a wide range of WIII sys tems. The op ti mum
for mu la tion (three phase sys tem where the
microe mul sion is in equi lib rium with both
wa ter ex cess and oil ex cess phases) was
reached at 1.4%, 1.2% and 1.0% p/v for the 
lauric (C12*), myris tic (C14*) and pal mitic
(C16*) acid, re spec tively as shown in the
Ta ble 1.

Fig ure 2 shows that in these sys tems
takes place a tran si tion of type WII®WIII®WI. 
In WII (water- in- oil microe mul sion) an ex cess 
wa ter phase is in equi lib rium with the
microe mul sion phase, i.e. wa ter is solu bi lized 
into re verse mi celles dis persed in the oil con -
tinu ous phase. In WIII (mid dle phase) a
microe mul sion oc curs be tween Win sor type II 
and type I. This phase is ther mo dy nami cally
sta ble and con tains vir tu ally all of the sur fac -
tant, and a mix ture of oil and wa ter. This mid -
dle phase co ex ists with ex cess oil and wa ter
phases. WI (oil- in- water, microe mul sion)
con tains an ex cess oil phase and sur fac tant
mi celles in the microe mul sion phase. In this
phase, the oil solu bil ity is en hanced by par ti -
tion ing into sur fac tant mi celles dis persed in
wa ter con tinu ous phase).

Ta ble 1 also shows the im pact of fatty
acid chain length on the phase be hav ior of
the microe mul sion: the longer the chain
length and the lower con cen tra tion of the

Scien ti fic Jour nal of the Ex pe ri men tal Fa cul ty of Scien ces,
at the Universidad del Zulia Vo lu me 15 Nº 2, April-June 2007

272 Pha se beha vior of fatty car bo xylic acids in n-hep ta ne/wa ter sys tems



fatty acid (C16) re quired for achiev ing the phase tran si tion. This re sult is as ex pected
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Figure 1. For mu la tion scans for C12 acid in an n-hep ta ne/wa ter sys tem.

Ta ble 1

Cha rac te ris tics of the fatty acid in the op ti mum for mu la tion sys tems.

Acid g Acid/ 100 mL Middle phase volume (mL) pH

C12 1.4 2.8 7.87

C14 1.2 3.0 8.35

C16 1.0 3.9 8.86
Wa ter pha se: NaOH and NaCl at 0.6 M.
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Figure 2. Variation of the phase volume along the FA formulation scan.



and can be de scribed on the ba sis of modi -
fied Win sor’s R-r atio (Equa tion 1) (1):

R
A A A

A A A
CO OO LL

CW WW HH

=
- -

- -
[1]

Term A rep re sents the in ter ac tion en -
ergy per unit in ter fa cial area. Sub scripts C,
W and O are in ter fa cial sur fac tant, wa ter,
and oil mole cules, re spec tively, whereas
sub scripts L and H rep re sent the lipo philic
and hy dro philic parts of the sur fac tant. A
Win sor type II sys tem has an R- ratio greater
than unity be cause the in ter ac tion en ergy
be tween the sur fac tant and the oil is larger
than that be tween the sur fac tant and the
wa ter (3, 25- 26) due to the lipo philic char ac -
ter of these fatty ac ids. As the R- ratio ap -
proaches one, con di tions are fa vor able to
form a Win sor III or IV sys tem (3). Sys tem
con tain ing short- chain fatty ac ids (n= 8, 10)
formed a clear so lu tion whereas the sys tem
con tain ing long- chain fatty ac ids (n = 12, 14) 
re sulted in gel for ma tion. This could be due
to the lack of solu bil ity of long- chain fatty

ac ids and con se quently a liq uid crys tal/gel
for ma tion oc curs (3, 25, 27).

On the other hand, a lin eal re la tion -
ship of the vol ume of mid dle phase with the
con cen tra tion of the FA in the sys tem was
ob served; this in di cates that this phase
con tains the big gest con cen tra tion of sur -
fac tant. The microe mul sion vol ume in the
Win sor III sys tem for C16 was al ways larger
than for C12, which in di cates the bet ter
solu bi li za tion at tained with the former on a
weight ba sis.

As the con cen tra tion of a sur fac tant in
an aque ous or oil so lu tion is in creased, the
so- called mi cel li za tion takes place at a con -
cen tra tion re ferred to as the criti cal mi celle
con cen tra tion or cmc. The cmc is not ex actly a
value but cer tain con cen tra tion in ter val that
can be rela tively wide if the sur fac tant is a
mix ture of no ta bly dif fer ent chemical spe cies.
The par ti tion iso therm of the car box ylic acid in 
the oil- water sys tem was de ter mined over the
con cen tra tion range and above the cmc of the
cor re spond ing soap so lu tion. Fig ure 3 shows
the par ti tion of C8, C10, C12 and C14 in the
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(D) Myristic acid
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Figure 3. Par ti tion of (A) C8, (B) C10, (C) C12, and (D) C14 acid; ob tai ned by HPLC on a Nu cleo sil C18

(25 cm x 4.6 mm, 5 µm) co lumn and ace to ni tri le as mo bi le pha se.



n-heptane- water bipha sic sys tem at 25°C. As
seen in this fig ure, the par ti tion of a sur fac -
tant in n- heptane- water sys tem ex hib its an
abrupt change of slope when the equi lib rium
con cen tra tion of the sur fac tant at tains the
cmc. This cross ing point al lows cal cu lated a
es ti mate value of the cmc for each fatty acid
stud ied.

A de crease of the cmc value as the
number of car bon at oms in the hy dro pho bic
group in creases was ob served. The cmc
(mM) cal cu lated was: 17.37 (C8), 11.22
(C10), 7.41 (C12) and 4.82 (C14). A widely
used rule for straight- chain ionic sur fac -
tants is that the cmc is halved by the ad di -
tion of one meth yl ene group to its hy dro pho -
bic group. How ever, when the number of
car bon at oms in a straight- chain hy dro pho -
bic group ex ceeds 16, the cmc no longer de -
creases so rap idly with an in crease in the
chain length. This may be due to the coil ing
of these long chains in wa ter (26, 28- 31).

On the other hand, the ad di tion of al co -
hol is known (3, 32, 33) to cause a phase be -
hav ior tran si tion of the Win sor I- Winsor III-
 Winsor II kind for ethoxy lated al kylphe nols.
Moreo ver, since soaps are ani onic sur fac -
tants, al co hol is added in sys tems of high
soap con cen tra tion so that a microe mul sion

forms in stead of a solid meso phase (3). In
low FA con cen tra tion sys tem al co hol is not
nec es sary. How ever in the re ferred case
there is not enough sur fac tant to pro duce a
three- phase be hav ior. To study the ef fect of
al co hol in these sys tems to ob tain Win sor III
(three- phase) be hav ior, an al co hol con cen -
tra tion scan was car ried out by in creas ing
amounts of n- butanol in a FA/n-he -
ptane/wa ter sys tem with dif fer ent NaOH
con cen tra tion. Fig ure 4 show this ef fect. It
can be ob served that for a sys tem with low
NaOH con cen tra tion (0.2 M) a high al co hol
con cen tra tion is nec es sary to at tain the
three- phase sys tem, due to neg li gi ble ionic
strength brought by the pres ence of so dium
hy drox ide. In these sys tems the acid is solu -
bi lized in the aque ous phase thanks to the
al co hol that par ti tions into it.

Fur ther more, when the Win sor III is
at tained and more al co hol is added to the
three- phase sys tem, the mid dle phase vol -
ume is re duced. This change es sen ti ally
fol lows the varia tion in the mid dle phase
vol ume, so that the con cen tra tion of FA in
the mid dle phase re mains roughly con -
stant. The mid dle phase vol ume for C16
acid was higher due their more lipo philic
char ac ter. This ef fect was also stud ied for
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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.



n-pro pa nol and n-hex anol. In the all cases
the mid dle phase vol ume de creases with
the al co hol con cen tra tion (Fig ure 5). Fig -
ure 6 show as de crease the FA con cen tra -
tion in the oil phase with the chain length,
that which in di cates that the more lipo -
philic acid is dis trib uted mostly in the mid -
dle phase.

Con clu sions
The con cen tra tion for at tains the op ti -

mum for mu la tion de crease with the chain
length FA due to lipo philic char ac ter of these 
sur fac tants. In the oil/wa ter sys tem the cmc
value of these ac ids de creases with the

length chain acid. On the other hand, for the
sys tem with NaOH 0.2 M a high n-b utanol
con cen tra tion (more than 10 % v/v) was nec -
es sary, due to neg li gi ble ionic strength
brought by the so dium hy drox ide to pro duce 
a Win sor III sys tem.
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