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Summary

The new carbido-carbonyl clusters [Co,3(C).(C0O),4}*" and [Co,,C.(CO),,1*"
have been obtained by pyrolysis of Na,[CosC{(CO),s1. [Co,;;C:(CO);,21°" has
been characterized by crystallographic methods as its [NMe3;(CH.Ph)]" salt;
triclinic, a = 23.146(6), b = 21.768(5), ¢ = 14.536(3) A, a = 98.14(5)°,8 =
103.19(5)°, v =111.19(5)°, Z = 4, space group P1. The structure has been
solved by direct methods and refined by least-squares calculations to R =
0.096 for 4595 diffraction intensities. The anion has idealized C,-m symmetry
and contains a closed polyhedron of cobalt atoms which can be described
either as a tricapped cube or as a fused tetragonal antiprism/trigonal prism
sharing a square-face, plus an atom in a capping position on one squareface
of the trigonal prism. The latter description defines quite well the shape of
the cavity containing a C, unit, C—C distance 1.62(5) A. The carbonyl ligands
are bonded 11 terminal and 11 edge-bridging. The Co—Co distances average

* For parts I-—VII see refs. 1—7.
** PDedicated to the memory of Professor Paolo Chini.
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2.48 and 2.60 A for bridged and unbridged edges, respectively. The Co—
C(carbide) distances are in the range 1.86—2.37(3) A.

Introduction

We have characterized a number of carbido-carbonyl clusters of cobalt and
rhodium and have observed that rhodium shows a variety of cluster geometries
in the range Rhy—Rh 4, but that cobalt seemed to have a more limited chemis-
try, and the only species previously obtained were [CosC(CO),s1>” [8],
[CocC(CO) 1417 [61, and [CogC(CO) 517~ [51. Believing that new reaction
routes had to be explored if cobalt clusters of higher nuclearity were to be ob-
tained, we have examined the pyrolysis of smaller clusters, since increasing tem-
perature is known to favour cluster growth.

On heating Na,[Co,C(CO),s] in diglyme at 140°C, under nitrogen, for 10—
11 h, a mixture of dark-brown anions is formed, containing mainly the
[C0,5(C)2(CO).41* anion [9] together with minor amounts of other anions
and [Co(CO),] . Separation is achieved by evaporation to dryness in vacuo, dis-
solution of the mixture in methanol, and fractional precipitation of the
[NMe;(CH,Ph)]™ salts. After separation of the [Co,3(C),(CO),4]1*™ anion (40—
50% yield), on prolonged standing of the mother liquor or by gradual addition
of water other anions are precipitated. By fractional crystallization of this mix-
ture from methyl ethyl ketone and 2-propanol the [Co,,C,(CO),,13>" anion has
been isolated in 5—10% yield. The IR spectrum in acetonitrile solution shows
bands at 1973vs, 1840w, 1815mw, and 1798m cm™?.

We describe here the structure of this anion, a detailed account of its synthe-
sis and chemical characterization will be reported later, together with a com-

plete description of [Co,3(C),(CO);41%".
Experimental

Crystal Data. C54H453C0,N;0,,, M =1739.2, triclinic, a 23.146(6), b
21.768(5), c 14.536(3) A, « 98.14(5)°, 8 103.19(5)°, v 111.06(5)°, U =
6449.3 A%, D,,=1.76,Z=4,D_=1.79 g ecm™3, space group P1 (No. 2),
F(000) = 3464, Mo-K,, radiation (\ = 0.7107 &), u(Mo-K_,) = 28.31 cm™.

Intensity measurements. From a needle-like crystal a fragment with dimen-
sions 0.08 X 0.10 X 0.35 mm was cut and mounted on a Philips PW1010 dif-
fractometer. Diffraction intensities were measured in a half of the reciprocal
lattice in the range 3 < 6 < 20° by the w-scan method, scan interval 1.0°, and
speed 2.4° min~!. The background was measured at both sides of the reflec-
tions for a total time equal to the peak scanning time. 11 832 diffraction inten-
sities were collected, 4595 of which [F, > 50(F,)] were used for the structure
resolution and refinement. The integrated intensities were reduced to F values,
the experimental correction for absorption was applied. The computations
were carried out with the SHELX package of crystallographic programs [10].

The metal atoms were located by application of the direct methods. Two
independent Co,; polyhedra were found, they were structurally equivalent but
differently oriented in the cell. After a preliminary refinement of the metal

(continued onr. p. 299)
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TABLE 2

BOND DISTANCES (A) WITH E.S.D.’S IN PARENTHESES

Anion I Anion II (A) Anion I Anion II (A)

Co(1)—Co(2) 2.531(6) 2.503(9) Co(1)—~C(—1) 2.11(3) 1.94(4)
Co(1)—Co(4) 2.574(7) 2.554(8) Co(2)—C(—1) 2.20(3) 2.24(4)
Co(1)—Co(10) 2.602(8) 2.587(9) Co(4)—C(—1) 2.37(2) 2.23(3)
Co(1)—Co(11) 2.496(6) 2.492(7) Co(5)—C(—1) 2.32(3) 2.31(4)
Co(2)~—Co(3) 2.495(6) 2.483(7) Co(6)—C(—1) 2.08(3) 2.10(4)
Co(2)—Co(4) 3.112(5) 3.03%(7) Co(7)—C(—1) 2.15(3) 2.34(4)
Coa(2)—Co(7) 2.645(7) 2.622(8) Co(10)—C(—1) 2.17(3) 2.04(4)
Co(2)—Co(11) 2.585(7) 2.587(7) Co(11)—C(—1) 2.02(3) 2.12(4)
Co(3)—Co(4) 2.625(7) 2.597(9) Co(2)—C(—2) 2.15(3) 2.03(4)
Co(3)—Co(8) 2.469(8) 2.475(9) Co(3)—C(—2) 1.86(4) 1.90(4)
Co(3)—Co(9) 2.595(7) 2.591(9) Co(4)—C(—2) 2.13(3) 2.16(4)
Co(4)—Co(5) 2.682(8) 2.661(9) Co(5)—C(—2) 2.13(4) 2.17(4)
Co(4)—Co(9) 2.437(8) 2.459(9) Co(7)—C(—2) 2.14(3) 2.06(3)
Co(2)—Co(10) 2.461(7) 2.458(8) Co(8)—C(—2) 1.86(4) 1.90(5)
Co(5)—Co(6) 2.562(6) 2.572(7) Co(9)—C(—2) 2.53(3) 2.65(4)
Co(5)—Co(7) 3.064(5) 3.070(8) C(—1)—C(—2) 1.62(5) 1.66(6)
Co(5)—Co(8) 2.593(8) 2.624(9) Co(1)—C(1) 1.69(4) 1.80(6)
Co(5)—Co(9) 2.467(7) 2.480(7) Co(2)—C(2) 1.78(3) 1.71(3)
Co(5)—Co(10) 2.438(7) 2.430(9) Co(3)—C(3) 1.74(4) 1.67(3)
Co(6)—Co(7) 2.515(7) 2.511(9) Co(4)—C(4) 1.73(5) 1.65(4)
Co(6)—Co(10) 2.598(8) 2.622(8) Co(5)—C(3) 1.74(4) 1.76(4)
Co(6)—Co(11) 2.521(8) 2.497(9) Co(6)—C(6) 1.68(6) 1.69(5)
Co(7)—Co(8) 2.483(6) 2.485(7) Co(7)—C{7) 1.69(2) 1.68(3)
Co(7)—Co(l11) 2.597(7) 2.588(9) Co(8)—C(8) 1.60(4) 1.75(5)
Co(8)—Co(9) 2.591(5) 2.610(8) Co(9)—C(9) 1.65(4) 1.67(4)

R Co(10)—C(10) 1.68(5) 1.67(5)
Co(11)—C(11) 1.71(3) 1.71(3) C(6)—0(6) 1.22(7)
Co(1)—C(1.2) 1.94(4) 1.89(4) C(7)—O(T7) 1.19(3)
Co(2)—C(1,2) 1.98(4) 1.93(4) C(8)—0(8) 1.26(5)
Co(1)—C(1.11) 1.85(3) 1.86(3) C(9)—0(9) 1.21(5)
Co(11;—C(1,11) 1.86(4) 1.81¢4) C(10)—0(10) 1.16(6)
Co(2)—C(2,3) 1.93(4) 1.87(4) C(11)—0(11) 1.21(4)
Co(3)—C(2,3) 1.84(4) 1.87(4) C(1.2)—0(1.2) 1.13(5)
Co(3)—C(3.8) 1.91¢4) 1.88(6) C(6,7)—0(6.7) 1.21(5)
Co(8)—C(3.8) 1.91(5) 1.86(5) C(2.3)—0(2.3) 1.22(5)
Co(4)—C(4.9) 2.06(4) 1.95(3) C(7,8)—0(7,8) 1.19(4)
Co(9)—C(4.9) 1.73(4) 1.71(4) C(3,8)—0(3.8) 1.15(5)
Co(4)—C(4,10) 2.17(4) 2.05(8) C(4.9)—0(4.9) 1.24(4)
Co(10)—C(4,10) 1.77{3) 1.79(4) C(5.9—0(5.9) 1.20(5)
Co(5)—C(5,9) 1.97(4) 2.04(4) C(1,11)—0(1,11) 1.24(5)
Co(9)—C(5.9) 1.71(35) 1.71(4) C(6,11)—0(6.11) 1.27¢(5)
Co(5)—C(5,10) 2.09(4) 2.03(4) C(4,10)—0(4,10) 1.15(4)
Co(10)—C(5,10) 1.78(4) 1.77¢4) C(5.10)—0(5.10) 1.19¢5)
Co(6)—C(6,7) 1.85(4) 1.82(4)
Co(7)—C(6.,7) 1.91(3) 1.91(4)
Co(6)—C(6.11) 1.81(3) 1.85(3)
Co(11)—C(6,11) 1.84(4) 1.87¢(3)
Co(7)—C(7.8) 1.88(4) 1.89(5)
Co(8)—C(7.8) 1.88(3) 1.90¢3)
C(1)—0(1) 1.16(6)
C(2)—0(2) 1.16¢(4)
C(3)—0(3) 1.16(86)
C(4)—0(4) 1.17(6)
C(5)—0(5) 1.18(5)
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atom parameters the carbonyl groups of one anion and five out of the six inde-
pendent cations were easily located. The ligands of the anion labelled A and the
cation labelled F were localized with difficulty and gave trouble during the
refinement. This fact was taken as an indication of disorder, but a rationaliza-
tion of the observations was not possible because no image duplication was
detected. In order to complete the refinement successfully some constraints
were introduced in the structure model. The C—O distances in the anion A
were fixed at the average values found in an earlier refinement of the un-
affected anion, 1.17 and 1.19 A for terminal and bridging groups, respectively.
Each cation was divided in two rigid groups, the NC, tetrahedron (N—C 1.52 &,
T, symmetry) and the phenyl ring (C—C 1.392 A, D¢, symmetry). An average
thermal parameter was used for each group, the hydrogen atoms were omitted.
The atoms in the anions were allowed to vibrate individually, the cobalt atoms
anisotropically and the light atoms isotropically. All the cations behaved well
except for the previously mentioned F, but no attempts to improve the model
were made.

The final agreement indices were R = 0.096 and R' = 0.125. A difference-
Fourier map, computed after the refinement, showed the highest peaks in the
vicinity of the metal atoms, not exceeding 1.6 e~ A~3. The final parameters of all
the atoms are reported in Table 1 and the bond distances in Table 2. A list of
observed and computed structure factors can be obtained from the authors.

Results and discussion

The crystal consists of discrete ions [NMe3;(CH,Ph)]" and [Co,,C,(CO),,]13".
In the unit cell there are two crystallographically independent but chemically
equivalent anions. Due to the higher standard deviations of the bond parame-
ters in anion II (labelled A in Table 1), the structure will be discussed with
reference to anion I, but the bond parameters are not significantly different in
the two anions.

The structure of the anion is depicted in Fig. 1, it has idealized C;-m symme-
try, the mirror plane being defined by Co(9), Co(10), Co(11) and contains the
carbide atoms C(—1) and C(—2). The carbonyl groups are bonded 11 terminal
and 11 edge-bridging, in such a way that all the cobalt atoms are bonded to
three ligands. At first sight the metal atom polyhedron can be described as a tri-
capped cube, the capping atoms being those placed in the idealized symmeitry
plane; the symmetry of such a polyhedron would be C,,. However, the cube
edge lying between the capping atoms Co(10) and Co(11) is stretched and the
symmetry is reduced to C;. Another description of the polyhedron can be given
by looking at the shape of its cavity which consists of a square antiprism and a
trigonal prism sharing a face [Co(2), Co(4), Co(5), Co(7)]. Two opposite edges
of this face are quite elongated [Co(2)—Co(4) and Co(5)—Co(7)] with average
length 3.09 A. The remaining atom caps a second square face of the prism.

Except for the previously mentioned elongations the Co—Co distances are
normal, the edges bearing bridging ligands have average length 2.48 A and the
unbridged ones 2.60 A. The C—C(carbide) distance, 1.62(5) &, is longer than
expected for a single bond, viz. 1.54 A. C(—1) is contained in the antiprismatic
half of the cavity with average distances from the outer and central atoms
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Fig. 1. Drawing of the anion [Coj;C(CO)2213".

(shared face) 2.10 and 2.26 A, respectively. C(—2) is in the prismatic moiety
with average distances from the atoms in the shared face 2.13 A and from the
prism-edge atoms [Co(3), Co(8)] 1.86 A&, a very short value.

The second description of the cobalt atom polyhedron is particularly useful
because it relates to the structure of [Rh;,C,(CO),s] [4]. A comparison of the
two bare polyhedra (Fig. 2) shows that they are quite similar, and that the
latter can be obtained by adding another capping atom to the Co,, cluster. The

Co9

Fig. 2. The metal atom polyhedra in [Co; ; C2(C0)2213~ (left) and in {Rh;2C(CO) 5] (right).



301

existence of strictly comparable cavities in [Co,,C,(CO)..]1°” and
[Rh;,C,(CO),s] shows that the just described ten-vertex polyhedron is the
most suitable for incapsulating the C, interstitial unit. It is noteworthy that the
already described elongation of two edges in the shared face is also present in
the Rh,, cluster. In order to explain this characteristic feature we have calcu-
lated that the expected carbon—carbon distance in an idealized cavity with
equal edges (/) is 0.708 X L. If the edge length is taken as 2.54 A, the overall
mean value of the Co—Co distances in the present cluster, the carbon—carbon
separation would be 1.80 A which is too long a value for an efficient bonding
interaction. A 0.43 A lengthening of two opposite edges in the central face of
the composite polyhedron seems necessary in order to allow a closer carbide-
carbide bonding contact. An even shorter C—C distance is possible in the bigger
cavity of the Rh,, cluster, 1.48(2) A.

The bond parameters of the carbonyl groups are normal, average values for
Co—C and C—O interactions are 1.70, 1.19 A for terminal groups and 1.89,
1.20 A for the bridging ones, respectively.
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