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Redox-switchable conjugated bimetallic ruthenium(II) complexes

Toshiyuki Moriuchi,* Jun Shiori and Toshikazu Hirao*

Department of Applied Chemistry, Graduate School of Engineering, Osaka University, Yamada-oka, Suita, Osaka 565-0871, Japan

Received 14 May 2007; revised 20 June 2007; accepted 21 June 2007
Available online 29 June 2007
Abstract—The conjugated bimetallic ruthenium(II) complex composed of 1,4-phenylenediamine as a bridging ligand was synthe-
sized by photo-irradiation to show redox-switching of the emission properties of the terminal Ru(II) units depending on the redox
state of the p-conjugated bridging spacer.
� 2007 Elsevier Ltd. All rights reserved.
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Considerable attention has been devoted to the develop-
ment of efficient molecular luminescence switching
systems because of high sensitivity and easy detection
of luminescence signals.1 Polynuclear bipyridyl ruthe-
nium(II) complexes connected by a bridging spacer have
been investigated electrochemically and photophysically
to provide electronic and photo-active devices,2,3 but
redox-active bridging spacers have been focused on only
in some cases.1a,d,4 The redox-active phenylenediamine
exists in three redox forms: the neutral phenylenedi-
amine, the partially oxidized phenylenediamine radical
cation, and the oxidized quinonediimine, which pos-
sesses binding capability to transition metals. Photo-
physical properties of ruthenium(II) complexes are
expected to be controlled by the combination with the
redox-active p-phenylenediamines. From these points
of view, we embarked upon the design of the conjugated
bimetallic ruthenium(II) complex composed of 1,4-
phenylenediamine as a bridging ligand to provide a
novel redox-switching system for the emission properties.

Photo-irradiation of (acetonitrile)(2,2 0-bipyridine)(2,2 0:
6 0,200-terpyridine)ruthenium(II) hexafluorophosphate,
[Ru(tpy)(bpy)(CH3CN)](PF6)2, (1) in the presence of
1,4-phenylenediamine (pd) led to the one-pot formation
of the conjugated ruthenium(II) complex 2red, [(tpy)-
(bpy)Ru(pd)Ru(tpy)(bpy)](PF6)4, in 76%.5 Metal-to-
ligand charge transfer (MLCT) transition of 2red shifted
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to a lower energy relative to 1 as shown in Figure 1,
which is considered to be attributed to the electron
donating properties of the 1,4-phenylenediamine bridg-
ing spacer. The conjugated ruthenium(II) complex 2red

was readily oxidized with Pb(OAc)4 to give the qui-
nonediimine (qd) derivative 2ox, [(tpy)(bpy)Ru(qd)Ru-
(tpy)(bpy)](PF6)4, as an oxidized form (Scheme 1).6

Furthermore, the oxidized form 2ox could be reduced
to the reduced form 2red on treatment with NH2NH2Æ
H2O. The oxidized complex 2ox showed the MLCT band
at a higher energy relative to the reduced one 2red, prob-
ably due to the decrease of the electron donating prop-
erties of the bridging spacer (Fig. 1). The strong
absorption around 650 nm of 2ox might be assignable
to a MLCT band with the quinonediimine moiety.

The single-crystal X-ray structure determination of the
conjugated ruthenium(II) complex 2red revealed that
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Figure 1. Electronic spectra of 1 (1.0 · 10�4 M), 2red (5.0 · 10�5 M),
and 2ox (5.0 · 10�5 M) in MeCN.
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Scheme 1. Redox interconversion between 2red and 2ox.

Figure 2. Molecular structure of 2red (hydrogen atoms are omitted for
clarity). Selected bond lengths (Å) and angles (�): Ru(1)–N(1) 2.192(4),
Ru(1)–N(2) 2.076(3), Ru(1)–N(3) 1.965(4), Ru(1)–N(4) 2.077(3),
Ru(1)–N(5) 2.087(4), Ru(1)–N(6) 2.037(4), N(1)–C(1) 1.445(7), C(1)–
C(2) 1.384(5), C(1)–C(3) 1.378(6), C(2)–C(3*) 1.383(7); N(1)–Ru(1)–
N(2) 88.9(1), N(1)–Ru(1)–N(3) 91.5(1), N(1)–Ru(1)–N(5) 94.4(1),
N(1)–Ru(1)–N(6) 173.0(1), Ru(1)–N(1)–C(1) 115.8(2), N(1)–C(1)–
C(2) 119.4(4).
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Scheme 2. Schematic representation of the redox-switching of the
emission properties of the terminal Ru(II) units.
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the two [(tpy)(bpy)Ru] units are bridged by the 1,4-
phenylenediamine spacer to form the conjugated com-
plex in an anti configuration as depicted in Figure 2.7

It should be noted that the phenylene plane of the 1,4-
phenylenediamine spacer is sandwiched in between the
two terpyridyl moieties of each [(tpy)(bpy)Ru] unit
through p–p interaction, resulting in the observed tor-
sion angle (Ru(1)–N(1)–C(1)–C(2) = 89.5(3)�).

The emission spectrum of the conjugated ruthenium(II)
complex 2red in acetonitrile showed an emission band at
657 nm (1: / = 4.5 · 10�4, 2red: / = 4.1 · 10�4) as
shown in Figure 3. On the contrary to 2red, in the emis-
sion spectrum of the quinonediimine derivative 2ox,
almost complete quenching was observed. Photo-in-
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Figure 3. Emission spectra of 1 (kexc = 454 nm, 1.0 · 10�4 M, 298 K),
2red (kexc = 475 nm, 5.0 · 10�5 M, 298 K), and 2ox (kexc = 457 nm,
5.0 · 10�5 M, 298 K) in MeCN.
duced energy transfer is likely to operate in the complex
2ox. These findings indicate that ‘on’ or ‘off’ redox
switching of the emission properties of the Ru(II) units
was achieved by the redox control of the bridging spacer
(Scheme 2).

In conclusion, the conjugated bimetallic ruthenium(II)
complexes composed of the redox-active p-conjugated
bridging ligand was designed. The emission properties
of the Ru(II) units were demonstrated to be switched
completely ‘on’ or ‘off’ by regulating the redox state of
the spacer. The present switching system by utilization
of coordination and redox properties of p-conjugated
bridging ligands is considered to provide a useful
approach to the molecular switching materials. Future
work will focus on further refinement of redox-active
systems and application to efficient molecular devices.
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