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Assignment 4 
 

The due date for this assignment is Monday, November 30, 2020 at 1:00 p.m. 

 
 
1. High-spin [Co(NH3)6]2+ has absorption bands at 9,000 and 21,200 cm-1.  
 a)  Using the Tanabe-Sugano diagram in the Appendix, assign the two spectral transitions 

(i.e., provide the proper molecular term symbols for each transition – e.g., as in 4Eg → 
4Tg). 

 b) Determine ∆O and B using the Tanabe-Sugano diagram. Show your steps! Note that 
there should be three absorption bands, but one is so weak that it is not observed. 

 c) Determine the crystal field stabilization energy (in cm-1) of the complex. 
 d)  [Co(bipy)3]2+ has absorption bands at 11,300 and 22,000 cm-1. As in a), determine ∆O 

and B. bipy = bipyridine 
 e)  Comparing the magnitudes of the B parameter for both complexes above, what can we 

conclude about the localization of the d electrons? Is the difference in B expected 
when substituting two NH3 ligands for one bipy ligand? Briefly explain. 

 
2.  [Fe(CN)6]3- shows two charge-transfer (LMCT) transitions in the electronic spectrum, with 

one band lying in the visible region and the other lying in the UV region. 
a)  Explain why the complex has two CT transitions. 
b)  Explain why upon 1-electron reduction, one of the CT bands disappears in the 

spectrum. Which of the two CT bands will disappear (the one in the UV or the one in 
the Vis region)? 

c) Is it possible for the reduced complex to display MLCT transitions? If so, how many? 
Explain.  

 
3.  Classify the following complexes as labile or inert. Explain your answers. 

Complexes: [Fe(CN)6]3-, [CoCl4]2-, [CrCl5O]2-, [MnBr6]2- 
 
4. For the following five octahedral complexes, order the rates of substitution by H2O. 

Explain.  
 Complexes: [Co(NH3)6]3+, [Ir(NH3)6]3+, [Rh(NH3)6]3+, [Mn(H2O)6]2+, [Ni(H2O)6]2+ 
 
5. a)  The reaction of Cr(12CO)6 with 13CO to yield Cr(12CO)5(13CO) and 12CO has a rate that 

is first order in the concentration of Cr(12CO)6, but is independent of the concentration 
of 13CO. What does this observation imply about the mechanism of the reaction? 

 b) Would you expect the concentration dependences mentioned above to change if Cr were 
to be substituted by Mo or W? Explain.  

 
6.  Predict the products for the following reactions, and briefly explain your answers. 

a) [Pt(CO)Cl3]- + NH3 
b) [Pt(NH3)Br3]- + NH3 
c) [(C2H4)PtCl3]- + NH3 
Note: Consider the mixture of reactants to be equimolar (i.e., replace only one ligand with 
one NH3 molecule). 
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7.  The trans-effect can be exploited to synthesize tetra-substituted Pt2+ complexes with high 
specificity.  
a)  Using [PtCl4]2- as the starting material, devise and explain a synthetic strategy to obtain 

[Pt(CO)Cl(NH3)(H2O)], in which the aqua and CO ligands are cis to each other. 
b)  How would your strategy change in order to position the aqua and CO ligands trans to 

each other? 
Note: Metal-nitrogen bonds are inert (i.e., once formed, they do not break (easily)). 

 
8.  a)  Does the redox reaction between [Co(NH3)6]3+ and [Cr(H2O)6]2+ likely proceed via an 

inner-sphere or outer-sphere mechanism? Explain. 
 b)  Explain why it is possible to change the mechanism of electron transfer in the example 

above by simply substituting one of the ligands?  
 

9.  The electron transfer between [Co(CN)6]4- and [IrCl6]2- is relatively fast. Although both 
chloride and cyanide can potentially serve as bridging ligands, why is it unlikely for the 
electron transfer to follow an inner-sphere mechanism? 

 
10.   Marcus theory: 
 a)  For an outer-sphere mechanism, prove that if the standard reaction Gibbs free energy, 

∆rGθ, is equal to the negative value of the reorganization energy, the electron transfer 
process becomes activation-less. 

 b)  Draw potential energy curve(s) for a situation in which ∆rGθ is equal to -½ λ. 
Compared to a self-exchange reaction (∆rGθ = 0), how much smaller is ∆‡G? 

 
 
 
 
Marking of the assignment 

Q Marks Q Marks 
1 16 (2,6,2,4,2) 6 9 (3 each) 
2 9 (3 each) 7 12 (6 each) 
3 12 (3 each) 8 8 (4 each) 
4 10 9 6 
5 8 (4 each) 10 10 (4,6) 

      Total: 100 marks 
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Appendix: Tanabe-Sugano diagram (d7) 

Note that the values of the x axis (∆/B) need to be multiplied by 10 to have the correct values 

for ∆O/B (i.e., the 1 should read 10, the 2 should read 20, etc.). Alternatively, you can use the 

diagrams in your lecture handout. 

 
 

 


