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Summary 

The crystal and molecuku st.ructure.of trichlorogermylcobalt tetracarbonyl. 
CI,GeCo(CO), , has been determined from three-dimensional X-ray data collect- 
ed by counter methods. The structure has been resolved by vector-analysis and 
refined by least-squares techniques. 

It crystallizes in spacegroup C, of the monclcllnic system. with eight mole- 
cules in a celi of dimensions: a = 26.238 (3) A, b = 6.623 (5), c = 12.969 (2) and 
fl = 106O12’ (2). The final conventional R factor for the 1647 reflections above 
background is 0.098. 

Both molecules in the asymmetric unit exhlblt slight, but significant,, devia- 
tlons from C,, symmetry. The coordination of the Co atoms IS trigona! bipyra- 
midal, and that of the Ge atoms is tetrahedral. The equatorial carbony! groups xre 
in a staggered conformation with respect to the chlorme atoms. The corresponding 
carbonyl-cobalt-germane angles are less than 90”. The average Ge-Co distance 
of the two molecules in the asymmetric unit IS 2.31 ti 

Introduction 

The metal-metal bond character in X3MC~(CO)4 compounds has been the 
subject of several investigations El-11 ] _ The problem as to what extent metal- 
metal n-bonding IS involved in these complexes has not been satisfactorily clarified. 
We have carried out valence force-field calculations in order to elucidate this 
problem, but the complete structures of the compounds, which are essential to an 
understanding, are known only for a few members of the series. 

Robinson et al. (12, 131 have performed X-ray studies on F,SKZo(CO), and 
C13SiCo(CO)4 _ An electron-diffractlon study was carried out on H,S~CO(CO)~ 
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[14]. The differences in geometry for the Si-Co(CO), part of the molecules 
were quite small except for the Si-Co distance In the hydride, which was about 
0.15 .A larger than for the other two. As only one Ge-Co distance is recorded in 
the literature [ 151, we decided to carry out an X-ray analysis of the CI,GeCo(CO), 
complex. 

Experimental 

_A sample of C13GeCo(CO)J was prepared as described by Patmore and 
Graham [ 161. Small thin needles were grown by subliming the sample under 
vacuum. Some of the needles were sealed in glass capillaries and mounted on a 
goniometer head. Weissenberg photographs showed that nearly all the needles 
were twinned. After many efforts a few suitable non-twinned crystals were ob- 
tamed. 

Systematic absences were observed for hf:l, h + 1; 3 2n and h01, 1 $ 2n, in- 
dicating the spacegroups C, or Czlr_ The choice In favour of the first ~111 be 
discussed in the next section. Zero-level Weissenberg photographs (Cu-K, radia- 
tion) about [OOl] and [OlO] were superimposed with AI-powder lines for 
cahbration. Carefully-measured glancing angles corresponding to hk0 and h0f 
reflections with high 8-values were used to determine the unit-cell dimensions by 
a least squares procedure (Table 1). The llsted errors correspond to three times 
the estimated standard deviations. The calculated density of 2.14 g crnm3 seems 
reasonable comparad wth those for F,Si- and CIJSi--Co(CO)_, [12, 131, but 
no experimental value is avaii’able. 

The intensities were collected at room temperature with a Nonius auto- 
matic three circle diffractomc:ter. Some data: rsdration, Cu-K, ; scan, 8-20 
(moving-crystal, moving-tour ter); scan angle, 2.0”; ma_yimum B-value, 68.5”; 
mounting &uis of the crystal, [OlO 1. 

The Intensity of the reference reflections was constant during the data 
collection, indicatmg that no decomposition of the crystal took place m the 
X-ray beam. As it was not possible to measure the dimensions of the crystal 
through the cylindrical capillary wall, no absorption correction could be made. 

Solution and refinement of the structure 

NOR measurements of the 59Co resonance show two different signals [ 9, lo]. 
This indicates the presence of at least two Co atoms in the asymmetric unit. 

in spacegroup C,,, with eight molecules in the unit cell, there is one Co 

T4BLE 1 

CRYSTAL D4T4 FOR CI3GeCo(CO)~ 

Cell drmensions 

Spacegroup 
Number of molecules per celJ 
Calcufaled denoty 
Absorprmn coefftuenL 

D = 26.238 (3) 
b = 6.623 (5) 
c = 12.969 (2, x 
&7= 10S012’(3) 

c, 
2=8 
2.1-i g cmw3 
u Cu.K, = 229 cm-’ 
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atom in theasymmetric unit when the molecule hes in a general position, and 
two atoms when the Co and Ge are in special positions. 

The arrangement with a Co atom in the mirror plane also wolates the con- 
dltion that the Ge atom and one Cl atom lie at 0, y, !G. This is in agreement wth 
neither the expected molecular configuration nor with the Patterson function, 
so spacegroup Czic can be rejected. 

Stalick and Ibers [ 151 had to make the same choice for their compound 
Ph,GeCo(CO),PPh, _ They assumed a disorder of the PPh3 and GePh, gro~~ps 
rather than an ordered arrangement in spacegroup C, because refinement in this 
group did not gwe reasonable isotropic thermal parameters of the P and Ge 
atoms nor a significant reduction of the R2 value. The existence of a NOR spec- 
trum rejects the possibility of a disordered arrangement, because NOR signals are 
observed only for ordered systems. 

From the vector map the positions of the Co, Ge and Cl atoms were de- 
termined. A Fourier analysis yielded the positlons of the C and 0 atoms. There- 
after, three cycles of least-squares refinement with Individual isotropic tempera- 
ture factors were followed by three cycles with anIsotropIc temperature param- 
eters for Ge, Co and Ci. This resulted in an R value of 10.4%. The atomic scat- 
tering factors used were those given in the international tables. FInally, four 
cycles using the values of Sf’ and Af” for Co and Ge as tabulated in the Interna- 
tional Tables were calcualted. This resulted in a final R value of 9.8% The highest 
peak on the final difference Fourier map was 2.1 e A- ‘. 

The positional and vlbratlonal parameters are listed in Table 2. 

Discussion of the structure 

The molecular configutxtion is illustrated in Fig. 1, and a few selected mtra- 
and inter-molecular distances and angles are sllD,wn in Table 3. 

The structure consists of well separated monomeric CI,GeCo(CO), units; the 
shortest Co- - - - Co distance s 6.50 A. The shortest intermolecular distances all 

T4BLE 3 

SELECTED INTERATOVIC DISTANCES (A) AND BOND ANGLES a 

GHO 2.310 (i) A 
Co-C(E) b 1 .i9 (3) 
C-o(E) 1.15(J) 
co-C( 9) 1.79 (3) 
C-o(A) 1.17 (-?I 

G-1 2138 (10) 

L C~-Ca,--oa, 
L cO--ceq*f?q 
L C.xt-C-G, 
L CI-G~I 

173- (1) 
174.5” (1) 
93” (1) 
Io4.5J (0.2) 

CO<0 6.50 A 
O-O 3.18 
O-Cl 3.55 
cl-a 3.88 

a A more complele Lrsl IS avathble on request. 6 A parenthetic E Indicates an average drstance or angle for 
the equatorial IZNUPS: a parenrhet;c A :rl&cstes an aw.4 d&aoce. AU dlsrances znd angles are averaged for 
the two molecules in tbe asymmetric unit. 
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FIJ& 1. Perspecl~be \-iew of Cl3GrCo(CO)4 nlong the v-axis. 

exceed the sums of the appropriate van der Waals radii. From the data it is 
apparent that the entire molecule possesses approximate C3” symmetry, as m the 
C&SICO(CO)~ and F,SICO(CO)~ compounds. The equatorial carbonyls and the 
chlorme atoms are in a staggered conformation. The confi,ouration around the 
Co atom is trigonal bipyramidal, with slight deviations, especially in the Co-C-0 
angles. The equatorial carbonyl groups are bent away from the axial one making 

C, -Co-C, angles of 95”. The Co-Ge distance IS 2.31 A. If the covalent radius 
of Co is taken to be 1.34 A [17, IS] and that of Ge as 1.22 A [ 191, then a single 
Co-Ge bond length should be approximately 2.56 A. The observed shortemng 
of 0.25 X is consistent with a degree of Co-Ge multiple bonding, in agreement 
with our force-field calculations [ 11). 

In this previous article on force-field calculations we used structural param- 
eters fixed throughout the whole series of molecules, because these parameters 
were not available for each individual moIecule, and for the metal-metal and 
M-X distances we used estimated values. Hence we reconstructed the G matrix 
with the new values found for ClxGeCo(C0)3, and recalculated the vlbrational 
frequencies using the previously determined force field. 

As can be seen from Table 4, even a change of the Ge-Co bondlength from 
2.40 to 2.34 A does not Iead to any great differences in the frequencies_ Thus the 
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TABLE -I 

COhlPARlSON OF VIBRATIONAL FREQUENCIES (cm-‘) 

“ET4P. “talc. 

old new 

L’(CO).4 , 
L~(CO)-l , 
U(CO)E 
6 (COCO 
6 ,coco$ , 
NCoCO,) + vWoCea)E 
U(COC,,) + 6(COCO,,)E 
U(COC,)4, 
whc,q) -l, 
6(COCOLnE 
V(Ge--CI)E 
r*(Ge--cI).4 , 
qGe-c0).4 , 
tGeCI3)E 
E(C=sIJ)-l, 
6(CCoC)E 
A(CCOC)E 
fl (CCOC) -l 1 

6(CIGeCo)E 
6(GsCoC)E 

2124 
2071 
2052 

557 
548 
488 
364 
J-13 
416 
370 
-107 
392 
512 
162 
162 
123 
108 

81 
90 
58 

2124 
2069 
2050 

558 
551 
485 
269 
452 
-111 
368 
-108 
394 
244 
165 
152 
1% 
10-l 

86 
97 
53 

212-l 
2069 
2050 

552 
545 
485 
465 
151 
412 
364 
-107 
396 
242 
177 
151 
127 
JO5 

85 
97 
53 

force-field calculations and the conclwons drawn from them are unaffected 
by small changes in the molecular geometry. 
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