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Ruthenium(ll) polypyridine complexes continue to play important }

roles in fields connected to solar energy conversion and the storage _u_/"““{

of light or electronic information or both at the molecular le¥el. \ Na o

The prototype of this class of compounds, Ru(gpyjbpy = 2,2- o s e ol
bipyridine) has been one of the most studied metal-containing _.:( }-—{ \-{ o} Rﬁ!-"_“‘:—;f;_:'-_::r,&___
species in the last two decadeddowever, its homologous SR i T "“-\?:j"?'-'\—«:?::"'—'
compound Ru(tpyft, based on the tridentate polypyridine ligand b I\I;\_},
2,2:6',2"-terpyridine (tpy), is structurally more appealing than Ru- "‘\},_f

(bpy)?*. For example, Ru(bpy" is a mixture of A and A
enantiomers. Furthermore, monosubstitution of bpy ligands also Figure 1. ORTEP plot of2c at 30% probability with N's ofLc labeled.
introducedac andmerisomerism, so that polynuclear arrays based
on the Ru(bpy?™ motif are rarely pure speciédvioreover, a linear
arrangement of such chromophores, useful for the design of

Chart 1. Pyrimidine-Substituted Ligands 1 and Their Complexes 2
(toy = 2,2":6',2""-Terpyridine)

molecular wires and consequently vectorial energy and electron ; R=H
migration, is difficult to obtain. These structural problems can be H\ ; R=Cl
overcome by the use of tpy, but Ru(tg}) and derivatives have ; R=Ph
far less useful photophysical properties than Ru(py)most : R=CgFs

notably due to a short excited-state lifetime at room temperature
(rt).> Much effort has been devoted to design tridentate polypyridine
ligands with prolonged rt lifetimes, including the use of cyclom-
etalating ligands$,electron-withdrawing and -donor substituents,
and ligands with extended* orbitals 8 Within this latter approach,
species based on ethynyl-substitution have given quite interesting Table 1. Spectroscopic and Photophysical Data in Deaerated
results? However, an extended excited-state lifetime is often CHsCN Solutions

obtained with a concomitant lowering of the excited-state energy, absorption luminescence 298 K

which limits potential applications based on electron- and energy- Lo o kst Kkpst

tranSfer. processes. _ cmpd (e, M7tem™Y)  Zpgcm 7,ns (x1079  (x109  (x109)

_ Hereln we report on an alternatlve approach tq prolc_)ng_the rt 2a 486 (17300) 675 8 50 55 1250

lifetime of Ru(ll) complexes of tridentate ligands while maintaining o, 4g7 (23700) 684 21 2.4 11 47.6

a high excited-state energy compared to that of the parent 2c 489 (27900) 680 15 1.8 1.2 66.7

chromophore: the introduction afoplanar substituentgnto a 2d  488(23800) 689 36 7.5 2.1 27.8

tridentate ligand to enhance electron delocalization in the ligand 2 489 (24400) 690 43 3.8 09 232

2f 495 (31300) 713 200 8.9 0.4 5.0

and enlarge the MLCT-MC energy gap. 3 474 (10400) 629 0.5 <005 ¢ c
Pyrimidine-based ligand4a—1f, synthesized by treating’-4 4a 487 (26200) 715 1.0 04 ¢ c

amidine-2,26',2"-terpyridine with substituted tetramethyl-ami-

nomethylenes! were treated with Rugin EtOH at reflux to afford 3 From ref 7.P From ref 6. No data are available.

their [Ru(tpy)F" complexea—2f (Chart 1). In the X-ray crystal

structure of2c, crystallized as its nitrate salt, the Ru(ll) cation is ~ calization in ligand<.*? Indeed, planarity in ligands has previously

in a pseudo-octahedral geometry created by the two tpy moietiesbeen shown to modify the properties of Ru complexes signifi-
(Figure 1). The 2-pyrimidyl substituent @t is almost planar with cantly!3

respect to the terpyridine (4§ whereas the phenyl group is The data in Table 1 confirm that the pyrimidine substituents
significantly tilted relative to the pyrimidine (283 The planarity significantly enhance the lifetimes and quantum yields as compared
of the pyrimidine and terpyridine should enhance electron delo- to [Ru(tpy)]?" (3) and [Ru(phtpyj]?" (4; phtpy = 4'-phenyl-
2,2:6',2"-terpyridine). The emission is attributed to the lowest-lying

*To whom correspondence should be addressed. E-mail: ghanan@

uwaterloo.ca, photochem@chem.unime.it. excited state, a triplet metal-to-ligand charge-transfer (MLCT) level,
T University of Waterloo. f P ; f o

# University of Messina. qulv_ln_g the substltutgd tpy ligands The rt Ilfetlme_ for the pare_nt

§ LSMBO-ECPM. pyrimidine complexXais greater than that & and increases with
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Figure 2. Plot of In kyr vs Een™® for complexes2a—2f.

further substitution in the pyrimidine 5-position. The longest lifetime
belongs to2f, with the electron-withdrawing cyano group.

Notably, the enhanced properties of compleReasre obtained
without too large a lowering of the excited-state energy, @dvs
2f).

To understand in detail the effect of the pyrimidine substituents,
it is useful to recall that the excited-state lifetimes of Ru(ll)
polypyridine complexes are governed by the nonradiative decay
rate constank,, given by eq 25

Ko = Ko+ k! 1)

The overall radiationless decay is the sum of two terms. The first
one,k,’, leads directly from the MLCT state to the ground state,
whereas the second teri,, is related to a thermally activated
process that takes into account a surface-crossing to a low-lying
metal-centered (MC) levél® so it depends on the energy gAf
between MLCT and MC states (when coupling between these two
states is relatively high). For Ru(ll) complexes with tridentate
ligands, the second term normally dominates the equation.

On plotting Inky, versusE.™®, a linear relationship with a
positive slope is obtained (Figure ' This finding, which
contrasts the energy gap l&epnfirms that the dominant term for
ko is the second term. Indeed, the MC level energy can be
considered as a constant within the series, whereas the MLCT
emitting level decreases in energy with the electron-withdrawing
ability of the substituents on the pyrimidines. Therefore, this linear
relationship expresses the reduced efficiency of the MLCT-to-MC
surface-crossing pathway as the MLCT excited-state energy is
decreased. The expected variationkg? on MLCT excited-state
energy is evidently too subtle to alter the linearity of the relationship.

Typically, the In k, values of [Ru(tpy)]>™ and analogous
complexes (in particular those reported in refs 5 and 6) are far from
the linear relationship found for these pyrimidine-substituted species,
but they are always higher than expected at a specific emission
energy. This suggests that the effect k§pis not the only one
produced by the pyrimidine substituents. Assuming that no differ-

ences in the mechanism for the thermally activated surface crossing

occurs, the additional effect has to be found inkk&term, which
depends on the electronic coupling between ground and MLCT
states. For complex&s a smaller FranckCondon factor for direct
radiationless decay from the MLCT to the ground state can be
inferred, which translates into redudegf values compared to those
of other [Ru(tpy)]?*-like complexes®

In conclusion, we introduced new tridentate ligands with coplanar
substituents and their Ru(ll) polypyridine complexes. The metal
complexes exhibit photophysical properties which are significantly
enhanced when compared to those of [Ru@dy) and are
comparable with those of the best emitters containing Ru(ll)
polypyridine complexes of tridentate ligants. Reasons for the
improved photophysical properties lie at the same time in an

enlarged MLCT-MC energy gap and in an increased delocalization
in the acceptor ligand of the MLCT emitting excited states. Further
work is in progress to fully characterize the excited-state and redox
properties of this new class of compound. This work will be
extended by increasing the number and the position of the
pyrimidine subunits as well as by introducing other coplanar
substituents into the tridentate ligand framework.
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In this equatiorSis the Huang-Rhys factor, which gives information on
the electronic coupling between the states. By allowing values between
1300 and 1600 cmt for (h27)w in the series of compounds and leaving
Av, Eqo, andS as floating parameters, the following valuesSfor the
compounds3, 2a—2f are obtained, respectively: 0.66, 0.28, 0.22, 0.40,
0.24, 0.30, and 0.36.
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The reason for this behavior is probably connected to a smaller distortion
of the MLCT excited-state geometry with respect to the ground-state
geometryt® This is a direct consequence of a larger delocalization of the
acceptor orbital of the MLCT transition involving ligandisin agreement
with the coplanarity between tpy and its pyrimidine substituents.
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