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Abstract The solubilization of styrene
in micelles of the catanionic surfactant
dodecyltrimethylammonium
hydroxide (DTAOH)—n-dodecane-
phosphonic acid (DPA) was studied
by UV—Vis. spectrometry, as
a function of the DTAOH:DPA
proportion in the surfactant mixture.
The styrene molecules are adsorbed at
the surface of the micelles, with the
vinyl group closer to the hydrocarbon
core than the aromatic ring, which is
oriented to the water. In micelles with
an excess of DTAOH, the dielectric
constant of the water surrounding the
micelles was strongly affected by the
non-neutralized —N(CH

3
)`
3

groups at

the Stem layer. In micelles with an
excess of DPA, the —PO

3
H

2
groups

which are not neutralized by
—N(CH

3
)`
3
, remain almost unionized

and hydrogen-bonded. The effect of
the micellar surface on the surroun-
ding water dielectric constant
dropped sharply. The dielectric
constant in the hydrogen-bonded
polar layer is &65, rising to the value
of pure water very close to the
micellar surface.
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Introduction

The site of solubilization of monomer molecules and their
orientation in surfactant micelles influences the kind of
polymer obtained in emulsion or microemulsion polym-
erization [1]. The nature and concentration of the surfac-
tant determine the polymerization mechanism. The
structure and properties of the products are also in-
fluenced [1]. In previous work it was found that styrene
solubilized in common ionic micelles (cationic or anionic)
followed the two-states model [2]. In this model, some
styrene molecules are solubilized in the micelle hydrocar-
bon core, whereas others remain adsorbed at the micelle
surface. This adsorption is because of the surface activity
of aromatic compounds at the hydrocarbon—water inter-
face, caused by the capacity of the aromatic n-electrons to
form hydrogen bonds with water [3].

In a previous work we have studied the catanionic
system dodecyltrimethylammonium hydroxide (DTAOH)
—n-dodecanephosphonic acid (DPA). It was found that the
structure of micelles changes dramatically with the
DTAOH:DPA proportion in the system [4]. These cha-
nges may modify the solubilization characteristics of poly-
merizable monomers in micelles. The study of these
characteristics are of interest to design new polymers as
well as to follow changes in micelle structure when the
DTAOH:DPA proportion is changed in the system. We
used styrene as a probe because this monomer was pre-
viously studied in cationic and anionic micelles [5, 6]. The
study was carried out by analyzing the spectral changes in
the UV—Vis. styrene spectra caused by changing the
solvent dielectric constant [2]. This allowed us to deter-
mine the dielectric constant of the microenvironment of
different parts of the styrene molecule. The position of
the absorption bands maxima (j

.!9
) and the maximum/
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adjacent minimum absorbance ratio (A
.!9

/A
.*/

) depend
on the dielectric constant in the environments of each
group.

Experimental

The preparation of pure surfactants and the catanionic
mixtures were detailed elsewhere [4]. Double-distilled,
CO

2
-free water was employed.

UV—Vis. spectra were carried out in a Hewlett—
Packard HP 8452 A spectrometer with linear diode array
at 25.0$0.1 °C.

Calibration curves were made on styrene solutions
(4.8]10~5 moldm~3) in n-decane, water #1% urea,
ethanol, acetone, ethyl ether and methanol—water mix-
tures [7]. The solvent dielectric constants (e) ranged be-
tween 2 and 81.5. Figure 1a shows the styrene spectra in
several methanol—water solutions, and Fig. 1b, those in
water and decane. The &210 nm band belongs to the
nPn* transition in the vinyl group, and that of&240 nm
to the nPn* transition in the aromatic ring (K-band).

Figure 2 shows the A
&210

/A
&240

ratio vs. the solvent
dielectric constant (e). This curve is related to the ‘‘aver-
age’’ dielectric constant in the microenvironment of the
styrene molecules as a whole. Figure 3 shows the depend-
ence of the vinyl nPn* transition j

.!9
on e. In Fig. 4 the

A
.!9

/A
.*/

ratio for the aryl nPn* transition was plotted
vs. e. The maximum at &240 nm and the minimum
&230 nm were used.

Fig. 1 UV—Vis spectra of styrene in (a) methanol—water mixtures: (1)
methanol 20 wt%, e"72.8; (2) methanol 40 wt%, e"63.0; (3) meth-
anol 60 wt%, e"52.2; (4) methanol 80 wt%, e"42.6; (5) methanol
100 wt%, e"33.8 (b) in (6) water#1% urea and (7) n-decane

Fig. 2 Absorbance ratio A
&210

/A
&240

vs. solvent dielectric constant

Fig. 3 Maximum wavelength (j
.!9

) for the vinyl nPn* transition
vs. solvent dielectric constant

Fig. 4 Absorbance ratio A
.!9

/A
.*/

vs. solvent dielectric constant for
the aryl nPn* transition

Figure 3 has a minimum which gives poor definition
between e+33 and 82. This poor definition was corrected
by using Fig. 2. In this figure, the ‘‘average’’ value of e is not
the arithmetic average of the values for vinyl and aryl
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groups. It may be regarded as a sort of weighed average
whose weight factors are not known. By combination of
the three figures, it was possible to eliminate the poor
definition.

Results and discussion

Figure 5 shows the microenvironment dielectric constant
e for the vinyl and the aryl styrene groups in the catanionic
system, plotted vs. the DPA mole fraction in the surfactant
(y

DPA
). To compute this mole fraction water was not taken

into account, therefore,

y
DPA

#y
DTAOH

"1 (1)

In Fig. 5 it may be seen that e values are lower for the
vinyl than for the aryl group. This is consistent with
a model in which the styrene molecules are adsorbed at the
surface of the micelles, with the vinyl group closer to the
hydrocarbon core than the aromatic ring, which is
oriented to the water, as it was found in pure DTAOH
micelles [8]. There was no significant amount of styrene
solubilized in the hydrocarbon micelle core.

Micelles with an excess of DTAOH (y
DPA

(0.33) have
ionized, non-neutralized —N(CH

3
)`
3

groups at the Stern
layer, which affect the dielectric constant of water
by electrostatic influence on its structure. Following
Danielewicz—Ferchmin [9], the vinyl microenvironment
e value of&26 corresponds to a distance of about 0.21 nm
between —N(CH

3
)`
3

and the vinyl groups. The value of
e+50 for the aryl group corresponds to a distance of
about 0.23 nm. The radius of the ‘‘bare’’ —N(CH

3
)`
3

group
is 0.209 nm (computed with internuclear distances and
atomic radii), whereas that of the micellized group is
0.296$0.014 nm (5c). By comparison with the distances
derived from microenvironment dielectric constant
measurements, it follows that styrene molecules are in-
serted in the Stern layer, among the trimethylammonium
hydrated groups, with the aryl plane perpendicular to the
micelle surface. Due to the aryl size, it cannot be com-
pletely immersed into the Stern layer, giving an e value
larger than that of the vinyl. Because the aryl n-electrons
system have affinity with water [3], this group is naturally
sited close to the aqueous intermicellar solution.

In DPA-rich micelles (y
DPA

'0.33) there is a remark-
able change in the styrene microenvironment dielectric

Fig. 5 Dielectric constant of the styrene (d) vinyl (m) aryl micro-
environments in micellar solutions in the system DTAOH—DPA vs.
the mole fraction of DPA in the surfactant mixture (y

DPA
)

constant. That of the vinyl group is still lower than the
e value for the aryl. However, both e values are higher and
closer to each other than in DTAOH-rich micelles.

The e value of&65 for the vinyl group, whereas it rises
from&70 (y

DPA
+0.33) to&80 (y

DPA
"1). This change in

the microenvironment dielectric constant is consistent
with the micellization behavior of this system [4]. The
micelle ionization sharply drops for (y

DPA
50.33, which

means that the —PO
3
H

2
groups which are not neutralized

by —N(CH
3
)`
2

groups remain almost unionized, as it was
previously found by ion-selective electrodes measurements
[4]. The —PO

3
H

2
groups form a hydrogen-bonded system

at the aggregate—water interface in DPA lamellar liquid
crystals [10] and micelles [11]. This means that the larger
y
DPA

is, the more extended the hydrogen-bonded structure
at the micelle—water interface in this system. Hydrogen-
bonded systems have high dielectric constant [12]. The
dielectric constant of the vinyl microenvironment is almost
constant (&65) and is probably that of the surface hydro-
gen-bonded system. This is only effective at short distan-
ces. The micellar ionization degree gradually falls from
y
DPA

+0.33 to y
DPA

"1 [4]. This situation gradually re-
duces the electrostatic effect on the surrounding water
dielectric constant, giving the rise in e for the aryl group up
to about that of pure water in pure DPA micelles. This
means that the aryl groups are outside the micelles polar
interface.
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