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Mono- and Binuclear Ruthenium( II) Schiff-Base Complexes: 
Spectrophotometric and Electrochemical Studies 
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As part of a study of electron transfer processes 
in mixed-valence hinuclear complexes, we report here 
results of electrochemical and spectrophotometric 
studies of the complex I, and of its mononuclear 
analogue II (P = P/C, H, )3). 
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In the semi-oxidised Ru”‘. - *Ru” complex corres- 
ponding to I, we find evidence of a small extent of 
interaction between the Ru atoms, as reflected in the 
.comproportionation constant K,, (eqn. 1). 

K 
Ru”‘. . .&)I’ + Ru”. . .&I e 2&,“‘. . .Ru” 

(1) 
but the ‘corresponding inter-valence charge transfer 
spectrum is not detected. 

Experimental 

Materials 

Complex I 
The ligand was prepared from tetraaminomethyl- 

methane (TAM) [l] by the method of Oehmke and 
Bailar [2] and recrystallised from benzene. The com- 
plex Ru(PPha)& [3] (0.10 g) was added under 
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nitrogen to a solution of the ligand (0.055 g) and 1 
ml EtaN in 50 ml toluene and refluxed for four 
days. Samples taken every 2-5 hours showed the 
gradual disappearance of IR bands at 1625 and 1585 
cm-’ and appearance of bands at 1600 cm-’ and 
1525 cm-‘. On removing the solvent a brown-green 
solid remained which was repeatedly recrystallised 
under nitrogen, from toluene-petroleum mixtures. 

Complex II 
The ligand was prepared by reacting salicylalde- 

hyde and 1:3 propanediol in 2: 1 ratio on a steam 
bath for 30 mins. To partially remove water, ethanol 
was added, then removed on the rotary evaporator. 
Cooling in ice gave dark yellow crystals, recrystallised 
from ethanol. Found: C 72.3, H 6.46, N 9.91%; 
Calc: for C17H18NZ02, C 72,3, H 6.38, N 9.93%. 

The complex Ru(PPh3)2C12 (0.20 g) was added 
under nitrogen to a solution of the ligand (0.06 g) 
and EtsN (1 .O ml), in 100 ml THF, in a flask with a 
sintered glass filter outlet already attached. After 
refluxing 2 hr, the solution was filtered to remove 
EtsNHCl, the solvent was removed, the product 
was pumped dry and recrystallised from THF and 
petroleum (40-60). 

Found: C 69.5 H 5.75, N 4.27; Calc. for Cres- 
HssN404P4RuZ: C 70.2, H 4.90, N 3.12%. Even in 
the solid state, the complex is extremely air-sensi- 
tive. 

Measurements 
Cyclic voltammograms were obtained with the 

PAR 175 Universal Programmer and 174A Polaro- 
graphic Analyser, using bright platinum working 
electrodes and a reference electrode of Ag wire/ 
AgNOa in CHsCN, connected to the cell compart- 
ment by a salt bridge of the working solvent saturated 
with n-Bu4NC104. All measurements were carried 
out in the medium of 0.1 M n-Bu4NC104, at 26 “C, 
under an atmosphere of nitrogen scrubbed in succes- 
sion with aqueous chromium(I1) and the appropriate 
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Fig. 1. Cyclic voltammograms (1) Ferrocene, 5 X 10e4 M, 

vertical double arrow denoting 200 PA; (2) complex ZZ, 

1.0 X 10m4 M, 10 &A; (3) complex I, 7.5 X lo4 M, 10 pA 

solvent 30% THF, 70% methanol; 0.1 M (N-Bu4N)(C104). 
Values of E are relative to Ag/Ag+. Sweep rate 200 mV s-l. 

solvent. Potentials reported here are relative to n.h.e. 
standardised with reference to ferrocene in the same 
medium (cf: Fig. 1) and taking E’(Fc’/Fc) = 0.400 
V in all media [4] . 

Results and Discussion 

Cyclic voltammetry of II showed a single wave, 
reversible in methanol (Er,2 = -0.085 V, peak-to- 
peak separation E,, = 60V) and quasi-reversible in 
methanol-THF mixtures. (Er,* = +O.lO V, AE,, = 
80 mV in 30% THF). As with the analogous ethylene- 
diamine-based complex [5] , this signai is assigned to 
the Ru”“~ couple. For the binuclear complex I 
two overlapping signals were observed, as shown in 
Fig. 1. The two pairs of peaks are clearly distinguish- 
ed and no others appear in the range studied. Wave 
height is proportional to Ru concentration. From 
the peak potentials we obtain Er,2(rr = -0.020 V, 

AErN) = 86 mV; Er,2(2j = -0.46 V, AEpptlJ = 80 
mV. 

Visible absorption spectra of I and II, and of their 
fully air-oxidised products, are shown in Fig. 2. The 
spectra of the mononuclear complex II closely 
resemble those of the ethylenediamine analogue [5], 
and those of the binuclear complex have bands at 
similar wavelengths. A careful study was made of 
solutions of the partially oxidised form of II, in 
order to detect an intervalence char e transfer 
of the mixed valence species Rur*r~~ *Ru B , but none 

Fig. 2. Absorption spectra of (1, a) complex Z (1, b) oxidised 
form; (2,a) complex ZZ (2,b) oxidised form. Methanol, 25 “C. 
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Fig. 3. Spectrophotometric titration of II (initially air-oxi- 

dised, curve 1) with Co(sepulchrate)‘+. Curve 2, [Co],/ 
[Rua ]T = 0.3; Curves 3, 4 (indistinguishable above 700 nm), 

[C~]~/[Rtts]~ = 0.6, 1.2. 

was found. Spectra were obtained by titrating cobalt- 
(II) sepulchrate [6] into the oxidised Ru”r~~~Ru”’ 
form of II. The reduction potentials are such as to 
ensure that when 1 mol of Co” is added per mol of 
ruthenium dimer, the mixed valence complex is the 
predominant species. The sensitivity of both reagents 
to side-oxidation made it difficult to achieve precise 
stoichiometry, but a sharp isosbestic point was 
observed (Fig. 3) and it is clear that from h = 700- 
1200 nm there is no significant absorption specific 
to the mixed-valence species. Maximum limits of 
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extinction coefficient of an IT band are cu. 20 A4-l 
cm-’ . 
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