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1. (10 pts.) Xenon tetroxide is a tetrahedral compound and is a member of the Td point group. 
The reducible representation for the stretching of the Xe=O bonds appears at the bottom of 
the Td character table included below. 

 

a. Determine the irreducible representations for the stretching of the Xe=O bonds. 

b. How many IR peaks should be seen for the X=O stretching vibrations? 

2. (10 pts.) Determine the irreducible representation for the reducible representation that 
appears in the last row of the C3v character table below. 
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Td E 8 C3 3 C2 6 S4 6 σd

A1 1 1 1 1 1 x2 + y2 + z2 

A2 1 1 1 -1 -1

E 2 -1 2 0 0 2z2 – x2 – y2, x2 – y2 

T1 3 0 -1 1 -1 (Rx, Ry, Rz)

T2 3 0 -1 -1 1 (x, y, z) (xy, xz, yz)

Γ 4 1 0 0 2

C3v E 2 C3 3 σv

A1 1 1 1 z

A2 1 1 -1 Rz

E 2 -1 0 (x, y), (Rx, Ry)

Γ 7 1 -1
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3. (10 pts.) Below are cartoon representations of an s orbital on one atom and a p orbital on a second 
atom. Determine which pair of orbitals would interact to form molecular orbitals and briefly explain 
your response. 

 

 

4. (12 pts.) Label the following MO’s as bonding or anti-bonding and as σ, π, or δ symmetry. The two 
atoms are on the z axis equidistant from the origin. 

	 	     	 	             

  	 	 	 	 	  

5. (10 pts.) a. The abbreviations HOMO and LUMO are short for what? 

    b. If a molecule is going to react as an electrophile, which orbital will likely be used, the HOMO or 
the LUMO. 

A

B



6. (10 pts.) In NH3 the three 1s orbitals on the H atoms form three symmetry adapted peripheral atom 
orbitals (SALCs). NH3 is in the C3v point group. Determine the symmetries of the three SALCs. 

 

7. (2 pts. ea.) An incomplete MO for HF is 
draw to the right.  

a. Populate the atomic and molecular 
orbitals with the appropriate number of 
electrons. 

b. Label the orbital(s) that would be 
bonding. 

c. Label the orbital(s) that would be 
nonbonding. 

d. Label the orbital(s) that would be 
antibonding. 

e. the LUMO is primarily centered on the 
H or F atom? 

8. (10 pts.) A Lewis acid is an electron pair donor or acceptor? 

C3v E 2 C3 3 σv

A1 1 1 1 z

A2 1 1 -1 Rz

E 2 -1 0 (x, y), (Rx, Ry)
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9. (10 pts.) Ignoring any solvent effects, rank the following bases in order of increasing base 
strength. 

 

10. (10 pts.) Rank the following acids in order of increasing ability to donate an H+ and briefly 
explain your reasoning. 

HBrO3 	 	 HClO3 	 	 HIO3  

11. (10 pts.) Rank the following acids in order of increasing ability to donate an H+ and briefly 
explain your reasoning. 

HF	 	 	 HBr	 	 	 HCl	 	 	 HI 

12. (10 pts.) Explain why the molecule drawn below is considered a Brønsted-Lowery super base. 

 

13. (10 pts.) Sulfuric and fluorosulfonic acid are drawn below. Briefly explain why fluorosolfonic acid 
is the stronger Brønsted-Lowery acid. 
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