16786

J. Phys. Chem1996,100, 16786-16788

Rigid Rodlike Dinuclear Ru/Os Complexes of a Novel Bridging Ligand. Intercomponent
Energy and Electron-Transfer Processes

Introduction

Great attention is currently paid to the synthesis of polynuclear \ [ spacer (¢ -
. . : [ SPACER |
transition-metal complexes and the study of their photochemical, (’I] J‘ a
photophysical, and electrochemical properfie$his interest bridging ligand

is stimulated, in particular, by attempts to design and construct
multicomponent systems (often called supramolecular species)
capable to perform useful light- and/or redox-induced functfons.

In polynuclear complexes the metal-based components are
linked together by bridging ligands (Figure 1a). The role played
by the bridging ligands is extremely important for the following
reasons: (i) with their coordinating sites they contribute to
determine the spectroscopic and redox properties of the active
metal-based units; (i) their spacers and the connections betweer
spacers and coordinating sites determine the structure of the
supramolecular system; (iii) their chemical nature controls the
electronic communication between the metal-based units. There-
fore the choice of suitable bridging ligands is crucial to obtain
polynuclear complexes capable to show luminescence, to exhibit
interesting electrochemical properties, and to give rise to
photoinduced energy- and electron-transfer processes.

A wide range of bridging ligands have been used in recent
years. Many of them contain 2;Bipyridine (bpy), 1,10-
phenanthroline (phen), or 2,@2"-terpyridine (tpy) as chelating
units capable to coordinate Ru(P).From the photophysical
viewpoint, bpy and phen are much better ligands than tpy for
Ru(ll). It is well-known, in fact, that at room temperature in

fluid solution [Ru(bpy}]?" and [Ru(phen)?" exhibit a strong [(bpy),RuPAPRubpy)y*  Rut.PAP.Rut

and long-lived luminescence f the order of 18—10° ns)? Kbpy)zOS(PAP)g“ZPy)ﬂ“‘ gs‘i;fl’)fl’)‘%s‘;
. .  Ru(PAP)Os(bpy),l** , A

whereas [Ru(tpy)?" is very weakly luminescentz(ca. 0.25 bRy RuPARIOPY: " ®

ns)> From the viewpoint of structure, however, the bridging [(bpy),RuPAPOsbpy)y)*  RuLPAP.Os™
ligands based on tpy are much more appealing since connection
with a spacer can occur along the coordination axis by
4'-substitution yielding linear complexes (Figure 1b), a result
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The Pk~ salts of the dinuclear complexes [(bgitu(PAP)Ru(bpy]*" (RU'PAPRUY), [(bpy),Os(PAP)Os-
(bpy)]*t (OS'PAPQOY), and [(bpy)Ru(PAP)Os(bpy)*t (RU'PAPOY) have been prepared, where bpy
2,2-bipyridine and PAP is a rodlike bridging ligand made of an adamantane-based spacer collinear with the
coordination axis of two 1,10-phenanthroline units. In the prepared complexes, the-metal distance is

2.1 nm. In the RUPAPO4 compound, photoinduced energy transfer from thé-Based to the Osbased

unit takes place with rate constant 5210° s at room temperature and 2x4 10’ st at 77 K. In the
mixed-valence RIPAPO4' compound, the luminescent excited state of thé-Based unit is quenched via
electron transfer by the ®Msbased unit with rate constant 7:2 10° s*. The rate constant for the back-
electron-transfer reaction is 8:3 10° s~

metal terminal ligand

(bpy)e e

Figure 1. Schematic representation of a dinuclear complex (a), of the
structures obtained by tpy (b), bpy (c), and phen (d) chelating units,

that cannot be achieved by simple substitution on bpy and phenang by the novel PAP bridging ligand (). The abbrevations used to

(Figure 1c,df

indicate the metal complexes are also shown.

From the above discussion, it is clear that an ideal component
to build linear, rodlike polynuclear complexes of photophysical interest would be a bridging ligand combining the linear

structure based on'4ubstituted tpy chelating units with the

€ Abstract published ilAdvance ACS Abstract©ctober 1, 1996. electronic properties of bpy or phen. We have achieved this
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TABLE 1. Luminescence Data

298 K& 77 Kb
Ru Os Ru Os
Amax T A T A T
. (nm) (ns) e (nm) (ns) le® (NM) (us) (nm) (us)
Y Ru'.PAP.RY 610 150 100 583 55
0 %00 O¢'.PAP.O4 717 41 100 709 1.0

RU'.PAP.O4 609 17 8 712 419 95 581 0.041 705 1.2
RuU'.PAP.Og' ¢ 609 72 48 fof fof

2 Air-equilibrated acetonitrile solutior?.Butyronitrile solution.© Ex-
citation was performed at 464 nm, which is an isosbestic point between
the Ru-based and Os-based urfitRise time 15 ns®¢ MeCN—HO
solution. Not investigated.
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igure 2. Absorption and (inset) emission spectra in acetonitrile \ “ARuIPAP*OT | RulIPAP.*0s'T
solution at room temperature of RRAPRY (—), RU'PAPOY (- - -), . ! |
and OSPAPOY (---). ! : | \
goal by preparing the bridging ligand PAR,6-adamantanebis- 10+ | : 10 :
(1,1,3,3-tetramethyl-1,3-dihydro-7,8-diaza)cyclopenta[1]- ! : !
phenanthrene-2-ylidene) shown in Figure 1e. In this paper we [ ! '
report the luminescence properties of its dinuclear Ru/Ru, Ru/ i : ' R"mPAPOSH
Os, and Os/Os complexes having bpy as terminal ligands (Figure  °' - Parmyw— ! 0 RuHPAP Osm
1e) and the results of an investigation on intercomponent energy-
and electron-transfer processes. @
Experimental Part Figure 3. Energy level diagrams showing the photoinduced energy

and electron transfer processes in'RAPOY4 (A) and RUPAPOS'

The dinuclear RUIPAPRUY, RU'PAPOY, and O4PAPO4 ®)

complexes were prepared and purified according to previously
reported proceduré’s Characterization was performed by FAB
mass spectrometry, anH and 3C NMR. The 'H NMR
spectrum of the RIPAPOY¢ compound was exactly that
expected for the two independent metal-based moieties. Experi-
ments were carried out in acetonitrile (MeCN) solution at 298
K and in butyronitrile rigid matrix at 77 K. The mixed-valence
RU'PAPO¢' compound was obtained by oxidation with nitric
acid in MeCN-H,O (9:1) solution. The equipment used to
measure the absorption spectra, luminescence spectra an
lifetimes, transient absorption spectra, and redox potentials has
also been previously describéd.

a corresponding sensitization of the Os(ll)-based luminescence.
Under the experimental conditions used (complex concentration
2.0 x 1075 M), intermolecular energy transfer can be excluded.
Therefore the results show that in 'FRAPO4 an intercompo-
nent (intramolecular) energy-transfer process takes place (Figure
3A), whose rate constant can be obtained from the equétion
= (1k) — (1/r°), wherer® andr are the luminescence lifetimes
n8f the Ru(ll)-based component in RRAPRU and RUPAPOY,
respectively. The values obtained are 5.20” s 1 at 298 and
24>< 10’ st at 77 K.

Selective oxidation of the Os-based unit of lRAPOY by

Results and Discussion HNO;3 converts the emissive Os(ll)-based unit into the non-
emissive Os(lll)-based one. Therefore, the intensity of the
luminescence band withhax= 717 nm decreases linearly and,
as expected, disappears after the addition of 1 equiv of oxidant.
In the oxidized RUPAPO4' species, the lifetime of the Ru-
based unit is 72 ns (Table 1). This means that the luminescent
Ru(ll)-based excited state is quenched by the Os(lll)-based
8omponent with rate constant 72 10° s™%. Laser flash

photolysis experiments showed that the quenching process is
accompanied by the growth and successive decrease of an
absorption band with maximum at 650 nm, characteristic of the

The absorption spectra in MeCN at room temperature are
displayed in Figure 2. Oxidation of RRAPRY and O$-
PAPOY occurs with bielectronic waves at1.235 and+0.800
V (vs SCE), respectively, whereas 'HFRAPOY shows two
monoelectronic waves &t1.240 andt-0.795 V. These results
show that each metal-based unit displays its own absorption
spectrum and electrochemical properties, as expected in the cas
of very weak intercomponent interaction.

The emission spectra in MeCN at 298 K are displayed in the
inset of Figure 2, and the luminescence data are gathered in R - .
Table 1. The luminescence properties of RAPRU' are very Os(Il) molety: This shows that the quenching leads to the
similar to those of Ru(bpyjphen}* (Amax = 575 nm,r = 6.6 fo_rmat|o_n of the RU PA_PO§ |n_terva!ence-transfer product,
s in MeOH/EtOH at 77 K Amax = 601 nm,7 = 310 ns in e|t.her directly or (less likely) via a flrst energy-transfer s.tep
CH,Cl, at 298 K9) and Ru(bpy)5,6-Mephen$* (Amax= 577 (Figure 3B).12_ The RU'PAPOY species then decays to its
nm, 1 = 6.1 us in MeOH/EtOH at 77 KJ° showing that the ~ ground-state isomer RRAPO$! with rate constant 8.% 10°
chelating units of PAP, as expected, have the same electronic>
properties as phen. A detailed and comparative discussion of these data and of

The most interesting compound, of course, is the mixed-metal those obtained for similar complexes will be given elsewfiére.
RU'PAPO4. As shown in Figure 2 and Table 1, it displays Two very interesting features, however, can already be pointed
the luminescence bands of both the Ru(ll) and Os(ll) moieties. out: (i) the lifetime of the intermediate electron-transfer product
The luminescence intensity and lifetime of the Ru(ll)-based unit, RU'PAPO4' is very long (130us); (i) for the first time in a
however, are strongly quenched compared thHRAPRUY, with dinuclear Ru/Os systefthe rate constant of energy transfer
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from the Ru(ll) to the Os(ll) unit is faster than the rate of
electron transfer from the Ru(ll) to the Os(lIl) unit.
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