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Chapter 16 

1. Chlorine Nitrate. Chlorine nitrate, ClONO2, is believed to play an active role in the 
balance of ozone in the upper atmosphere. Specifically, the molecule may serve as a sink 
for NO2 and ClO free radicals that are known to react with ozone and destroy ozone.  

ClO· + NO2
·→ ClONO2 

Use the B3LYP/6-311+G** model to obtain equilibrium geometries for the two free 
radicals as well as chlorine nitrate. Is radical recombination sufficiently exothermic to 
make chlorine nitrate an effective radical sink? Elaborate. 

Chlorine peroxynitrite (ClOONO) is a plausible isomer of chlorine nitrate. Were it in 
equilibrium with chlorine nitrite, it might undergo cleavage of the OO bond leading back 
to the initial radicals. Obtain the equilibrium geometry of chlorine peroxynitrite using the 
B3LYP/6-311+G** model, and calculate the room-temperature Boltzmann distribution 
between the two isomers. Is chlorine peroxynitrite likely to be involved? Elaborate. 

2. Trihalide Cations. I3
+ is known to exhibit an open bent structure with a bond angle of 

~102o. Use the Hartree-Fock 3-21G model to calculate the equilibrium geometry and an 
electrostatic potential map for the ion. Is the positive charge primarily localized on the 
central iodine atom, on the two terminal iodine atoms or is it uniformly distributed among 
al three iodine atoms? Justify your result using Lewis structures. Is the open form the 
only stable structure for I3

+? Obtain the geometry of form in which the iodine atoms for a 
three-member ring and calculate an infrared spectrum. Is this an energy minimum? If it 
is, is it likely to be seen in a room temperature equilibrium distribution? (Assume that it 
must make up at least 5% of the total in order to be detected.) 

Repeat your calculations for open and closed forms of Br3
+ of Cl3

+ 

3. Anticipating Changes in Geometry. The solid-phase structures of both I5
+ and I5

- are 
experimentally known. Other than the fact that both molecules are straight chains, their 
geometries are quite different. The central bond angle of I5

+ is very close to 180o while 
the two terminal bond angles are ~90o. The molecule is non planar; the angle formed by 
the intersection of the planes defined by the first and last three atoms is close to 90o. On 
the other hand, I5

- is planar. The bond angle involving the three iodine atoms in the center 
is ~94o while the angles involving the first three and the last three atoms are close to 
180o.  
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Use the Hartree-Fock 3-21G model to obtain the geometry of I5
+. Verify that what you 

have found is in fact an energy minimum, and that it is qualitatively similar to the 
experimental structure. Display the LUMO for I5

+. This is the molecular orbital into 
which the next pair of electrons will go (leading to I5

-).  What if any significant changes 
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in bonding would you expect in going between I5
+and I5

-? Elaborate. Obtain the geometry 
of I5

-. Does it reflect these changes?  

4. Dimers of Hydrogen Fluoride, Hydrogen Chloride and Hydrogen Bromide. The 
halogens in hydrogen fluoride, hydrogen chloride and hydrogen bromide each 
incorporate three high-energy lone pairs that may act as hydrogen-bond acceptors. Each 
of the halides has only a single hydrogen-bond acceptor and cannot be expected to 
display as extensive a three-dimensional network of hydrogen bonds as does a molecule 
such as water (with two hydrogen-bond donors and two acceptors). However, hydrogen-
bonded dimers are certainly reasonable.  

Obtain the equilibrium geometry of hydrogen fluoride dimer. Use the B3LYP/6-311+G** 
model. Is the hydrogen bond (F···H-F angle) linear or close to linear? If it is, are all four 
atoms collinear or close to collinear? 

Compare the binding energy of hydrogen fluoride dimer with that of water dimer. Are the 
two similar or is the hydrogen-bond in hydrogen fluoride dimer significantly stronger or 
weaker that that in water dimer? Attempt to rationalize your result. Finally, calculate 
hydrogen-bond strengths for the dimers of hydrogen chloride and hydrogen bromide. Are 
these smaller, larger or similar to the hydrogen-bond strength in hydrogen fluoride 
dimer? Attempt to rationalize your result.  

 

  
 


