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per incident photon. Assuming an average energy corresponding
to a wavelength of 320 nm, we estimate 1.4 X 10~ and 1.0 X 107
molecules/incident photon for CH3;Br and CH;1. Because the
photon absorption cross section is unknown, we cannot estimate
quantum yields.
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Some surfactants change their micellar shape from sphere to
rodlike by an increase of concentration or by the addition of
electrolytes.! The sphere-rod transition of micelles has been
widely studied, but no kinetic experiment has been done, and the
mechanism of the transition has not been clarified. In this work,
we studied the sphere-rod transition of cetyltrimethylammonium
bromide (CTAB) micelle both statically and kinetically and
reached a conclusion that the rodlike micelle is formed by suc-
cessive association of the monomers to the sphere micelles.

The aggregation behaviors of CTAB were studied by con-
ductivity and ultrasonic velocity measurements. In the plots of
these properties against the CTAB concentration, a break point
was observed at 1.0 mM, which was ascribed to the CMC.2 As
seen in Figure 1, another break point was observed at around 250
mM, which is in accordance with the reported value for the
sphere—rod transition concentration of CTAB micelle.> In contrast
to these, the plots for the cetyltrimethylammonium chloride
(CTAC) solution where the micellar shape remains unchanged
were linear, and any break point was not observed.

Pressure-jump studies were performed on the CTAB solution
in a wide concentration range. In a solution of concentration a
little above the CMC, two relaxations were observed. Temperature
dependencies of their reciprocal relaxation times are shown in
Figure 2 where we can observe that they are similar to those for
other surfactants.* Following preceding studies® the fast relaxation
with a time constant of about 10 ms might be ascribed to the
monomer exchange and the slow relaxation with a time constant
of about 1 s to the overall formation and dissolution of the sphere
micelles. The relaxation amplitudes and the relaxation times
reduced with an increase of CTAB concentration, and the re-
laxations were not observed in a concentration range of about
20-230 mM. As the CTAB concentration approaches the
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Figure 1. Concentration dependencies of the conductivity (@, O) and the
ultrasonic velocity (4, A) for CTAB (filled signs) and CTAC (open
signs) solutions at 30 °C. Experimental errors are about 4 X 1075 Q!
and 0.15 m 571, respectively.
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Figure 2. Temperature dependencies of the reciprocal relaxation times
for the fast process (dotted line) and the slow process (full line) at a little
above the CMC: (@), 10 mM sodium dodecylsulfate; (@), 2.4 mM
sodium tetradecylsulfate; (©), | mM sodium hexadecylsulfate; (0), 1.1
mM CTAB. Data for the slow relaxation in a 400 mM CTAB solution
is shown by (—e—).
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sphere-rod transition concentration (250 mM), two new relaxa-
tions appeared. These relaxations could be induced even in 200
mM CTAB solution by the addition of 20 mM NaBr to decrease
the sphere—rod transition concentration to 190 mM. On the other
hand, no relaxation was observed in a CTAC solution. These
results imply that the relaxations are related to the rodlike micelles
of CTAB.

Detailed kinetic experiments for the CTAB solutions in the
concentration range above the sphere—rod transition concentration
revealed the following facts. In the fast relaxation, the reciprocal
relaxation time increases linearly with CTAB concentration. In
the slow relaxation, the concentration dependency of the reciprocal
relaxation time 7,1 is not monotonous but rather complicated as
seen in Figure 3. Another feature of the slow relaxation is an
unusually large temperature dependency of the relaxation time
(Figures 2 and 3). Very interestingly, these concentration and
temperature dependencies of the two relaxation times are very
similar to those of the relaxations observed for the sphere micelles
above the CMC.*5 With reference to the two relaxations for the
sphere micelles, the data indicate that the fast relaxation is due
to the monomer exchange, while the slow relaxation is due to the
overall formation and dissolution of the rodlike micelles. Fur-
thermore, the unusually large apparent activation energy of the
slow process can be well understood by considering that a rodlike
micelle might be produced by the monomer’s successive association

© 1988 American Chemical Society
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Figure 3. Concentration dependencies of the reciprocal relaxation time
for the slow process in the CTAB solutions above the sphere-rod tran-
sition concentration at various temperatures.

to a sphere micelle in a similar manner as a sphere micelle is
formed, i.e.

T VAR v SR\~

The breaks in the concentration dependencies of conductivity and
ultrasonic velocity at the sphere-rod transition concentration were
very similar to those at the CMCS and support our interpretation.
A similar model has been discussed by Mukerjee.” Porte et al.t
also claimed that successive association of the monomers to the
sphere micelle leads to a rodlike micelle, energy barrier exists at
the first step of elongation, and the elongated micelles with
moderate association numbers are energetically disfavored.

For the mechanism of the sphere-rod transition of micelles
another conflicting model has been proposed,’ where a rodlike
micelle (S,,,) is assumed to be formed by the agglutination of
several (n) sphere micelles (S,), i.e.

k,
= )
Ky

For reaction 2, the overall concentration of surfactant (3°[S]) and
the equilibrium constant (K) is given by

2(S] = m(Sy] + mn{Sp,] (3)
smn
K= [Suol 4)
(Sm]”
and the relaxation equation is given by
1's_l = nzkf[sm]n—l + kb (5)

where the brackets indicate the concentration. Since 7 is estimated
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to be smaller than five under the present experimental conditions,
eq 3 and 4 predict that the increase of [S,] is convex upward while
that of [S,,] is concave upward at around the sphere-rod transition
concentration. These facts predict that the solution properties,
e.g., conductivity and ultrasonic velocity, vary gradually with
surfactant concentration in relatively wide range around the
sphere-rod transition concentration. Furthermore, by using the
values of n and [S.] estimated above, eq 5 predicts that 7!
increases very steeply with surfactant concentration. However,
all these expectations were contradicted to the experimental results
as shown in Figures 1 and 3. Then a mechanism of direct ag-
glutination of sphere micelles to form a rodlike micelle was dis-
carded.

Even though further studies are needed to provide quantitative
interpretations, we may conclude that the rodlike micelle formation
of CTAB occurs via successive association of monomers to the
sphere micelle in the time region of several hundred milliseconds,
while the monomer exchange on the rodlike micelle occurs in the
time range of several milliseconds at 30 °C.
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For many years, topologically novel molecules such as catenanes
(interlocked rings) have been the target of synthetic efforts in
several laboratories.!™ With regard to synthetic efficiency, the
copper(I) templated synthesis of catenates (complexes) and
catenands (free ligands) appears to be among the most efficient
methods.’ Schill et al. have demonstrated syntheses of {3]-ca-
tenanes, consisting of three interlocked rings, by using carbon-
based control units.5 Recently, coordinating systems containing
three interlocked macrocyclic subunits have been synthesized.™*
The X-ray structure of a dicopper(I) [3]-catenate has also been
reported.’

In the course of our work,” we have prepared the dicopper(I)
{3]-catenate [1(Cu'),]**[BF,],, and we have isolated the cop-
per(I) [2]-catenate [2(Cul)]*-BF,” as a byproduct.

The corresponding catenands 1 and 2 (see Figure 1) were readily
obtained from their respective copper(I) catenates by demetalation
with KCN. Both compounds I and 2 have been studied by 'H
NMR, and their conformational properties have been compared
in the light of the crystal structure of 1, determined by X-ray
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tLaboratoire de Chimie Organo-Minérale.
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