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Ruthenium metallosurfactant forms micelles that show efficient
electronic energy-transfer processes in the presence of an
analogous iridium complex. Modulation of the process is achieved
upon incorporation of these amphiphiles into cetyltrimethylammo-
nium bromide micelles, allowing a tuning of the two emissions.

Transition-metal complexes have been used as an alterna-
tive to organic dyes as luminescent probes in the analysis of
colloidal and biological systems.1 They offer significant
advantages such as long-lived luminescent excited states,
high chemical and photochemical stabilities, and tunability
of the excited-state energies.2 Additionally, they can be
employed as energy donor or acceptor units in energy-
transfer (ET) processes.3 Among the molecular architectures
in which photoinduced processes can be investigated, mi-
celles are particularly interesting because their composition
can be easily modified, and their formation is a reversible
and dynamic process.4 Furthermore, it is possible to get high
local concentrations and spatial proximity between donor and
acceptor molecules in their structures. Toward this goal, we
propose the use of different luminescent metallosurfactants

as a new class of probes in soft aggregated systems. These
novel surfactants, which are made of a polar transition-metal-
complex headgroup and a hydrophobic tail, have gained
attention because of their interesting applications in diverse
subject areas such as the templating of mesoporous materi-
als,5 thin-film optoelectronics,6 or formation of monolayers.7

Herein, we highlight the self-aggregation and ET processes
between two different metallosurfactants both containing
dialkylbipyridine, with 17 methylene units, as the hydro-
phobic part of the structure. The electronic energy acceptor
metallosurfactant, bis(2,2′-bipyridine)(4,4′-diheptadecyl-2,2′-
bipyridine)ruthenium(II) dichloride (1), was prepared ac-
cording to a literature procedure8 and the energy donor
iridium complex with two fluorinated phenylpyridines, bis[2-
(2,4-difluorophenyl)pyridine](4,4′-diheptadecyl-2,2′-bipyridi-
ne)iridium(III) chloride (2), by a modified procedure.9 The
complexes and a schematic micelle formation are depicted
in Scheme 1. The photophysical properties of both metal-
losurfactants have been investigated in an air-equilibrated
aqueous solution and 295 K. Absorption and emission data
for compounds 1 and 2 were compared to their reference
analogues [Ru(bpy)3]Cl2 (1a) and [Ir(ppyFF)2(bpy)]Cl (2a),
where bpy ) 2,2′-bipyridine and ppy ) 2-phenylpyridine.
Finally, the emission properties of complexes 1 and 2 were
analyzed in the presence of a conventional cationic surfactant.

The photophysical properties of metallosurfactant 1 in
water resemble those of the analogous compound 1a when
the concentration is lower than 0.05 mM, which has been
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assigned to its critical micelle concentration (CMC).10 The
absorption band of compound 1 with a maximum at 455 nm
is due to the spin-allowed singlet metal-to-ligand charge-
transfer (1MLCT) transition. The bands in the UV are mostly
π-π transitions involving the bpy ligands. Under excitation
at 350 nm and below the CMC, compound 1 shows a broad
and rather intense emission with a maximum at 635 nm that
corresponds to the triplet MLCT (3MLCT) transition (Figure
1).11 The excited-state lifetime of the monomeric state of
complex 1, τ1 ) 360 ns, was very similar to that measured
for the parent 1a (τ1a ) 390 ns). At 0.15 mM (above the
CMC), the emission lifetime becomes biexponential, with a
short component due to the nonaggregated form, τ1,mon )
400 ns (20%), and a longer decay due to the assembled
species, τ1,mic ) 860 ns (80%) (Figure 2).12

For complex 2, the absorption spectrum in air-equilibrated
water is shown in Figure 1. The intense bands between 250
and 300 nm can be assigned to spin-allowed singlet ligand-
centered (1LC) transitions involving fluorinated phenylpy-
ridines and bipyridines. The room-temperature emission
spectrum of compound 2 under excitation at 350 nm exhibits
a maximum at 544 nm. The emission results from the mixing
of the 3MLCT and 3LC excited states (Figure 1).13 Analogous
to the study of complex 1, the CMC of the metallosurfactant
2 in water has been observed around 3 µM by analyzing the
lifetimes at different concentrations of amphiphile (τ2,mon )
175 ns, 12%, and τ2,mic ) 405 ns, 88%, at 0.01 mM) and
comparing these values with the lifetime of the parent
complex 2a (τ2a ) 160 ns).

The appearance of long-lifetime components in both
metallosurfactant systems above their CMCs shows that the
aggregation brings the headgroups closer in proximity,
reducing the nonradiative decays due to vibrational modes
and most likely also the oxygen diffusion. This explanation
is evidenced by the enhancement of the quantum yields of
metallosurfactants 1 at 0.15 mM (φ1 ) 0.045) and 2 at 0.015
mM (φ2 ) 0.033), with respect to complexes 1a (φ1a )
0.030) and 2a (φ2a ) 0.025), which are in good agreement
with reported values for quantum yields of compounds 1a
and 2a in water and acetonitrile, respectively, air-equilibrated
solutions.14

The absorption and luminescence spectra of a 1:1 mixture
of metallosurfactants 1 (0.025 mM) and 2 (0.025 mM) are
shown in Figure 1. The absorption resembles the sum of the
individual spectra of the mononuclear units at these con-
centrations. However, upon excitation at 350 nm, the
characteristic emission from the excited state of the iridium
complex is not observed, and the only emission present at
645 nm is attributed to the 3MLCT emission of the
ruthenium-based moiety (τ1,mon ) 375 ns, 25%, and τ1,mic )
890 ns, 75%). Therefore, we can conclude that the observed
quenching of metallosurfactant 2 is attributed to a very
efficient ET that takes place from the excited iridium-based
complex to the ruthenium moieties. These results indicate
that the energy donor iridium(III) complex and the energy
acceptor ruthenium(II) metallosurfactant form a mixed ag-
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Scheme 1. Schematic Representation of Complexes 1 and 2 and Their
Self-Aggregation into Mixed Aggregatesa

a ET from donor to acceptor moieties is also schematically shown.

Figure 1. Absorption and normalized emission spectra of 1 (a), 2 (b), and
a mixture of 1 (0.025 mM) and 2 (0.025 mM) (c) in dilute aqueous solutions
at room temperature (λexc ) 350 nm). The emission spectra are indicated
with asterisks.

Figure 2. Time-resolved intensity decays and fits for 1 at (a) 0.01 mM
and (b) 0.10 mM in aqueous solutions at room temperature (λexc ) 431
nm).
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gregate. No quenching effects have been observed for
analogous mixtures of complexes 1a + 2a, 1 + 2a, and 1a
+ 2, ruling out bimolecular quenching processes and pointing
the relevance in the ET process to the fact that complexes 1
and 2 are amphiphilic molecules with long alkyl chains.

Owing to the low value of the CMC of the mixed system,
the tunability of the ET process in these metallomicelles is
difficult. In order to overcome this limitation, we used
micelles of a conventional surfactant with a higher value of
the CMC as cetyltrimethylammonium bromide (CTAB;
CMC ) 0.9 mM),15 in which small amounts of compounds
1 and 2 were dissolved. We found that the emission
properties of complexes 1 and 2 and a 1:1 mixture of both
metallosurfactants are dramatically altered in CTAB micelles,
whereas the absorption properties are not affected. The
concentration of both metallosurfactants was kept constant
at 2 µM in these experiments.

The addition of different amounts of CTAB to complex 1
led to an enhancement of the emission intensity and lifetime
of the ruthenium unit, when the concentration of the
surfactant was above 1 mM, which points to the encapsula-
tion of the ruthenium complex when the CMC of CTAB is
reached (Figure 3a). In particular, we found biexponential
values of the lifetime for complex 1, τ1,mon(CTAB) ) 380 ns
(60%) and τ1,mic(CTAB) ) 650 ns (40%), in the presence of
3.0 mM CTAB, which suggests that ruthenium-metal-
complexed headgroups may reside inside the micellar core
and that they are not completely subjected to quenching by
the solvent or dioxygen molecules.

Analogous results were obtained for complex 2. The
aggregation of CTAB leads to enhancements of the emission
(Figure 3a), and two different lifetimes were observed,
τ2,mon(CTAB) ) 145 ns (35%) and τ2,mic(CTAB) ) 450 ns (65%)
at 3.0 mM CTAB. The short component is in good agreement
with the value obtained for monomers of compound 2 in
water. The appearance of a long lifetime points to solubili-
zation in the CTAB micelles. We argue that these aggregates
create a protecting environment for the metallosurfactant,
reducing the nonradiative decays of the iridium excited state.

Protection of the 3MLCT excited state of organometallic
complexes against interactions with solvent and O2 has also
been reported to be responsible for similar trends in the
lifetimes.12 Nonsignificant enhancements of the emission
were observed in the case of the reference complexes 1a
and 2a.

Figure 3b shows the emission spectra of a 1:1 mixture
(2mM:2mM) of 1 and 2 recorded at different concentrations
of CTAB. The addition of CTAB increases the intensity of
the ruthenium(II) emission at 635 nm, in accordance with
the results observed previously for compound 1 alone. On
the other hand, the emission of iridium(III) gradually
decreases as the concentration of CTAB increases (Figure
3a). This behavior suggests that, with an increase in the
amount of CTAB above its CMC, the concentration of
complexes 1 and 2, which are dissolved in the conventional
micelles, increases. When the two complexes are located in
the same micelle, the triplet-triplet ET between the donor
and acceptor moieties can be effective. In fact, the maximum
distance, which corresponds to the micellar dimensions (34
Å sphere for CTAB at 3.0 mM),15 allows for an efficient
Förster-type ET. Nonsignificant changes were observed for
the biexponential values of the lifetime for complex 1. In
contrast, the excited-state lifetimes of the iridium emission,
τ2,mon(CTAB) ) 140 ns (20%) and τ2,mic(CTAB) ) 47 ns (80%)
at 3.0 mM of CTAB, differ from the previous results. The
new short component, which is associated with quenching
of the metallosurfactant 2 inside the CTAB micelle, can be
explained by taking into account the large driving force
characteristic for the ET process between ruthenium(II) and
iridium(III) complexes (∆G ) -0.5 eV).14b Micellization
equilibrium of CTAB ensures the reversibility of the intra-
micellar ET between the complexes (see the isoemissive
point in Figure 3b). No effective ET was observed for the
analogous systems 1a + 2a, 1 + 2a, and 1a + 2, in CTAB
micelles. This indicates that the tails play a major role for
the entrapment of the emitters inside the micelles.

This is the first time that such a behavior has been observed
for self-assembled ruthenium(II) and iridium(III) metallo-
surfactants used as donor/acceptor components for ET
processes. Thus, these assemblies represent an interesting
way to obtain luminescent soft structures, avoiding compli-
cated chemical synthesis. Interestingly, the ET process can
be triggered by a change in the concentration of an
“innocent” component, CTAB, without modification of any
other parameter.
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Figure 3. (a) Intensity ratio emission, I/I0 (I0 is the intensity in the absence
of CTAB), of 1 (9), 2 (b), 1 (0), and 2 (O) in a 1:1 (2mM:2mM) mixture,
at different concentrations of CTAB (the dashed line shows the CMC of
CTAB; λexc ) 350 nm for all of the experiments). (b) Emission spectra of
a 1:1 mixture, at different amounts of CTAB. [CTAB] (mM): (a) 0.0, (b)
1.0, (c) 1.5, (d) 2.0, (e) 3.0 (λexc ) 350 nm).
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