
due  Wed. April  13 

Chemistry 342 
Problem Set 9 

 
1. In the figures on the following page, first write an equation that mathematically 
describes the set of points that constitute each straight or curved line that is labeled 
with a circled letter. Then, define unambiguously every symbol you have used in 
the equation you wrote. Examples are shown below to clarify what is required in your 
answers. Do not use approximate equations, unless they apply to the system in the 
figure. 

 
 
Answers: 
A  :  dp/dT  = (1/T)(Hvapor –Hliquid)/(Vvapor –Vliquid)  
  = (1/T)∆Hvaporization /(Vvapor –Vliquid) 
where p is the equilibrium vapor pressure of the liquid substance at temperature T, and 
Hvapor and Hliquid  are the molar enthalpies of the substance in the vapor and the liquid 
phases, respectively, at temperature T; and Vvapor and Vliquid  are the molar volumes of 
the vapor and liquid forms of the substance, respectively, at temperature T . 
 
B :  p  = xchloroform p*chloroform 
where, at temperature T = 308.35 K,  p*chloroform is the equilibrium vapor pressure of 
pure liquid chloroform;  p would have been the partial pressure of chloroform in the 
vapor in equilibrium with the liquid solution of chloroform and acetone, in which 
xchloroform is the mole fraction of chloroform in the liquid solution at temperature T = 
308.35 K, if the liquid solution had been an ideal solution.  













6 and 7. Nitrogen dioxide is an orange gas known to achieve equilibrium with its 
colorless dimer in a reaction as follows:  

2NO2(g) → N2O4(g) 
You may use data in Appendix A of your textbook for this problem. You may 
assume that Dalton’s law of partial pressures holds for this mixture. 
Both gases are non-ideal. First (Part I, call it Prob. 6) let us assume that each is an 
ideal gas, do the problem, then (Part II, call it Prob. 7) do the problem again with 
the following equation of state 

pV = RT + B1(T)p + B2(T) p2/RT  
where B1(T) = b – a/RT and B2(T) = b2.  
For NO2(g) a = 5.354 L2 bar mol-2, b = 0.04424 L mol-1, for N2O4(g) a = 6.550 L2 
bar mol-2, b = 0.05636 L mol-1. The heat capacities are 

Cp = 6.37 + 1.01×10-2T – 3.405×10-6T 2     cal mol-1 K-1 for NO2(g) 
Cp = 10.719 + 2.86×10-2T – 8.726×10-6T 2     cal mol-1 K-1 for N2O4(g) 

 
 
The questions are as follows: 
(a) Determine ΔHº  for the reaction at 298.15 K and 1 bar of pressure. Determine 
Δμº  for the reaction at 298.15 K 
(b) Calculate f/p where f is fugacity for NO2(g) at 298.15 K for p = 1 to 400 bar.   
 Do the same for N2O4(g). Plot the results vs. p. 
(c) Obtain the values Kp and Kc for the reaction at 298.15 K. 
(d) Obtain ΔHº  for the reaction as a function of T from 298.15 K to 1000 K. 
(e) Obtain expressions for Kp and Kc for the reaction as a function of T. Make a 
plot of Kp and Kc versus (1/T ) from 298.15 K to 1000 K.  
(f) One mole of  NO2(g) is initially placed in a sealed rigid container having a 
volume equal to 2.0 L. Obtain an expression for the equilibrium concentration of 
N2O4(g) as a function of temperature. Make a semi-log plot of this concentration 
vs. T from 298.15 K to 1000 K. 
(g) For the situation described in (f), obtain the mole fraction of N2O4(g) present at 
equilibrium as a function of total pressure over the range p = 1 to 400 bar. Make a 
plot of this mole fraction vs. p for p = 1 to 400 bar. 
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