
Question 3  
In order for a substance to boil, the kinetic energy of the molecules must exceed the energy of the 
forces between the molecules. For each pair of compounds listed below, explain the difference in 
the boiling in terms of the intermolecular forces.  
 
Compound                                    Boiling Point (ºC) 
• methane (CH4)                         -161          
• methanol (H3COH)               65 
• water (H2O)                               100 
• sodium chloride (NaCl)          1416 
• diamond*                                   decomposes without boiling (in vacuum)  
*Cn: a covalently-bonded lattice 
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c) water vs. sodium chloride  
 
d) sodium chloride vs. diamond  
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a) methane vs. methanol  
Methane is a non-polar molecule, and therefore the only forces preventing methane from boiling are 
the van der Waals forces between the molecules. Methanol is a more polar molecule which can form 
hydrogen bonds between molecules. Hydrogen bonds are much stronger than van der Waals bonds, so 
methanol will have a much higher boiling point than methane. 
 
b) methanol vs. water  
Like methanol, water is a polar molecule, and can form hydrogen bonds with other molecules. Because 
water has two hydrogen atoms available for hydrogen bonding, it can form more hydrogen bonds per 
molecule and therefore will be more tightly bound to its neighbors. Therefore, it will require more 
energy to vaporize water then methanol. Water will have a higher boiling point than methanol. 
 
c) water vs. sodium chloride 
The hydrogen bonds in water are due to partially ionized groups (strong dipoles) attracting each other. 
The Na+ and Cl-ions in NaCl are held together by interactions between fully charged ions. Since the 
attractive force in both cases is due to the Coulomb force, which is proportional to the magnitude of 
the charges involved, the ionic bonds in NaCl will be stronger than the hydrogen bonds in water.  
 
d) sodium chloride vs. diamond 
Since a diamond is really one big molecule, its boiling point will be determined by the energy required 
to break the bonds between the atoms in the diamond lattice. Since these bonds are covalent, the 
strongest bonds known, diamond will have the highest boiling point. In order for diamond to boil, it 
must first break down intofree carbon atoms  - so, strictly speaking, diamond does not boil (it does not 
become gaseous diamond likemethane becomes gaseous methane), but decomposes.  
 
 
 
 
 
 
 




