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Chapter 10 

1. Methyl Lithium. Methyl lithium is known to form a tetramer, with the four lithium 
atoms and the four methyl groups at opposing corners of a cube. 

 

Does the geometry of methyl lithium tetramer reflect that of the monomer, or are the 
incorporated bond lengths and angles significantly different? Is the distribution of charge 
in methyl lithium maintained in the tetramer? 

Use the HF/6-31G* model to calculate the equilibrium geometry and atomic charges for 
methyl lithium. Does it incorporate a “normal” covalent C-Li bond, or is it better 
described as lithium cation loosely associated with methyl anion? Elaborate. Next, 
Calculate the geometry of methyl lithium tetramer. Are the bond lengths and angles 
similar to those in monomeric methyl lithium or are they significantly different? Is the 
charge distribution in the monomer and tetramer similar or different? If either or both are 
different, rationalize the direction of the changes.  

 

2. Aromatic-Alkali Metal Complexes. The fact that alkali metals have very low 
ionization potentials suggests the possibility of charge-transfer complexes with aromatic 
molecules, for example, between sodium atom and benzene.   

C6H6 + Na·  [C6H6
-·] Na+ 

Is this a realistic description given that benzene is likely to lose its aromatic character as a 
result of electron capture? 

Calculate the geometry and atomic charges for the complex between sodium atom and 
benzene. Also calculate the geometry of benzene and the energy of sodium atom. Use the 
B3LYP/6-31G* model. While you can assume that the sodium ion complexes to the face 
of the benzene ring, you should not assume that it is exactly at the center of the ring. 
Does the geometry of free benzene change significantly as a result of complexation to 
sodium atom? Is there significant charge transfer from sodium to benzene? What is the 
binding energy?  

 
3. Lithium Cation Affinities. In the gas phase, all uncharged molecules exhibit an affinity 
for a proton. Proton affinities span a huge range from around 400 kJ/mol at the low end 
for saturated hydrocarbons to more than 900 kJ/mol at the high end for some amines. The 
data below are representative. 

 
hydrogen fluoride, 484; nitrogen (N2), 494; hydrogen chloride, 557; hydrogen bromide, 
584; water, 691; hydrogen cyanide, 713; dimethyl ether, 792; ammonia, 854; 
trimethylamine, 949. 

 
Alkali metal cations also bind to uncharged molecules. Calculate geometries for lithium 
ion complexes to the nine molecules listed above as well as those for the molecules 
themselves and for lithium cation. Use the B3LYP/6-31G* model. Is the range of lithium 
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cation binding energies similar to the range of proton affinities or is it significantly 
smaller or larger? Provide a rationale for your result. Does the ordering of lithium cation 
binding energies parallel that for proton affinities? 

 
Repeat your calculations for the corresponding sodium ion complexes. Is the ordering of 
sodium energies the same as the ordering of lithium binding energies? Is the overall range 
of binding energies similar for the two alkali metal cations? Rationalize any significant 
difference. 

 
 

4. Sizes of Alkali Metal Ions. Space-filling or CPK models are employed to provide 
indication of the overall size and “shape” of molecules. The radii of the atoms that are fit 
together to make a space-filling model are termed van der Waals radii and are based on 
the densities (molecular weight/volume) of simple elemental solids and liquids. For 
example, the radius of argon is based on the density of liquid argon. Space-filling usually 
work remarkably well, suggesting that the sizes of atoms in molecules do not vary 
widely. However, problems arise where an element can change its electron count with 
chemical environment. Alkali metals provide a good example of this. 

 
Perform energy calculations on lithium, sodium, potassium, rubidium and cesium cations 
using the 3-21G model and display electron density surfaces side by side on screen. Make 
a copy of the set, and display each cation as a space-filling model underneath the density 
surface. What is the radius of each of the five cations (you can obtain this from either the 
surface area or volume)? How do the radii compare with the van der Waals radii? Do the 
sizes of the cations increase or decrease with increasing atomic number? Rationalize your 
result.  

 
Finally, perform energy calculations on lithium, sodium, potassium, rubidium and cesium 
atoms using the 3-21G model. Display electron density surfaces for the atoms 
immediately below those for the corresponding cations and the space-filling models.  
How do these radii compare with the van der Waals radii? Do the sizes of the atoms 
increase or decrease with increasing atomic number? Rationalize your result.  

 
 


