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Correspondence

A Reply to the Reports of Ginsberg et al. and Eisenberg et
al. on the Electrochemical Reduction of [Ir(DPE),]* and
[Rh(DPE),]* (DPE = 1,2-Bis(diphenylphosphino)ethane)

Sir:

Ginsberg et al.! and Eisenberg et al.? have reported that the
electrochemical reduction of [M(DPE),]* (M = Rh, Ir)
proceeds by an ECE mechanism.> These results contrast with
our previous report,* which concluded that in the electro-
chemical reduction of these complexes an EC mechanism is
involved.’ It was, of course, essential that this discrepancy
between our report and theirs was resolved. Therefore we have
thoroughly reexamined the electrochemical behavior of the
title compounds and the results are here presented.

The polarographic pattern of [Rh(DPE),](ClO,) in aceto-
nitrile containing 0.1 M Et,NCIQ, as supporting electrolyte
is consistent within the range of drop time 1.0-10 s with a
single, diffusion-controlled, two-electron reversible transfer,
i.e.. (i) the logarithmic analysis of the wave resulting in a
straight line with slope equal to 30 mV; (ii) £/, (-2.10 V vs.
Ag/0.1 M Ag™ acetonitrile electrode) independent of drop
time; (iii) 7% = 4.4. As a confirmation, the isoelectronic and
isostructural cobalt complex [Co(DPE),](ClO,), under iden-
tical experimental conditions, shows two one-electron, diffu-
sion-controlled, reversible waves with I; = 2.2 for each step.”®
On the contrary, for an overall two-electron ECE reduction
with an irreversible chemical step and the product couple more
readily reduced than the parent couple,? the slope of the
conventional log plot for the polarographic wave should cor-
respond to the transfer of a single electron, i.e., 59 mV. Only
the current magnitude is a function of the number of electrons
transferred, and it increases when the chemical reaction is
kinetically significant in the time scale of experiments, as the
drop time increases.’

Cyclic voltammetric experiments with achievement of ohmic
drop compensation by a positive feedback network on a planar
gold microelectrode freshly coated with mercury (approximate
area 0.3 mm?) show the following in the range of scan rate,
V, from 20 to 1000 mV s™": (i) i,#"'/? independent of ¥; (ii)
i, about 2.8 times that for each of the two one-electron
transfers of [Co(DPE),]*; (iii) /,%/i,° equal to unity and in-
dependent of V; (iv) E,° — E;* and E, - E;; equal to 30 %
2 mV, with full agreement with the polarographic data. In
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contrast with these observations, for a two-electron reaction
with an irreversible chemical step and the second transfer
anodic to the first,? the current should be at most 2.2 times
that of a reversible one-electron process,'® and E, - E,, ; should
be equal to 48 mV in the limiting case of a purely kinetically
controlled two-electron transfer, while at the other extreme
being 57 mV for a purely diffusion-controlled one-electron
exchange.!! Also, Magno!? has recently found, using a digital
simulation technique, that the expected variance in peak po-
tential separation, E° — E.?, with scan rate for an ECE
mechanism of this type is exactly in the opposite direction to
that which the title authors have claimed in support of such
a reduction mechanism; i.e., concomitant with the increase in
the ratio of reduction peak current to the oxidation peak
current, ip°/ipa, an increase in E° — E;? above 59 mV is ob-
served.!’

As far as the iridium complex [Ir(DPE),](ClO,) is con-
cerned, it gives polarographic (height and log plot slope of the
wave) and cyclic voltammetric (reduction peak current and
peak potential separation) responses virtually identical with
those found for the rhodium analogue under similar conditions
(see above). The one exception is that the anodic to cathodic
current ratio, i*/ IS, is less than unity and increases as V'
increases with unity approached at values of V> 1 V s7L.

Consequently all our data point unequivocally for both
complexes to a two-electron, essentially reversible charge-
transfer process, followed for the iridium derivative by a
chemical reaction® already recordable in the time window of
the experiment. The different conclusions drawn by the
aforementioned authors could arise from their evaluation of
the number of exchanged electrons based mainly on the var-
iance in peak potential separation with scan rate, even though
current measurements possess better properties.!’'4 In ad-
dition to the above defect, their approach is not very reliable
because direct compensation of ohmic contribution to peak
separation is lacking.?

The d'° species [M(DPE),]" being really the primary re-
duction product has been confirmed for the rhodium derivative
by potentiostatic reduction of [Rh(DPE),]* in carefully dried!®
acetonitrile at low temperature (=35 °C), which prevents the
reduction product from being immediately quenched by the
solvent. In fact, at the end of the electrolysis (requiring 2 equiv
of electrons/mol of depolarizer) the spent ruby red catholyte
shows a reversibly shaped anodic wave at the same potential
(E\j; =-2.10 V) and about 20% lower than that of the starting
compound. With time (#;/, =~ 1000 s at -35 °C) this wave
disappears while the hydride, HRh(DPE),, precipitates. The
recovery of DRh(DPE),, when such an electrolysis is per-
formed in CD;CN, indicates that the main source of hydrogen
is acetonitrile and suggests that the interaction between the
d'° anionic species and the solvent may be easily accommo-
dated on the basis of a generalized acid-base equilibrium.'®
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Table I. Typical Determination of the Rate Constant for the
Chemical Step in the Reduction of [Rh(DPE), ]* (2.0 X 10™* M)
in Wet (0.07 M H, Q) Acetonitrile (0.1 M Et,NCIO,)

Solution at 25.0 °C

scan rate,
V! ip?/ip® KobsdT 7,8 Kobsds 8~
0.020 0.45 1.30 11.0 0.12
0.050 0.63 0.55 4.40 0.13
0.100 0.77 0.28 2.20 0.13
0.200 0.87 0.14 1.10 0.13

Table II. Dependence on the Concentration of Water of the Rate
Constants for the Chemical Step in the Reduction of [M(DPE), |*
in CH,CN (0.1 M Et,NClO,) Solution at 25.0 °C

M=Rh M=Ir
[H,0], mM Kkgpeq, s~} [H,O0], mM  Kgpsds s~

26 0.014 10 1.0
48 0.050 17 2.2
70 0.13 26 4.0
93 0.24 40 8.7
115 0.44 48 13
137 0.78
160 1.3

As a matter of fact, CH,CN is currently reported to act as
a proton donor toward some classes of electrochemically
generated organic anions.'® Furthermore, the freshly reduced
red solution (see above), upon addition of excess carbon
monoxide, quickly turns yellow while 1 mol of DPE precipi-
tates. The infrared spectrum of the solution (bands at 1805
and 1860 cm™) shows that [Rh(CO),(DPE)]™ has formed.!?
Also, the addition of CISnPh; to the carbonylated solution
allows the d'® anion to be isolated.! It is noteworthy that the
polarogram of the spent yellow catholyte does not exhibit any
cathodic wave, thus ruling out the disproportionation by CO
of a hypothetical d® derivative.?%?

In our previous paper* we reported and hereby confirm that
deliberate addition of increasing amounts of water leads to the
stepwise disappearance of the coupled anodic peak, the cath-
odic peak being unchanged, in the cyclic voltammograms of
both [Rh(DPE),]* and [Ir(DPE),]*. Interestingly, at any
selected concentration of water the ratio of peak currents,
i,?/i,’, as a function of the time, 7, required to scan from £/,
to the switching potential, E,, fits the Nicholson—-Shain
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working curve for an EC process,?* thus providing additional
evidence for the considered mechanism and allowing the rate
constant values for the chemical step to be calculated. This
is exemplified in Table I. So far as the dependence of the
observed rate constants on the concentration of added water
(Table II), the change in order for water at increasing con-
centrations may be easily rationalized by the presence of more
acidic water polymers. D,O causes the same effect even
though no DRh(DPE), or DIr(DPE), is recovered in prepa-
rative electrolyses under these conditions.? Identical chemical
behavior is, however, shown by the one-electron reduction
product of Co(DPE),, viz., [Co(DPE),]", which appears to be
quenched mainly by proton abstraction from acetonitrile, as
HCo(DPE), is formed in CH;CN with small amounts of D,0
while DCo(DPE), is obtained in CD,CN in the presence of
low concentrations of H,O.

The inconsistency of the D-labeling results could still be
solved with the assumption of the likely occurrence of a rapid
H/D exchange reaction converting D,0 into H,O or H,O into
D,0 in CH,;CN or CD;CN, respectively. As a matter of fact
we have found that such an exchange reaction does indeed
occur quickly and, for low concentrations of water, quantita-
tively on the condition that OH™ or OD", even in trace
amounts, is present.?

In line with the EC mechanism, hydroxide ions are produced
in the hydride formation already in the early stages of the
electrolyses in wet solvents in view of the highly protic nature
of water relative to acetonitrile. As a consequence, no sooner
do such electrolyses start than the H/D exchange also begins
and goes to completion in a very short time.%

In conclusion, the labeling experiments that, according to
the title authors, should have provided the strongest evidence
of the radical nature of the primary reduction product thus
lose any meaning.

Registry No. [Rh(DPE),]*, 47895.57-8; [Ir(DPE),]*, 29871-99-6.
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Proton Relaxation Enhancement in Paramagnetic
Dinuclear Transition-Metal Complexes

Sir:
The magnetic interactions in dinuclear metal complexes have

been intensively investigated, mainly through magnetic sus-
ceptibility measurements and EPR spectroscopy.!™!® Far less
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