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Problem Set 14: Chemical Equilibrium & Changes Due Oct 16, 2008 
1. Since we have proven that ∆G for a reaction is related to whether the reaction is spontaneous, it is 

useful to know how ∆G changes with temperature.  Start with the equation dG = V dP – S dT. 
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(b) Use your result from (a) to derive the following equation:  !"G
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Remember that ∆G = Gproduct - Greactant  and that the equation you derived in part (a) applies to 
both products and reactants. 
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(  just measures how ∆G (which is Gproduct - Greactant) changes with respect to temperature. 

2. Using the equation obtained in question 1 and the Gibbs-Helmholz equation (eqn 4.31), it is 
possible to derive the Van't Hoff equation: 
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(a) For a reaction with a positive ∆H, is heat a product of the reaction? 

(b) As the temperature increases for such a reaction, should products or reactants be favored? 
(c) How will the equilibrium constant change as temperature increases? 

3. From experiments in which enzyme activity is measured at a number of different pH values, it is 
often possible to determine the pH at which half of the enzyme molecules are active and half are 
inactive.  This pH is called the pKa of the enzyme.  Such changes in activity are caused by a residue 
in the active site of the enzyme changing to a protonation state in which the enzyme cannot react. 
Sometimes, the pKa suggests only one type of amino acid (if the pKa is 4, the only reasonable 
choices are Asp or Glu).  In other cases, several different amino acids are possible.  For example, a 
pKa of 8.5 could suggest either a Cys or Lys residue.  One way to figure out which amino acid is 
responsible for the pKa is to measure the ∆H for the ionization reaction of the residue in the active 
site.  Different residues have different values:   

Residue pKa ∆Hion (kcal/mole) 
Asp, Glu 4 ±1.5 
His 7 6 to 7.5 
Cys 8 6.5 to 7 
water (metal bound) 8-10 11 to 13 
Lys 9 10 to 13 
Tyr 10.5 6 

 (a) One easy way to measure ∆H is to measure how the equilibrium constant changes as a 
function of temperature.  We are now going to derive an equation which relates ∆Hion to Keq.  
Start with the equations: ∆G° = ∆H° – T∆S° and ∆G° = -RT ln Keq.  Write an equation with 
Keq on one side and ∆H on the other side.  Use this equation to derive an expression for  
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 (b) Using the equation derived in part (a), calculate ∆H for an equation in which the pKa is 8.5 at 
25°C and 7.695 at 55°C.  

4. The same equation derived in question 3(a) can be used to analyze data from protein denaturation 
experiments.  Suppose that a small peptide has only two conformations:  a random structure 
(usually called a random coil) and an alpha helix.   
At 50°C, the equilibrium constant for the reaction  helix ↔ random coil  is 1. 
At 60°C, the equilibrium constant for the same reaction is 10. 

(a) What is ∆H° for the reaction? 
(b) What is ∆S° at 50°C and at 60°C? 

 
5. (a) Similar ideas can also be applied to DNA.  The sequence AAAAAACCCCCCTTTTTT can 

form a hairpin at 25°C.  The equilibrium constant for this reaction (hairpin to single strand) is 
0.86.  If the initial concentration of single stranded DNA is 0.001 M, what are the equilibrium 
concentrations of both single stranded DNA and hairpin? 

(b) At 37°C, the equilibrium constant for this reaction is 2.44.  Calculate ∆H°, ∆S° and ∆G° for 
the reaction at this temperature. 

 


