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This exam has 14 pages. There is a periodic table on the final page for your reference.
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1) Metals in Biology. (16 points)  
 
Match each of the following roles/substances in the left column with a relevant metal from the 
list. You may use each metal once and only once: 
 
Co     V     Fe     K     W     Cd     Bi     Zn 
 
N2 fixation       ____ 
 
Hydrogen production/consumption   ____ 
 
Toxic heavy metal     ____ 
 
Vitamin B12          ____ 
 
Halogenation       ____ 
 
Gene expression     ____ 
 
Neuronal charge carrier               ____ 
 
Antacid medication     ____ 
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2) Electron Counting. (36 points)  
 
For the following complexes, determine: 

i. formal oxidation state of each metal center. 
ii. d-electron counts for each metal center. 

iii. total electron count of the complex. 
 
a)	  	  

	  
	  
 
 
b)   
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c)  
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3) Valence Bond Theory and Molecular Orbital Theory. (60 points) 
 
Hydrogen is a candidate fuel for carbon-neutral energy cycles, and current research is geared 
toward new ways to store it under ambient conditions. A promising material is the simple Lewis 
Acid/Base complex ammonia borane, H3NBH3.   
 

a) Draw Lewis structures for NH3 and BH3. Designate which is a Lewis Acid and which is a 
Lewis Base.  
 
 
 
 
 

 
 
 
 

b) Make Valence Bond Theory (VBT) diagrams for NH3 and BH3.  
 
 
 
 
 
 
 
 
 
 
 
 

c) Combining NH3 and BH3, make a Lewis structure and VBT diagram of H3NBH3.  
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d) Using the SALCs and coordinate axes given below, make a molecular orbital (MO) 
diagram for NH3 (remember you have seen this before).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

e) Using the SALCs and coordinate axes given below, make a molecular orbital (MO) 
diagram for BH3.  
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f) Using fragments from parts d) and e) and knowledge of Lewis Acid/Lewis Base 
complexes, make a MO diagram of H3NBH3 (use the coordinate axes given).   

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

g) Bonus: For H3NBH3, predict the product of release of 3 H2 molecules. Include the 
chemical structure of this product.  
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4) Crystal Field Theory (72 points) 
 
Generation of H2 from non-carbon sources such as H+ (from H2O) is important for sustainable 
energy sources. One candidate platform is based on classic cyanide-metal complexes of the type 
[(CN)5ML]n-.  
 
a) For the following cycle, fill in the missing intermediate (iv).  
 

 
b) Give the oxidation state, d-electron count, and total electron count for (i) – (v) above.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Oxidation State:         ____ 

d-electron count:        ____ 

Total electron count:  ____ 

Oxidation State:         ____ 

d-electron count:        ____ 

Total electron count:  ____ 

Oxidation State:         ____ 

d-electron count:        ____ 

Total electron count:  ____ 

Oxidation State:         ____ 

d-electron count:        ____ 

Total electron count:  ____ 

Oxidation State:         ____ 

d-electron count:        ____ 

Total electron count:  ____ 

	  
i	  

	  
ii	  

	  
iii	  

	  
iv	  

	  
v	  
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c) Give the crystal field splitting for (i) – (v), showing how the field will change relative to each 
intermediate. Use the coordinate axes given.  
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d) Using the crystal field for the fragment shown below and the MO diagram for H2, draw a MO 
diagram for complex (v). Use the coordinate axes given.  
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5)  Ligands. (24 points) Decide the properties for each ligand in the table below. 
  

Ligand Hard, soft, or 
intermediate  

σ-donor,  
π-donor, or π-

acceptor 
Prefers Fe2+ or Ca2+ 

 

   

    

 

   

Cl-    
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6) Crystal Field Theory (20 points) 
 
The linear complex [Cu(His)2]+ is a potential therapeutic for restoring normal copper levels in 
the body.  

a) Using the orientation given below, (i) Draw a crystal field diagram for [Cu(His)2]+ and 
(ii) determine the d-count and oxidation state for the metal center. 

 
 
 

 
 

 
 

 
          (I) 
 
 
 
 
 
 
 
 
 

b) Under certain circumstances under long-term storage, an O2 adduct of this compound can 
form, making the bound O2 a superoxide (O2

-). Draw a crystal field, showing how (I) 
changes to (II). 
 
 
 
 
 
 

 
 

              (I)           (II) 
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7) Molecular Orbital Theory (22 points) 
 
Phosphorous is a limiting element on the planet required for DNA/RNA as well as other 
phosphate-containing metabolites and materials (e.g. bone). 

 
a) Draw a MO diagram for the P2 fragment. Use the coordinate axes given.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) The P2 fragment is reactive and can form higher adducts, such as P3
-. Using part (a) and 

an appropriate phosphorous source, make a MO diagram for P3
-.  
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