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Methylcobalt tetracarbonyl, CH3Co(CO),, () has
been known for more than two decades but in spite
of its importance as the simplest alkylcobalt carbonyl,
not much has been reported about its chemical and
physical behaviour. This is obviously caused by its
instability and tendency to transform to acetylcobalt
tetracarbonyl CH3;COCo(CO)4, (II). Even the obser-
vation of its IR spectrum met considerable experi-
mental difficulties [2].

We were interested in the quantum chemical
analysis of certain alkylcobalt carbonyls [3] but we
first needed the interpretation of (/) as reference
compound. The only MO study [4] concering (/)
reported incomplete data (rotational barrier and
energy of the trigonal bipyramidal and tetragonal
pyramidal configurations). We performed a complete
Wolfsberg—Helmholtz (Extended Hiickel) MO [5]
analysis of (/) the parameters of which were fitted
to the UV absorption bands.

The UV spectrum was obtained in vapour phase
utilizing the fact that (J) is volatile under atmos-
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TABLE 1. Starting Data for Calculations.?
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pheric conditions while the contaminating (II) is
not. We prepared Et,0 solutions of (/) from Na[Co-
(CO)4] and CH;l according to Hieber er al. [2].
A few drops of this solution were placed in a 100 mm
long UV gas cell sealed with Ar gas and then the spec-
trum was quickly registered. The observed spectra
were compared with those of CH;lI and (/) to avoid
misinterpretation, Bands of the observed spectra
were resolved by deconvolution. Two bands could be
observed at A; = 215 nm (5.76 eV) (100) and A, =
245 nm (5.06 V) (~ 1, sh). Absorbance could not
be determined since the concentration of (J) was not
known.

Our WH--EH—-MO calculations were based on the
structural parameters shown in Table I.

Trigonal bipyramidal array with the methyl group
in axial position has been accepted following the IR
spectroscopic results of Bor [7] and the calculations
of Demuynck et al. [4].

Diagonal elements of the Hamiltonian were taken
as Hy; = U; (eV), off-diagonal elements as Hy; = 0.5
KS;; (U; + Up) (K = 1.75 according to ref. 5b). §;;
values were calculated using Slater orbital exponents
(¢;). Values of U; and ¢; are shown in Table I. U;s
for Co were taken initially from refs. 8—11 but
partial charges and excitation energies obtained using
these data were irreal. Then we tested the parameters
(U; and §) from ref. 12 and we obtained a high nega-
tive charge (—1.95) on the Co but the first excitation
energy was still 2.6 eV, much below the observed.
Finally we chose the U; values shown in Table I asa
compromise for Co. The rest (C, O and H) of the U,
values were taken from ref. 13, Slater orbital expo-
nents from ref. 14.

Geometry

Bond Bond Length, pm Ref.

Co, Cme 206 4

CMer H 108 4, 6

Co, Cax 174 4,6

Co, Cequ 180 4,6

CO0 116 4

MO Parameters

Data S r d

Atom n; U; fi n; U fi ny Ui ‘—i N;
Co 4 15.657 1.054 4 11.659 1.054 3 27.836 2.30 9
C 2 21.40 1.625 2 11.40 1.625 - — - 4
(0] 2 28.48 2.275 2 13.80 2.275 - - - 6
H 1 13.60 1.00 - - - - - — 1

3Notation: H;, Hamiltonian of the ith orbital; Uj, ionization potential of the ith atomic orbital; nj, principal quantum number;
¢, Slater exponent of the ith atomic orbital; N;j, sum of the valence electrons on atom j.
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Fig. 1. Partial charges and overlap populations of methylcobalt tetracarbonyl in the ground and first excited state.

TABLE Il. The Characteristics of the Highest Energy Occupied and the Lowest Energy Unoccupied Molecular Orbitals.

Ground State

Orbital® Energy, eV Weight of Components (%)

Vs 14.42 15.3 COpy; 84.7 COgqy

Va6 13.21 10.3 Co; 72.6 Me; 3.7 CO,y; 13.4 COequ

2%} 13.21 1.7 Co;30.3 Me; 2.4 COy,y; 65.6 COequ
28 13.17 3.6 Co; 50.4 Me; 1.3 CO,y ;44.7 COpqy

1st Excited State

V3o 9.01 0.1 Co; 9.4 Me; 5.7 CO,yx; 84.8 COeqy

Y29 8.52 33.2 Co;52.0 Me; 3.8 COqy;11.0 COgqy

/S 8.52 0.7 Co; 14.0 Me; 9.8 CO,y; 75.5 COequ

V32 8.50 1.7 Co; 35.7 Me; 20.5 CO,y; 42.1 COgqy

8The numbering of the orbitals follows the order of energy.

The computation was carried out with a Fortran
program [15] based on the Algol program of Mezey
[16] and performed using a CDC 3300 computer.

Charges were calculated using a Mulliken overlap
population analysis [17]. Energy barriers to internal
rotation of the methyl group were taken as the dif-
ference of total energies corresponding to various
rotational angles.

Rotation of the methyl group around the Co, Cpe
axis yields a threefold barrier of 0.16 eV height which
agrees well with the results of an ab initio calculation
[4] (0.08 eV).

Partial charges and overlap populations in the
ground and first excited states of the lowest energy
configuration are shown in Fig. 1. However, the
absolute values of the charges should be taken with

care, these are overestimated following the neglect
of the repulsion and exchange integrals [13].

None of the filled or empty orbitals was separated
energetically well enough from the rest of both kinds
to be identified as HOMO or LUMO respectively. There
are two sets of highest occupied and unoccupied
orbitals which could be regarded as FMOs (Table II).
These orbitals are separated by ~ 1.2 eV from the
rest. The highest energy occupied and unoccupied
orbitals are separated by ~ 4.1-5.6 eV from each
other, this agrees well with the observed E; = 5.06 eV
corresponding to the lower energy UV band.

The MOs which can be regarded as FMOs are
associated with more groups and not quite clearly
localized as shown in Table II. This situation is not
unprecedented in such type of calculations [18].
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However, both these data and the distribution of
charges predict the methyl group as the site of
electrophilic and the equatorial CO groups as the site
of nucleophilic attack. This result provides a further
independent support to the presently accepted
mechanism [19, 20] of the “‘CO insertion’ reaction of
alkylcobalt carbonyls, which is one of the key steps
in the hydroformylation of olefins.

The Mulliken populations are in good agreement
with the interpretation of o- and m-electronic effects
in similar compounds which was based on NMR
data [21].

The qualitative and quantitative agreement of
certain results of this work with those of other inde-
pendent studies [4, 21] can be regarded as evidence
for the reliability of our results which seem thus to be
applicable to further similar calculations.
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