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Synopis. In quenching of the pyrene fluorescence by
copper(II) ions in dodecyl sulfate micelles whose surface is
covered by sodium and copper(Il) ions, the pyrene-cation
quantum yield decreases, after reaching a certain maximum
yield, with increasing copper(II)-ion fraction. The decrease
suggests that the micellar structure becomes unfavorable for
electron transfer quenching as copper(Il) ions displace
sodium ions on the micellar surface.

Pyrene cations are produced in quenching of the
pyrene singlet excited state by copper(II) ions in sodium
dodecyl sulfate (SDS) micelle solutions.? Previous stu-
dies of fluorescence measurement? as well as our early
laser photolysis study? have been made at low concen-
trations of both surfactant and quencher in order to
avoid possible complexities caused by the change in
the micellar size and shape. Recently, remarkable sur-

factant-concentration effects have been found in this
electron transfer at SDS concentrations of 0.05—1 M

(1 M=1 mol dm=3).» The present note deals with the
seemingly unusual dependence of the pyrene-cation
quantum yield on the fraction of copper(II) dodecyl
sulfate (CUDS) in mixed solutions of SDS and CUDS.
This mixture provides dodecyl sulfate micelles covered
by sodium and copper(II) ions. Considering the impor-
tance of comparison of the data for the same total
dodecyl sulfate (DS~) concentration, it is convenient to
define the copper(II)-ion fraction on the micellar sur-
face, F(Cu?*), by

F(Cu?*) = 2[CUDS]/(2[CUDS] + [SDS]) (1)

where the denominator represents the total dodecyl sul-
fate concentration, and the value of F(Cu2?*) thus
defined equals unity for CUDS solutions without SDS.

Experimental

Deaerated solutions containing 0.2 mM pyrene were sub-
jected to laser photolysis, where a 20-ns pulse of a frequency-
doubled ruby laser (347 nm) was used for excitation.}»? In
order to prevent biphotonic ionization, the excitation inten-
sity was adjusted so that the sample absorbed an energy of
about 2mJ cm~2 per pulse. The numbers of absorbed phot-
ons were estimated using the anthracene T-T absorption as a
reference.?

Results

The pyrene fluorescence lifetime in the presence of
10 mM CUDS is 43 ns for an SDS concentration of 1.0 M
and becomes shorter with decreasing SDS concentra-
tion.? In CUDS micelles the pyrene fluorescence van-
ishes within the duration of the laser pulse, indicating a
lifetime shorter than 20 ns. These lifetimes are much
shorter than the natural fluorescence lifetime in SDS

micelles, 340 ns for SDS concentrations of 0.05 to 1.0 M.
Thus, practically all the excited pyrene molecules were
quenched by copper(lI) ions under the present experi-
mental conditions. The absorption spectra of pyrene
cations with a peak at 450 nm were practically
unchanged in shape and position under various condi-
tions used in the experiments. The cation quantum
yield, @, was determined from the absorbance at 450
nm where the molar absorption coefficient is 20500
M-!cm=-1.9

Figure 1A exhibits the cation quantum vyield as a
function of the copper(Il)-ion fraction in SDS/CUDS
mixture solutions where the total dodecyl sulfate con-
centraion was kept at 0.5 M. The cation yield increases
as expected with the CUDS concentration up to $=0.56
at a copper(Il)-ion fraction of 0.2 (the data in such a
region are presented elsewhere®) but then decreaes to
converge finally to about 0.45. Such decrease in the
cation yield with increasing reactant concentration is
rather unusual in the chemical-kinetic point of view.
The cation quantum yields in CUDS solutions contain-
ing no SDS are plotted in Fig. 2A for several CUDS
concentrations. The dependence of the yield on the
CUDS concentration in this plot cannot be ascribed to
the difference in the copper(Il)-ion fraction on the
micellar surface, for F(Cu2+)=1 for all these solutions,
but to the change in the micellar size, as has been dis-
cussed in our preceding paper.? The cation quantum
yields in mixture solutions of SDS (0.05—1.0 M) and
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Fig. 1. The pyrene cation quantum yields (A) and the
decay rate constants (B) plotted as a function of the
copper(II)-ion fraction in CUDS/SDS mixture solu-
tions where the total DS- concentration is kept at
0.5 M.
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Fig. 2. The pyrene cation quantum yields (A) and
the cation decay rate constants (B) in CUDS solutions
(O) and in SDS solutions containing 10 mM CUDS
() plotted as a function of the DS~ concentration.

CUDS (10 mM) are also plotted, for comparison, as
a function of the total dodecyl sulfate concentration
in Fig. 2A. When the two plots are compared at the
same DS~ concentration, the yield for a CUDS solution
is lower than that for a SDS/10 mM-CUDS mixture
solution, that is, the decrease in the cation yield in
the region of high copper(II)-ion fraction occurs, ex-
cept in the low DS~ concentration region near 0.05 M.

The decay of pyrene cations obeyed the first-order
rate law in contrast to a previous result for N-
methylphenothiazine ions in CUDS micelles.? The
apparent decay rate constants as plotted in Fig. 1B and
2B indicate that the decay is too slow to compete with
the cation formation whose apparent rate constants
exceed 2X107 571 (=1/(43 ns)) and that it does not affect
the observed cation yield. It is interesting that the
cation decay is not affected by sodium ions but en-
hanced by copper(Il) ions, as suggested by the re-
sults shown in Fig. 2B, although this finding will not
be subjected to discussion in this note.

Discussion

Phenomenologically, the pyrene cation quantum
yield is given by

kqo[CUDS]

D=
ks + (Rqe +kqa) [CUDS]

2)

where ks is the rate constant for the spontaneous fluores-
cence decay in the absence of copper(Il) ions, kg is the
one for electron transfer on quenching, and kqq is the
one for quenching processes other than the electron
transfer. The electron-transfer efficiency defined by
kqe/(kqethqa) practically equals the observed cation
yield, if k& (kqet+kqa)[CUDS]. The fluorescence decay
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data indicate that this condition is met in CUDS solu-
tions. In SDS/10-mMCUDS mixture solutions, certain
portions, which is less than 13% (=43 ns/340 ns), of the
singlet excited pyrene molecules fail to react with cop-
per(II) ions; therefore, the electron-transfer efficiency is
higher than the observed cation yield. Thus, the
decrease in the cation yield observed at high CUDS
concentrations indicates the decrease in the electron-
transfer efficiency. The concentration dependence of
the electron-transfer efficiency is most likely connected
with the change in the micellar structure, as will be
discussed below.

In our preceding paper on surfactant concentration
effects on electron transfer,? we have proposed a
hypothesis that the electron-transfer efficiency is larger
for a densely packed structure of the surfactant layer
than for a porous structure. According to this hypothe-
sis, the decrease in the cation yield in theregion of high
copper(Il)-ion fraction is interpreted as that the
increase in the copper(Il)-ion fraction disturbs a den-
sely packed structure attained in SDS micelles. The
densely packed structure is probably peculiar to large
rod-like micelles which are believed to exist in solutions
of high (above about 0.5 M for SDS) surfactant concen-
trations.? The finding that the decrease in the cation
yield at high copper(II)-ion fractions occurs for DS~
concentrations above 0.2 M supports the above expla-
nation based on the densely packed structure of rod-like
micelles. The exceptional agreement in the cation yield
between a 50 mM-SDS/10 mM-CUDS solution and a
50 mM CUDS solution as shown in Fig. 2A is under-
stood, if it is assumed that porous spherical micelles
which lack the densely packed structure are mainly
involved in the reaction at these low surfactant concen-
trations. Incidentally, spherical micelles of CUDS and
SDS are similar in size, as suggested by the aggregation
numbers (of dodecyl sulfate ions): 85 for CUDS? and 62
for SDS.®
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