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Summary 

Electrochemical synthesis has enabled several sequences of triple chloride 
bridged diruthenium complexes of general type [L,,C1,RuC1,RuC1,L~-~]~z~1~z~2 
(L = soft neutral ligand) to be generated. The intervalence charge transfer bands 
in the optical spectra of the mixed-valence R@*“’ compounds and variable tem- 
perature magnetic measurements for the corresponding Ru~“~“’ complexes 
reveal that the degree of metal-metal interaction in these confacial biocta- 
hedral systems decreases as the molecular asymmetry (y-x) increases. 

Triply-chloro-bridged diruthenium complexes of general type [L3,C1,RuC13- 

RuCl,L, 1, h w ere L = soft neutral ligand, are known in three different oxida- 
tion levels, ranging from Ru$‘*” to Ru~~*~~~’ [ 1,2]. Extensive voltammetric 
studies [1,2] have established that the individual complexes display at least one 
and generally two stepwise, reversible one-electron transfers without change in 
their gross molecular structure (see Table 1). A feature of this family of com- 
pounds is that the environment of the RuC13Ru bridging unit can be modified 
by either variation of the basicity of the terminal ligands L or by the degree of 
asymmetry ** in terminal chloride binding. 

In order to better explore the structural and electronic changes which might 
accompany these stepwise electron transfer processes, some of the charged 
species shown in Table 1 have been electrogenerated on a preparative scale at 
low temperature, and characterised in situ by a variety of spectroscopic tech- 
niques *** and a preliminary report of these studies is given in this communica- 
tion_ 

* On Leave from the Physical Chemistry Laboratory. Univenitv o.f Pa-. Greece. 

** The degree of asymmetry is defined as (y-x). and for the compoumis discussed u takes values of 
0.1 or 2. 

*** With very few exceptions these electrogenerated species readily decompose if tbe temperatme rises 
above 260 K and therefore no attempts were made to isolate them from solution. 

0022-328X/82/OOOO+lOOO/$O2.75 0 1982 Elsevier Sequoia S.A. 
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TABLE 3 

INTERVALENCE CHARGE TRANSFER BANDS FOR SOME Ru$l*I1l COMPLEXES = 

u=Y__.r Complex ?na.x emax 103 ,* h 
(cm-I) (M-I cm-I) 

4 350 3750 delocalised 
9 700 700 9.5 

13 500 550 5.1 
5 900 1700 delocalised 
i 800 830 8.9 

12 200 400 3.2 

14 800 -100 -0.7 
14 800 -100 -0.7 
14 800 -100 -0.7 
10 850 200 1.6 

D Measured in 0.50 dI n-BqNBF4/CH2C12 at 223 K unless otherwise stated. b Degree of delocalisation 
Q’ = (4.24 X 104)e,,AVI~~&nav X R2. where emax = maximum extinction coefficient: ijmalc = posi- 
tion of band centre Ai? If2 = full width of band at half height; R = internuclear distance between ruthenium 
ion centres (a value of 3.3 8 is assumed here) 151. ’ Measured in 0.50 M LiClOa/THF at 223 K_ 

sponding to one unpaired electron per molecule and, in marked contrast to the 
Ru’:‘*“’ systems, the p eff values are invariant over the accessible temperature 
range (Table 2). This behaviour parallels that of the limited number of previ- 
ously synthesised neutral, mixed valence complexes [l] . Similarly, [ (Astol,),- 
C1RuC13RuC12(Asto13)] - displays a two g-value ESR spectrum very like that 
of the isoelectronic [ (Asto13),RuC13RuC12(Asto13) J [lb] in accord with their 
common axial symmetry. 

As indicated above, the magnetic behaviour of these 35 electron complexes 
is not responsive to the degree of metal-metal interaction. However, the inter- 
valence charge transfer transitions (Run Rum + RumRun) which may arise in 
such trapped-valence systems [5] should offer an independent and sensitive 
means of exploring the tendency to partial charge delocahsation in the 
(RuCl,Ru)*+ core. We now confirm that all the 35electron systems do indeed 
have characteristic near-infrared or visible absorption bands, absent in their 
f&r.= and R,$I.‘I’ congeners, and dlkectly attributable to inter-valence excita- 
tion (Table 3). 

Several significant observations are immediately possible from an examina- 
tion of Table 3. First, both the triad of PEt2Ph complexes and the triad of 
As(tol)3 complexes having u = 0, 1,2 show a significant trend to higher trarisi- 
tion energies and lower intensities as the molecular asymmetry increases. This 
shift in zmax ) which reflects the increasing difference in orbital energies for the 
two ruthenium centres, is roughly comparable to the influence of asymmetric 
ligation on the observed separation of electrode potentials for the two Run’“’ 
couples (ca. 0.5 eV or 4000 cm-’ per excess Cl-, see Table 1 *). 

Furthermore, for these two triads, analysis of the implied degree of delocali- 

* A full analysis of the thermodynamic relationship between the optical transition energies and the 
measured and inferred E” values will he published elsewhere [S]. 



357 

sation, a2, following Hush [ 53, clearly indicates that this interaction is markedly 
increased by closer matching of the adjacent metal sites, to the extent that the 
symmetric (u = 0) complexes are “highly delocalised” and outside the scope of 
Hush’s weakly interacting model. Table 3 also reveals the considerable influence 
exerted by r-acid CO and CS ligands, both in reducing the tendency to delocali- 
sation and, when asymmetrically located, in shifting the transition to higher 
energies. 

Thus, the general observation of assignable intervalence bands for all the 
mixed-valence triple chloride bridged complexes so far examined confirms our 
preliminary conclusion based on electrode potential data [ 1,2], that the asym- 
metricahy substituted complexes, at least, can be realisticahy viewed as trapped- 
valence systems. 

Further confirmation of the presence of isolated valencies is provided by 
31P-{ ‘H} NMR spectra of the set of electrogenerated cations [(PR&YRuCls- 
RuCI(PR~)~]+ (Y = CO, CS; R = Ph; Y = CO, R =p-tolyl). In each case a broad 
contact-shifted resonance is observed (Rum site) together with a sharp AB 
pattern (Run site) virtually unshifted from the 31P NMR resonance which is 
characteristic of the RuY(PR~)~ site in the Ru:‘*” precursor [7]. 

The symmetric complexes however have some features deserving further 
examination. In particular the near infrared spectra reveal an additional band 
unique to the u = 0 system, whose position appears to parallel the degree of 
interaction between the metal centres. 

Furthermore [(Asto13)2C1RuC13RuCl(Asto13)2] which has previously been 
noted to have uniquely sluggish charge transfer properties [la] also shows 
slight but significant anomalies in the position of its intervalence band and the 
separation of its successive redox couples. These features are consistent with an 
additional degree of stabihsation in the symmetrically substituted complex. 
These and related complexes are receiving further study with particular atten- 
tion paid to the effects of varying the polarisability of the bridging and terminal 
ligands. 
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