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 In class today we discussed the heat capacity as a substances ability to “buffer” itself 
from changes in temperature.  As an example, let’s look at the specific heat capacities (CP

*) of 
liquid water and ice.  For simplicity, we’ll use the following low-precision values (higher 
precisions are given in  Table 2.2 in the book): 
 

Substance CP
* 

Liquid H2O 4.2 kJ K-1 kg-1 
Ice 2.1 kJ K-1 kg-1 
Water vapor 1.9 kJ K-1 kg-1 

 
When heat is added to a system at constant pressure, the relevant equation is (2.9b): 
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*
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Suppose we wanted to raise the temperature of a 1 kg block of ice 2 degrees Celsius?  How much 
energy would such an endeavor take?  From the equation above, we can calculate that it would 
require 4.2 kJ to raise the temperature.  For water, however, it would take 8.4 kJ to increase the 
temperature by the same amount.  In this sense, the water is a better “buffer” against temperature 
change.  Aqueous buffers prevent dramatic changes in pH as excess protons are added, as 
compared to unbuffered solutions.  In the same way, liquid water will keep a more stable 
temperature as heat is added, compared to ice. 
 
 The question now arises, why does liquid water have a higher heat capacity than ice?  
Temperature is closely related to the kinetic energy (velocity), but there are other interactions at 
work in matter.  For example, water molecules in liquid form have rotational energy, whereas 
they are more static in ice.  Additionally, hydrogen bonds in water can stretch and rotate, and 
protons themselves can be exchanged between water molecules.  When energy is added to liquid 
water, it can be absorbed by all of these additional interactions not found in ice.  In short, there 
are other places for the energy to go besides kinetic energy.  Thus, raising the temperature of 
liquid water requires more energy than raising the temperature of ice. 
 
 What about water vapor?  The justification just employed makes sense for this phase of 
water, too, namely because hydrogen bonds are not present in water vapor.  In fact, the 
difference in heat capacities of water in its different phases can give you some idea about how 
important hydrogen bonding is in liquid water. 
 
 To summarize, the heat capacity is related to the number of internal degrees of freedom 
of a substance.  If a substance has a large number of internal degrees of freedom (e.g. bond 
stretching, bond rotation, etc.), it will tend to have a higher heat capacity than a substance with a 
lower number of degrees of freedom.  This is because heat added to a system increases not only 
kinetic energy but bond vibration and rotation as well. 


