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Problem Set 23: Kinetics and Thermodynamics Due Nov 20, 2008 
 
1. Consider the following elementary step: 

   

(a) Write expressions for  d[A]/dt  and for  d[B]/dt. 

(b) In general, -d[A]/dt = d[B]/dt.  At equilibrium, both -d[A]/dt  and  d[B]/dt  are equal to each 
other and equal to zero.  Use this information to determine the ratio of k1 to k-1 at equilibrium. 

(c) Using the equation developed in part b, write the equilibrium association constant for the 
reaction in terms of the rate constants. 

 

2. Repeat question 1 for the following elementary step: 

   
 
3. (a) For a reaction with the following two elementary steps, write an expression for  d[A]/dt  in 

terms of [A], [C], and the rate constants. 

 

 
(1)

  
(2)

  
 
 
(b) Write the equilibrium constant for the overall reaction in terms of the rate constants. 

 
4. The mechanism for a set of reactions is 

   (both steps are elementary steps) 

   
 
 (a) Write a differential equation for the disappearance of A with respect to time. 

(b) Write a differential equation for 
d[B]

dt
 . 

(c) Write a differential equation for the appearance of D with respect to time. 
(d) If [A] 0 is the concentration of A at zero time, write an equation which gives [A] at any later 
time. 
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5. The stoichiometric equation for a reaction is  A + B → C + D. 
 
 

The initial rate of formation of C is measured with the following results: 
 

initial concentration of A 
(M) 

initial concentration of B 
(M) 

initial rate 
(M/s) 

data # 

1.0 1.0 1.0 x 10-3 (1) 
2.0 1.0 4.0 x 10-3 (2) 
1.0 2.0 1.0 x 10-3 (3) 

 
 (a) What is the order of the reaction with respect to A? 

(b) What is the order of the reaction with respect to B? 
(c) Use your conclusion in parts (a) and (b) to write a differential equation for the appearance of 
C. 
(d) What is the rate constant k for the reaction?  Do not omit the units of k. 
(e) Give a possible mechanism for the reaction and discuss in words, or give equations, to show 
  how the mechanism is consistent with the experiment. 

 
6. Problem 9.27 (p. 358) 

Many reactions double their rates with every 10¡C rise in temperature.  Assume that such a reaction 
takes place at 305 K and 315 K.  What must its activation energy be for this statement to hold? 


