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SUMMARY 

The crystal and molecular structure of the potassium salt of the tetradeca- 
carbonylhexacobaltate tetraanion K,[Co,(CO),,] - 6 H,O has been determined by 
tridimensional X-ray data measured by counter methods. The structure has been 
refined by least squares on F down to an R factor of 0.06. The salt crystallizes in the 
monoclinic space group Czh - rln 5 --P2 with the following cell constants: a= 12.00(l) A, 
b= 10.04(l) A, c= 12.00(l) hi, /?=90.0” (l), there are 2 formula units per cell. 

The structure is composed of a tetragonal body centered packing of anions 
with the cavities occupied by potassium ions and water molecules. 

The anion [Co,(CO),,]“- p assesses an inversion center and contains an octa- 
hedral cluster of metal atoms surrounded by 14 CO groups; 6 of them are linearly 
bonded one for each cobalt atom and the other 8 CO groups are triply bridged on all 
the octahedral faces. The metal atoms cluster and its CO’s environment deviate from 
the holosymmetry 00,. When all the distortions are taken into account the anion can 
be assigned the symmetry Se_ 

The Co-Co mean distance is 2.50 8, ; the Co-C and the C-O distances are 
1.70 A and 1.17 A for linearly bonded groups; for triply bridged groups the Co-C 
distances are scattered in the range 1.89 (1)-2.31(l) A, the C-O mean distance is 
2.21 A. 

INTRODUCTION 

The isoelectronic series of octahedral carbonylic clusters Co,JCO)r+ [Co,- 
(CO)15]‘-, [Co&O),,]“- and [Ni,Co4(C0),4]2- has recently been synthesized’-6. 
These species are analogous to other hexanuclear species of the second transition 
series, such as Rh,(CO),, (ref. 7), Ru,C(CO),, and Ru&(CO)~~ (arene) (ref. 8, 9). 
The bonding scheme in all these species is filled by a total of 86 electrons. One major 
problem is the meaning of this number, in term of an energy spectrum for allocating 
electrons, although some interpretative approaches have been proposed4*‘*“. 

The first member of the present series, Coe(CO)re, is assumed to have the same 
structure as Rh6(CO),,. This is based upon the observations that the two crystalline 
species are strictly isomorphous2 and also that their IR spectra are very similar’. 
Thus in this cluster the 6 cobalt atoms are linearly bonded, each to 2 carbonyl groups, 
and the remaining 4 CO groups are triply bridged on alternating faces of the octa- 
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hedron.A rearrangement of this structure takes place when one CO group is replaced 
by 2 electrons in the anion [Co,(CO),,]“- (ref. 4) In this cluster 9 CO groups are 
linearly bonded, 3 are bridging on edges and 3 are bridging on faces, with a decrease 
in the overall symmetry respect to the neutral species. 

This paper deals with the X-ray structure determination of the potassium salt 
of the tetraanion [Co,(CO),J”-,, as a part of a more general program of structural 
studies on these clusters. Apart from the obvious interest of such determination from 
the point of view of stereochemistry and bonding, there are difficulties in the chemical 
determination of the molecular complexity of these compounds and furthermore the 
rearrangement of Iigands in going from one compound to another is almost impossible 
to understand on the basis of IR spectra only. 

EXPERIMENTAL 

Tetrapotassium tetradecacarbonylhexacobaltate crystallizes in beatiful redish- 
black crystals. The compound was formuIated as K,[Co,(CO),,] - 6 HzO, the formu- 
la weight being 1010. The compound is unstable upon exposure to the atmosphere 
and for collection of the diffraction pattern it was necessary to enclose it in a Linde- 
mann-glass capillary. 

The Laue symmetry 2/m was determined from precession photographs. Sys- 
tematic absences indicate a space group C&, = P2,(,. This space group refers to the 
reduced cell, whereas the standard setting, having space group P2,,, is related to the 
present one in the following way: n, = --a, b, =b and c1 =a+~. The unit cell param- 
eters, determined from film data were refined on the Paiired diffractometer using an 
o-lag procedure outlined by Homstra 1 1 The refined cell parameters at 2S0 are a= _ 
12.00(1)A,b= lO.o4(1)A, c= t2.00(1)&~=90.0°(1), V= 1446A3.Agreement between 
observed and computed specific gravities was obtained for 2=2(p,,,,=2.32 g/cm”, 
pobs ~2.311) g,km3: the latter value was determined by picnometric measurements). 
The Z value shows that the independent part of the structure is one half of the unit 
formula reported above and also that the metal atom cluster possesses a center of 
symmetry. 

The diffraction intensities have been measured with a Pailred linear equi- 
inclination diffractometer, the incident beam being MO-KU radiation monochrom- 
atized by a Sir1 1 l]singIe crystal slice. In order to avoid systematic double reflection 
effects as much as possible (the cell is a pseudo-tetragonal one) the direction a + c was 
oriented along the o-axis; the integrated intensities up to the 15th level (maximum 
equi-inclination angle 17O) were collected in the range 3O < Y< SO”. The w-scan 
method, a reliable procedure with monochromatic radiation, was used in the measure- 
ment of the diffraction profiles. Few standard reflections of the zero level were 
checked periodically to see whether any crystal decay was taking place. No significant 
variation of the intensities of these standards was noticed. 

From the entire set of measurements (about 2500 reflections) all the data 
having a relative counting statistical error o(Z)/2 ~0.25 were suppressed. The final 
set (2007 reflections) were corrected for systematic effects. The absorption corrections 
were computed by the method of Busing and Levy12. Because of the low linear 
absorption factor (,u=43.1 cm- ‘), a 216 points {63) sampling was adopted. Twelve 
crystal faces were measured on a Stoe optical goniometer equipped with a Leitz 
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