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A novel oligonuclear Ru(ii)-polypyridine complex, Ru{ (p-2,3-dpp)Ru[(p-2,3-dpp)R~(bpy)~]~)~(PF~)~~ 1, where dpp = 
bis(2-pyridy1)pyrazine and bpy = 2,2’bipyridine, has been prepared from the reaction of a R~(2,3-dpp)~2+ core 2 with 
three Ru[(p-2,3-dpp)R~(bpy)~]~CI~4+ units; 1 shows a very intense absorption band a t  541 nm (I = 1.25 x lo5 
dm3 mol-1 cm-I), room temperature luminescence (h,,, = 809 nm, ‘t = 55 ns, CD = lO-3), and independent 
one-electron oxidation of the six peripheral R u ~ +  ions a t  + I  .43 V vs. saturated calomel electrode ( SCE). 

The synthesis of supramolecular species from molecular 
components that possess specific properties and contain 
appropriate ‘pieces of information’ is currently attracting 
much attention as a strategy to obtain advanced materials.1-5 
Ru(I1)-polypyridine complexes can be used as building blocks 
to synthesize luminescent and redox-active polynuclear com- 
pounds where energy and/or electron-transfer processes can 
be induced by light.5-7 A particularly convenient strategy to 
obtain such supramolecular species is that based on the use of 
bridging ligands (BL) like 2,3- and 2,5-dpp [dpp = bis(2- 
pyridy1)pyrazinel , Scheme I, to connect metal-containing 
units.8-11 Continuing our studies o n  the synthesis and charac- 
terization of such polynuclear metal complexes,12-16 we have 
obtained a decanuclear Ru(I1)-polypyridine species (1, 
Scheme 1 and Fig. 1) which exhibits interesting spectroscopic 
and redox properties. 

prepared as shown in Scheme 1, i.e. by reacting a Ru(2,3- 
dpp)32+ core 2,10~ which contains three free chelating sites, 
with three Ru[(p-2,3-dpp)Ru(bpy)2]2C124+ units 3,17  which 
contain easily replaceable Cl- ligands. The trinuclear complex 
3 is quite interesting since it can be used to introduce a 
trimetallic building block in species that have an unsaturated 
chelating site. 

In principle, 1 can exist as different geometrical isomers, 
depending on the arrangement of the ligands around the metal 
ions. It can also be a mixture of several diastereoisomeric 
species, owing to the chiral nature of each metal centre. 
However, no evidence for the formation of different species 
has been obtained during the synthetic work. Furthermore, 
differences arising from the possible presence of geometrical 
or optical isomers are not expected to be significant in the 
electrochemical and luminescence experiments described 

R‘ { ( Y-2 ~ 3 - ~ p p )  Ru [ ( p-2,3-dpp)Ru(bpy) 21 2 } 3 (PF6)20 1 was 

below. Rather, it should be noticed that in 1 (Fig. 1, Scheme 1) 
there are three distinct types of metal ions [central (one), 
intermediate (three), and peripheral (six)], and two distinct 
types of bridging ligands [inner (three) and outer (six)], 
whereas the twelve bpy ligands are all equivalent. 

Electrochemical investigations on mono-, bi-, tri-, tetra-, 
hexa- and hepta-nuclear compounds of the same family have 
shown that:8-17 (i) oxidation is metal centred; (ii) reduction is 
ligand centred; (iii) the 2,3-dpp bridging ligands are reduced at 
less negative potentials than the terminal bpy ligands; (iv) 
interaction between equivalent metals or equivalent ligands is 
noticeable for metals coordinated to the same bridging ligand 
and for ligands coordinated to the same metal, whereas it is 
small for metals or ligands that are sufficiently far apart. Since 
bpy is a better electron donor than p-2,3-dpp, one can expect 
that the density of charge on the metals of 1 increases in going 
from the centre to the periphery. Thus, the six equivalent 
peripheral R u ~ +  ions should be the first metal ions to be 
oxidized. Since such peripheral metal ions are equivalent and 
only weakly interacting, they should undergo one-electron 
oxidation at nearly the same potential. Comparison with the 
oxidation wave of Os(phen)3*+ (phen = 1 ,10-phenanthroline) 
as an internal standard and with the ‘four-electron’ oxidation 
wave of the analogous hexanuclear compound17 indicates that 
the first oxidation wave of 1 ( A E ;  = +1.43 V vs. SCE) is, 
indeed, a ‘six-electron’ wave. Oxidation of the three inter- 
mediate and of the central Ru2+ ions is expected to occur at 
more positive potentials and it could not be observed in the 
potential window examined (< + 2.0 V). The reduction 
pattern, as expected, is extremely complicated because of the 
presence of as many as 21 reducible ligands. A first broad 
wave, which should correspond to the first one-electron 
reduction of the nine interacting bridging ligands, occurs at 



J. CHEM. SOC., CHEM. COMMUN., 1991 945 

b P Y  
p + P Y  

CI EL w I A + CI BL 

3L BL, *MY 

2 
6Y 
3 

1 :31 

iBL 
- Y B L  YbPY 

bPY bPY 
1 

bDV .. 
2.3 - dpp 

Scheme 1 

A /“9 

Fig. 1 Schematic representation of 1. N-N represents bpy. 

about -0.50 V. We plan to study 1 in DMF solution at 220 K in 
order to arrive at a complete and detailed interpretation of its 
reduction processes. 

Compound 1 exhibits extremely intense bands in the UV 
region (A,,, = 283 nm, E,,, = 3.5 X lo5 dm3 mol-1 cm-I), 
that can be assigned to JI +. x* transitions localized on the bpy 
and 2,3-dpp ligands, and quite intense bands in the visible 
region, that can be assigned to Ru + bpy (Amax = 427 nm, 

= 7.2 x lo4 dm3 mol-1 cm-1) and Ru + 2,3-dpp (Amax = 

541 nm, Em,, = 1.25 X 105 dm3 mol-1 cm-1) charge-transfer 
transitions. The broadness of the latter band is due to the 
presence of non-equivalent Ru-BL couples, which leads to 
four different types of Ru + 2,3-dpp transitions. 

The luminescence of 1 (77 K: A,,, = 732 nm, T = 1.3 ys; 
300 K: A,,, = 809 nm, z = 55 ns, = 1 x 10-3) is typical of 
3MLCT emitters. On the basis of the electrochemical results 
and of the behaviour of parent compounds, emission can be 
assigned to the Ru +. BL 3CT level involving the peripheral 
Ru2-t ions. Energy migration from the centre to the periphery 
of the supramolecular system is quite efficient since the 
corrected excitation spectrum shows that the luminescent 
levels are reached with the same efficiency regardless of the 
excitation wavelength. 

Oligonuclear complexes like 1 are interesting because they 
accumulate many chromophoric and redox centres in the same 
supramolecular entity and exhibit luminescence from a 
relatively long-lived excited state. Because of these proper- 
ties, they are good candidates to play the roles of photosensi- 
tizers,18,19 luminescent probes,20.21 and multielectron-transfer 
catalysts.22 By using different metals, bridging ligands, or 
terminal ligands it is also possible to control the direction of 
electronic energy migration in the supramolecular structure 
(antenna devices) .5J2J6 

We thank G .  Gubellini for technical assistance. This work 
was supported by CNR (Progetto Finalizzato Chimica Fine 11) 
and MURST. 

Received, 19th March 1991; Corn. 1101315G 

References 
1 Molecular Electronic Devices, eds. F. L. Carter, L. E. Siatkowski, 

2 J .  M. Lehn, Angew. Chem., Znt. Ed. Engl., 1990, 29, 1304. 
3 H. Ringsdorf, B. Schlarb and J. Venzmer, Angew. Chem., Int. Ed. 

4 F. H. Kohnke, J. P. Mathias and J .  F. Stoddart, Angew. Chem., 

5 V. Balzani and F. Scandola, Supramolecular Photochemistry, 

6 T. J. Meyer, Acc. Chem. Res., 1989, 22, 163. 
7 F. Scandola, M. T. Indelli, C. Chiorboli and C. A. Bignozzi, Top. 

8 Y. Fuchs, S.  Lofters, T. Dieter, W. Shi, R. Morgan, T. C .  Strekas 

9 S. Ernst, V. Kasack and W. Kaim, Inorg. Chem., 1988,27, 1146. 
10 (a) K.  J. Brewer, W. R. Murphy, Jr., S. R. Spurlin and J. D. 

Petersen, Znorg. Chem., 1986, 25, 882; (b)  W. R. Murphy, K. J.  
Brewer, G. Gettliffe and J. D. Petersen, Znorg. Chem., 1989, 28, 
81. 

11 K. Kalyanasundaram and Md. K. Nazeeruddin, Inorg. Chem., 
1990, 29, 1888. 

12 S. Campagna, G. Denti, L. Sabatino, S.  Serroni, M. Ciano and V. 
Balzani, J .  Chem. SOC., Chem. Commun., 1989, 1500. 

13 S. Campagna, G. Denti, L. Sabatino, S. Serroni, M. Ciano and V. 
Balzani, Gazz. Chim. Ital., 1989, 119, 415. 

14 G. Denti, S.  Campagna, L. Sabatino, S.  Serroni, M. Ciano and V. 
Balzani, Znorg. Chem., 1990, 29, 4750. 

15 G. Denti, S.  Campagna, L. Sabatino, S.  Serroni, M. Ciano andV. 
Balzani, Znorg. Chim. Acta, 1990, 176, 175. 

16 G. Denti, S. Serroni, S.  Campagna, V. Ricevuto and V. Balzani, 
Inorg. Chim. Acta, in the press. 

17 S. Campagna, G. Denti, S.  Serroni, M. Ciano and V. Balzani, 
Inorg. Chem., in the press. 

18 R. Amadelli, R. Argazzi, C. A. Bignozzi and F. Scandola, J. Am.  
Chem. SOC., 1990, 112, 7099. 

19 V. Balzani, F. Barigelletti and L. De Cola, Top. Curr. Chem., 
1990, 158, 31. 

20 A. M. Pyle, J .  P. Rehmann, R. Meshoyrer, C. V. Kumar, N. J. 
Turro and J .  K. Barton, J .  Am.  Chem. Soc., 1989, 11, 3051. 

21 A. B. Tossi and J. M. Kelly, Photochem. Photobiol., 1989, 49, 
545. 

22 L. A.  Worl, G. F. Strouse, J. N. Younathan, S. M. Baxter and 
T. J .  Meyer, J. Am. Chem. SOC., 1990, 112, 7571. 

H. Wohltjen, North-Holland, Amsterdam, 1988. 

Engl., 1988,27, 113. 

Int. Ed. Engl., 1989, 28, 1103. 

Horwood, Chichester, England, 1991. 

Curr. Chem., 1990, 158, 73. 

and H. D. Gafney, J .  Am. Chem. SOC., 1987, 109, 269. 




