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Abstract
Electronic absorption and luminescence spectra are reported for a series of complexes of type [Ru(tpy)(L±L)(py)] 21, where
tpy and py are 2,2 0 ,2 00 -terpyridine and pyridine, and L±L represents the bidentate ligands bipyridyl, 4,4 0 -dimethylbipyridyl, 4nitrobipyridyl, oxalate and acetylacetonate. The effect of solvent polarity and temperature on their spectral and light emission
properties is studied. Energies are reported for the lowest-energy 3MLCT p excited state, and on the basis of these it is suggested
that the complexes may make good triplet energy acceptors for use in organic and polymeric light emitting devices. q 2001
Elsevier Science B.V. All rights reserved.
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1. Introduction
Although the spectra and photophysics of polypyridylruthenium(II) complexes have been studied for
over 40 years [1], and have been extensively reviewed
[2±4] they still attract wide interest. This is stimulated
by the wide range of applications, varying from solar
energy conversion [5], through oxygen sensors [6] to
potential elements of organic or polymeric light emitting devices (LEDs) [7].
Since the earliest reports of ef®cient electroluminescence from organic [8] and polymeric [9,10] thin
®lms, intense research activity has been devoted to the
development of these systems, and the ®rst commercial ¯at-panel displays involving organic LEDs are
already available [11]. Electroluminescence involves
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charge injection from appropriate electrodes, and the
resulting electron±hole recombination produces
singlet and triplet excited states roughly in the ratio
1:3 [12]. However, normally only the singlet states are
ef®cient emitters, resulting in decreased luminescence
ef®ciencies. Various energy transfer methods have
been suggested to attempt to use the triplet energy
in LEDs [13].
Light emission from polypyridylruthenium(II)
complexes is known to come from the 3MLCT p
excited state [2±4]. Because of the heavy atom effect,
the spectral transition from the ground state to this
excited state is less forbidden than most singlet±
triplet transitions. This will favour FoÈrster-type [14]
triplet energy transfer from excited states of conjugated polymers. The triplet energies of a series of
conjugated polymers have recently been determined
[15,16]. Matching the energies of these with the
lowest triplet states of polypyridylruthenium(II)
complexes may provide a method for highly ef®cient
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Fig. 1. Room temperature UV/visible absorption spectra of: (a) [Ru(bpy)3] 21; (b) [Ru(tpy)bpy)(py)] 21 (Ð); [Ru(tpy)(Me2bpy)(py)] 21 (´´´);
[Ru(tpy)(O2Nbpy)(py)] 21 (- -); and (c) [Ru(tpy)(ox)(py)] (Ð); [Ru(tpy)(acac)(py)] 1 (´´´). All solutions are at 2.5 £ 10 25 M concentration in
ethanol/methanol (4:1 v/v).

energy transfer. For practical applications the
complexes should be stable to photosubstitution, but
be capable of bonding to polymeric or supramolecular
systems.
We have synthesised a series of complexes of type
[Ru(tpy)(L±L)(py)] 21, where tpy and py are 2,2 0 ,2 00 terpyridine and pyridine, and L±L represents the
bidentate ligands bipyridyl (bpy), 4,4 0 -dimethylbipyridyl (Me2bpy), 4-nitrobipyridyl (O2Nbpy), oxalate
(ox) and acetylacetonate (acac) [17]. For convenience
we refer to these as 3.2.1 complexes, where the
number refers to the denticity of the ligands. We
report the electronic absorption and emission spectra
of these compounds, with reference to their potential
as energy acceptors in LEDs.
2. Experimental
The synthesis and characterisation of the ruthenium(II) complexes has been described in detail elsewhere [17]. UV±visible absorption spectra were
measured on solutions in 1-cm quartz cuvettes using
a Shimadzu UV-2100 spectrometer. Fluorescence
emission and excitation spectra were obtained in 1-cm

quartz cuvettes on a Spex Fluorolog 111 spectro¯uorimeter using a 908 geometry. Appropriate ®lters were
used to eliminate second-order bands. For lowtemperature measurements, samples were prepared
in 3±4 mm quartz tubes immersed in liquid nitrogen.
3. Results and discussion
Absorption spectra were run on all samples in solution at room temperature (Fig. 1). In all cases, the
lowest-energy absorption band corresponds to an
intense Ru(dp) ! (tpy)p p MLCT transition. A slight
red shift and sharpening of the peaks was observed on
decreasing temperature [18]. Marked differences were
observed between the spectra of the ox and acac
complexes and those of the bpy derivatives. Further,
differences were observed in the effect of solvent
polarity on these bands in the acac and ox complexes
compared with the bpy complexes, which we suggest
are related to the electron donating character of these
nonchromophoric ligands [17]. Luminescence in
polypyridylruthenium(II) complexes results from
phosphorescence from the lowest MLCT triplet state
[2±4]. Luminescence spectra were run on the 3.2.1
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Fig. 2. (a) Room temperature excitation and emission spectra for ruthenium(II) 3.2.1 complexes; and (b) low-temperature excitation and
emission spectra of the above complexes. The same symbols are used for the traces as in Fig. 1.

complexes at room temperature and 77 K (Fig. 2(a)
and (b)). They all show weak phosphorescence at
room temperature, but this increases dramatically on
decreasing the temperature. Again, marked differences are observed in the spectra of the acac and ox
derivatives compared with the other complexes. From
the onset of the lowest-energy emission bands at 77 K,
energies were determined for the lowest 3MLCT p
state, and are given in Table 1. It is seen that modi®-

cation of the bidentate ligand allows considerable
variation in the energy, which can then be matched
with the lowest triplet state of the conjugated polymers. In addition, associated with the shifts in luminescence emission maxima there are corresponding
changes in colour. This can possibly be used to modulate emission colour in LEDs.
In solution these complexes have been shown to
undergo photosubstitution, largely by loss of pyridine
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Table 1
Energies of the lowest 3MLCT p states of ruthenium(II) 3.2.1
complexes
Complex

[Ru(bpy)3] 21
[Ru(tpy)(bpy)(py)] 21
[Ru(tpy)(Me2bpy)(py)] 21
[Ru(tpy)(O2Nbpy)(py)] 21
[Ru(tpy)(ox)(py)]
[Ru(tpy)(acac)(py)] 1

Triplet energy
cm 21

eV

19
18
18
18
14
14

2.36
2.32
2.32
2.32
1.77
1.82

050
690
690
690
285
700

[18]. This may assist in joining the 3.2.1 complexes to
polymers such as polypyridine.
In conclusion, mixed polypyridine complexes of
ruthenium(II) show considerable promise as energy
acceptors for use with conjugated polymers. Future
work will concentrate on the study of the energy
transfer to these complexes in solution and ®lms.
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