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Summary

Two microemulsions with the same oil /water / surfactant mixtures, but differing in the surfactant (lecithin or Aerosol AOT) have
been studied. The enthalpy variations (4 H > 0) upon addition of separate doses of the co-surfactant (butanol) to a fixed mixture of
the other 3 components were measured calorimetrically in a closed system. A linear relationship between A H and molar fraction of
added co-surfactant was found at the molar fractions below the one required for microemulsion formation. A marked variation in the
linearity (minimum in endothermicity) was found at the microemulsion formation. An exothermic contribution due to the
microemulsion formation was hypothesized alsc on the basis of data obtained when the microemulsion was prepared upon addition
of water to oil, surfactant and co-surfactant. Addition of co-surfactant in the absence of surfactants yielded different AH values.

Introduction

The use of colloidal therapeutic systems for the
controlled release of drugs has been reported by
many authors (Illum and Davis, 1984, 1985). Mi-
croemulsions are clear, stable dispersions usually
obtained by mixing oil, water, surfactant and co-
surfactant, the diameter of the disperse phase
droplets always being below 100 nm (Shah, 1985}.

The use of microemulsions as possible ther-
apeutic systems is interesting for two main rea-
sons: on the one hand, they could allow a pro-
longed drug release, on the other, they might
increase tiransdermal and topical absorption
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(Yirgen, in press). Besides, they offer the ad-
vantage to vehicle drugs of different lipophilicity
in the same system (according to the different
solubilities in the disperse and continuous phase).
A question to be answered is whether the high
stability of a microemulsion could be influenced
by the presence of a drug. The evaluation of the
enthalpies associated with the process of micro-
emulsification can give information about the sta-
bility of the system. A comparison with similar
data obtained in the presence of drugs should
allow the evaluation of the influence of a fifth
component on the stability of the system. Several
calorimetric studies were performed to investigate
the thermodynamics (Denoyers et al., 1980) of
micellar systems (Mazer and Olofsson, 1982), ex-~
amining the heat and heat capacity changes asso-
ciated with the transfer of detergent molecules
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from the monomeric to micellar state (Bury and
Treiner, 1985), and determining the standard en-
thalpy of transfer of a number of solutes between
water and micellar solutions (Benjamin, 1964).

Very few data, on the other hand, are available
on microemulsions: to our knowledge, the only
data available so far are those relating to a micro-
emulsion employed in the mineral oil recovery
industry (Roux-Desgranges et al.,, 1981; Roux et
al., 1982), where direct measurements of the heat
capacity of toluene in the process of formation of
the microemulsion are reported.

The aim of the present work was the calorimet-
ric evaluation of the enthalpy changes involved
when different amounts of co-surfactant were ad-
ded to a fixed mixture of the other components up
to the microemulsion formation and above. In the
present paper two microemulsions of oil-in-water,
having the same qualitative composition as far as
aqueous/oleous phase/co-surfactant (water, iso-
propylmyristate and 1-butanol, respectively) are
concerned, but differing in the surfactant (dioc-
tylsulphosuccinate (AOT) and purified egg
lecithin) (Gallarate et al., 1987) were examined in
the absence of any drug,.

The influence of a drug as a fifth component
will be reported in a future paper.

Experimental

Materials

Isopropylmyristate (ISM) (98% pure) and 1-
butanol (reagent grade) were from Merck; water
was freshly distilled; bis-2(ethyl-hexyl)sulphosuc-
cinate sodium salt (AOT), wax-like (98% pure)
was from Merck, and was further purified (Eicke,
1979) and stored over phosphorous pentoxide in a
desiccator; lecithin from egg yolk (crude) was also
from Merck, and was purified as previously de-
scribed (Gallarate et al., 1987) and then stored in
a refrigerator at —20°C.

Apparatus

A microcalorimeter Calvet type (Cg, Setaram)
was used: it is a heat flow calorimeter operating at
fixed temperature, in the range 0-300°C. The
heat evolved in the reaction vessel is quantitatively

transferred to a heat sink, and the heat flow, being
proportional to the thermal power evolved is re-
corded by a thermopile wall positioned between
the calorimetric vessel and the heat sink; the tem-
perature gradient over the thermopile gives rise to
a voltage signal, proportional to the heat flow.
Two twin cell-heat flowmeter assemblies, con-
nected in opposition, allow a differential signal to
be recorded and thermal disturbances to be
cancelled: any heat exchange in a complex system
within the ‘measure’ cell would be eliminated by
introducing the same system in the ‘reference’ cell.

Methods

Microemulsions. Two microemulsions, o/w
type, were studied. The compositions were respec-
tively:

Microemulsion no. 1: ISM =19.3% w/w (x,; =

0.02011); water = 584% w/w (x, = 0.92518);

AOT =101% w/w (x,=0.00644); 1-butanol

=12.2% w/w (x, = 0.04827).

Microemulsion no. 2: ISM=17.5% w/w (x;=

0.00853); water = 53.3% w/w (x,=0.92715);

egg lecithin =26.6% w/w (x;=0.01137); 1-

butanol = 12.6% w/w (x, = 0.05295).

Both microemulsions, obtained by adding every
component in a glass tube and gently shaking, or
by autoemulsification too, were tested for stability
as previously described (Gallarate et al. 1987;
Hansrani, 1980).

Experimental cells. ‘Measure’ and ‘reference’
cells were identical, composed of a cylindrical
body in which a lower vessel was screwed on: the
‘measure’ cell’s lower vessel was filled with the
emulsified system (or simply with a mixture of
components) and then closed with a cover; the
component to be added was placed upon the
cover; on the other hand, the ‘reference’ cell con-
tained the same mixture present in the lower ves-
sel of the ‘measure’ one, but no further compo-
nent was added onto the cover. In both cases, a
thin mercury film on the cover guaranteed the
airtight closure. In this way, only the heat in-
volved in the addition of the reactant to the mix-
ture was effectively measured. Both cells were
placed into the calorimeter, and when the equi-
librium was obtained, an automatic mechanism
for continuous alternative reversing of the



calorimeter allowed the mixing of the reactants
initially separated in the cells. The calorimeter
used being a completely closed system, no con-
tinuous addition of reactants was possible in the
same measurement, but a new calorimetric mea-
surement had to be performed for any addition of
a dose of co-surfactant or water.

Examined systems. In the description of the
systems studied, the amount of any component
was indicated in the following way: using molar
fractions (x*), considered equal to one, the sum
of molar fractions only in the microemulsions (this
method was used for all systems in which, after
the mixing of the components, the final composi-
tion was identical or still defecting in respect of
the microemulsion). In contrast to this, when the
additions were performed to a microemulsion al-
ready formed or diluted with excesses of co-
surfactant, the molar fractions x were calculated
as usual, referring to the effective amount of each
component in that particular system, and consid-
ering the sum of the molar fractions in the ex-
amined systems equal to one.

Microemulsion no. 1

(A) Addition of butanol to the mixture: ISM (x*
= 0.02011), water (x¥ = 0.92518), AOT (x§
= 0.00644): (1) in the amount exactly re-
quired to obtain the microemulsion (x} =
0.04827); (2) in defect (x} from 0.01429 to
0.03297).

(B) Addition of butanol to some final systems
obtained at point (2) (xF = 0.01429 and
0.02528) in the amount exactly required to
obtain the microemulsion.

(C) Addition of different amounts of butanol to
the microemulsions obtained with the mini-
mum required or more butanol; the molar
fractions of butanol in the imitial and final
systems were respectively: x,. = 0.04827,
0.07614; x,;, = 0.08737; 0.09539; 0.10072.

Microemulsion no. 2

— Addition of butanol

(A) Addition of butanol to the mixture: ISM (x;*
= 0.00863), water (xf = 0.92715), lecithin
(x3 = 0.01137), butanol (x} = 0.01590):

(As can be noted, water, ISM and lecithin were

present in the ratios exactly required for the mi-
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croemulsion; the presence of one-third of the total
amount of butanol was required to obtain the
microemulsion directly in the calorimeter, because
of the lowering of the viscosity of the system.)
(1) in the amount exactly required to obtain the
microemulsion (xf = 0.05295).
(2) in defect (xF from 0.02332 to 0.04027).

(B) Addition of butanol to the final systems ob-
tained at point (2) in the amount exactly
required to obtain the microemulsion.

(C) Addition of butanol to the microemulsion al-
ready formed; the molar fractions of butanol
was x,=0.05295 in the initial system and
varied from 0.06024 to 0.07834 in the final
ones.

(D) Addition of butanol to the microemulsion al-
ready broken with excesses of butanol; the
molar fractions of butanol in the initial and
final systems were, respectively: x4, = 0.06920
and 0.07834; x,;, = 0.08815 and 0.10240.

— Addition of water

Water was added to a mixture of ISM (x* =

0.00863), water (xJ =0.60344), lecithin (x} =

0.01137), 1-butanol (xF = 0.05295) in the amount

exactly required to obtain the microemulsion (x}

= 0.92715). The identical amount of water was

added to a mixture of ISM (x;* = 0.00863), water

(x5 =0.28017), lecithin (x3y =0.01137), butanol

(xF =0.05295); molar fraction of water in the

final system = x} = 0.60344; the same amount of

water was also added to the microemulsion previ-
ously obtained. (Molar fraction of water in the

final system x, = 0.94493.)

— A system without surfactant

To separate the thermal effects due to the parti-

tion of butanol between isopropylmyristate and

water from the phenomena involved in the process
of formation of a microemulsion, a mixture formed
by ISM, water and butanol, having the composi-

tion described for (A) for microemulsion no. 2,

but in the absence of any surfactant, was added

with different amounts of butanol (x} from

0.02657 to 0.10067).

N.B. In this case, molar fractions were always

calculated by considering the sum of the molar

fractions equal to one in the microemulsion no. 2,

also encompassing lecithin.
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Results

It was possible to obtain microemulsion no. 1
directly in the calorimetric cell by adding the
butanol required, all at once, to the emulsion
placed in the lower vessel; the calorimetric stirring
was then sufficient to allow microemulsification.
In the case of microemulsion no. 2, the formation
of the microemulsion was possible only by intro-
ducing an aliquot of butanol already in the lower
vessel.

The addition of butanol to the examined mix-
tures was an endothermic process for both the
microemulsions studied and also for the system in
the absence of surfactant, i.e. the partial molar
enthalpy, always referred to as the added moles of
butanol, was above zero.

Microemulsion no. 1

The partial enthalpies obtained by the addition
of increasing amounts of butanol to the system no.
1 (water-ISM-AOT) as a function of the moles of
butanol are reported in Fig. 1: the relationship
between the measured AH and the moles of
butanol added was almost linear up to the con-
centration of alcohol corresponding to the forma-
tion of the microemulsion. The partial molar heat,
obtained from the slope of the straight line, was
1.35 kJ - mol ™1,
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Fig. 1. Enthalpies of addition of butanol to a system of
water—-ISM-AOT. Abscissa: moles of butanol. Ordinate:
enthalpies of addition. @, additions in defect; B, formation
of the microemulsion.

TABLE 1

(A) Partial molar enthalpies of addition of butanol to a system
AOT-water— ISM: formation of the microemulsion

Moles butOH AH,

(x10%) (kJ-mol =" +0.05)
10.9 (a) 0.95

16.4 (b) 0.96

235 (c) 0.96

x4 in the microemulsion = 0.04827.

(a) Moles of butanol in the initial mixture: 12.6 X10™% x#* =
0.02528.

(b) Moles of butanol in the initial mixture: 7.1X 10" % x* =
0.01429.

(c) No moles of butanol in the initial mixture.

(B) Partial molar enthalpies of dilution of microemulsion no. 1 by
addition of butanol

Moles butOH AH, dilvtio

(x10%) (kJ-mol " +0.05)
8.2 (a) 0.45

10.9 (b) 0.89

21.3 (¢ 121

Molar fractions of butanol in the initial and final systems:
(a) x4 =0.08649; x, =0.10072.
(b) x,, =0.07614; x, =0.09539.
() x4, = 0.04827; x, = 0.08737.

The AH relative to the addition of the amount
of butanol exactly required for the achievement of
the microemulsion deviated from the slope of the
straight line towards a lower endothermicity: the
heat measured in this case was 29% lower than in
the preceding ones.

The molar enthalpies obtained in the case of
the formation of the microemulsion are reported
in Table 1A: they were quite identical, despite the
different amounts of butanol already in the initial
mixture. The additions of butanol to microemul-
sion no. 1 and to the same microemulsion previ-
ously diluted with an excess of butanol, further
diluted the system without provoking its clouding;
the molar AH relative to these additions are re-
ported in Table 1B: they were not constant, al-
ways being endothermic, and varied with the
volume of butanol already present in the micro-
emulsions.



Microemulsion no. 2

Addition of butanol. The partial enthalpies ob-
tained by addition of different amounts of butanol
to the emulsified system (water, ISM, lecithin,
butanol), to obtain the microemulsion are re-
ported in Fig. 2: the partial enthalpies of the
addition of butanol to the formed microemulsion,
causing breaking of the microemulsion itself, are
also reported in the same figure. The relationship
between the measured AH and the moles of
butanol added was linear up to the concentration
of butanol required to form the microemulsion
(partial molar heat, from the slope of the straight
line in Fig. 2 =1.39 kJ - mol ™ "). The partial molar
heat relative to the formation of the microemul-
sion was again below the value obtained in the
case of the addition of butanol in defect: the
deviation was 17%. The partial molar enthalpies
relative to the formation of the microemulsion by
addition of different amounts of butanol are re-
ported in Table 2(first column); they were con-
stant, independent of the molar fraction already
present in the initial mixture. In Table 2(second
column) the partial molar enthalpies obtained by
breaking the microemulsion with an excess of
butanol are also reported. The AH of breaking
was always endothermic, it had a value of 1.34

AH
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Fig. 2. Enthalpies of addition of butanol to a system of
water-ISM-lecithin-butanol. Abscissa: moles of butanol.
Ordinate: enthalpies of addition. ®, additions in defect;
B, formation of the microemulsion; v, breaking of
the microemulsion.
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TABLE 2

Partial molar enthalpies of addition of butanol to a system of
water - ISM - lecithin - butanol: formation of the microemulsion
and breaking of the microemulsion

Moles butOH  AH,, AH,,

(x10%) (kJ-mol~1+0.05)  (kJ-mol ™! +£0.05)
40 1.16 (a) 1.61 (a")
8.1 1.18 (b) 1.34 (b")

10.4 1.17 (¢) 1.41(c")

12.2 1.14 (d) 1.29 d")

14.2 1.14 (e) 1.30 (e")

19.1 1.12 () -

Moles of butanol in the microemulsion = 27.3x10"4 (x, =
0.05295)

Molar fractions of butanol in the initial system:

(a) xJ = 0.04519; (b) x} =0.03724; (c) xF = 0.03278; (d) x}
= 0.02929; (e) xF = 0.02541; (f) x} = 0.01590.

Molar fraction of butanol in the final systems:

(@) x, = 0.06024; (V') x, = 0.06760; (c’) x, = 0.07168;
(d’) x, = 0.07484; (e’) x, = 0.07834.

kJ - mol~!, quite similar to the one compared to
the additions of butanol yielding concentrations
below those for microemulsion formation; only
the AH corresponding to the addition of the
minimum amount of butanol required to break the
microemulsion was more endothermic (16%) than
that value.

The addition of butanol to the microemulsion
already broken with an excess of alcohol always
showed an endothermic behaviour, but the partial
molar AH was not constant, varying with the
molar fraction of butanol already present in the
initial system (Table 3).

TABLE 3

Partial molar enthalpies of addition of butanol to a broken
microemulsion no. 2

Moles butOH AH

(x10%) (kJ-mol~! 4 0.05)
10.9 (a) 0.28

14.2 (b) 0.16

(a) Moles of butanol in the initial system: 36.3X10~%; X4 =
0.08815.
(b) Moles of butanol in the initial system: 41.5x10™4; Xag,=
0.10240.
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TABLE 4

Partial molar enthalpies of addition of butanol to a mixture of
water - ISM — butanol in the absence of any surfactant

Moles butOH AH

(x10%) (kJ-mol ™! +0.05)
55 1.34 (a)

10.1 0.73 (b)

16.4 0.63 (¢)

19.1 0.93 (d)

219 0.92 (e)

27.3 1.09 (f)

437 0.84 (g)

N.B. Every AH value is an average of at least 3 values.
Molar fractions x} of butanol in the final systems: a = 0.02657;
b = 0.03550; ¢ =0.04772; d =0.05295; e =0.05838; f=
0.06886; g = 0.10067.

Addition of water. The addition of water to the
mixture ISM—butanol-lecithin, defecting in water,
and to the microemulsion was an exothermic phe-
nomenon. The partial molar A H (always referred
to the added moles of water) relative to the forma-
tion of the microemulsion was more exothermic
than the one relative to the addition of water
yielding concentrations below those for microem-
ulsion formation. The partial molar enthalpy of
addition of water to the microemulsion, in order
to break it, was lower (absolute value) than the
partial molar A H of formation. The obtained A H
were respectively:

AH =0.12 kJ - mol ™!

mol (form)

AH o detecy = —0.03 kJ - mol ™"

my

AH —0.08 kJ - mol ™!

mol (breaking) =

A system without surfactant. The partial molar
enthalpy of addition of butanol to the system
water—ISM-butanol in the absence of any surfac-
tant, always being endothermic, was not constant,
but varied with the different molar fractions of
butanol in the system (Table 4).

Discussion

The main result obtained from the evaluation
of the enthalpies evolved when different amounts

of butanol were added to the two considered
microemulsion systems (only differing in the
surfactant and in the molar fractions of the com-
ponents) was that the process occurring in the
presence of the surfactant seemed to be com-
pletely different from the one occurring in its
absence. Whereas the molar enthalpy change upon
addition of butanol to a system water-ISM—
butanol varied probably owing to its concentra-
tions and partitioning in the system (Table 4), this
was not the case in the microemulsion systems. In
fact, in both the cases examined (with two differ-
ent surfactants) addition of different amounts of
butanol yielded constant molar enthalpy changes
up to the critical microemulsion concentration;
besides, the molar A H of addition of butanol in
defect (obtained by the straight line in Figs. 1 and
2) were quite similar in both cases, assuming that
the differences between the two surfactants did
not markedly influence the values of AH. The
constancy of the partial molar enthalpy has been
confirmed throughout the possible measurable
concentrations of butanol added. The values of
the partial molar enthalpy of butanol added, mea-
sured upon formation of the microemulsion, have
been confirmed by adding different amounts of
butanol to various water—oil-surfactant—butanol
mixtures in order to obtain the same concentra-
tion required for the microemulsion; as the values
obtained were the same, there was no dependence
on the amount of butanol added (Table 2). The
constancy of the partial molar enthalpy of ad-
dition of butanol in defect to the emulsified sys-
tems could be explained assuming that butanol
distributed itself in a constant ratio among con-
tinuous, disperse phase and interphase. The role of
interphase might be particularly interesting, as
progressive additions of co-surfactant could in-
volve a continuous increase in the extension of the
interphase-specific surface (increase in the number
of nanodroplets and decrease in their dimensions)
and consequent more or less invariable concentra-
tion of butanol at the interphase, along with its
increasing concentration, determining the con-
stancy of the partial enthalpy. As previously re-
ported by some authors (e.g. Ruckenstein, 1981),
the formation of the microemulsion could be
accompanied by a series of phenomena (maximum



entropy of dispersion and maximum dilution of
surfactant and co-surfactant in the continuous and
disperse phase) which provoked a dramatic mod-
ification in the system. The minimum in endother-
micity measured at the formation of the microem-
ulsion was probably due to a superposition of
similar phenomena (dispersion of nanodroplets,
maximum adsorption of both surfactant and co-
surfactant at the interphase, abrupt production of
a large interfacial area), some of which are ex-
othermic, some endothermic, thus involving, on
average, a lesser endothermicity. The formation of
the microemulsion should be accompanied by an
exothermic heat. The exothermic component of
microemulsion formation was also evidenced in
the experiment in which water was added to the
appropriate mixture of water/ oil/ butanol/
surfactant. Any addition of water was accompa-
nied by an exothermic evolution of heat; when the
addition of an appropriate amount of water caused
the formation of the microemulsion, the ex-
othermic heat realized was higher than in the case
in which the addition of water only diluted the
external phase. The behaviour of both systems
upon addition of butanol to the already-formed
microemulsions was more complex. Two different
experiments, due to the differences in stability of
the two microemulsion systems, were performed.
As the microemulsion with AOT as surfactant was
very stable in a rather wide butanol concentration
range it was possible to add butanol to a formed
microemulsion without “breaking” it; in this case
the partial molar enthalpy of addition was no
longer constant (Table 1B) but decreased upon
increasing butanol added. It was not possible to
perform an identical experiment with the lecithin
microemulsion, because the butanol concentration
range, in which it was stable, was very narrow. It
was in this case possible to disrupt the microemul-
sion by adding slight excesses of butanol and
diluting with butanol a microemulsion already
broken with excesses of co-surfactant.

The heat measured when butanol was added to
the lecithin provoking its disruption was 1.6 kJ -
mol ™! (Table 2, second column); it was note-
worthy that this value exceeded the values ob-
tained from the slope of the straight line (Fig. 2)
of 0.22 kJ - mol~!, whereas the microemulsion for-
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mation heat was below that value of 0.24 kJ-
mol~!. Perhaps it could suggest that the ex-
othermic part of the heat evolved upon microem-
ulsion formation was measurable as an excess in
endothermicity when the microemulsion was dis-
rupted. The “disruption” heat was measured for
different butanol additions (Table 2, second col-
umn) and in all cases the values obtained were
higher than those measured when the same amount
of butanol was used for forming, instead of dis-
rupting, the microemulsion. These breaking heats,
apart from the first one which was probably con-
nected with the disruption, did not seem to vary
significantly with butanol concentration and the
molar heat was not far from the constant partial
molar enthalpy of addition observed at butanol
concentration below the microemuision.

On the other hand, the addition of butanol
either to the microemulsion with AOT - in order
to dilute it ~ or to an already broken microemul-
sion with lecithin was accompanied by a molar
heat varying with the concentration of the co-
surfactant. The AH measured upon addition of
butanol in the absence of any surfactant was likely
to be the result of a partition of butanol in water
(AH,, of dilution = —9 kJ - mol ') and ISM (AH
> 0) (Arnett et al., 1969). The resulting endo-
thermicity could indicate that the concentration of
butanol in ISM prevailed upon the one in water,
according to the different solubilities in the two
phases. In conclusion, the minimum in endother-
micity, measured at the formation of both micro-
emulsions, suggested that their achievement was
an anomalous situation, characterized by a nega-
tive enthalpy change of the emulsified system. A
parallel study of the behaviour of the examined
systems in the presence of drugs will be the object
of a future paper.

References

Arnett, EM., Kover, W.B. and Carter, J.V., Heat capacities of
organic compounds in solution. 1. Low molecular weight
alcohols in water, J. Am. Chem. Soc., 91 (1969) 4028-4034.

Benjamin, L., Calorimetric studies of the micellization of di-
methyl-n-alkylamine oxides, J. Phys. Chem., 68 (1964)
3575-3581.



26

Bury, R. and Treiner, C., Heats of solution of aliphatic and
aromatic, linear, branched, and cyclic alcohols in aqueous
sodium dodecyl sulfate micelles at 298° K, J. Colloid Inter-
face Sci., 103 (1985) 1-9.

Denoyers, J.E., De Lisi, R. and Perron, G., Thermochemistry
of aqueous micellar systems, Pure Appl. Chem., (1980)
433-444.

Eicke, H.F., On the cosurfactant concept, J. Colloid Interface
Sci., 68 (1979) 440-450.

Gallarate, M., Gasco, M.R. and Trotta, M., lon pairs of
timolol in solution and in microemulsion, Acta Pharm.
Technol., in press.

Hansrani, P.K., Studies on Intravenous Fat Emulsions, Ph.D.
Thesis, Nottingham University, 1980.

Illum, L. and Davis, S.S., The organ uptake of intravenously
administered colloidal particles can be altered using a
non-ionic surfactant (Poloxamer 338), FEBS Letu., 167
(1984) 79-82.

Hlum, L. and Davis, S.S., Passive and Active Targeting Using
Colloidal Drug— carrier Systems. Drug Targeting, Elsevier,
Amsterdam, 1985, pp. 65-80.

Jurgen, C., Development Characterization and Applicability of
Microemulsion Systems for Transdermal Absorption, Ph.D.
Thesis, Kiel University, 1986.

Mazer, N.A. and Olofsson, G., Calorimetric studies of micelle
formation and micellar growth in sodium dodecyl sulfate
solutions. J. Phys. Chem., 86 (1982) 4584-4593.

Roux, A.H., Roux-Desgranges, G., Grolier, J.P.E. and Vial-
lard, A., Thermodynamic investigation of microemulsions
used in oil recovery. In Newman (Ed.), Thermodynamics,
Ann Arbor Sci. Publ., 1982, pp. 461-468.

Roux-Desgranges, G., Roux, A.H., Grolier, J.P.E. and Vial-
lard, A., Heat capacities of toluene in the microemulsion
water + toluene + n-butanol + sodium dodecylsulfate at
25°C. J. Colloid Interface Sci., 84 (1981) 536-545.

Ruckenstein, E., Thermodynamics of microemulsification with
ionic surfactants. J. Dispersion Sci. Technol., 2 (1981) 1-25.

Shah, D.S. In Macro- and Microemulsions. Theories and Appli-
cations, Ch. IX, A.C.S. Symposium Series, 1985.



