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Experimental 

Crystal Data 
(i) OS~(CO),~H~, Mol. wt. 852.7, Triclinic a = S-59(2), b = 11_85(3), c = 

9-19(2) a, Q = 99.8(l)‘, iJ = 118.6(l)‘, y = 81.0(1)“, U = 806.9 A3 2 = 2, D, 
= 3.51 g crne3, F(OOO) = 740. Space group Pl (CT No_ l), orPi(C:, No. 2). 
MO-ICI, radiation, p = 250.2 cm-‘- 

(ii) [OS~(CO)~~HSC~H~], OS~C~~O&H~, Mol. wt- 912.8, Orthorhombic, 
a = 17_34(3), b = 12.73(3), c = 17.42(3) A, U = 3845 K3, Z = 8, D, = 3.15 g 
cm-‘, rC(OO0) = 3216. Space group Pbca (Diz, No. 61), MO-K, radiation, p = 250.2 
cm-‘_ The crystals are isomorphous with those of HSC2H,Ru3(CO) 1o_ 

(iii) [OsJ(CO)lo(OCH3)z] OS~C,~O,~H~. Mol. wt. 912.8, hlonoclinic a = 12.44- 
(3), b = g-01(2), c = 17.19(3) A, /3 = 98.3(l)‘, U = 1921 fi3, 2 = 4, D, = 3.18 g 
cm-‘, F(OO0) = 1608. Space group P2Jc (Cz5 h, NO- 14), MO-K, radiation, 
p = 211-7 cm-‘. 

Determination and refinement of the crystal structures 
Integrated X-ray reflexion intensities for the dihydrido- and monohydrido- 

complexes were obtained on a PAILRED diffractometer (MO-K,; graphite 
monochromator) operating in a ‘w ’ scan regime. Scan ranges varied linearlv 
from Iayer to Iayer; all reflexions where separate background intensities differed 
significantIy (330) were discarded and only those with Fi/o(Fg) > 3.0 were 
used for the structures’ solutions and refinements_ Absorption corrections were 
made, carrying out the integration by appropriate Gaussian quadrature- Intensi- 
ties were estimated visually for the bis-methoxy complex, from Weissenberg and 
procession photographs (MO-K,); of the total data measured (2336), final refine- 
ment was based on the 1783 data estimated from precession photographs for 
which accurate absorption corrections could be applied_ 

Structures were solved via vector analysis of heavy atom positions and subse- 
quent difference Fourier syntheses. Block diagonal least squares methods only 
were used (these analyses were completed in 1969!) and convergence was to 
R , = 0.048 (2440 independent reflexions) for H20s,(CO),,,, to R I = 0.055 (1270 
independent reflexions) for HSCIHSOs,(CO),o and to R, = 0.084 (1783 indepen- 
dent reflexions) for (OCH3)20s3(CO) 1o_ Atomic scattering factors used were 
those listed in the International Tables for X-ray Crystallography for the un- 
charged atoms. The OS scattering factors were corrected for the real component 
of anomalous dispersion- Tables of calcuIated and observed structure factors can 
be obtained from the authors (RM)_ 

Discussion 

Atomic positional and vibrational parameters are listed in Tables i, 2, and 3, 
intramolecular bond lengths and bond angles are summarked in Tables 4 and 5. 
Atom label&g is depicted in Fig. 1,2 and 3. which illustrate the general mole- 
cular stereochemistries. 
. There are two main features of the observed molecular geometries which de- 

serve comment: the variation of essentially only one metal-metal interatomic 
distance with ligand changes and the implication that this feature has for dis- 
cussions of bonding in cluster complexes in general and bridged metal-metal 

(continued on P. 302) 
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Os3(CO),&~: lNTRAlcIOLECULARBONDLENGTHS(~~\)ANDTHE!RSTAlr;DARDDEVIATIOPSS- 
_____ ._~ -._..-_...-_.._..____ 

_Atoms o+J~co)toH~ Os3UZOl I nSC++i Osj(CO)~ofOCH3)~ 

-__.--- I_ --- ___-.--._ .-_- _ -._._-- __ .__-_ _.- ..- --_.-_-- 

Os.~-OS~ 2.813(l) 2.856(2) 2.815(3) 

ost-OS3 2.804(l) 2.842(2) 2.823(3) 

ck~--oS3 2.670(l) 2.863(2) 3.078(3) 

=1--ct l.94(?) 1.88(5) 1.89(5) 

%--Cr 1.92(2) l-84(5) 1.89(6) 

=x-c3 l.90(2) 1.88<4) 2.90(5) 

@=,--c-s 1.93<3) 1.81(4) 1.86~3) 

052x5 1_90(2) 1.88(6) 1.90(-s) 

o+Z--c6 1_89(2) 1.9315) 1_84c4;1) 

De-c7 2.88(3) I-86(5) 1.92<5) 

@3-Q 1.91(3) l-86(4) 1.89(5) 

G3-c9 1_8?(3) 1.89c4) l-82(5) 

0~3--c10 1.87(2) 1.89(4) 1.79(4) 

Cl-01 1.10(3) 1.15ti) 1_13(6) 
C2-02 l-12(3) 1.18<7) I-16(7) 

Q-03 1.17(3) 1.18(5~ 1.16(6) 
CJ-O& 1.16(3) l-22(5) 1.16(5) 

%-OS l-18(3) l-16<?) 1.18(6> 

c6-% l-12(3) l.lOU) 1.15(5) 

CF-0-I l-16(4) l-20(6) 1_10(6) 

Cx-08 1.16(3) 1.16(5) 1.1?(6) 

C9--09 l-14(3) l-21(5) 1.18(6) 

Ct~10 l-16(3) l-15(6) 1.27(6) 

Os2-011 2.09(3) 

*2-012 2.09<3) 

Ds3--01t 2.06(3> 

053-ot2 2.10(31 

%Z-cII l-52(6) 

OIrClZ 1.33(6) 
osz-St 2.39(l) 

*3--s, 2.41(l) 

Sl-cIl I-89(4) 

CII-c12 l-60(6> 
_-__---__--_-_-..------I----...~ 

bonds in particular; and the general ligand arrangement around the metal poly- 
hedron and its implications for models which place emphasis on non-valence 
interhgand forces as a major structuredetermining feature in low-nuclearity 
clusters [4]. 

Although the eighteen-electron rule [3,5] has less general validity in cluster 
complexes than obtains in mononuclear species, it is obvious that adherence of 
the present complexes to the rule would predict bond orders of two, one and 
zero for the Os(2jOs(3) metal-metal bonds in H,Os,(CO),,, HSEtOs3(CO)ro 
and (OMe)lOss(GO)n-, respectively; the near-linear variation in the bond lengths 
is anticipated then from the general characteristics of the bond ctier-bond 
length relation [S]. But the Os(2)-Os(3) bond length variations in the series do 
not unequivocally estabhsh the hydrido-ligands in H20~3(C0)10 as bridging, oc- 
cupying structurally equivalent positions to the tbiolato- and methoxy-bridges 
in HSC~H50s&O),o and (OCXi3)Os3(CO)lo. That they are, in essence, symmetri- 
cal bridging hydrides is suggested strongly, however, by two other facts: if the 
hydride ligands in H&s~(CO)Io were terminal (to atoms OS(~) and OS(~)), one 
could imagine given the strong trons-influence of the hydride ligand. a significant 
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TABLE 5 

Os3(CO),uL2: INTRAMOLECULAR BOND ANGLES (drerees) AND THEtR STXNDXRD DEVIATIONS 

Atoms OS3(CO)I&2 0+3(CO)~t,SC2HjH Os3cO~,0(OcH3), 
-- ._-_-_-.-__- _ .._ _ _.- .._.. --.- ..^.._ - .------~~~--~- 

Os2-OS,--OS3 

Os~--0S2--0S3 

OS+kC3_oS2 

c~-os,-os3 

c+%.,-os~ 
Cl--OS,422 

c3-Os*-Os2 

C3--OS~-DS3 

Q-OS,-&2 

cJ-oS,-os3 

C14s1-c3 

c~-osl-C_l 

C2-oS~-c3 

c~-oS~-cJ 

c5-os2-Os3 

CrOS2-C~ 

C~-OS2-C7 

c,-os2-osl 

c~-OS2-os3 

C~-OS.~<7 

CT_oS~-OS~ 

C7-OS~-oS3 

C~-OS~-OS:: 

c&-os3-c.4 

~~-53-clo 

c9-053-05, 

cg-os3-OS2 

cy-os3-c 10 

c1u-0~3-051 

%J-oS3-S2 

~1~1-01 
OSl-c2-02 

~1-c3--03 

OS rG--o.l 
OS~-c=j-oj 

0+2--c6-56 

oS2-C7-07 

OSli-_cs-OS 

011-0~2-012 

Oil--Ds3-012 

Os2-0 1 l-OS3 

Os2-0 12-0+3 

60.33(0.06) 

59.60(0.06) 

60.0?(0.06 

lOO.fx1.6) 
99.0(11) 

99.8C2.3) 

93.9C1.2) 
88.9(1.2) 
86.0(1.2) 

S-LS(1.2) 

88.9(2.0) 

88.9(2.0) 

96.3CZ.l) 

SO.i('L.1) 
112.8(1.7) 
9X3(2.3) 
S-%.5(2.2) 

SOA(l.6) 

112.6C1.6) 

97.6(2.1) 

91.6C1.4) 

136.9(1_4) 

115.1(1.3) 
91.2t1.8) 
93_5(I.8) 
88.7<1.2) 

117.6(1.2) 

91.5<1_7) 

92.2(1.2) 
137.0(1.2) 
172.1(4-i) 
li3.5(4.8) 
171.5C3.6) 

171.3(3.3) 

177.0(5.1) 

165.OC4.8) 
1?0.3(3.9) 
168.2(3.7) 

175.8(3.4) 
172.0(3.8) 

56.76cO.03) 

61.46(0.03> 

61.78 (0.03) 

99.0(0.01~ 

106_8(0.7) 

97.5(1.0) 

84.2(0_71) 

86.3(0.7) 

84.1(0.8) 

8X5(0.8) 

94.i(l.O) 

9?.1(1.0) 

93.2(1.0) 
S-a_5Cl_O~ 

106.6CO.8) 

96.1(1.0) 
93.1<1.3) 
91.4C0.i) 

130.5~0.7) 

90.2(1.2) 

96.3a.O) 

130.5~1.0~ 
10?_1:0.8) 

95.4(1.1) 
94.5(1.1> 
93.6(0.81 

131.i(O.8) 

89.2Cl.l) 

92.3CO.7) 
129.4~0.7) 

177.3(2.2~ 
176.2C2.6) 
li4.8(2_1) 

177.0(2.3) 

178.8t2.2) 

li8.4(2.3) 
li4.3(2_8) 

178.9t2.3) 
li6.5(2.+) 
174.2(2.3) 

66.11(0.07) 

57.04(0.06) 

56.79(0_06) 

96.5C1.4) 
93.9(1.7) 

103.4(2.2) 

86.2(1.4) 

81.411.4) 
85.1~1.0~ 
85.8a.01 

96.5(1.0) 

90_8(1.7) 
93.2t2.2) 

91.0(2.0) 
121.6t1.3) 
91.3(1.8) 
93.1C2.0) 

90.2C1.2) 
124.9(1.2) 

81.6(1.9) 

87.5(1.5) 

127.9(1.5) 

116.8(1.5) 

SFLO(2.2) 
99.3(2.1) 

90.1C1.6) 
125.9(1.6) 

86.0(2.1) 

85.1(1.4) 
126.1(1.3) 
173.1<4.1) 
175.9(4.9) 
173.6C4.1) 
176.1t3.1) 

li8.6t3.8) 
169.7(3.5) 
li1.5(4.6) 
169.8(4.4) 
lii.2(4.4) 

167.5(3.7) 

i6.5(1.1) 
76.8(1_1) 

95.7(1.3) 
94.4(1.0~ 

117.0(2.6) 

124.6C2.8) 

118.5t2.6) 
121.5(2.8) 
100.8C1.5~ 

97su1.5) 

95.OU.4) 
98.811.8) 

96.7<1.7) 
93.9(1.7) 

96.50.7) 

98.00.6) 

<to be continued) 
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TABLE 5 (continued) 

.i\toms Os3(CO>(oH2 Os~tCO,t,,SC~~l,H Oa3wxu~0~OCI~3)2 

s1-os3-c5 92.7(1.7) 

S~-OS+c~ 94.1(1.4) 

Sl-oS3-c8 97.3(1.3) 

sl-O~3-clo 93.9(1.3) 

sl-cIt-ctz 109.0(2.8) 

s,-os~-os; 53.8(0.2) 

St-osj-os~ 53.1to.21 
_-___ . _ -. __._ ..-___- 

lengthening of the bonds Os(l)-Os(Z) and Os(2)-Os(3) relative to the corre- 
sponding values in the other complexes and in OSCAR [?I; no such effect is 
observed. But perhaps more conclusive evidence that the hydride ligands occupy 
bridging sites stems from the conformational arrangement of the car-bony1 ligands 
in the three complexes, Fig. 1,2 and 3 illustrate the close simularities in the over- 
all molecular stereochemistries and we give a more quantitative discussion later. 
If, again, the hydride ligands were terminally bonding, the conformational rela- 
tion between the three carbonyl Iigands on each of OS(~) and OS(~) and the four 
carbonyl ligands on OS(~) would approximate those in OSCAR, (Fig. 4) 
rather than that observed here_ 

The simple eighteen electron rule description of the metal-metal bonds has a 
counterpart in molecular orbital theory, either in a very simple form based en- 
tirely on symmetry considerations IS] or in a model [9] which, in principle at 
Ieast, has claims to quantitativeness. An apparent difference btween the two 
models is the symmetry attached to the highest orbitals in eighteen electron 
complexes although both are indicative that the polycentric orbital is antibond- 
ing with respect to the metals. The simple symmetry based model has some addi- 
tional virtue in commenting directly not only on the geometries of polynuclear 

Fig. 1. H20s3(CO)t~ atomic arrangement and labellins. 
dude Cl. 01: C2.02 etc 

10 to in- 



Fig_ 3. H(sC~H~)O~~(CO)~~: atomic arrangement and labcUing. The molecular Pe=Pectivr i.s e-ntiay 

that depicted in Fig. 1. 

complexes of non transition elements but also on the reasons for ‘dihedral&y’ in 
bridged metal-metal bond frameworks [lo]; a matter which has been discussed 
much more fully and recently by Burdett [ 111. Dihedral angles between the 
planes containing OS(~) OS(Z) OS(~) and OS(~) S OS(~) are 76’ and 63’ and 70° 
for the corresponding planes defined by the metal atoms and OS(~) 0(11) OS(~) 
and OS(~) 0(12) OS(~) respectively; it w >uld be surprising if these values were 
not representative of the situation in H20s,(CO) 1o when it is defined by neu- 
tron diffraction studies. 

Fii. 3. (OCH3)10+(CO>t~ atomic arrangement and hbellia. 

PndZ . . 
The molecular perspective is that of Fig. 1 

: 
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Fig. 4_ The structure of Ru3(CO)t2 (and Os3(CO)t2) shorvn in essmtial~r the smm perswxti%c. with rc- 
meet TV the metal framrrvork. as in Fig_ 1.2 and 3. 

TABLE 6 

IETRXXIOLECGLXR COSTACTS &Al RELATED TO THE QUESTIO.\: OF TIIE HYDRIDE 10X 
POStTtOss IS II~osjuzO~,rJ 
---. - -..- -_-- .__..._-__.. .__.. __-__- .--_. -------.-..-~-- 
Xolecul~ Inrr;rmolccular atoni pair contaft 

<OCH~)ZOS(CO)~,J 01 l-C3 
Oll...C5 
Oll._C7 
011 _..C8 
01:...c10 
012_..c4 
012__.c5 
012-X6 
012_._C8 
012._.cs 

Cl_..C9 
Cl-Cl0 
C2-C6 
C2.._Ci 

H(S~CZH~)OS~(CO),” s.._c3 
S.-C5 
s...c7 
s...cs 
S...ClO 

Cl...C9 
c1.._c10 
C2...C6 
C2...C7 

ffzos3~co)l~ Cl-AZ9 
Cl...ClO 
C2...C6 
CZ...C7 

2.77 

3.18 
3.05 
2.96 
2.92 
2.88 

I 

Incan contact 2.98 A 

3.01 
2.9 1 \ meiln cr,nt;lct 2.93 a 
2.92 
2.93 I 

3.32 C3._.Ci 3.07 
3.19 C3._.ClO 3.06 
3.26 C4-C6 3.02 
3.1i c4_..c9 3.08 

2.98 
3.11 
3.14 mean contact 3.14 A 
3.29 
3.17 

3.56 CJ..x7 3.56 
3.49 c3...c10 3.29 
3.68 C4...C6 2.91 
340 C4...C6 2.86 

3.52 c3_.c7 3.15 
3.50 C3...ClO 3.16 
3.60 C&X6 3.12 
3.80 c4._C9 3.13 
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Table 6 summarises, in our view, the reasons for being quite certain about the 
assignment of hydride ligands to sy_mmetricaI bridging positions, in other words 
for accepting the view that the three complexes are isostructural in the general 
sense of ligand distribution over the metal polyhedron. The contacts established 
between the oxygen and sulphur atoms of the ,x-methosy and -thiolato ligands 
and the carbonyl carbon atoms are very similar, the difference between mean 
contacts reflecting a small difference in van der Waals diameters. In the asym- 
metric comples, H(SEt)Os,(CO) ,0, the longer contact distances (C(3)...C(7) 
and C(3)...C( 10)) are again reflective of relative van der Waals diameters (vide 
C(4)...C(6) and C(4)...C(9)). The carbonyl groups 6 and 7, together with 
9 and 10, have in HzOsx(CO),,, ‘leaned’ towards the carbonyi ligands 2 and 1 
compared with the situation in (0Me)20sx(CO),0 and, to a lesser extent, with 
that in H(SEt)OsJ(CO)lO. Again small steric effects between the bridging iigands 
and the axial carbonyl ligands, 3 and 4, are obvious from the results. 

We have commented quantitatively [ 121 on the proposal that the structures 
of polynuclear carbonyls are determined by secondary valence forces between 
the carbonyi ligands [4]_ It is pretty obvious that unless something even as sim- 
ple as the one electron orbital energies for the metal--ligand bonds are taken in- 
to account, no structural model for the polynuclear carbonyls can have plausibii- 
ity; it does seem that factorisation of the total energy into, on the one hand, 
the one electron molecular orbital energies and, on the other, secondary valence 
interactions could be adequate for discussing both the static and dynamic struc- 
tures but convincing methodology is not to hand. 
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