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An Exceedingly Short Quadruple Bond Involving 
Tungsten and the Enigma of Heteronuclear 
Metal-Metal Bonds with Multiple Bond Character 

Sir: 

In recent years there has been considerable interest in de­
veloping and understanding the chemistry of compounds with 
metal-metal bonds of multiple bond character. Especially 
compounds of Mo1 and W,2 having metal-metal triple bonds, 
and of Cr,3 Mo,4'5 Tc,4'6 and Re,4-7 having metal-metal qua­
druple bonds, have been intensely investigated. An important 
question raised by recent results concerns the ability of tung­
sten to participate in quadruple bonds, even though it is now 
well established that, like molybdenum, the tungsten atom can 
easily form stable triply bonded compounds.2 Whereas a 
plethora of quadruply bonded molybdenum compounds have 
now been prepared and structurally characterized,4'5 only one 
compound providing unequivocal structural evidence of the 
W-W quadruple bond has been reported. In this case, 
Li4W2(CH3)S-X CU-4THF,8 the W-W bond distance, 2.261 
(2) A, proved to be quite long compared with the bond distance 
of the closely related Mo2(CH3)S4-, for which J(Mo-Mo) = 
2.147 (2) A.9 This comparison implies that the W-W qua­
druple bond should be much weaker than the corresponding 
Mo-Mo bond. 

By contrast, our previous report10 of the Mo-W bond dis­
tance in iMoW[02CC(CH3)3]4) 1-CH3CN, 2.194 (2) A, with 
formal bond order 3.5, suggested that tungsten may enter into 
such bonds as strongly as molybdenum. This result, however, 
is somewhat indecisive since the bond order differs from 4.0 
and the comparatively tight binding of the axial ligands, I and 
CH3CN, exert an undetermined influence on the met'al-metal 
bonding. We have now completed the structure determination 
of MoW[02CC(CH3)3]4 in order to gain more definitive in­
formation. 

The compound was prepared according to the previously 
reported procedure10 and crystals suitable for X-ray crystal-
lographic examination were obtained after slow recrystalli-

2C( I ) 

Figure 1, Structure and labeling scheme for the molecule Mo-
W[02CC(CH3)3]4. Thermal ellipsoids enclose 50% of the electron density. 
Metal positions are disordered and occupied with equal probability by 
either Moor W. 

Figure 2. Structure of MoWCl8H3- ion. Bridging Cl and H positions are 
statisically disordered in the real structure. Metal positions are occupied 
with equal probability be either Mo or W. Thermal ellipsoids enclose 50% 
of the electron density. 

zation from acetonitrile. The crystal used for data collection 
provided_ the following unit cell information: triclinic; space 
group P\;Z= Ua= 10.886 (4), b = 5.774 (l),c = 11.263(2) 
A; a = 92.81 (2), /3 = 109.63 (2), y = 89.61 (2)°. 

The molecular structure of MoW[02CC(CH3)3]4 is shown 
in Figure 1.'' Since the molecule occupies a site with inversion 
symmetry the metal positions are disordered and occupied with 
equal probability by either Mo or W. However previous work 
has shown that each molecule indeed contains one Mo and one 
W atom;10 so the disordering involves only statistical orien­
tation of the molecules with respect to the direction of the 
Mo-W vector. Thus only average M-O distances can be ob­
tained.12 

The important and surprising result revealed by the struc­
ture determination is the remarkably short Mo-W bond dis­
tance of 2.080 (I)A. This is 0.01 A shorter than the average 
Mo-Mo distance of 2.092 ± 0.004 A reported for several 
Mo2(O2CR)4 derivatives, including Mo2[02CC(CH3)3]4.13 

Only the Mo-Mo distance in Mo2(DMP)4,
14 2.064 (1) A, is 

shorter. In terms of the "formal shortness" suggested by 
Cotton, Koch, and Millar,14 the Mo-W quadruple bond found 
here has the value 0.800 which is exceeded among metal-metal 
bonds only by Mo2(DMP)4 and Cr2(DMP)4 with values of 
0.796 and 0.778, respectively. We conclude that tungsten can 
indeed form strong quadruple bonds and assert that other ex­
amples are likely to be found as work in this field continues. 

Lest one too quickly concludes that it is the heteronuclear 
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nature of the bond in the above case which leads to unusual 
bond strength we also offer the result of the structure analysis 
of Rb3MoWCIgH. The latter compound was prepared as de­
scribed previously for Cs3MoWCIgH15 and found to be iso-
morphous and isostructural with Rb3Mo2ClgH.16 Whereas the 
Mo-Mo triple bond in the latter compound has the distance 
2.38 (1) A, the Mo-W triple bond in the heteronuclear 
MoWCl8H3- anion (Figure 2) has the distance 2.445 (3) A.17 

This result not only confuses the role of heteronuclearity in 
determining the net metal-metal bond strength but is doubly 
enigmatic because this distance is also greater than that in 
K3W2CIg, 2.41 A.18 By contrast we see that, when one bridging 
H atom is substituted for Cl in Mo2CIc)3- to generate 
Mo2CIgH3-, there is a decrease from 2.66 to 2.38 A in the 
Mo-Mo distance. Contraction of the metal-metal distance 
upon substitution of the smaller bridging H atom for the larger 
Cl atom is the expected result. To complete this comparison 
it would be desirable to obtain structural data for the presently 
unknown anions M0WCI93- and W2CIgH3-. Attempts to 
prepare compounds containing the anions are underway in this 
laboratory. 

Acknowledgments. This work was supported by the U.S. 
Department of Energy, Office of Basic Energy Sciences, 
Materials Sciences Division. We express our appreciation to 
Professor R. A. Jacqbson for his valuable advice and assistance 
during the X-ray structure determination, and to Mr. James 
Benson for his aid during X-ray data collection. 

Supplementary Material Available: Positional and thermal pa­
rameters and structure factors for MoW[CbCC(CHj)^4 and 
RD3M0WCI8H (13 pages). Ordering information is given on any 
current masthead page. 

References and Notes 

(1) See for example Chisholm, M. H.; Reichert, W. W.; Cotton, F. A.; Murillo, 
C. A. J. Am. Chem. Soc, 1977, 99, 1652-1654, and references there­
in. 

(2) See for example Chisholm, M. H.; Cotton, F. A.; Extine, M. W.; Millar, M.; 
Stults, B. R. Inorg. Chem., 1977, 16, 320-328, and references therein. 

(3) See Cotton, F. A.; Extine, M. W.; Rice, G. W. Inorg. Chem., 1978, 17, 
176-186, and references therein. 

(4) Cotton, F. A. Chem. Rev., 1975, 4, 27-53. 

Gas Chromatography of Polymers. By V. G. BEREZKIN, V. R. AL-
ISHOYEV, and I. B. NEMIROVSKAYA (Institute of Petrochemical 
Synthesis, Academy of Sciences of the U.S.S.R.). Elsevier North-
Holland, Inc., New York, N.Y. 1977. xiii + 225 pp. $41.95. 

Both gas chromatography and polymer science are comparatively 
recent additions to the field of chemistry, and both have had major 
impacts on the subject. This book brings them together in a generally 
well-balanced and highly readable account. Extensive references are 
presented, particularly to the Russian literature, with some as recent 
as 1975. 

The last two chapters, dealing with pyrolysis and inverse chroma­
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Anyone involved in the study of polymer structure and reactions 
will find a great deal of thought-provoking material in this book. The 
discussion of any given technique is necessarily brief, but the reader 
is constantly confronted by ingenious applications and adaptations 
of the chromatographic separation process. 

I feel that I must include one warning, however. Chapter 1, "Basic 
Principles of Gas Chromatography", should be carefully avoided. It 
is filled with factual errors, omissions, misleading statements, and 
inconsistencies. Several of the figures are mislabeled. This chapter 
has all the traits of something written hastily, edited poorly, and in­
serted at the last moment. It is of a totally different nature from the 
rest of the book and should not deter the reader from reading the re­
maining chapters, which are of very high quality. 

Fred W. Rowland, Hewlett-Packard, Acondale Division 

Thermal Analysis of Minerals. By DUMITRU N. TODOR. Translated 
by SERGlU MARCUS. Abacus Press, Tunbridge Wells, Kent, England 
(distributed by ISBS, Inc., Forest Grove. Oreg.). 1976. 256 pp. 
$32.50. 

This book is a translation of the Romanian language edition which 
was first published in 1972. The first four chapters survey in about 
100 pages the basic principles of thermal analysis, pertinent experi-
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