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The decomposition of dicobalt octacarbonyl, dissolv- 
ed in toluene, to tetracobalt dodecacarbonyl and car- 
bon monoxide can be described by the kinetic equat- 
ion 

d[ co2cco,8] 
dt 

= k[COr(CO)a]‘(Pco)-’ 

This supports a mechanism according which the rate 
determining step is the dimerization of COZY 
fragments formed from CoZ(CO) B by loss of two car- 
bon monoxide ligands. 

Introduction 

The chemistry of metal carbonyl clusters has receiv- 
ed considerable attention in recent years.’ This at- 
tention was focused mainly on the preparative and 
structural aspects of these complexes and no informat- 
ion is available up till now on the mechanism of me- 
tal carbonyl cluster formation. 

The thermal decomnosition of COACO)~ to obtain 
CO~(CO)U was employed first in 19102‘and later 
ed3 to achieve better yields. The equilibrium 
stant of the reaction 

2COl(CO)8 z$ CO,(CO)U + 4co 

was determined,4 but no kinetic measurements 
made. 

Results and Discussion 

refin- 
con- 

were 

The decomposition of COZ(CO)S to Co4(CO)r2 was 
studied at 1 atm total pressure in toluene solution in 
the temperature range between 40 and 61”C, at dif- 
ferent carbon monoxide partial pressures. The react- 
ion was found to be irreversible under the conditions 
used and the surface of the glass vessel had no in-. 
fluence on the reaction rate. 
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The reaction was followed by measuring the volume 
of gas evolved. Since above 50°C slow decomposition 
of Co4(CO)12 was already noticeable (probably metal- 
lic cobalt is formed but due to the small amounts 
involved this could not be proved exactly), the gas 
volume measured had to be corrected for this secon- 
dary reaction to get reliable results. This was achiev- 
ed by separately determining the rate of CO~(CO)U de- 
composition and applying these data at the actual 
concentrations of Co4(CO)12 in the reaction mixtures. 
The decomposition of Cods was only slightly 
influenced by the carbon monoxide partial pressure, 
as shown in Figure 1. This circumstance simplified 
the calculations for the necessary correction. 
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Figure 1. Decomposition of CO~(CO),~, dissolved in toluene, 
at 61°C and 1 atm. Concentration of Co,(CO),, solution: 
0.023 mmole/ml X X X Nt atmosphere, 000 CO at- 
mosphere. 

Experiments performed under an atmosphere of car- 
bon monoxide did show, that the decomposition of 
COZ(CO)S was second order in cobalt concentration. 
This can be seen from Figure 2, which also shows the 
effect of correcting for Co4(CO)12 decomposition. 

The influence of carbon monoxide partial pressure 
was determined by measuring the initial rates of gas 
evolution under different CO-N2 gas mixtures. The 
rate of gas evolution was strongly inhibited by carbon 
monoxide: constant values for the rate constant k 
were obtained if the rates measured at different car- 
bon monoxide pressures were multiplied by the fourth 
power of pco. This can be seen from Table I. 
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Table I. Influence of pcO on the rate of Col(COh decomposition Temperature 61°C 

PC0 kob, x 10’ 
Catml 

(Pco)’ 
[ l.mole-’ . see-‘1 [ atm’] 

Total pressure 0,97 atm. 

(k = k&p&‘) x lo6 
[ Lmole-’ . set -’ . atm’] 

0.78 a 1.75 0.372 6.51 
0.59 5.36 0.121 6.48 
0.39 28.4 0.023 6.53 
0.22 260 0.0023 6.00 

0 This experiment was performed under carbon monoxide, the difference between total pressure and pcO is due to toluene vapour 
pressure. 
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Figure 2. Decomposition of COGS in toluene solution, 
under carbon monoxide at 61°C; +, [Co2(CO)s] = 0.115 
mmole/ml; 0, [COAX] = 0.115 mmole/ml; after correc- 
tion for CO,(CO),~ decomposition; A, [ Co,(CO)8] = 0.347 
mmole/ml; x, [COAX] = 0.347 mmole/ml; after correc- 
tion for CO,(CO),~ decomposition. 

The decomposition of CodCOh to CO~(CO)IZ and 
CO can thus be represented by the following kinetic 
equation: 

-d[ Co,(Co)s] 

dt 
= k[Coz(CO),]*(pco)-’ 

Based on this result, the following mechanism is sug- 
gested: 

Co,(CO)a g co2(co),+co (1) 

Co*(CO), Kg co2(co)6+co (2) 

2COZ(CO)6 -& Co,(CO)u (3) 

If the first two steps are regarded as rapid preequili- 
bria, this mechanism leads to the rate equation 

-[ Co2(COh] 
dt 

= K: . Kf . k, . [Coax,]‘-’ 

which is in agreement with the experimental results 
if k=Kl* . K2*. k2. 

Our experiments thus show that coordinatively un- 
saturated Coz(CO)6 fragments are necessary for the 
formation of the Co4 cluster. This result and the 
mechanism found’ for the reaction 

2HCo(CO)+ ----_, C%(CO)s+Hz 

(in which HCO(CO)~ is formed in the first step) both 
stress the importance of coordinatively unsaturated 
intermediates in reactions leading to new cobalt- 
cobalt bonds. 

Since the measured constant k is a product of equi- 
librium constants and the real rate constant kz, a 
strong temperature dependence of the decomposition 
rate is to be expected. This was confirmed by expe- 
riments at diffrent temperatures, the results of which 
are compiled in Table Il. 

Table II. Effect of temperature on reaction rate 

Temperature 
“C 

40 
50 
61 

k 
[l.mole+ . set-’ . atm”] 

2.1 x lo-’ 
3.6x 1O-6 
6.5 x lo-’ 

The apparent activation energy calculated from 
these data is 56 kcal/mole. This would be much too 
high for a simple chemical reaction in solution, but 
is quite acceptable as a sum of the following energy 
terms: 

(i) twice the heats of reaction for both of step (1) 
and (2); 

(ii) energy of activation for step (3). 
The loss of one carbon monoxide ligand from sim- 

ple cobalt carbonyls is accompanied by the absorpt- 
ion of roughly 10 kcal/mole: Ercoli and co-workers4 
calculated a value of 8.5 kcal/mole for Coz(CO)s, our 
measurements5 furnished a value of 13 kcal/mole for 
HCo(C0)4. This leaves for AH* of step (3) somewhat 
around 15 kcal/mole, a not unreasonable value. 

Finally it should be noted that, due to the (PCO)-~ 
term in the rate equation, the stability of Cb(CO)s 
solutions is very strongly dependent on carbon monox- 
ide concentration. As to our experience, the format- 
ion of C04(Co)12 in a NZ atmosphere is significant al- 
ready at room temperature, and accordingly, one 

(5) F. Ungvhy and L. Mark& 1. Organomefal. Chem., 20, 205 (1969). 
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should use carbon monoxide as a protecting gas if 
working with COZY. 

Experimental Section 

Experiments were performed in a thermostated re- 
action flask of glass, connected to a gas burette in 

which the gas was collected above toluene. The re- 
action was started by injecting through a silicone cap 
a known quantity of Cots dissolved in toluene in- 
to the reaction flask, containing already some toluene 
and previously heated to the desired temperature. 

The influence of the glass surface on the reaction 
rate was controlled by experiments in the presence 
of glass powder. 
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