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Abstract 

The electrochemical oxidation of Rhz(hp&,, 
Rhs(chp&, and Rha(mh~)~ has been examined by 
cyclic, alternating current and stirred voltammetry 
in nine non-aqueous solvents. The oxidation poten- 
tials depend upon the identity of the solvent, and 
become more cathodic as the donor power of the 
solvent is increased. In any given solvent an apparent 
correlation exists between the three oxidation poten- 
tials and the Taft resonance parameter for the 
variously substituted pyridyl rings. The stable one- 
electron oxidation products have been characterised 
spectroelectrochemically in CHaCN. The electro- 
generated monocations exhibit characteristic inter- 
valence charge-transfer bands in the near infrared 
portion of their electronic spectra. 

Introduction 

For many years the synthesis and X-ray structural 
characterisation of dinuclear rhodium(I1) compounds 
have received much attention in the literature [l-3]. 
In more recent times however the emphasis in this 
area has shifted, at least in part, to investigations 
into the redox properties of these compounds. One 
reason for this shift is that electron-transfer reactions 
can play a crucial role in the catalytic [4-61 and 
biological [7-l l] activities of these molecules. 
For example, while it has been shown that Rhs- 
(OaCR), compounds are potent inhibitors of Ehrlich 
ascites, L1210 ascites and P388 tumours in mice, 
it has also been demonstrated that the singly oxidised 
complex [Rh,(02CR),]+ displays greater antitumour 
activity. 

The redox properties of the tetracarboxylate 
complexes have been extensively studied [12-181. 
Wilson and Taube studied the aqueous oxidation of 
Rh2(02CCH& with ceric ion potentiometrically 
[ 12, 131. They observed that the dirhodium complex 
could be reversibly oxidised in a single electron 
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transfer. The potential of the oxidation was depen- 
dent on the pH of the medium. Bear etal. examined 
the electro-oxidation, electro-reduction reactions of 
ten Rhz(OzCR)4 compounds in a number of solvents 
[16]. They observed that the mid-point potentials 
depended upon the identity of both the carboxylate 
and the solvent. The potential for the [Rh2]4+‘5+ 
couple was sensitive to the electron-donating, 
electron-withdrawing power of ihe substituent group, 
R, of the carboxylate and an approximately linear 
relationship was observed between that potential 
and the Taft inductive parameters for the variously 
substituted carboxylates. For a given carboxylate 
complex it was found that the oxidation potential 
was inversely related to the solvent’s donor ability, 
plots of E” versus Gutmann’s Donor Number being 
approximately linear. Drago et al. [ 171 investigated 
the electro-oxidation of a group of 1: 1 and 1:2 
adducts of Rhz(OzCCsH,)4 in dichloromethane. 
They observed that the 1:2 adducts were more easily 
oxidised than the 1:l adducts. More recently similar 
observations have been made by Bottomley and 
Hallberg [ 181. 

Recently much attention has been devoted to the 
tetra-amidate complexes Rh,(RNC(O)R’), [ 19-221. 
It has been observed that changing the coordination 
sphere about the [Rh214’ core from one of eight 
oxygen atoms to one comprising four oxygen and 
four nitrogen atoms shifts the oxidation potentials 
to values which are 700-1000 mV more cathodic. 
For example the parent acetate complex Rhz(Oz- 
CCH& undergoes a quasireversible one-electron 
oxidation in acetonitrile at +1.17 V versus S.C.E., 
whereas the corresponding oxidation occurs at +O.lS 
V for the compound R~Q(HNC(O)CH~)~ under sim- 
ilar experimental conditions [21] _ Similar observa- 
tions have been made for other pairs of dirhodium(I1) 
compounds. In several cases this cathodic shifting 
of potentials is sufficiently dramatic for a second 
oxidation wave to be observed within the available 
solvent range [21,22]. Unfortunately these new 
oneelectron oxidation waves occur at potentials 
>1.40 V versus S.C.E., too close to the solvent 
background for any further characterisation of the 
doubly oxidised products to be feasible. 
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TABLE III. Principal Bands Observed in the Electronic 
Spectra of the Neutral and Monooxidised Complexesa 

Complex Neutral Monooxidised 

“rnax f “- 
(nm) (hi-’ cm-‘) (nm) FM-l cm-’ ) 

Rhz(hph 290 11450 810 1000 
228 42000 290 11450 

228 40450 

Rhz(chp)4 315 6970 1005 2150 
263 27460 265 shb 
231 44860 235 sh 

Rha(mhp)4 815 1650 980 4790 
590 120 765 2040 
310 6040 400 sh 
255 18700 255 20600 
228 39010 228 34580 

aMeasured in a 0.1 cm OTTLE cell using a Pt gauze electrode 
(ca. 60% transmitting) and CHsCN solvent. bsh = 

shoulder. 
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Fig. 3. Electronic absorption spectra obtained during the 
oxidation of 1 X 10m3 M Rhs(mhp)4 to yield [Rha(mhp)4]+ 
in CHsCN, with 0.1 mol dme3 of [NBun4] [BF4]. -!?appBed 
= +1.40 V. Total oxidation time per plot: (i) 0 s; (ii) 45 s; 
(iii) 300 s. 

theoretical basis which has been developed for 

[~2(02cR)41°‘+ molecules [36,37] is valid in 
this system, and we have no guarantee of that fact, 
then we could tentatively assign the former transition 
to 0 -+ S* or N + 6* charge transfer, and the latter 
to a 6* + u* or rr* -+ u* transition. However, without 
further theoretical calculations such assignments 
remain purely speculative. 

The removal of a single electron from a Rh-Rh 
antibonding orbital results in a formal increase in 
the Rh-Rh bond order, from unity to 1.5, and 
changes the formal oxidation state of the Rh2 core 
from (II, II) to (II, III). Such changes in the electron- 
ic character of the metal core must result in consider- 
able alterations in the metal-metal interaction. 
Upon oxidation the effect of such changes on the 
electronic spectra is most dramatic in the region 
800-1100 nm (see Fig. 3). Concomitant with the 
oxidation of each compound is the development of 
a band in the near infrared portion of the electronic 
spectrum. The origin of these bands is as yet un- 
certain; however, we would like tentatively to sug- 
gest that they may be due to intervalence charge- 
transfer processes. Such processes have not usually 
been observed for Rh(I1, III) compounds; however, 
this may be due to the fact that measurements 
have usually been restricted to the visible and UV 
portions of the spectrum. One recent report [38], 
on the rhodium(I1, III) compounds Rh2(ap)4X 
(ap = the anion derived from 2aminopyridine; X = 
Cl or Br), does mention bands at about 1200 nm, 
although no attempt was made to assign these tran- 
sitions. The presence of transitions above 800 nm 
may imply that the two rhodium ions are distinguish- 
able. This observation is surprising, although not 
entirely unprecedented as Bear et al. have recently 
been able to observe nonequivalent rhodium centres 
in the cation [Rh2(N2Ph2CPh)4]+ using ESR spec- 
troscopy [25]. Also of note is the observation that 
the trend in inter-valence charge-transfer band posi- 
tion follows that of increasing ease of formation of 
the monocation, i.e. the complex which is easiest 
to oxidise, Rh2(hp)4, has the higest energy inter- 
valence charge-transfer band in its monocation. 

From both the present work using electronic 
spectroscopy and the work of Bear et al. using 
electrochemical ESR techniques [25] it would appear 
that the simple description of the one-electron oxida- 
tion products derived from dirhodium(I1) tetra- 
bridged compounds as completely delocalised is an 
oversimplification in particular instances. Further 
work on this phenomenon is in progress. 
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