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Prolonged luminescence lifetimes of Ru(i1) complexes via the
multichromophore approach: the excited-state storage element can be
on a ligand not involved in the MLCT emitting statet
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A novel series of ruthenium terpyridine complexes with
bichromophoric units separated by more than 1 nm display
an extraordinary enhancement of their luminescence lifetimes
when compared to the parent Ru(tpy),>" chromophore
(tpy = 2,2":6',2"-terpyridine).

Ruthenium complexes based on the bidentate ligand 2,2"-bipyridine
(bpy) have been incorporated into several different types of
photoactive devices due to their outstanding photophysical
properties.! One of the few drawbacks of the Ru(bpy)s>"
chromophore is its chirality, which generates diasterecomers when
light-harvesting polymetallic complexes are applied in a device.”
The Ru(tpy),”* chromophore, on the other hand, is achiral when
substituted in the 4'-position and has recently been used to build up
multinuclear complexes structures.> To be applied in a practical
device, however, it would be convenient if these complexes had
relatively long-lived excited states at room temperaure (r.t.). As the
parent Ru(tpy),”" chromophore has a very short excited-state
lifetime at r.t. (<250 ps),* several attempts have been made to
prolong the r.t. luminescence lifetime of the Ru(tpy),>* moieties.>”

We have previously reported that Ru(r) complexes of a tpy with
a coplanar pyrimidine and a 9-anthryl chromophore have greatly
increased luminescence lifetimes due to the bichromophoric effect,
in which the triplet metal-to-ligand charge-transfer state CMLCT)
is in equilibrium with the anthracene triplet state (*An), which acts
as an excited-state storage element.” In all cases in which bichro-
mophoric states are known for Ru(ir) polypyridine complexes, the
organic chromophore used as the energy storage element is
incorporated into the polypyridine ligand which is directly involved
in the *MLCT emitting state.® These complexes display exceptional
properties, however, their syntheses also depend on several
sequential reactions in order to incorporate the two chromophores
into the same ligand. Herein we report on a new series of Ru(tpy)-
type complexes in which the excited-state storage element (an
anthryl subunit) is linked to a ligand which is not involved in the
3MLCT emitting level, and demonstrate that the multichromo-
phoric approach is still effective in spite of the large (nanometric)
spatial separation between the subunits.

In order to simplify the synthetic procedure, we connected the
9-anthryl chromophore directly into the 4-position of the tpy
moiety (Chart 1).T Although 4'-(9-anthryl)-2,2":6',2"-tpy (An-tpy)
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g Chart 1 Ruthenium(ir) complexes 1-3.
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o) 1 Electronic supplementary information (ESI) available: experimental
A details. See http://www.rsc.org/suppdata/cc/b4/b405619a/
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com})lexes of Ru(u) are non-emissive due to energy transfer from
the "MLCT of Ru(tpy),>" to the non-emissive triplet anthracene
state (CAn),” we reasoned that lowering the MLCT state of
Ru(tpy),>* by way of a 2-pyrimidyl substituent could initiate
bichromophoric behaviour.

Red single crystals of 3 suitable for X-ray crystallography were
grown from an acetonitrile solution by diffusion of diethylether
(Fig. 1).f The Ru-N bond lengths and internal pyridine angles are
similar to those found in other Ru(i) polypyridine complexes. The
9-anthryl subunit lies at an 82.3° angle to the N1-N3 terpyridine
plane which diminishes conjugation (Fig. 1), thus allowing the
subunits to maintain their independent properties in the complexes.
The pyrimidyl group lies virtually coplanar to the N4-N6
terpyridine (6.2° angle), whereas the S5-pyrimidyl substituted
p-bromophenyl group is twisted at a 27.3° angle with respect to
the pyrimidine (Fig. 1). The coplanar nature of the pyrimidine—
terpyridine sub-unit favours n-conjugation and is crucial for the
enhanced photophysical properties of these complexes (cf.,
photophysics).

The electrochemistry of complexes 1-3 is similar to that of
Ru(tpy),”>* with a single one-electron metal-based oxidation
(+1.32, +1.35 and +1.34 V vs. SCE for 1-3, respectively), and a
series of ligand-based reductions, of which the first reduction
process is reversible (—1.10 V, —1.19 V and —1.10 V vs. SCE,
respectively). The oxidation potentials have shifted to more positive
potentials by 25-50 mV compared with reference complex 4,
[(An-tpy)Ru(tpy)](PFe), (+1.30 V vs. SCE), due to the greater
stablization of the metal-based orbitals by the pyrimidyl-tpy
substituents. The 9-anthryl group has little electronic effect on the
complexes as the redox potentials of 1 are nearly the same as those

Fig. 1 Two ORTEP plots of the X-ray crystal structure of complex 3
exposing the An-tpy ligand (top) and, after a 90° rotation, the R-pm-tpy
ligand (R-pm-tpy = 4'-(5-R-pyrimid-2-yl)-tpy, with R = p-bromophenyl)
(bottom). Thermal ellipsoids are set at 30% probability with hydrogen
atoms and counteranions omitted for clarity.
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Fig. 2 Electronic absorption spectra for 1 (solid line), 2 (dashed line), 3
(dotted line) and 4 (intermittent line). The spectra were recorded at room
temperature in argon purged acetonitrile.

Table 1 Spectroscopic data for 1-5 in deaerated CH3CN solution

Absorption Luminescence 298 K

Alnm Amax!
Complex (emol 'L lem™ 1) nm t/ns (% contribution)
1 492 (35700) 680 10 (5%); 698 (95%)
2 494 (15300) 670 25 (20%); 1052 (80%)
3 494 (23700) 670 28 (10%); 1040 (90%)
4 482 (11000) — —
54 487 (23700) 684 21

¢ Data from ref. 10.

of 5 ([(tpy)Ru(Cl-pm-tpy)] (PF¢), (Eox = +1.33 V and Ey =
—1.09 V vs. SCE) (Cl-pm-tpy = 4'~(5-chloro-pyrimid-2-yl)-tpy).

The absorption spectra and spectroscopic data of complexes 1-4
are showed in Fig. 2 and Table 1 respectively. In the UV region, the
spectra are dominated by the m—r* transitions of the tpy and
anthracene moities. In the visible region, the '"MLCT bands of
complexes 1-3 have shifted to lower energy as compared to that of
complex 4 due to the extended delocalization of the pyrimidyl-tpy
moiety, as expected.'® The absorption spectra of complexes 1-3 are
similar to the sum of the spectra of ruthenium pyrimidyl-tpy
moieties and anthracene, indicating that the 9-anthryl group
contributes independently to the electronic spectra of the complex.

The emission data clearly show that in all the new complexes the
energy level of the emitting *MLCT state has been lowered to a
region comparable to the energy level of the non-emissive
anthracene triplet state CAn) (E* = 1.85 eV, 671 nm),!" and
definitely involves the tpy-pm-R ligands (Table 1).!° The *MLCT
state of complexes 1, 2 and 3 is therefore close enough in energy to
the *An state to make equilibration between the two states possible,
thus accounting for the enhancement of the excited state lifetime of
the new complexes (Table 1).

The luminescence data collected in Table 1 confirm our inter-
pretation, by showing that the introduction of the two independent
chromophores significantly enhances the lifetime as compared to

complex 4, in which the *MLCT luminescence has been totally
quenched by the *An state, as well as compared to complex 5,
in which multichromophoric behaviour cannot be obtained. As
expected,” the emission spectra of complexes 1-3 exhibit
biexponential decay (Table 1). The first shorter lifetime is attributed
to the decay of the initially formed *MLCT. The second lifetime
results from the equilibration between the emitting MLCT level
and the *An state.

In conclusion, we have designed and synthesized a new series of
r.t. luminescent Ru(tpy),>* species incorporating a 2-pyrimidyl-tpy
subunit for extended electron delocalization and an independent
organic chromophore, a 9-anthryl subunit, as an energy reservoir
for the emissive *MLCT state. Importantly, prolonged lumine-
scence lifetimes via excited-state equilibration have been obtained
for the first time by grafting the excited-state storage element onto a
ligand which does not act as the acceptor ligand of the MLCT
emitting level. Separation of the two chromophoric subunits onto
different ligands greatly simplifies the synthetic procedure while
maintaining long-lived excited states at r.t. This approach enables
the design and synthesis of the ruthenium terpyridine moiety and
the organic chromophore subunit independently and can open the
way to a new class of compounds with predetermined photo-
physical properties. Further work is in progress to fully characterize
the excited-state and redox properties of the complexes.
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+ CCDC 235987. See http://www.rsc.org/suppdata/cc/b4/b405619a/ for
crystallographic data for 3 in .cif or other electronic format.
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