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   Molecular Modeling Problems  

Chapter 11 

1. CaF2. A Failure of VSEPR Theory? According to VSEPR theory, CaF2 should be a 
linear. However, in the solid the molecule is actually bent. Is this a failure of VSEPR 
theory or is it a consequence of crystal packing?  

Starting with a bent structure, obtain the equilibrium geometry of CaF2 using the 
B3LYP/6-31G* model. Is the molecule bent? If it is, calculate the energy of linear CaF2 
and compare this to the energy of the bent structure. If it is not, calculate an equilibrium 
geometry for a molecule that is constrained to having a FCaF bond angle of 140o and 
compare its energy to that of linear CaF2. What if anything do your results tell you about 
the magnitude of the crystal packing energy?   
 
2. Dicyclopentadienyl Beryllium. The structure of ferrocene may be thought of in terms 
of an iron dication sandwiched between two cyclopentadienyl anions.  The fact that the 
each of the anions involves 6π electrons and is aromatic suggests that ferrocene should be 
unusually stable. The multitude of ferrocene derivatives attest to this. 

Fe+2

-1

-1  

Dicyclopentadienyl beryllium might appear to be a related molecule. However, crystal 
structures for a number of derivatives do not show a ferrocene-like geometry, but rather 
half-sandwhich structure, in which one cyclopentadienyl ring is directly above the metal 
(as in ferrocene) while the other is σ bonded to beryllium. Is the change unique to the 
solid state, that is, required to accommodate packing in the crystal, or is it a consequence 
of a switch from iron to beryllium? 

Be Be

  

Use the B3LYP/6-31G* model to obtain geometries and infrared spectra for both 
sandwich and half-sandwich forms of dicyclopentadienyl beryllium. Make certain to start 
the calculation on the sandwich structure at a geometry which is (slightly) distorted for 
five-fold symmetry. Which is the lower energy form? Are both structures actually energy 
minima? If not, which is the stable form? If both forms are stable, calculate the room-
temperature Boltzmann distribution of the sandwich and half-sandwich forms. Is it likely 
that both will be observable (assume that a 5% abundance can be detected)? 
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If you find that the half-sandwich structure of dicyclopentadienyl beryllium is actually 
the lower energy (or the only) structure, obtain the geometry and infrared spectrum of a 
third form in which both cyclopentadienyl rings are σ bonded to the metal. Is such a 
structure an energy minimum or does it collapse to the half-sandwich form? If it is a 
minimum, is it lower in energy that the half-sandwich form?  

Summarize your results and comment on the likely role of crystal packing on the 
geometry of dicyclopentadienyl beryllium. 
 
 
 


