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The synthesis and characterization of [RuH(ONO2)(CO)2(PPh3)2] has been reported (Critchlow, 
P. B.; Robinson, S. D. Inorg. Chem. 1978, 17, 1896). The nitrate ligand bonds exclusively as a 
monodentate ligand through an oxygen atom and is drawn as ONO2 to emphasize this 
coordination mode. There are eight possible octahedral isomers of this compound. One isomer is 
shown below. Sketch the remaining isomers (Hint: there are two pairs of enantiomers among the 
eight isomers). 
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The authors present the following data and rationale for determining that only one isomer was 
prepared in their synthesis. The data are accurate, but there is something wrong with the 
rationale. You can assume that the authors' presentation and interpretation of the NMR spectra is 
correct. 
 

Three absorptions, one attributable to νRuH and two to νCO (1940, 1977 and 2058 
cm-1) are observed in the infrared spectra of the product. In addition, one 1H NMR 
triplet (RuH = 13.9)* and one 31P singlet (δ = 42.25 ppm) indicative of two 
magnetically equivalent phosphorus nuclei were observed. 
 
The presence of two strong infrared frequencies attributable to νCO enables the 
structure shown above to be eliminated. The exceptionally low values of the 
hydridic NMR resonance reveal a relatively deshielded proton, thus virtually 
excluding the possibility of hydride trans to nitrate but rather suggesting the 
removal of electron density by a trans ligand with high π acidity. 

 
Where did the authors err in their reasoning? Based on the information provided, determine the 
isomer formed and provide its name. 
 

C2v E C2 (z) σv(xz) σv(yz)

A1 1 1 1 1 z 

A2 1 1 -1 -1 Rz 

B1 1 -1 1 -1 x, Ry 

B2 1 -1 -1 1 y, Rx 
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Cs E σh

A' 1 1 x, y, Rz 

A'' 1 -1 z, Rx, Ry 

 
* is an older scale for reporting 1H NMR shifts that is no longer used. The chemical shift of 
tetramethylsilane is 0.00 ppm which would correspond to10.00 . A chemical shift of 10.00 ppm 
would correspond to 0.00 . The shift of the hydridic proton in this compound occurs at -3.9 
ppm. Although the  scale is no longer used, the effects of this scale still impact us today. Many 
students find the terms upfield and downfield with respect to chemical shifts to be confusing, 
because a downfield shift is to higher numbers in ppm. However, in the  scale, a downfield shift 
is to lower values of . 


