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Assignment 2 
 

The due date for this assignment is October 19, 2020 at 1:00 p.m. 

 
1. Describe (by using the valence bond model) the electron configuration, the hydridization, 
the geometry, and the magnetism (diamagnetism or paramagnetism) for the following 
complexes as shown in the example below. 
 
Example: [Fe(H2O)6]2+   high-spin 
 

 
 
Complexes: 
a)  [Co(CN)6]4- low-spin  e)  [Co(H2O)3F3] high-spin 
b)  [PtCl2(NH3)2] low-spin   f)   [Cd(H2O)6]2+ 
c)  [NiCl4]2-  high-spin  g)  [Cu(ox)3]4-  ox = oxalato 
d)  [Mn(H2O)6]2+ high-spin  h)  [Fe(CO)5]  low-spin 
 
 
2.  Determine the crystal field stabilization energies, CFSE, in units of ∆O, for the following 

octahedral complexes. Consider both high-spin and low-spin conditions as well as electron 
pairing energies, when applicable. 

a) [Cr(H2O)6]2+  
b) [Mn(H2O)6]2+ 
c) [Co(NH3)6]2+ 
d) [TiF6]3- 

 
3.  The ∆O value for the octahedral hexaaquachromium (III) ion is ∆O = 17,400 cm-1. 

a)  Draw the d orbital splitting diagram of this complex (including electrons), starting with 
the free metal ion in the gas phase. 

b)  Calculate the energy of absorption (in kJ/mol) and the wavelength of the spectral 
transition (in nm) of this complex. 

c)  Is the complex coloured (if so, what colour)? 
Note: Consult a general chemistry or physics textbook to obtain the necessary constants. 

 
4.  a)  Explain the crystal field splitting diagram of a tetrahedral complex, and comment on 

 why there are so few tetrahedral low-spin complexes. 
 b)  Determine the CFSE (in units of ∆O) for the tetrahedral tetrabromonickelate(II) ion. 
 c) Explain why most Pd(II) complexes are square planar whereas the geometry of Ni(II) 

complexes tends to be much more diverse.  
 
5. For which electron configurations (from d1 to d10) do you expect a difference in the CFSE 

between a cubic and a square-antiprismatic ligand field? Explain. Consult Appendix 1 to 
answer this question. Note: Do not consider low-spin cases here! 
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6.  For which of the following configurations do you expect distortion from perfect octahedral 

symmetry: d4 (high-spin and low-spin), d5 (high-spin and low-spin). Explain your answers 
(using splitting diagrams if necessary). 

 
7.  For the following pairs of complexes, which one has the larger splitting (∆)? Briefly 

explain your answers. 
 a) [PtBr4]2- or [NiBr4]2-  
 b) [Fe(CN)6]3- or [Fe(CN)6]4-  
 c) [CoF4]2- or [Co(H2O)6]2+  
 d) [NiBr4]2- or [NiCl4]2-  
 e) [Mo(NH3)6]3+ or [Mo(en)3]3+ 

 
8.  Applications of CFT: 

a)  Explain why for the chlorides of the divalent metal ions of vanadium and nickel, the 
experimentally determined lattice energies deviate significantly from the expected 
(theoretically predicted) values. 

b)  Explain why the metal ion radii in octahedral complexes are increasing in the order 
Ni2+, Cu2+, Zn2+. Why is the observed trend somewhat surprising? 

c)  Which metal ion in the following two complexes has the larger radius, and why? 
  [Fe(H2O)6]2+, [Fe(CN)6]4-  
d)  Explain why the Irving-Williams series peaks at Cu2+. 

 
9. Give the electron-configuration of the following three complexes by drawing the electrons 

(provided by ligands and metal ion) into an appropriate MO diagram (consider only σ-
bonding!). 

  High-spin [Co(H2O)6]2+, low-spin [Co(CN)6]3-, and [NiBr4]2-. 
 
10.  Appendix 2 shows the simplified MO diagram for a trigonal bipyramidal complex. Use 

this diagram to fill in the all electrons for diamagnetic iron pentacarbonyl (i.e., Fe(CO)5).
  

 
 

 

Marking of the assignment 

Q Marks Q Marks 
1 12 (1.5 each) 6 8 
2 7 7 10 (2 each) 
3 11 (3,6,2) 8 12 (3 each) 
4 12 (4,3,5) 9 12 (4 each) 
5 8 10 8 

      Total: 100 marks 
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Appendix 1: 
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Appendix 2: 

 


