FULL PAPER

DOI: 10.1002/chem.200501593

Effect of Compressed CO, on the Critical Micelle Concentration and
Aggregation Number of AOT Reverse Micelles in Isooctane**
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Abstract: The effect of compressed
CO, on the critical micelle concentra-
tion (cmc) and aggregation number of
sodium bis-2-ethylhexylsulfosuccinate
(AOT) reverse micelles in isooctane
solution was studied by UV/Vis and
florescence spectroscopy methods in
the temperature range of 303.2-318.2 K

(AG™M), standard enthalpy (AH), and
standard entropy (ASY) for the forma-
tion of the reverse micelles were calcu-
lated by using the cmc data deter-
mined. It was discovered that the cmc
versus Xco, curve and the AG? versus
Xco, curve for a fixed temperature
have a minimum, and the aggregation

number and water-solubilization ca-
pacity of the reverse micelles reach a
maximum at the Xco, value corre-
sponding to that minimum. These re-
sults indicate that CO, at a suitable
concentration favors the formation of
and can stabilize AOT reverse micelles.
A detailed thermodynamic study

and at different pressures or mole frac-
tions of CO, (Xco,). The capacity of
the reverse micelles to solubilize water
was also determined by direct observa-
tion. The standard Gibbs free energy

dioxide

Introduction

Reverse micelles or water-in-oil microemulsions are general-
ly considered as nanometer-sized water droplets dispersed in
an apolar solvent with the aid of a surfactant monolayer to
form a thermodynamically stable and optically transparent
solution.!! Reverse micelles have been used in many areas,
including the dissolution and extraction of hydrophiles and
proteins,” chemical reactions,*” the preparation of nano-
particles®™ and applications in the pharmaceutical and
cosmetic industries.'' "3 In addition, extensive research has
been done to study the properties of reverse-micellar sys-
tems, such as the micropolarity and microviscosity of the
water core, micellar size, and thermodynamics. Many techni-
ques, such as UV/Vis spectroscopy,*'®! FTIR spectrosco-
py, 7 fluorescence spectroscopy,?*?!! small-angle neutron
scattering analysis,**?! small-angle X-ray scattering analy-
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showed that the driving force for the
formation of the reverse micelles is en-

tropy.

carbon
micelle con-

sis,?*>! and microcalorimetry®2® have been used to charac-
terize reverse-micellar solutions. In recent years, microemul-
sions with supercritical CO, as the continuous phase have
been studied extensively.?"

It is well known that some compressed gases, such as
CO,, are quite soluble in many organic solvents and they
can reduce the solvent strengths to such a degree that the
solutes can be precipitated.***! Qur previous work showed
that compressed CO, and ethylene can increase the solubili-
zation capacity of water in sodium bis-2-ethylhexylsulfosuc-
cinate (AOT) and Triton X-100 reverse-micellar systems at
suitable pressures because the gases can insert into the inter-
facial region to enhance the rigidity of the interface layers
and reduce the interdroplet attraction.**

The tuning and control of the properties of micellar solu-
tions with compressed CO, is a very interesting topic. The
critical micelle concentration (cmc) and aggregation number
are two of the most important characteristics of reverse-mi-
cellar solutions. In this work we study the effect of com-
pressed CO, on the cmc and aggregation number of an
AOT/isooctane system, and the related thermodynamic
properties of the systems in the presence of CO, are also
studied. As far as we know, this is the first work about how
a compressed gas affects the cmc, aggregation number, and
thermodynamics of a micellar system.
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Results and Discussion

Phase behavior of the solution with compressed CO,: The
reverse-micellar solution is expanded after dissolution of
CO,. The volume-expansion coefficient, AV (AV=(V-V,)/
Vi, where V and V|, are the volumes of the CO,-saturated
and CO,-free solutions), of the solution at different CO,
pressures was required in the spectrum study. Figure 1a
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Figure 1. a) The volume-expansion coefficient, AV, versus pressure curves
of the AOT/isooctane solution at different temperatures ([AOT]=
15 mmol L ™). b) Mole fractions of CO, in a CO,/isooctane mixed system
at different temperatures and pressures. The lines are calculated from the
Peng-Robinson equation of state. Experimental data (indicated by sym-
bols) are taken from reference [43].

shows the AV versus CO, pressure curves of AOT/isooctane
solution ([AOT]=15mmolL™") at different temperatures.
As expected, the AV value increases with increasing pres-
sure because the concentration of CO, in the solution is
higher at higher pressure. At a given pressure, the AV value
decreases with increasing temperature. The AOT/isooctane
micellar solution becomes cloudy as the pressure of CO,
reaches the cloud-point pressure. The cloud point-pressures
determined in this work for the reverse-micellar solutions at
303.2, 308.2, 313.2, and 318.2K were 6.18, 6.50, 7.40, and
7.62 MPa, respectively. In this work, we conducted the UV
and fluorescence spectroscopy experiments below 6.0 MPa
to avoid the precipitation of the surfactant.

The concentrations of CQO, in the CO,/isooctane mixture
at different temperatures and pressures are also required in
this work. It is well known that the Peng—Robinson equation
of state™ is a reliable equation to calculate this kind data.
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In this work we calculated the data required with this equa-
tion and the resulting data are given in Figure 1b. The data
determined by Mutelet et al.®l are also shown in the Fig-
ure 1b. Obviously, the calculated and experimental results
agree very well.

Critical micelle concentration: UV/Vis spectroscopy is a
useful technique to determine the cmc value.* In this
work, the cmc values of AOT were measured by this
method. As an example, Figure 2 shows the dependence of
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Figure 2. The plot of the differential signal of UV absorbance (AA/AC) of
tBP (5x107° molL™") in AOT/isooctane at 303.2 K and various AOT con-
centrations.

the differential signal of UV absorbance (AA/AC, where A
and C are the UV absorbance and the concentration of
AOT) of tert-butylphenol (tBP) in AOT/isooctane on the
AOT concentration at 308.2 K in the absence of CO,. The
shape of the curve is similar to that reported by Murali Ma-
noj et al. ™! The plot of absorbance of tBP at maximum ab-
sorption (4., shows a discontinuous and abrupt change at
the cmc value, where AA/AC is zero. Table 1 lists the cmc
values determined under different conditions. The cmc
values of AOT in CO,-free isooctane reported by other au-
thors are also listed in the table. It can be seen that the re-
sults of this work agree reasonably with those reported by
other authors.

Table 1. cmc [mmolL™"] values of AOT in isooctane at different condi-
tions.

Xco, cmc Xco, cmc
T=3032K T=3082K

0 1.74 (1.51) 0 1.25 (1.110)
0.14 1.36 0.13 1.06

0.40 1.06 0.37 0.87

0.53 1.37 0.50 1.02

0.68 1.56 0.63 1.12

0.88 1.67 0.78 1.2
T=3132K T=3182K

0 0.89 0 0.70 (0.6
0.12 0.79 0.12 0.64

0.36 0.71 0.34 0.62

0.47 0.90 0.44 0.86

0.58 0.98 0.55 0.95

0.71 1.07 0.66 1.05

[a] The data in parentheses are those reported in reference [44].
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The dependence of the cmc value of AOT on the mole
fraction of CO, (Xo,) in the solution at different tempera-
tures is illustrated in Figure 3. The cmc value decreases with
increasing temperature at a fixed X, value. As shown in
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Figure 3. The dependence of the cmc value of AOT on the mole fraction
of CO, (Xco,) at different temperatures.

Figure 3, at a fixed temperature, the cmc value decreases
with increasing CO, concentration at lower X, values and
then increases with Xo, value after passing through a mini-
mum. This means that addition of CO, is favorable to the
formation of the reverse micelles in a suitable CO, concen-
tration range. At 303.2, 308.2, 313.2, and 3182 K, the X,
values at which the minima occur are 0.40, 0.37, 0.36, and
0.34, respectively.

The effect of CO, on the stability of the reverse micelles:
The influence of CO, on the cmc value can be related to its
effect on the stability of the reverse micelles. In order to
study the mechanism by which CO, affects the cmc value,
we studied the effect of CO, on the water solubilization of
the micellar solution with an AOT concentration of
100 mmol L™!; this effect is related to the stability of the re-
verse micelles. Figure 4 shows the water-to-AOT molar ratio
(wp) as a function of X, in the AOT/isooctane system at
303.2 K. An obvious increase of the water solubilization ca-
pacity in AOT/isooctane can be achieved with the aid of
compressed CO,. In the absence of compressed CO,, phase
separation occurs when the w, value exceeds 53. At the
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Figure 4. The w, value as a function of the Xcq, value in the AOT/iso-
octane system at 303.2 K ([AOT] =100 mmolL™").
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lower X0, values, the solubilization capacity increases with
increasing pressure. The Xco, range in which the system is
single phase gradually decreases as the w, value approaches
wo™™ (the maximum water-to-AOT molar ratio at all the
Xco, values). A further increase in CO, concentration re-
duces the w, value, as demonstrated in Figure 4. The Xcq,
values corresponding to the wy™ value at 303.2, 308.2,
313.2, and 318.2 K determined in this work are 0.38, 0.37,
0.36, and 0.34, respectively.

Figure 5 shows the dependence of the w™ value on tem-
perature between 303.2-318.2 K. The w,™ value is consider-
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Figure 5. The dependence of the w,
sence (@) and presence (o) of CO,.

value on temperature in the ab-

ably higher in the presence of compressed CO,. This further
indicates that compressed CO, can enhance the stability of
the micelles. The reason is that CO, can penetrate into the
interfacial film of the reverse micelles and stabilize them by
increasing the rigidity of the micelle interlayer, thus reduc-
ing the attractive interaction between the droplets.*!

Interestingly, the Xco, value corresponding to the mini-
mum cmc point in Figure 3 is consistent with the Xq, value
at which the w,™ value occurs. We can deduce that CO, in
the solution affects the cmc value in two opposite ways.
First, it can stabilize the reverse micelles, a process that is
favorable to enhancing the formation of the reverse micelles
or reducing the cmc value, and second, CO, in the solvent
reduces the hydrophobicity of the solvent because CO, is
less hydrophobic than isooctane; the latter process is not fa-
vorable to reducing the cmc value. At the lower X, values
the first factor is dominant, while at the higher Xo, values
the second factor becomes dominant; this results in a mini-
mum in each of the cmc versus X, curves.

Aggregation number: Fluorescence spectroscopy is a com-
monly used technique to study the aggregation number of
micelles.**# 1 Many fluorescence studies of AOT/oil re-
verse micelles in the absence of CO, have been report-
ed."*=% To measure the aggregation number of the AOT/
isooctane system, 8-anilinol-1-naphthalenesulfonic acid
(ANS) is used as the probe and N-cetylpyridinium chloride
(CPC) is used as the quencher. As an example, Figure 6a
shows the dependence of the fluorescence spectra of ANS
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value is usually based on the
van’t Hoff equation. In the
van’t Hoff method, the cmc
value of a surfactant is mea-
sured at different temperatures
and the energetic parameters
can be evaluated by the mass
action and pseudophase
models.” ! However, the de-
termination of thermodynamic
parameters for ionic surfac-
tants through the cmc value is
more complex than that with
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A/nm [CPC]/ (x10°mol L")

Figure 6. a) Fluorescence spectra of ANS at different CPC concentrations, [CPC], in CO,-free micellar solu-
tion. b) The corresponding Inly/I versus [CPC] curve. T=3032K, ([AOT]=15mmolL™"), [ANS]=2x

10 molL !, A,,=346 nm.

on the concentration of CPC at an AOT concentration of
15 mmolL™! in CO,-free isooctane at 303.2 K. The fluores-
cence intensity of ANS decreases with increasing concentra-
tions of CPC. Figure 6b presents the InlyI versus [CPC]
curve (where [, and [ are the emitted fluorescence intensi-
ties with quencher concentration of zero and a particular
value, respectively) corresponding to the results in Fig-
ure 6a. The aggregation number in CO,-free reverse mi-
celles determined by fluorescence quenching is 125, which
agrees with the result reported by other authors.* We also
determined the aggregation numbers of AOT reverse mi-
celles in isooctane at 303.2 K and with different mole frac-
tions of CQO,; the results are listed in Table 2. It can be ob-

Table 2. The aggregation number, N, of the reverse micelles in the AOT/
isooctane system at 303.2 K and with different mole fractions of CO,,

Xco, 0 0.14 0.40 0.53 0.68
N 125 207 456 189 165

served that the aggregation number also has a maximum at
about X, =0.40. We believe that the maximum micellar
size is also related to the ability of CO, to stabilize the re-
verse micelles and to change the hydrophobicity and/or sol-
vent strength of the solvent. At about Xo,=0.40, CO, can
stabilize the reverse micelles effectively by penetrating into
the interfacial region, which makes the interfacial films
more rigid. Therefore, the size of the reverse micelles can
be larger. The large size of the reverse micelles can partially
explain the maximum solubilization capacity of water at
about Xco,=0.40, as shown in Figure 4.

Thermodynamics of micellization: The thermodynamics of
micellization of different surfactants in the absence of CO,
have been studied extensively."'® The determination of
thermodynamic parameters of micellization from the cmc

8070 ——
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nonionic surfactants owing to
the binding of counterions to
the charged micelles in the
former case. It has been re-
ported that about 90% coun-
terions (Na‘t ions) are bound
for AOT normal micelles.’”l In
this work, the cmc value is measured in dry reverse micelles,
and it is acceptable to consider that the counterions are all
bound to the AOT anions in the AOT reverse micelles. The
standard free energy of micellization, AGY, can be calculat-
ed by Equation (1).1]

AG? =2RTIn(cmc) 1)

The standard enthalpy (AH™) and standard entropy (ASY)
of micellization can be calculated from the Gibbs equation
according to Equations (2) and (3).1*>*

AH™ = —2RT?dln(cmc)/dT )
AS™ = (AH™—AG™)/T 3)

The thermodynamic parameters for the micelle formation
at different temperatures and CO, pressures have been eval-
uated from Equations (1)—(3). The In(cmc) versus tempera-
ture curves are linear at CO, pressures of 0, 1.0, and
3.0 MPa, as shown in Figure 7a, and therefore the AHT
value can be easily calculated from the slope of the curves
by using Equation (2). At 4.0, 5.0, and 6.0 MPa, however,
the In(cmc) versus temperature curves are not linear (Fig-
ure 7b). To evaluate the AHT value at these pressures,
Equation (4), where a-d are constants, is used to correlate
the data.

In(cmc) = a+bT+cT*+dT? (4)

Figure 7b shows that Equation (4) can correlate the ex-
perimental data well. Equation (5) is obtained by differen-
tiation of Equation (4).

din(cmc) /dT = b+2cT+3dT> (5)

From a combination of Equations (2) and (5), an expres-

Chem. Eur. J. 2006, 12, 8067 —8074
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Figure 7. Plot of the In(cmc) value against temperature for the AOT/isooctane solution at different pressures
of CO,. The symbols are the experimental values and the curves are fitted results
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Xco, values is favorable to the
formation of the reverse mi-
celles. Furthermore, as expect-
ed, the Xco, value with the
minimum AG! value is coinci-
dent with the one where the
minimum cmc value is ob-
served.

Figure 9 shows the depend-
ence of AH" and TAS on the
Xco, value at different temper-
atures. The AHT value is posi-
tive, which indicates that for-
mation of the reverse micelles
is endothermic process. Ther-
modynamically, the process to
form the reverse micelles can
be divided into two steps. First,
the removal of solvent mole-
cules from the vicinity of the
AOT molecules, a process that

is associated with a positive enthalpy change.’ Second,
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Figure 8. The dependence of the standard Gibbs free energy of micelliza-
tion, AGY, on the mole fraction of CO,, Xco,, at different temperatures.

sion of the AHY value can be
obtained [Eq. (6)].

AH™ = —2RT?*(b+2cT+3dT?)

(6)

Figure 8 shows the AGT
value as a function of Xco, at
different temperatures. The

AG? value is negative under
all the conditions and has a
minimum in each curve, there-
by indicating that the forma-
tion of AOT micelles in isooc-
tane and in CO,f/isooctane is
spontaneous and thermody-
namically favored, especially at
the Xco, values where the
minima occur. In other words,
addition of CO, at suitable

Chem. Eur. J. 2006, 12, 8067 -8074

AOT molecules aggregate to form the reverse micelles; this
process gives a negative contribution to the enthalpy
. change.”® The positive AH™ value suggests that the first
step dominates the micellization energetically.

The positive AST" value indicates that the system becomes
i b more disordered during the micellization process in the sol-
2 K vent. Similar to the situation with the AHT value, the ASY"
2K value can also be divided into two parts. The entropy
change of removing solvent molecules from the vicinity of
the AOT molecules is associated with a positive entropy
change,® while the aggregation of the AOT molecules to
form the reverse micelles gives a negative contribution to
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Figure 9. The thermodynamic parameters, AH:" and ASY, for micellization of AOT as a function of the mole

fraction of CO,, Xco,, at different temperatures.
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the entropy change. The positive AST" value suggests that
the former is dominant. According to the idea of enthalpy—
entropy compensation,'®*” the contribution of the enthalpy
(AH?Y) for the Gibbs free energy is small compared to the
entropy term (7TASY), that is, the entropy change is the
major driving force for the formation of the reverse mi-
celles.

It can be observed that, at 313.2 K and 318.2 K, the AHT"
and AST values decrease continuously with increasing CO,
concentration over the entire Xco, range. As discussed
above, the AHMand AST values can be supposed to be the
contribution of two processes, namely the removal of sol-
vent molecules from the vicinity of the AOT molecules and
aggregation of the AOT molecules to form the reverse mi-
celles. The size of CO, is much smaller than that of isooc-
tane, and it can insert into the tail region of the reverse mi-
celles to stabilize the micelles. This means that it is not nec-
essary to remove all of the solvent molecules in the first
step. Therefore, in the presence of CO,, the first step is less
endothermic and its contribution to entropy change is small-
er than is the case without CO,. More CO, molecules insert
into the interfacial films at the higher CO, concentrations,
and the AHT and AST values decrease with increasing CO,
concentration. This can also be considered in another way.
It can be supposed that all of the solvent molecules are re-
moved in the first step, while, after the aggregation of AOT
molecules in the second step, some CO, molecules insert
into the interfacial films; this is an exothermic process and
the entropy is reduced because CO, molecules are bound to
the AOT molecules.

At 303.2 K, an increase in CO, concentration results in a
decrease in the AHY and AST values at the lower Xco,
values and an increase with increasing Xco, values at the
higher CO, concentrations, as shown in Figure 9. It is very
difficult to give an exact explanation for this interesting phe-
nomenon. This may be partially related with the special
properties of near-critical fluids. It is known that near-criti-
cal fluids can form clusters with solutes in the critical
region, which is often called local-density and/or local-com-
position enhancement.®®*) The clustering between solvents
and solutes is an exothermic process."”! Therefore, with an
increasing content of CO, in the solution, the solvent ap-
proaches its critical point, and the clustering of the solvent
and AOT becomes more significant or the local density of
the solvent around the AOT monomers can be considerably
higher than that in the bulk. Thus, in the first step (removal
of solvent molecules from the vicinity of the AOT mole-
cules), a large amount of solvent molecules enters the con-
tinuous phase and the process is more endothermic, and
therefore the contribution to AST is large. The clustering is
more significant with a higher content of CO, and the AHT
and AST values increase with the increasing content of CO,.
The content of CO, in the solvent at the higher tempera-
tures is much smaller (Figure 1) and the solution exhibits
mainly the properties of conventional liquids, so the AHT
and AST values decrease continuously as pressure rises.

8072 —— www.chemeurj.org
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It should be mentioned that the effect of CO, on the AH™
and AST values is more complex than that discussed above.
For example, the interaction between the CO, and AOT
may be considerably different from that between the isooc-
tane and AOT.

Conclusion

In this work we studied the effect of CO, on the cmc value
of AOT in isooctane, the aggregation number of the reverse
micelles, the ability of the reverse micelles to solubilize
water, and the thermodynamic properties of the micelliza-
tion at different temperature and Xcq, values. It was discov-
ered that the cmc value decreases with increasing Xco,
values in the lower Xco, ranges, but it increases with the
Xco, value at higher CO, concentrations. The AG?" value is
negative and shows a minimum in each AGT versus Xco,
curve, a result indicating that the micellization of AOT in
isooctane is thermodynamically favored and spontaneous,
especially at suitable CO, concentrations. The aggregation
number of the reverse micelles increases with increasing
Xco, values in the lower CO, concentration range and de-
creases with CO, concentration at higher CO, concentra-
tions. The ability of the reverse micelles to solubilize water
also shows a maximum at a suitable CO, concentration. The
changes of cmc value and AGT upon addition of CO, indi-
cate that CO, at a suitable concentration favors the micelli-
zation of AOT in the solvent. The effect of CO, on the ag-
gregation number and the solubilization ability of the re-
verse micelles suggests that CO, at a suitable concentration
can stabilize the reverse micelles. CO, can insert into the in-
terlayer region of the reverse micelles, increase the rigidity
of the interfacial film, and reduce the micelle-micelle inter-
action. Therefore, CO, at a suitable concentration can en-
hance the stability of the reverse micelles and reduce the
Gibbs free energy of micellization. The ASTand AHT values
are positive, a result demonstrating that the micellization
process is entropy driven.

Experimental Section

Materials: CO, (>99.995% purity) was provided by Beijing Analytical
Instrument Factory. The surfactant AOT (99% purity) was purchased
from Sigma. In this work, the surfactant AOT was dried under vacuum at
50°C until the weight was independent of drying time and was then
stored in a desiccator. The sample was dried again under vacuum for two
hours before use. The isooctane (analytical grade) was supplied by Bei-
jing Chemical Plant. The hemi-Mg salt of ANS and the CPC were pur-
chased from Aldrich. tBP (analytical grade) was provided by Shanghai
Chemical Agent Company.

Phase behavior of the solution in the presence of compressed CO,: The
AOT/isooctane solutions were prepared by adding suitable amounts of
AOT into the isooctane solution. A transparent solution was obtained
after shaking the solution for several minutes. The phase behavior of the
solution in the presence of CO, was investigated with the apparatus used
previously.”? A HAAKE D3 digital controller was used to control the
temperature of the water bath; the accuracy of the temperature measure-

Chem. Eur. J. 2006, 12, 8067 —8074
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ment was £0.1°C. The pressure gauge used was composed of a pressure
transducer (FOXBORO/ICT, Model 93) and an indicator, which was ac-
curate to £0.025MPa in the pressure range of 0—20 MPa. In the experi-
ment, a suitable amount of solution was added into the viewing cell.
After thermal equilibrium had been reached, CO, was charged into the
cell until a suitable pressure was reached. A magnetic stirrer was used to
enhance the mixing of CO, and the solution. The pressure and the
volume were recorded under equilibrium conditions. More CO, was
added and the volume of the liquid phase at another pressure was deter-
mined. The volume-expansion coefficient was calculated on the basis of
the liquid volumes before and after the dissolution of CO,. The solution
became cloudy once the pressure was high enough due to the antisolvent
effect of CO,; this pressure was defined as the cloud-point pressure.

Determination of water solubilization: The experiments were based on
the fact that the solution was clear and transparent if the water was com-
pletely solubilized; otherwise the solution was hazy or milky.">" The ap-
paratus and procedures were similar to those reported previously,™
which were used to study other systems. The apparatus consisted mainly
of a high-pressure viewing cell, a constant-temperature water bath, a
high-pressure syringe pump (DB-80), a pressure gauge, a magnetic stir-
rer, and a gas cylinder. The temperature of the water bath was controlled
by a HAAKE D3 temperature controller. In a typical experiment, the air
in the viewing cell was replaced by CO,. The solution of AOT in isooc-
tane (S5mL) and the desired amount of double-distilled water were
loaded into the high-pressure viewing cell. The cell was placed into the
constant-temperature water bath. After thermal equilibrium had been
reached, the stirrer was started. At this point, the solution was hazy and
milky. CO, was charged into the cell slowly until the hazy and milky
liquid solution became transparent and completely clear, which was an
indication of the solubilization of all of the water.[>™!

Determination of the cme value: The cmc value of AOT/isooctane re-
verse micelles was studied with a UV spectrophotometer (TU-1201) and
tBP was used as an external probe.*! The high-pressure temperature-
controlled UV sample cell was the same as that used previously.” The
optical path length and the volume of the sample cell were 1.12 cm and
1.64 mL, respectively. In a typical experiment, desired amounts of the
tBP/isooctane and AOT/isooctane solutions were loaded into the sample
cell and then the cell was charged with CO,, which made the cell full.
The concentration of the probe was kept at 5x 107> molL™" after the so-
lution was expanded by CO,, that is, the concentration of the probe was
the same for all experiments. The differential signal of AA/AC (where A
and C stand for the UV absorbance and concentration of AOT, respec-
tively) was plotted against the AOT concentration for determination of
the cmc values.

Determination of aggregation number: Fluorescence techniques were
used to determine the aggregation number of the AOT/isooctane reverse
micelles, and the experiments were performed by using a Hitachi F-2500
spectrofluorometer. The high-pressure fluorescence cell was similar to
that used previously.”!! ANS was used as the external fluorescence probe
and CPC was employed as the quencher.*! The excitation wavelength
was 346 nm, and the fluorescence emission was measured at 455 nm. In
the experiment, a suitable amount of ANS-containing reverse-micellar
solution and CPC-containing reverse-micellar solution were charged into
the cell. The temperature of the cell was maintained at 303.2 K. The
sample cell was charged with CO, until it was full. The fluorescence spec-
trum of the solution was recorded. The concentrations of AOT and ANS
were 15 mmol L™ and 2x 107 mol L™ respectively, after the solution was
expanded by CO,. This technique assumes that the number of both the
probe and the quencher molecules per micelle obeys Poisson’s distribu-
tion, which leads to Equation (7),1* where I, and I are the emitted fluo-
rescence intensities with quencher concentration of zero and [Q], respec-
tively, N is the mean surfactant aggregation number, and C; is the total
AOT concentration.

Inf,/I = NIQJ/(C,~eme) ™)

The aggregation number can be calculated from the slope of the plot of
In(Zy/I) against the initial [Q] at a fixed C..
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