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Problem Set 7 

 

1. Homoleptic complexes of the ethylene ligand are not common. The simplest of these 
involving a transition metal observed to date is (!2-C2H4)2Ni (see figure below), which 
can be trapped in cold matrices when (! 2-C2H4)3Ni is photolyzed.  

 

 

 a. Assuming that the ethylene ligands are parallel, sketch the group orbitals of 
these ligands. For each group orbital, list the atomic orbitals of Ni with the correct shape 
and symmetry to interact with the " and "* group MOs of ethylene. Consider the s, p, and 
d orbitals on Ni.  

 b. Sketch the shape of the bonding MO interactions of the MOs of Ni AOs with 
the ethylene group MOs.  

 c. Run a Spartan calculation on the eclipsed conformation of the structure you 
analyzed above. Using chemical intuition, and a little help from Spartan, construct the 
qualitative frontier MO diagram for the interaction of the s, p, and d orbitals of Ni with 
the " and "* group MOs of ethylene.  

 d. What should happen to the ethylene CC bond length if the complex is 
oxidized? What about if the complex is reduced? Use Spartan calculations on the 
oxidized and reduced forms of the above to support your answer.  

2. When the positions of hydrogen atoms in cyclic ligands !n-CnHn are analyzed, in some 
cases they are shown above the plane of the cabon atoms (away from the metal), and in 
some cases below. This is known as an agostic interaction. As the size of the !n-CnHn 
ring increases, is the ÒupÓ or ÒdownÓ orientation of the hydrogens more favored? Why?  
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3. Three structures have been proposed having the formula (CnHn)3M2, one of them being 
the triple-decker Ni sandwich shown below:  

 

What are two other feasible structures having this formula? (J. Bieri et al. 
Organometallics, 1986, 5, 2413. And, yes, thereÕs a reason IÕm putting the reference 
here; use it to rationalize your answer.) 

4. Amines, NR3, are usually only weakly coordinating toward low-valent, i.e. more 
reduced, metals. Why is this so? (Hint: Think of your basic organic chemistry!) Do you 
think NF3 would be a better ligand for these metals? Discuss the factors involved.  

5. Reaction of [!5-C5(CH3)5]Ru(PR3)Br (PR3 = P(isopropyl)2(C6H5)] with H2 in toluene at 
25oC gives a square pyramidal product with the !5-C5(CH3)5 ligand at the top of the 
pyramid. 1H-NMR shows two peaks near # = -6ppm but no evidence of H-H coupling or 
other indication of a bond between hydrogens.  

 a. Propose a reasonable structure for this complex. 

 b. Suppose you wanted to prepare a dihydrogen complex by using a similar 
reaction. What type of phosphine would you use in your reactant, and why?  

6. Equilibrium constants for the reaction  

 

are given below. Account for the trends in equilibrium constants.  

L K 
PEt3 1 

PEt2Ph 2.5 
PEtPh2 24.2 
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Co(CO)Br2L2 −−⇀↽−− CoBr2L2 + CO


