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Neutron Diffraction Analysis of H,0s5(CO)1s
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H,0s5(CO)s is one of the more intriguing compounds in
metal cluster chemistry. A rare example of a non-octahedral
hexanuclear cluster, it was first prepared in 1976 from the
vacuum pyrolysis of OgCO), and subsequent acidificatidn.
The structure, reported later that year by McPartlin and co-
workers? consists of a capped square pyramid of osmium atoms
(Figure 1) augmented by three terminal carbonyl ligands on each
Os atom. The unconventional shape of the cluster contrasts
markedly with its isoelectronic analogues, f@0)g?~ and
[HOs6(CO)ig] ~, which have the usual octahedral structéire.

In this paper, we report a single-crystal neutron structure
determination of HOs(CO)s and the location of the two
hydrogen atoms of this molecule, which were not found in the
original X-ray study and have been the subject of much
speculation. The original authdngostulated that one of the H
atoms is located on either the Os{Z)s(5) edge or the Os-
(3)—0s(4) edge, and the second H atom is associated with either
the Os(1)-Os(3)-0Os(4) triangular face or the Os(2Ps(3)- Figure 2. Molecular structure of bDs(CO)s as determined by
Os(4)-0s(5) square face. This assignment was based in partpeutron diffraction.
on the 13C and'H NMR spectra of the compound, which
indicated that the two H ligands are associated with the plane Table 1. Selected Distances (A) and Angles (deg) igO%(CO)s
of symmetry of the molecule. molecule 1 molecule 2

This was followed soon thereafter by a suggestion by

Pauling® in one of his infrequent papers on metal cluster 825&::8 1'%2% i';ggggg
compounds, that the two hydride ligands are terminal, bonded  gg(2)-H(2) 1.811(8) 1.816(8)
to the atoms Os(3) and Os(4). Finally, in 1976, Orpen Os(5)-H(2) 1.803(8) 1.812(7)
introduced a potential energy calculational method for predicting
the positions of H atoms in clustérand applied it to HOss- 83(1)—05(2) 2.797(3) 2.828(3)
. x s(1)-0s(3) 2.881(3) 2.852(3)
(CO)s to predict that both H atoms should be edge-bridging, Os(1)-Os(4) 2.841(3) 2.841(3)
located on the Os(2)Os(5) and Os(3)Os(4) edges of the 0s(1)-0s(5) 2.830(3) 2.827(3)
cluster. We consequently undertook a single-crystal neutron Os(1)-0s(6) 2.882(3) 2.845(3)
structure determination of 40s(CO)s to settle this issue. Os(2)-0s(3) 2.869(3) 2.860(3)
A sample of the tittle compound was prepared as repbrted Os(2)-0s(5) 2.901(3) 2.893(3)
and recrystallized from C¥Cl, to yield a crystal (volume 0.9 Os(2)-0s(6) 2.801(3) 2.805(3)
mm?) used in the single-crystal neutron analysis. Data were 85(3)’85(‘51) g-g;g(g) g'g%(g)
collected at 20 K on the Instrument D19 at the Institut Laue- 0225)):0226; 2'78123; 2'8138
Langevin equipped with a Displex cryostat and a position- ' ’
sensitive area detect®. The unit cell parameters (at 20 K) Os(3)-H(1)—0s(4) 110.4(4) 111.0(4)
for HyOs(CO)g:0.5CHCl, are a = 16.3535(6) A, b = Os(2)-H(2)—0s(5) 106.7(4) 105.7(4)

15.3170(6) Ac = 22.0871(8) A = 90.437(23, space group
P2y/c (monoclinic). A total of 7561 reflections were collected  the earlier X-ray analysi.Exhaustive least-squares refinement
and merged into 4415 independent reflections with poskfe  of all the atomic coordinates resulted in final agreement factors
values®® Phasing of the neutron data was carried out using the of R(F) = 4.5% for the 4008 reflections with > 4o(F), and
atomic coordinates of the non-hydrogen atoms obtained from R(F) = 5.3% for all 4415 reflections.

(1) Eady, C. R.; Johnson, B. F. G.; Lewis,Ghem. Communl976 The stru_cture of KOs(CONs is Shown _'n Figure 2, and
302. selected distances and angles are listed in Table 1. There are
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Co(rg)m;‘gull%a E%‘?;bc Nat. Acad. Sci. U.S.A977 74 5235 essentially the same geometry, and one dichloromethane solvent
(4) (a) Orpen, A. GJ. Organomet. Chend 978 159, C1. (b) Orpen, A. molecule. The most significant result is that both H atoms are

G. J. Chem. Soc., Dalton Tran98Q 2509. in edge-bridging positions, bridging the Os{Z)s(5) and

(5) (@) Thomas, M.; Stansfield, R. F. D.; Berneron, M.; Filhol, A,; ;
Greenwood, G.; Jacobe, J.; Feltin, D; Mason, S. APbsition-Sensitie Os(3)-Os(4) edges, as predicted by Orﬁem—he average

Detection of Thermal NeutronEonvert, P., Forsyth, J. B., Eds.; Academic ~ OS—H distance [1.807(4) A] and the average-@$-Os angle
Press: London, 1983; p 344. (b) Neutron data reduction was carried out [108.4(4y] are very close to standard values found in other

using the program RETREAT: Wilkinson, C.; Khamis, H. W.; Stansfield, i i _bridai i i
R F D Mcintyre. G. 3. Appl. Crystallogr 1988 21 471 Details of the neutron diffraction analyses of edge-bridging hydride ligaghds.

Displex cryostat used are given in the following: Archer, J.; Lehmann, M. An alternative view of the cluster is given in Figure 3, which
S.J. Appl. Crystallogr 1986 19, 456. shows that atom H(2) is coplanar with Os(2), Os(5), and four
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hedral hole) is too small: a H atom located in that 4-coordinate
site would make an OsH bond length of 1.74 A, too short a
distance for an interstitial hydride.]

Empty octahedral cavities in osmium cluster hydrides are
structural features that have been noticed before. Neutron
diffraction studies on the isoelectronic but not isostructural
[HOs4(CO) gl ~ showed the lone H atom to be on the surface of
the octahedron, in a face-bridging positibriThe structure of
another osmium cluster, s,o(CO)4)%~, also analyzed by
neutron diffractiont? showed all four hydrogen atoms to be on
the surface of the metal cluster (at edge-bridging and face-
bridging sites), despite the fact that a central octahedral cavity
was vacant in the middle of that decanuclear cluster.

We can think of two reasons why the square pyramidal cavity
in H,0s(CO)gis vacant. One explanation is electronic: even
though it is spatially feasible, perhaps it is electronically
Figure 3. Alternative view of HOs(CO)s. (energetically) unfavorable to place H atoms in the square
pyramidal cavity of HOs(CO)g or in the octahedral cavities

; ; ; ; f the other osmium clusters. But that does not explain why
of their carbonyl ligands, while atom H(1) is also coplanar (but © . o . i )
somewhat less so) with the two Os(G@youps around Os(3)  the H atom in [HRE(CO)g ~ is interstitial? while that in the
and Os(4). The pattern of basal ©®s distances (Table 1) isoelectronic [HOgCO)g ™ is not? The second rationalization

shows subtle but reproducible differences: of the two H-bridged is steric: perhaps ifs feasible for_the firs_t H atom in p0s-
edges, 05(3)08(4) [aV 2966(3) A] is Sllghtly |Onger than (Co)lg to enter the square pyramldal CaVIty, but that WOU'd not
Os(2)-0s(5) [av 2.897(3) A, while both are significantly longer 168V enough space for the second hydrogen, which then
than the unbridged edges OstDs(3) and Os(4)Os(5) presumably forces both H atoms to adopt edge-bridging
[av 2.866(3) A]. The fact that Os(3)0s(4) is longer than positions. In that case, one can speculate that perhaperaer
0s(2)-0s(5) may be due to the fact that the latter is further ©f [HOSs(CO)el ~ could exist: one that has the square pyramidal
bridged by the face-capping Os(6) atom. Consequently, the skeleton shown here, but with an interstitial H atom.
Os(2)-H(2)—0s(5) angle [av 106.2(#) is correspondingly Thus, it appears that the factors that govern the filling of

- interstitial sites by hydrogen are not yet fully understood. Just
more _acu_te _than the .OS(_?’D-I(l) 08(4.) angle _[av 110.7(3) . because a cavity is empty does not necessarily mean that a H
An intriguing question to ask at this point is why the main

4 . . . atom will automatically fill it.
square pyramidal cavity of the cluster is empty. There is y
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