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SUMMARY

Several reactions of metal—metal bonded carbonyls have been found to obey a
rate law characteristic of reversible homolytic fission of the metal-metal bond as the
first stage of the reaction.

Earlier kinetic studies! ™% have led to the formulation of several mechanisms for the
various reactions undergone by metal carbonyls that contain metal—metal bonds unsup-
ported by carbonyl or other bridging groups. While it is quite likely that each of these .
mechanisms may be operative in particular cases, we now report detailed kinetic studies
that provide strong evidence for reversible homolytic fission of the metal—metal bond as
an initial step in several reactions.

_ Treatment of [Mn(CO),PPh;]. mth an excess of tnphenylphosphme in cyclo-
hexane at 50—70° has been shown® to give rate plots half order with respect to [complex],
and to give a product tentatively assumed to be cis-Mn(CO)3 (PPh3), . Unfortunately the
limited solubility of the complex combined with its sensitivity to oxygen precludes a study
of initial rates vs. [complex] but the analogous reaction of [Mn(CO)4P(0Ph)3] 2 with tri-
triphenylphosphite at 117° shows the same sort of behaviour ® and the initial rates show
half-order dependence on [complex] over the range (5 to 70) X 10~5 M. The reaction
of [Re(CO)sPPh3], with triphenylphosphine at 180° is also half-order in {complex]

(over the concentration range (4 to 190) X 107° M) and the product : shows a well defined
ESR spectrum ‘and an IR spectrum characteristic’ of 'M(CO);3L; molecules. In all cases the

_ rates are independent of [ligand] and the reactions probably proceed therefore by -
reversible homolytic fission to form small, steady—state concentrations of 'M(CO)4 L radicals
that are then further substltuted by a dlssoc1at1ve process The rate law for a reactlon"
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is glven by equatlon (1) At high values of k; ki [Az] /kz ? the rate approaches 0.5 -
,kz(kx/h %A 1%, | B '

—dlA:]/dt=R = {k; 2/'szk_l}{(nszcl EalAdlla 2+ %1} Q)

_ Decomposition of manganese carbonyl in decalin at 155° under argon shows initial
rates that are half-order in [Mn,(CO)10] over the range (2.5 to 300) X 10~* M. No carbonyl
containing products are observed and the products appear simply to be finely divided man-
ganese metal and carbon monoxide. The half-order rate plots show gradients that increase
over the last 40% reaction, ‘behaviour consistent with some autocatalysis by finely divided
‘metal product!. At temperatures below ca. 140° the decomposition is not retarded when
the atmosphere of argon is replaced by carbon monoxide so the slowness of the decompo-
sition under argon compared with substitution and other reactions cannot bz due to inhib-
ition by carbon monoxide released during the reaction. Decomposition under air to non-
carbonyl-containing products (presumably manganese oxides) is much faster and is first-
order in [complex] at 1 X 10 5M-complex but decreases almost to half-order by
300 X 10™° M. If the mechanism of this reaction is assumed to be

k ()
[Mn(CO)s ] %‘ 2 Mn(CO)s ; Mn(CO)s k—2> products,
1 2

. where k&, is now a bimolecular rate constant for the reaction of Mn(CO)s radicals with
oxygen, then the rate law should be given by equation (1) in which k, is replaced by
k2 [02]. As'[A,] is increased, or as [O,] is decreased, the rate shcould change from
a first- to a half-order dependence on [Mn, (CO);o], the limiting rate at low
[Mn»(CO)10] and/or high [O,] being k3 [Mn;(CO);0]. Equation (1) can be rearranged
to give (2) where R; =k; [Az2],

Ry[R=1+4kRfk, 2[0,]2 | @)

and R is the observed initial rate at the same concentration of complex. A plot of
- Ry /R vs. Rf(p(0,))? for reactions at 125° is shown in Fig.1 where p(O,) varies from
5.1 to 44.8 cm Hg at [Mn,(CO)0] =2.9 X 107* M, and [Mn; (CO)s0] varies from
(1 to 300) X 10™% M at p(0,) = 15.8 cm Hg. R, is obtained from limiting rates at high
p(0:) and relatively low [Mn, (CO)m] where the rates are simply first order in
. [Mnz(CO)s0]. The diagonat lines correspond to an uncertamty of £20% in the values of
R and suggest a not unreasonable standard of deviation of ca. £10% for an individual
measurement of R. A value of (6.6 £ 0.7) X 10° 1-mol * -(cm Hg)? *s is obtained for
' 1/k, .No retardatmn of the decomposition was observed when aN; -0, atmosphere
~ above the reactant solution’ was replaced by a CO—O, mixture. Less extensive studies
'on the decomposmon of MnRe(CO)m in the presence of various amounts of oxygen appear
' _to show the same behaviour.
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Fig 1. Decomposition of manganese decacarbonyl under oxygen at 125° o, {Mn, (CO),,]1 =
2.87 X 10™* M, p(0O,) = variable; o, p(0,) = 15.8 cm Hg, [Mn,(CO),,] = variable. Rates in
mole1—?5~*; p(0,) in cm Hg.

Further study® of the reaction® of [Ru(CO)4SiMes ], with triphenylphosphine
in cyclohexane, to form equivalent amounts of Ru(C0)3(PPh;). and Ru(CO). (PPh;), (SiMe3).,
shows that initial rates change steadily from a first-order towards a half-order dependence
on [complex] as [complex] is increased from (6 to 400) X 10™¢ M. Reactions with bromo-
trichloromethane result in IR spectral changes expected for initial formation of
(Me3Si)Ru(CO)4 Br °. These reactions were not kinetically well behaved but the rates were
about equal to, or somewhat greater than, the limiting first order rates with triphenyl-
phosphine. These results are again suggestive of reversible homolytic fission although the
overall reaction is considerably more complex than the others studied here and further
study is in progress.

The results reported here provide, therefore, several examples of reactions whose
kinetic pattern fits very well with reversible homolytic fission of the metal-metal bond
as the initial step, subsequent steps depending on the nature of the overall reaction.
Limiting rates of such reactions should provide rate parameters characteristic of the strengths
of the metal—metal bonds involved. '
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