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Summary of Valence Orbitals 
Hybrid orbitals shown in gray.  Leftover p orbitals shown with black and white lobes. 

Steric Number Electronic Geometry Hybridization Scheme Geometric Orientation 
of Orbitals 

SN  =  4 Tetrahedral sp3 (set of 4 hybrids) 

 

SN  =  3 Trigonal planar sp2 (set of 3 hybrids) 

1 leftover p orbital 
 

SN  =  2 Linear sp (set of 2 hybrids) 

2 leftover p orbitals 
 

 
1.  Which of the following molecules can exist as cis- and trans- stereoisomers?  

 

2.  Capsaicin, the line structure of which is shown below, is the molecule responsible for the fire in hot 
chili peppers.  
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a) Draw the complete Lewis structure of capsaicin, adding in lone pairs and hydrogen atoms where 
appropriate. 

b) How many sp3 carbon atoms are there in capsaicin?  How many sp2 carbons? 

c) How many ! -bonds are there? 

d) What hybridization scheme would be used by each of the three oxygen atoms? 
 
3.  Valence bond theory came up a big winner when it predicted that the following molecule, allene, is 

not planar.  Draw the valence bond picture for allene, showing the hybrid and non-hybrid orbitals 
that you would expect on each atom.  Thinking carefully about geometry, explain why these 
orbitals predict a non-planar geometry for allene. 
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4.  The 20 amino acids can be identified with either a 3-letter code or a 1-letter code.  These codes can 
be used to designate the primary structure or amino acid sequence of a peptide, typically written in 
order from the N-terminus (the end containing the ÐNH3

+ group) to the C-terminus (the end 
containing the ÐCO2

Ð group). Consider the dipeptide that spells out MaggieÕs initials (MG) 
constructed from a condensation reaction of methionine and glycine (in order).  In methionine, the 
R group on the alpha carbon is ÐCH2CH2SCH3 and in glycine, R = H.  Draw out the two amino 
acids, identify the atoms that form the water molecule that is lost, and draw the structure of the MG 
dipeptide.  

5.  The synthesis and structural characterization of the SO3N3
Ð anion was reported by Karl O. Christe 

and co-workers in the journal Inorganic Chemistry (Inorg. Chem. 2002, 41, 4275-4285).  A figure 
showing the 3-D structure of the anion is reproduced below.  Note that selected bond distances (in 
• ) and bond angles are also included. 

Draw two correct resonance structures for SO3N3
Ð 

that are consistent with the structural data.   

a) Do not violate the octet rule for any atom. 

b) Include all nonzero formal charges. 

c) Explain how your Lewis structures are consistent 
with the NÐN bond distances, the SÐNÐN bond angle, 
and the NÐNÐN bond angle. 

 

 

 

 

 

 

 


