G. PUNTE, B. E. RIVERO, G.

Fig. 2 shows a stereoscopic view of the unit cell. As
can be seen, the packing in the [010] direction is
characterized by successive layers of polyanions,
centred at 0-25 and 0-75, and cation polyhedra, centred
at 0 and 0-5. As analysis has shown, extensive
hydrogen bonding within the layers and between them
stabilizes the structure.
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Structure of 1,2;1,3;1,4-Tri-u-carbonyl-1,2,2,2,3,3,3,4,4,4-decacarbonyl-2,3-u-hydrido-
tetrahedro-cobalttriruthenium
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Abstract. |CoRu,(u-H)(u-C0O),(CO),,l, M,=727.3,
monoclinic, P2,/n, a=28-486(1), b=15-164(5), ¢
=15-688 (1) A, B=105.92(1)°, V=1941.3(7) A3,
Z=4, D,=2-49gcm™3 A(MoKa)=0-71069 A, u
=31.5cm~!, F(000)=1368, T=298K, R=0-0179
for 2782 observed unique reflections. The directly
observed hydrido ligand bridges an Ru—Ru edge
[Ru—H 1-76 (4), 1-73 (4) Al. The carbonyl ligand
polytope with three bridging carbonyls bonded to
cobalt is broadly similar to that found in the precursor
anion |[CoRu,(u-C0),(CO),,l~, though the unusual
skewed C, arrangement is not observed in the title
complex.

Introduction. The isolobal relationship between the
AuPR; unit and the H atom (Evans & Mingos, 1982;
Lauher & Wald, 1981) has led to the suggestion that

0108-2701/88/020219-03%$03.00

the easily determined position of the former moiety in
transition-metal cluster compounds may allow predic-
tion of the H-atom geometry in corresponding hydrido
analogues (Lauher & Wald, 1981). This analogy
becomes unreliable when more than one AuPR; unit is
present owing to Au—Au bond formation (Braunstein
& Rose, 1985; Hall & Mingos, 1984). From spectro-
scopic evidence it was proposed that the hydrido ligand
in [HCoRu,(CO),;] (1) bridged the Ru; face
(Steinhardt, Gladfelter, Harley, Fox & Geoffroy, 1980),
while a recent X-ray study on [CoRu,(u,-AuPPh,)-
(u-C0),(CO),,] (Bruce & Nicholson, 1984) revealed
the AuPPh; unit capping a CoRu, face. Our interest in
the use of monohydrido cluster complexes as pre-
cursors for the synthesis of Hg-bridged compounds
(Farrugia, 1987) prompted an examination of the
structure of (1).

© 1988 International Union of Crystallography
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Experimental. Prepared from modification of literature
method (Steinhardt er al., 1980) by treatment of
[N(PPh,),l[CoRu4(CO),;] with HBF,Et,0. Red
prisms from hexane solution: crystal dimensions 0-2 X
0-3 x 0-3 mm; systematic absences: & + [/ =2n+1 in
hOl; k =2n+1 in 0kO; Enraf—Nonius CAD-4F dif-
fractometer; graphite monochromator; 6/26 scan
mode; cell parameters refined by least-squares methods
on basis of 25 independent 6 values, 11< §< 13°;
intensities measured to 6 = 25-0° over range of hk/ 0 to
10, 0 to 18, —18 to 18 and to # = 20-0° over Akl range
0to 8, —14 to 0, —14 to 14; 427, 118, 372 measured
every 2 h with 0-8% decay over 106 h data collection;
5854 reflections measured, 3397 independent data with
2782 having I > 3-00(J) considered observed and used
in structure determination and refinement; R,,, before

Table 1. Final positional parameters (fractional
coordinates), with e.s.d.’s in parentheses, and equiv-
alent isotropic thermal parameters, U,, (A?)

“corrected

Uygo=133U atata,a,
x y z Uy
Ru(1) 027393(3)  0-42657(2)  0.69783(2)  0.030
Ru(2) 0-53987(3)  0-52520(2)  0.79822(2)  0-030
Ru(3) 0-53200 (3) 0-33212(2) 0-81786 (2) 0033
Co 0-56803(5)  0.40741(3)  0-67368(3)  0.034
() 0-1482(4)  0.3276(2)  0.6407(2)  0.045
cQ) 0-1364(4)  0SI71()  06299(2)  0.042
c@ 0-1552(4)  04365(2)  0.7843(2)  0.047
() 0-4451(4)  0:6223()  0.1257(2)  0-042
() 0-4206(4)  0-5490(2)  0-8824(2)  0.042
() 0-1386(5)  0-5833(2)  0-869(2)  0-052
(o(§)) 0-7111 (5) 0-2822 (3) 0-9096 (3) 0-058
c® 0-4451 (&)  0.2266()  0.7588(2)  0.044
c® 0-3932 (4) 0-3291 (2) 0-8956 (2) 0-046
(10) 03766 (4)  0.4362(2)  0-5853(2)  0-044
c(1) 0.-7148(4)  0-3282()  0.7452(2)  0-052
c(12) 06899 (4)  0-5083(2)  0.699(2)  0-042
c(13) 0-6464(5)  03706(3)  0.5861(2) 0061
o(D) 00722(3)  02701(2)  0.6060(2) 0071
o) 00579(3)  0-5690()  0.5874(2)  0.058
003) 00738 (3)  0-4451(2)  0.8301(2)  0-073
o) 03861 (3)  0-6802(2)  06823(2)  0-062
0(5) 03562(3)  0-5648(2)  0.9350(2) - 0-060
0(6) 08510(4)  0.6187(2)  0.9052(2)  0-090
o(7) 0-8138(4)  0:2525(Q)  09624(2)  0-097
0(8) 03971(3)  0-1635(2)  0-7216(2)  0-063
0(9) 0-3211 (3) 0-3233 () 0-9466 (2) 0-068
0(10) 03269(3)  04532(2)  05117()  0.078
o(1n 0-8360(4)  0-2910(2)  0.7514(2) 0089
0(12) 0-7892(3)  0-5518(2)  0.6849(2) 0067
0(13) 06975 (4)  0-3472(2)  0.5309(2)  0-105
H 0-614 (6) 0-431 (3) 0-863 (3) 010 (2)

Table 2. Selected bond lengths (A) and bond angles (°)

Ru(1}-Ru(2) 2-8036 (4) Co—Ru(l) 2:6411(5)
Ru(1)}-Ru(3) 2-8515(4) Co—Ru(2) 2-7057 (5)
Ru(2)-Ru(3) 2.9467 (4) Co—Ru(3) 2.6254 (5)
Ru(1}-C(1) 1-916 (4) Ru(3)-C(7) 1-938 (4)
Ru(1)}-C(2) 1-924 (3) Ru(3)-C(8) 1-894 (4)
Ru(1)-C(3) 1-905 (4) Ru(3)-C(9) 1.914 (4)
Ru(2)-C(4) 1-899 (3) Co—C(10) 1-876 (3)
Ru(2}-C(5) 1.906 (3) Co—C(11) 1-867 (4)
Ru(2)—-C(6) 1-945 (4) Co-C(12) 1.829 (3)
Ru(2}-H 1.76 (4) Co—-C(13) 1.773 (4)
Ru(3-H 1.734)

Ru(1)-C(10) 2-1773) Mean C—Ofterminal) 1-130]1]
Ru(2)}-C(12) 2:268(3) Mean C—O(bridging) 1-148 3|
Ru(3-C(11) 2:163 (4)

Ru(1}-Co-C(13) 135:7(2) C(10)—Co—C(13) 86-2(2)
Ru(2)-Co—-C(13) 153-3 (2) C(11)—Co—C(13) 86-2 (2)
Ru(3)-Co—C(13) 133-5(2) C(12)—Co—C(13) 974 (2)

[CoRu,(u-H)(u-CO),(CO),,|

absorption correction 0-033, after correction 0-020;
for Lorentz—polarization, absorption
(DIFABS; Walker & Stuart, 1983) and extinction
(Larson, 1970); solved by direct methods (MITHRIL;
Gilmore, 1984) and subsequent full-matrix least
squares; anisotropic thermal parameters for all non-H
atoms; H atom located as strongest remaining feature
(0-57 ¢ A-3) in difference Fourier map, and subject to
unrestricted refinement; 2 w(F, — F,)* minimized with
w=[c*(F)I""; max. 4/6 0-013, av. 0-001; (4p)pax +
0-37, (4p)min — 0-34 ¢ A3 in vicinity of metal atoms;
R =0-0179, wR = 0-0224; R (WwR) =0-0293 (0-0240)
for all data; S =1.49; atomic scattering factors
including anomalous terms from International Tables
Jor X-ray Crystallography (1974); calculations carried
out on a Gould-SEL 32/27 minicomputer using the GX
suite of programs (Mallinson & Muir, 1985).

Discussion. Final positional parameters are given in
Table 1, with selected bond distances and angles in
Table 2.* The atomic labelling scheme is shown in Fig.

* Lists of structure factors, anisotropic thermal parameters for all
non-H' atoms, a complete listing of bond lengths and angles, and
least-squares planes have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
44454 (21 pp.). Copies may be obtained through The Executive.
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.

0(s) 09

Fig. 2. Stereoview of complex (1).
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1. A stereoview in Fig. 2 shows that complex (1)
possesses no symmetry element since the Co—C(13)
axis is tilted 13-2° from the normal to the Ru; plane,
away from Ru(2). (1) may be viewed as constructed
from the fragments ‘Co(CO),” and ‘Ru;(u-H)}(CO)y
each of which possess idealized C; symmetry. For the
‘Co(CO),’ fragment this mirror plane comprises Co,
C(12), O(12), C(13), O(13), whilst for ‘Ru,(u-H)-
(CO), the mirror plane contains Ru(1), H, C(3), O(3).
Within complex (1), however, these fragment mirror
planes are not coincident, but are rotated relative to
each other by 57-8°. The bridging carbonyl ligands do
not show the skewed C, arrangement found in the
precursor anion {CoRu,(u-CO),(CO),,l~ (Steinhardt e
al., 1980), but approximately eclipse the Co—Ru
vectors.

The hydride bridges the longest Ru—Ru bond
[Ru(2)—Ru(3)| and the Ru—H distances compare
favourably with the mean value of 1.79 (1) A found
over a range of structures containing the Ru(u-H)Ru
moiety (Teller & Bau, 1981). The u, bonding mode
found for the hydride ligand in (1) contrasts with the
asymmetric g, geometry of the AuPPh; unit in
|CoRu,(y AuPPh,)(u-CO),(CO) ol (Bruce & Nichol-
son, 1984), where this ligand bridges a CoRu, face.
These results thus provide further evidence that the
isolobal relationship between H and AuPPh; cannot
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reliably be used to infer hydride ligand positions from
known stereochemistry in phosphineaurio derivatives.
Complex (1) appears to be isomorphous and iso-
structural to the osmium analogue |CoOs,(u-H)(u-
C0),(C0O),,l (Raithby, personal communication).
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Abstract. M,=532-1, ol24, Imma, a=1-098 (8),
b=9.519(1), ¢=5-500(1)A, V=371.6(5A% Z
=4, D,=9-51 Mgm3, A(MoKa)=0-71073 A, u=
36-3 mm~', F(000) =924, T=293 K, R =0-047 for
291 independent reflections. YRh,Si,, LaRh,Si, and
NdRh,Si, are isotypic with ErRh,Si,. The ErRh,Si,
structure represents a new deformation superstructure
of the hexagonal CeCo;B, (ternary CaCuj) structure
where a ~ 2¢|CeCo,B,|, b~ 3'"2a[CeCo;B,| and ¢~
alCeCo,B,|. As compared with the parent type this
deformation variant is characterized by zigzag chains
of rare-earth atoms and by pairs of Si atoms. The
structure of ErRh,Si, is further compared with four
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other deformation variants of the CeCo,B, type and a
review of structure types related to CaCu; is presented.

Introduction. ErRh,Si, and eight other RRh,Si, com-
pounds with R =Y, La, Nd, Sm, Gd, Tb, Dy and Ho
were originally reported to crystallize with the
CeCo,B,type structure by Chevalier, Cole, Lejay &
Etourneau (1981) who also investigated their magnetic
properties and superconducting behaviour. However,
additional lines were present on all our powder X-ray
diffraction films of samples containing ErRh,Si,. We
shall show here that ErRh,Si, and at least three other
compounds reported by Chevalier ef al. (and probably

© 1988 International Union of Crystallography



