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Abstract 

The trinuclear clusters of general composition 
[RuaO(OOCCH&(N-Het)s] , where N-Het = pyridine 
and pyrazine derivatives, exhibit a series of revers- 
ible waves in the range of -1.8 to 2.4 V versus 
SHE, in acetonitrile, ascribed to the successive 
[cluster]-2/-l/0/+l/+w+3 redox couples. The redox 
potentials decrease with the pK, of the N-hetero- 
cyclic ligands according to the equations E0(+3/+2) = 
2.24-0.023 pK,; E0(+2/+1) = 1.34-0.029 pK,; 
@(+1/O) = 0.36-0.039 pK, and E”(O/-1) = -0.68- 
0.074 pK,. The dependence is greater at lower oxida- 
tion states, reflecting the role of n-backbonding in the 
complexes. 

Introduction 

Ruthenium clusters of general formula [Ru,O- 
(00CCH3)6L3] exhibit a triangular structure strongly 
held by acetate bridges and a central /.MXO bridge 
[l-3], as well as by extended metal-metal bonds. 
These complexes are of great interest because of their 
extensive redox and mixed-valence chemistry [l-6]. 
In this work we describe the redox behaviour of a 

series of clusters with N-heterocyclic ligands, empha- 
sizing the correlations with the basicity properties, at 
the several oxidation states. 

Experimental 

The [Ru,O(OOCCH,),(N-Het>31(PFe) clusters, 
where N-Het = pyridine (py), 4-amino pyridine 
(ampy), 4-tert-butyl pyridine (tbpy), isonicotinamide 
(adpy), 4-acetyl pyridine (acpy), methyl isonicotinate 
(mspy), pyrazine (pz), 2-aminopyrazine (ampz) and 
2,6 dimethyl pyrazine (dmpz) were synthesized 
according to the procedures reported for related com- 
plexes [4]. C, H, and N microanalyses (Table I) were 
consistent with the proposed compositions. 

Cyclic voltamperometry was carried out with a 
Princeton Applied Research (PAR) instrument, con- 
sisting of a model 173 potentiostat and a model 175 
universal programmer. A platinum disc electrode was 
employed for the measurements, using the con- 
ventional Luggin capillary arrangement with the 
Ag/AgNO, (0.010 mol dme3) reference electrode 
(E” = 0.503 V versus SHE [7]) in acetonitrile solu- 
tion containing 0.100 mol dmp3 tetraethylam- 
monium perchlorate (TEAP). A platinum wire was 
used as the auxiliary electrode. Acetonitrile, HPLC 

TABLE I. Microanalytical and Spectroscopic Data for [Ru30(OQCCH3))a(N-Het)3](PF6) Clustersa 

N-Het C (%) H (%) N (%) A mm (nm) 
b 

(log c) 

PY 
tbpy 

adpy’ 

acpyC 

mspyC 

ampyd 

Pz 
dmpz 

ampz 

30.6(30.7) 
38.3(38.2) 

30.1(31.9) 

34.9(35.2) 

33.5(33.8) 

27.6(28.0) 

26.5(27.2) 

31.0(31.5) 

25.5(26.1) 

3.2(3.2) 

4.7(4.8) 

3.6(3.2) 

3.5(3.5) 

3.5(3.4) 

3.5(3.6) 

2.9(2.8) 

3.6(3.7) 

3.2(3.0) 

3.7(3.9) 

3.4(3.2) 

7.6(7.5) 

3.8(3.7) 
3.4(3.6) 

6.4(7.2) 

7.8(7.9) 

7.0(7.3) 

11.3(11.4) 

690(3.75) 

693(3.83) 
700(3.83) 

703(3.80) 

701(3.86) 

686(3.81) 

706(3.75) 

703(3.84) 

700(3.72) 

340(sh) 

345(sh) 

345(4.02) 

370(3.98) 

365(4.07) 
381(3.99) 

358(3.99) 

345(4.08) 

360(sh) 

Valculated values in parentheses. 
including 3 molecules of HaO. 

bAbsorption spectra in acetonitrile solutions. c BF4- salts. dCalculated values 
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grade (Aldrich), was used as supplied. The electronic 
spectra of the complexes were recorded on a Hewlett- 
Packard model HP 8451 -A diode-array spectro- 
photometer. 

Results and Discussion 

The [RusO(OOCCH,),(N-Het),I(PFe) clusters 
were synthesized in the formal R~~~rRur*rRu~~* 
oxidation states. The complexes are stable and 
soluble in acetonitrile, yielding blue-greenish solu- 
tions. The visible electronic spectra (Fig. 1) consist of 
a broad absorption band around 700 nm, ascribed to 
metal-metal transitions in the trinuclear RusO centre 
[4]. A second band is observed in the near-W region, 
around 350 nm, arising from charge-transfer transi- 
tions associated with the Ru(III)-N-heterocyclic 
chromophore. The spectral data for the complexes 
are summarized in Table I. 

The cyclic voltamperograms of the trinuclear 
clusters in acetonitrile solutions, exhibit a set of four 
or five redox waves in the range of potentials from 
-1.8 to 2.4 V versus SHE. Typical examples can be 
seen in Fig. 2. Except for the waves near the limiting 

1 1 t 1 
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Fig. 1. Electronic spectra of [RusO(OOCCHs)e(N-Het)s] 
clusters in acetonitrile solutions, N-Het = 4-tert-butylpyridine 

(A); isonicotinamide (B), and 2,6 dimethyl pyrazine (C). 

I I r I I I I 

I I I I I I 1 
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V versus SHE 

Fig. 2. Cyclic voltamperograms of [RuJO(OOCCH&(N- 

ISet),] clusters (5 X 10e3 mol dm-‘) in acetonitrile solutions, 

scan rate = 100 mV s-t, [TEA@] = 0.100 mol dmw3, N-Het = 
isonicotinamide (A), or 4-tert-butylpyridine (B). 

potentials, the electrochemical behaviour was practi- 
cally reversible [8 1, with the ratios of the anodic and 
cathodic peak currents very close to the unity. The 
separation between the anodic @pa) and cathodic 
(f&J peak potentials was approximately 60 mV, at 
low potential scan rates (e.g. 20 mV s-l), increasing 
in some cases, up to 80 mV at 200 mV s-l. 

The redox potentials shown in Table II were cal- 
culated as (Epa + E&/2, coinciding with the E1,2 
values determined at low potential scan rates. The 
assignment of the corresponding oxidation states was 
based on related examples from the literature [4]. 

The difference of about 1 V between the succes- 
sive redox potentials is quite significant, indicating 
a strong interaction between the ruthenium ions in 
the trinuclear centre. 

In order to evaluate the role of the basicity of the 
N-heterocyclic ligands in the electrochemical be- 
haviour of the trinuclear clusters, we carried out a 
careful determination of pK,, under similar experi- 
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more important. The trends extrapolated from eqns. 
(l)-(4) indicate that the redox potentials for the 
Ru”‘RurlRu”/Ru”Ru”Ru” couples should be 
lower than -1.6 V versus SHE (expected value at 
pK, = 0), exhibiting a great dependence with the pK,. 
Although the measurements were limited, in most of 
the cases, by the working potentials in acetonitrile 
solutions, one can see that the available data for the 
-l/-2 couples in Table II do not follow the behaviour 
expected for the Ru~~~Ru~~Ru~~/Ru~~Ru”R~” 
system. In the case of mixed complexes of the type 
[Ru30(OOCCHs),(py),L] where L = 4,4’ bipyridine, 
1,2-bis(4-pyridyl)ethylene or pyrazine, the most 
cathodic redox wave has been ascribed to the reduc- 
tion of the N-heterocyclic ligand L, usually observed 
around -1.5 V versus SHE [4]. Therefore, analogous- 
ly to the preceding examples, the -l/-2 redox poten- 
tials in Table II would be better ascribed to the reduc- 
tion of the N-heterocyclic ligands in the complexes. 

In conclusion, the bonding properties of the N-het- 
erocyclic ligands discriminate the several oxidation 
states of the trinuclear clusters, providing a useful way 
of tuning the redox levels for electron transfer purposes. 

Acknowledgements 

The support from CNPq, FINEP and FAPESP is 
gratefully acknowledged. 

1 A. Spencer and G. Wilkinson, J. Chem. Sot., Dalton 
Trans., 1570 (1972). 

2 A. Spencer and G. Wilkinson, J. Chem. Sot., Dalton 
Trans., 786 (1974). 

3 F. A. Cotton and J. G. Norman, Inorg. Chim. Acta, 6, 
411 (1972). 

4 J. A. Baumann, D. J. Salmon, S. T. Wilson, T. J. Meyer 
and W. E. Hatfield,Znorg. Chem., 17, 3342 (1978). 

5 J. A. Baumann, D. J. Salmon, S. T. Wilson and T. J. 
Meyer,Znorg. Chem., 18, 2472 (1979). 

6 J. A. Baumann. S. T. Wilson, D. J. Salmon, P. L. Hood 
and T. J. Meye;,J. Am. Chem. Sot., 101, i916 (1979). 

7 B. Kratochvil, E. Lorah and C. Garber, Anal. Chem., 41, 
1793 (1969). 

8 R. S. Nicholson and I. Shain, Anal. Chem., 36, 706 
(1964). 

9 D. A. Buckingham and A. M. Sargeson, in F. P. Dwyer 
and D. P. Mellor (eds.), ‘Chelating Agents and Metal 
Chelates’, Academic, Press, New York, 1964, p. 237. 


