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SUMMARY 

The mechanism of the thermal oxidative elimination reaction between iron penta- 
carbonyl and iodine in n-hexane to afford cis-Fe(CO)aIz is inferred to involve the 

successive formation of 1/l and l/2 “adducts” of iron pentacarbonyl and iodine; each 
adduct ultimately yields the observed product through loss of carbon monoxide. A 

common mechanism can encompass the observed kinetic behavior for both octahedral and 
trigonal bipyramidal metal carbonyl substrates. 

The reaction of iron pentacarbonyl with iodine to yield the octahedral, 

cis-Fe(CO)& product is a representative example of an oxidative elimination reaction, a 
widely observed reaction type among metal carbonyls and derivatives’. While a few kinetic 

studies of this class of reaction have recently been reported2, these have not included 
investigations of trigonal bipyramidal substrates nor halogens as oxidizing agents, although, 
for the reaction of iron pentacarbonyl with halogens, low temperature infrared studies have 
demonstrated the presence of reaction Gtermecliates which were variously formulated and 
whose identity differed with the solvent employed in the synthesis3 *4. 

The study of the kinetics and mechanism of this thermal reaction (& = Iz) in 

n-hexane has been undertaken employing stopped flow kinetic techniques. Initial studies 
under pseudo fast order reaction conditions (at least a ten-fold excess of Iz) were 

monitored at 410 run. The reaction was found to be photochemical as well as thermal at 

25.0 f 0.1”. The contribution of the photochemical path to the overall rate was eliminated 

by means of a shutter placed between the visible source and the observation cell. The initial 
transmittance observed after the shutter was opened at some time, t, after the solutions 
were mixed thus could be related to the extent to which the thermal (dark) reaction had 
proceeded up to that time. Pseudo first order (&,l& plots of In(At - A,) VS. t were found 

to be linear after an initial induction period. From a plot of k,-,& VS. [Ia ] for the linear 
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Fig_ 1. Plot of k&s vs. [I,] for reaction of Fe(CO), with 1, in n-hexane at 2s.o”. 

COMhfUNICATION 

portions of the kobs plots (Fig 1) were extracted the rate constants, kb = 1.45 x 10-r * 

2x 1O-3 see-’ andk,= 9.04 x 10’ ,) 1.4Af-’ *see-‘. 

Several lines of evidence suggested the initial induction period observed for the 

kobs plots to arise through the rapid formation of an intermediate of stoichiometry 
Fe(CO)5 -I,, which would be analogous to intermediates proposed in other kinetic studies 

of oxidative elimination reactions’ _ This intermediate could then decay via the two 

competing paths governed by kb and k, to afford the observed product: 

Fe(CO)s + 12 % Fe(CO)s -12 

(1) 

The rate law derived from the linear portions of the kobs plots cannot correspond 

to the decay of the substrate since CO-exchange studies have shown the rate of carbonyl 
dissociation from Fe(CO)s to be very slow at room temperature5. If the frost intermediate 

formed is one of those observed in the low-temperature infrared studies3 s4, carbonyl 

dissociation from it would be expected to be more facile than from Fe(CO)5, since the 

carbonyl stretching absorptions observed for these inte,rmediates were in all cases at higher 

energy than are those reported for Fe(CO)s . Higher Y(CO) would indicate weaker OC-Fe 
n-bonding in the intermediate. 

The rate law predicted by the mechanism (1) for the step governed by k, (fast 

order in 12 and Fe(CO),) was confumed by kinetic studies under pseudo first order 
conditions (large excess of Fe(CO)s) chosen so as to inhibit steps subsequent to k,. The 



PRELIhIINARY COMhfUNICATION c35 

Fig. 2. Plots of kobs VS. [FeKO), ] for reaction of FeKO), with I, in n-hexane at 25.0” at different 
visible source Powers. A. at 36.6 watts; B. at 27.5 watts. 

reaction, monitored at 475 mn, was too fast to employ the shuttering technique, and thus 
plots Of k&s vs. [Fe(CO)s ] were obtained at two different source intensities; these plots 

(Fig. 2) are observed to be parallel, with intercepts which differ with the intensity of the 
light source. This observation suggests the path dependent only upon the concentration of 
iodine to be photochemical, probably involving the initial formation of iodine radicals6 . In 
contrast, the invariance of the slopes of these plots with source intensity indicates b&e 

bimolecular path to be thermal. From the slopes of the kobs vs. [Fe(CO)s] plots at two 
source intensities were obtained the second order rate constants, k, = 1.17 x lo3 f 
35 M-r -set-’ and 1.28 x lo3 f 74M-’ -set-’ at 25.0 f 0.1”. 

The observed overall rate law, together with those determined for the oxidative 

elimination reactions of substituted octahedral metal carbonyi compiexes with various 
oxidizing agents2 can be encompassed within an overall mechanism involving the formation 
of l/l and l/2 “adducts” of the substrate and oxidant, tlie differing stereochemistries of 

the substrates notwithstanding. 

The relative magnitudes of the rate constants are consistent with the formation of 
an intermediate of stoichiometry Fe(CO)s -I2 at low temperature. Moreover, the synthesis 
of the species studied by Farona and Camp was effected in hydrocarbon solvent4, and thus 
it is probable that it is the kinetically observed intermediate_ On the basis of its infrared 

spectrum, and conductivity data which demonstrated it to be molecular, Farona and Camp 

favored a seven-coordinate, pentagonal bipyramidal or capped octahedral structure, but the 
present observation that it is further susceptible to associative attack argues against this 

proposal. Octahedral metal carbonyls and derivatives of the first row transition metals are 
markedly less susceptible to reaction via associative paths than are those of the second and 
third transition series, an effect attributed to differences in the atomic sizes of the metal 

atoms’ ; it would thus appear highly improbable that seven-coordinate iron could undergo 
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ficile attack It appears more likely-that the interm&Iiate is six-coordinatti, perhaps of 
distorted capped trig&al bipyramidal or other irregular geomtitry, in light of the 
complexi@ of its carbonyl stretching spectrum in soIution at low t&perature4. 
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