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Chapter 15 
 
1. Water Dimer.  The water dimer is known to exhibit an open structure that involves a 
single hydrogen bond. 
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However, the fact water molecule incorporates two electron pairs that may act as 
hydrogen bond acceptors and two OH bonds that may act as hydrogen-bond donors 
means that it should be possible to construct a dimer with two hydrogen bonds.  
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First, use the B3LYP/6-31G* model to obtain the equilibrium geometry of the open 
(singly-hydrogen-bonded) form of water dimer. Next, attempt to obtain an equilibrium 
geometry for the closed (doubly-hydrogen-bonded) structure of water dimer. If you find a 
structure that is distinct from the open form, calculate the infrared spectrum of the 
structure to confirm that it is actually an energy minimum. If it is an energy minimum, is 
it higher in energy than the open structure or is it lower in energy. Calculate the room-
temperature Boltzmann distribution of open and closed forms different forms. Assuming 
a detection limit of 5% of the total, is it reasonable to expect that both forms will be seen 
in an equilibrium mixture? 
 
2. Hydrogen Sulfide vs. Water Dimer. Which forms the stronger dimer, water or 
hydrogen sulfide? Use the B3LYP/6-31G* model to obtain equilibrium geometries for 
open (singly-hydrogen-bonded) form of both (as well as for water and hydrogen sulfide), 
and calculate the energy of dimerization. (If you have completed the previous problem, 
you already have data for water dimer.) Is the difference that you find due primarily to 
differences in the hydrogen-bond donor abilities of O-H and S-H bond or to differences 
in hydrogen-bond acceptor abilities of oxygen and sulfur or both? To decide, use the 
B3LYP/6-31G* model to obtain equilibrium geometries for two different forms of the 
mixed water-hydrogen sulfide hydrogen-bonded complex. 
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Compare dimerization for the two mixed complexes. What is the difference in hydrogen-
bond energy between water dimer and the mixed complex with water acting as the 
hydrogen-bond donor? Is water or hydrogen sulfide the better hydrogen-bond acceptor 
and by how much? What is the difference in hydrogen-bond energy between hydrogen 
sulfide dimer and the mixed complex with hydrogen sulfide acting as the hydrogen-bond 
donor? Is water or hydrogen sulfide the better hydrogen-bond donor and by how much?  
 
3. Structure of Ozone. Ozone, O3, plays two opposing roles in atmospheric chemistry. 
Near the surface of the earth, ozone is a significant contributor to man-made pollution 
(smog). On the other hand, high in the atmosphere it helps to protect us from harmful 
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ultraviolet radiation. Ozone has an open geometry, described by equal contribution of two 
Lewis structures. This suggests that the central oxygen atom bears excess positive charge 
and the terminal oxygen atoms excess negative charge. 
 

O=O+-O-  ↔  -O-O+=O 
 
Obtain the equilibrium geometry of ozone using the B3LYP/6-31G* model and display 
an electrostatic potential map. Is the charge distribution suggested by the map in accord 
with expectations?  
 
There is an alternative geometry for ozone that is well represented by a single Lewis 
structure without formal charges. What is it? Obtain an equilibrium structure and infrared 
spectrum for this alternative. Is it an energy minimum? How do you know? If it is, 
estimate the room-temperature Boltzmann distribution of the two forms of ozone. 
(Assume a detection limit of 5% of the total for the higher-energy form to actually be 
seen in an equilibrium mixture.) 
 
 
4. Bond Angle in Ethers. The bond angle about oxygen in ethers is typically close to 
tetrahedral, for example, the bond angle in dimethyl ether is 112o.  Replacement of both 
methyl groups by bulky tert-butyl groups might be expected to lead to an increase in non-
bonded (steric) repulsion and result in an increase in bond angle. 
 
Use the B3LYP/6-31G* model to obtain equilibrium geometries for dimethyl ether and 
di(tert-butyl) ether. Do you observe a significant (>5o) increase in COC bond angle? Are 
there any other conspicuous structural changes between the two molecules, in particular, 
have the CO bonds lengthened?  
 
Replacement of methyl by a group capable of drawing electrons away from the lone pairs 
on oxygen, for example, a silyl group, might also be expected to result in an increase in 
bond angle. Why? Obtain the equilibrium geometry for disilyl ether. Is the SiOSi bond 
angle larger than the COC bond angle in dimethyl ether? Is it as large as the COC bond 
angle in di(tert-butyl) ether?  
 
5. Fluorine Peroxide. Fluorine peroxide, F2O2, is one of the most powerful fluorinating 
agents presently known. Use the B3LYP/6-311+G** model to obtain its geometry as well 
as those of hydrogen peroxide, H2O2, and oxygen fluoride, F2O, molecules incorporating 
“normal” OO and OF bonds, respectively, and molecular oxygen, O2, with an OO double 
bond. (Note that the latter has a triplet ground state.) Is the OO bond in F2O2 closer to a 
single or double bond? Is the OF bond shorter, longer or about the same as the bond in 
F2O? Are your results consistent with the fact that fluorine peroxide is a powerful 
fluorinating agent? Elaborate. Calculate the energy of dissociation of fluorine peroxide 
into (triplet) molecular oxygen and molecular fluorine. Is the reaction endothermic or 
exothermic? How does this compare with the corresponding dissociation energy for 
hydrogen peroxide (into molecular oxygen and molecular hydrogen)? Is what you find 
consistent with the fact that fluorine peroxide is a powerful fluorinating agent? Elaborate.  
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