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Synopsis. The absorbances of the azo-hydrazone
tautomer of sodium 4-(p-sulfonatophenylazo)-1-naphthol-2-
sulfonate dissolved in an aqueous solution of polyethylene
glycol octyl dodecyl ether (8ED) were measured in the presence
of various concentrations of sodium dodecyl sulfate (SDS).
The existence of a mixed micellar region of SDS and 8ED in
the bulk solution was confirmed by this azo-hydrazone
tautomer method.

The present authors have previously reported the
properties of mixed micelles between an anionic surfac-
tant and a series of homogeneous polyethylene glycol
dodecyl ethers (nED) with no Poisson distribution and
their dependence on the oxyethylenechain length.!-%
The existence of a mixed micellar region in the bulk
solution has been suggested from the finding that a long
plateau appears on the surface-tension curve of nonionic
surfactants in the presence of sodium dodecyl sulfate
(SDS) at a constant concentration. Further, the
authors have determined the cmc of mixed solutions of
SDS and 7ED by the charge-transfer-solubilization
method.

Recently, the cmc of nonionic surfactants has been
determined spectroscopically by using the keto-enol
tautomer of benzoylacetone or benzoylacetoanilide.5%
This method might also be used to elucidate the
properties of mixed micelles. In this work, the prop-
~ erties of mixed micelles of SDS and polyethylene glycoy
octyl ether (8ED) were investigated by using an azo-
hydrazone tautomer of sodium 4-(p-sulfonatophenylazo)-
I-naphthol-2-sulfonate (PNDS) as one of the tautomers.

PNDS was prepared in the following way: Sulfanilic
acid (NH,C¢H,SO;H) was diazotized and coupled with
potassium 1-naphthol-2-sulfonate (HOC,,H SO;K). The
PNDS thus obtained was purified by chromatography
on Wakogel C-200, using a mixture of 1-butanol, acetic
acid, and water as the eluent. The PNDS was dried at
100 °C under a vacuum. A homogeneous nonionic
surfactant, polyethylene glycol octyl dodecyl ether (8ED)
was supplied by the Nikko Chemicals Co., Ltd. This
8ED was highly pure, as was confirmed by gas-liquid
chromatography, thin-layer chromatography, and cloud-
point and surface-tension measurements. SDS as an
anionic surfactant was synthesized by a modification of
the method of Dreger et al.,” and subsequently purified
by repeated recrystallizations from ethanol. The
purity of SDS was confirmed by the absence of any
minimum in the surface-tension diagram. The water
used in all the experiments was purified by passing it
through the MILL-Q Reagent-Grade Water System
(Millipore, Ltd.) until its specific conductivity fell below
10-7 Q@ t/cm. 2.5X%10-% mol dm=3 of PNDS in an aqueous
solution was prepared, and then the surfactant solutions
with various concentrations were prepared by dissolving

a certain quantity of each surfactant into the PNDS
aqueous solution in order to keep the concentration of
PNDS constant. After the temperature of the samples
had attained 25 °C, the absorption spectra of the samples
were measured in a 1.0-cm quartz cell by means of a
spectrophotometer (Model Hitachi ESP-3T).

It is well known that PNDS exists mostly in the
hydrazone form in water and is tautomerised to the azo
form in polar organic solvents.? To confirm this
behavior, the absorption spectra of PNDS dissolved in
water—ethanol mixtures were measured. It was seen
that the spectrum of PNDS in water had an absorption
band at 490 nm, where PNDS exists in the hydrazone
form, while on the other hand, the spectrum in ethanol
provides an absorption band at 410 nm which is attrib-
uted to the azo form. The absorbance of the hydrazone
form decreased with an increase in the content of ethanol
in the mixtures. Furthermore, an isobestic point was
clearly observed at 435 nm. The above results support
the idea that the azo-hydrazone tautomerism of PNDS
exists in water—ethanol mixtures.

It is important to check whether or not an aggregation
of PNDS exists in an aqueous solution, because dyes
usually form aggregates, such as dimers, trimers, and
higher oligomers.”” When the absorbance of PNDS
was plotted against the concentration of PNDS, the
absorbances of PNDS in an aqueous solution and in
ethanol both strictly obeyed Beer’s law. This means
that an aggregation, if any, of PNDS would occur to only
a negligible extent in these solutions.

As the next step, the azo-hydrazone tautomerism of
PNDS was examined in aqueous surfactant. solutions.
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Fig. 1. The changes in the absorption spectra 2.5 x 10-5
mol dm~3 of PNDS as a function of the concentration
of 8ED solution and the structure of PNDS.
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The spectra of PNDS dissolved in surfactant solutions
are expected to be different from those in water alone
due to the interaction of the PNDS-surfactant. The
changes in the absorption spectra of 2.5 X 10-% mol dm—2
of PNDS as a function of the concentration of the 8ED
solution and the structure of PNDS are shown in Fig. 1.
The absorbance of the hydrazone form was constant
until 7.0 10-3 mol dm—3; thereafter, it decreased
gradually with an increase in the concentration of 8ED.
On the other hand, the absorbance of the azo form did
not change until 6.5 X 10~% mol dm—2 and then increased
with an increase in the concentration of 8ED. Much
as in the water-ethanol system, a sharp isobetic point was
observed at 435 nm. Thus, the tautomerism from the
hydrazone form to the azo form also proceeded in
aqueous surfactant solutions. Further, it was found
that the absorbances of the hydrazone form and of the
azo form began to change near the cmc of 8ED.1® This
fact suggests that the tautomerism from the hydrazone
form to azo form is related to a micellar phenomenon,
since the absorbances of neither form changes below the
cmc.

On the contrary, in the PNDS-SDS system, the
absorbance of the hydrazone form decreased negligibly
with an increase in the concentration of SDS from 0 to
20 mmol dm~3, while the azo form in the spectrum did
not appear at all in this concentration range. Since
the cmc of SDS is 8 mmol dm~3, the above result suggests
that PNDS molecules are not solubilized into SDS
micelles because, presumably, of an electric repulsion
between PNDS anion molecules and SDS micelles.
Thus, the properties of the mixed surfactant solutions of
8ED and SDS can be estimated by the utilization of
the phenomenon that the azo-hydrazone tautomerism
is not observed in an aqueous SDS solution, but only in
an aqueous 8ED solution.

Figure 2 depicts the absorbances of PNDS us. the
concentration of 8ED in the presence of various concen-
trations of SDS. The concentration of 8ED at which
the absorbance of the hydrazone form begins to decline
is shifted to a higher concentration of 8ED with an
increase in the concentration of SDS present in the
mixtures. Similar behavior was observed in the change
of the absorbance of the azo form in the mixtures of 8ED
and SDS. This result can be interpreted as follows.
The PNDS-anion molecules solubilized in 8ED micelles
are expelled by the penetration of SDS into 8ED micelles
due to electric repulsion; as a result, the mixed micelles
of 8ED and SDS are formed. The present authors have
previously reported#) that the surface-tension curves
of 8ED in the presence of SDS have a long plateau over a
wide range of concentrations of 8ED and exhibit two
break-points at lower and higher concentrations of 8ED.
Further, they have pointed out!# that the first break-
points on the surface tension curves correspond to the
cmc of mixed micelles of SDS and 8ED, while the second
break-points indicate the existence of mixed micelles
with excess 8ED. In general, the cmc of mixed micelles
is well known to be lowered more than that of each
single surfactant.’?-1®  Although the present PNDS
method does not provide the cmc values of mixed micel-
les of SDS and 8ED, it seems that the concentration
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Fig. 2. The absorbances of PNDS us. the concentration
of 8ED in the presence of various concentrations of
SDS.

region between the cmc of 8ED alone and the concen-
tration of 8ED corresponding to that point at which the
absorbance of the hydrazone form or the azo form
begins to change is related, at least, to the presence of a
mixed micelle of SDS and 8ED. The length of this
region is extended with an increase in the concentration
of SDS present in the mixtures. With further increase
in the concentration of 8ED in the mixtures, the absorb-
ance of the azo form or the hydrazone form begins to
change. Since the concentration of 8ED corresponding
to that at point which the absorbance of the azo form or
the hydrazone form begins to change is correlated with
the second break-point on the surface tension, PNDS
might be solubilized into mixed micelles with excess
8ED in this concentration range.

Accordingly, the PNDS tautomer is a useful probe
for elucidating the properties of mixed micelles of an
anionic surfactant and a nonionic surfactant.
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