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Assignment 3 
 

The due date for this assignment is November 09, 2020 at 1:00 p.m. 

 
1.  a)  For the following series, identify the ligands that can serve as π-donor or π-acceptor 

ligands, and give the type of π-bonding for each ligand (e.g., pπ-dπ, dπ-dπ etc.). 
   Ligands: CO, O2-, H2, (CH3)2NH, Cl-, PPh3 (Ph = phenyl) 
  b)  Order the above ligands according to their field strength, and explain your order. 
 
2.  a)  Order the following ligands according to their field strength. Explain your answer. 
   Ligands (L): NCl3, PBr3, PCl3, P(C2H5)3, CN- 
 b)  In a linear L-M-CO arrangement, which of the above ligands (L) would strengthen the  
  carbon-oxygen bond (of CO) the most? Explain. 
 c)  Describe how one could assess experimentally the π-acceptor strength of a ligand? 
 
3. Which of the following carbonyl complexes obey the 18 valence electron rule? Show the 

electron count for each complex, and comment on its stability. 
[V(CO)6], Fe2(CO)8, Mo(CO)6, Co(CO)4-, and Ti(CO)6 

 
4.  Solid CoCl2 and CoBr2, as well the complex ions [Co(CN)5]3- and [Co(CN)6]3- are all 

coloured. While two of these compounds are green, the other two are yellow and blue, 
respectively. What is the colour of each compound/ion? Explain your (colour) assignments 
based on simple CFT considerations. Note: the coordination number of the cobalt ion in 
solid CoCl2 and CoBr2 is 6. 

 
5. Zincon (see structure below) is a chromophoric chelator for various divalent transition 

metal ions. The supplement of assignment 3 (which can be obtained from the course 
website; http://www.bioinorganic.ca/teaching/3316/3316a.html) is an MSExcel file 
containing the data for the absorption spectra of the free chromophoric chelator and the 
same chelator in a 1:1 complex with Zn2+. The concentration of both the chelator and the 
chelator-metal complex is 50 µM. Using Beer-Lambert’s law of absorption and the data in 
the Excel file, determine  
a) the maximum wavelength (λmax) of both free chelator and chelator-metal complex, 
b) the colour of both the free chelator and chelator-metal complex, 
c) the energy, E (in kJ/mol), for the transitions at λmax for both species, 

 d) the molar extinction coefficients for both species at λmax, 
 e) the wavelength of the isosbestic point (i.e., λ at which both spectra intersect). 
 General note: Although not absolutely necessary for answering the questions, it is 

advisable to make an Excel chart out of the provided data to see the true spectra (not just 
the data). 
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6.  a)  Determine all possible microstates for a p1d 1 configuration, and use them to prepare a 

microstate table (using an “X” symbol to represent one microstate). Remember that for 
the p electron ml = 1,0,-1 and ms can be ½ or - ½ . On the other hand, the d electron can 
have ml = 2, 1, 0, -1, -2 and ms can be ½ or - ½ . 

 b)  By reducing the microstate table for the p1d 1 configuration, determine all free-ion 
terms. In addition, determine the ground term by employing Hund’s rules. Note: 
Include the multiplicity superscript when listing the terms.  

 
7.  a)  How many possible microstates does a d 7 ion have? 

b)  Determine the ground term of the free d 7 ion. Consider also spin-orbit coupling in your 
answer. 

 
8. For each of the following free-ion terms, determine the values of L, ML, S and MS. In 

addition, for each term, draw a plausible microstate using the d orbital set as shown in the 
example.      Example: 1D:   L = 2 S = 0  ML = 2,1,0,-1,-2 MS = 0 

  

                                              

+2       +1       0        -1        -2+2       +1       0        -1        -2

 
 a) 4F 
 b) 3P 
 c) 2G 
 
9. Order the extinction coefficients of the following (high-spin) complexes according to their 

magnitude. Consider only d-d transitions and explain your answers. 
   [FeL6]2+, [FeL6]3+, and [FeL4]2+.  L = neutral ligand  
 
10. Classify the following configurations as nA, nE or nT (with n being the multiplicity), and 

identify the configurations that represent excited states. 
a) octahedral geometry: t2g4 eg2 
b) octahedral geometry: t2g5 eg3 
c) tetrahedral geometry: t22 e1 
d) tetrahedral geometry: t22 e2 

 
Marking of the assignment 

Q Marks Q Marks 
1 10 (6,4) 6 14 (6,8) 
2 11 (5,3,3) 7 8 (4 each) 
3 10 (2 each) 8 9 (3 each) 
4 8 9 8 
5 10 (2 each) 10 12 (3 each) 

      Total: 100 marks 


