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Problem Set 13 
 
Problems 
 
1. If 6.00g of Urea (NH2)2CO is dissolved in 1.00L of solution, calculate the osmotic pressure 

of the solution at 27oC. 
 [Ans. 2.46 atm] 
 
 
2. Consider the reaction of Nitrogen with Hydrogen to form Ammonia: 
 
   N2(g)  +  3 H2(g)    2 NH3(g) 
 
 a) Calculate the Gibbs Energy of Mixing (D� �mix) 3 mole of Hydrogen (H2) with 1 mole of 

Nitrogen (N2) at 25oC. 
 b) At 25oC, calculate the Gibbs Energy of Mixing 1 – x mole of Nitrogen, 3(1 - x) mole of 

Hydrogen, and 2x mole of Ammonia as a function of x.  Plot the values from x=0 to 
x=1 at intervals of 0.1. 

 c) If DGo
f,NH3 = -16.5 kJ/mole at 25oC, calculate the Gibbs Free Energy Gpure of the 

mixture for values of x=0 to x=1 at intervals of 0.1.  Take GH2
o = 0 and GN2

o at 25oC. 
 d) Plot G versus x if the initial state is the mixture of 1 mole N2 and 3 mole H2 where: 
 
   G  =  D� �mix  +  Gpure 
 
 e) Estimate G for xe at P = 1 atm. 
 
 
3. For Ozone (O3) at 25oC, DGo

f,O3 = 163.2 kJ/mole. 
 
 a) At 25oC, compute the equilibrium constant Kp for the reaction: 
 
   3 O2(g)  2 O3(g) 
 
 b) Assuming that the advancement at equilibrium, xe, is very much less than unity, show 

that: 
 
   xe  =  

�

�
 � ��� 	  

 
  (Let the original number of moles of O2 be three, and of O3 be zero.) 
 
 c) Calculate Kx at 5 atm and Kc. 



 
 
4. Find the equilibrium composition which results when H2 and N2 are combined in the 

stoichiometric ratio (3:1) to form NH3 at 700K and 500 bar. 
 
   N2(g)  +  3 H2(g)    2 NH3(g) 
 
 The Standard Gibbs Energy of Formation of NH3 at 700K is 27.25 kJ/mol.   
 
 Estimate the activity coefficients using the Lewis and Randall approximation which says 

that activity coefficient of gas i in the mixture is approximately equal to the activity 
coefficient of the pure gas at T and P: 

 
   gi(T,Pi) ~ gi*(T,P) 
 
 The activity coefficient of the pure gases can be estimated using the Law of Corresponding 

States.  (Graphs are attached.)  Critical constants for each gas are as follows: 
 
   Gas  Tc [K]  Pc [bar]  
   H2  33.2  13.0 
   N2  126.2  34.0 
   NH3  405.6  113.0 
 
 
5. Consider the synthesis of Formaldehyde: 
 
   CO(g)  +  H2(g)  CH2O(g) 
 
 At 25oC, DGo = 24 kJ/mole and DHo = -7 kJ/mole.  Heat Capacity data is as follows: 
 
  CH2O: Cp/R = 2.263  +  7.02x10-3T  -  1.877x10-6T2 
 
  H2: Cp/R = 3.4958  -  0.1006x10-3T  +  2.419x10-7T2 
 
  CO: Cp/R = 3.1916  +  0.9241x10-3T  -  1.410x10-7T2 

 

 a) Calculate the value of KP at 1000K assuming DHo is independent of temperature. 
 
 b) Calculate the value of KP at 1000K taking into account the variation of DHo with 

tempeature. 
 
 
6. For the reaction: 
 
   Hg(l)  +  ½ O2(g)  HgO(s) 
 



 it is found: 
 
   DGo(T)  =  -91044  +  1.54T ln(T)  -  10.33x10-3T2  -  (0.42x105)/T  +  103.81T 
 
 reported in units of Joule/mole. 
 
 a) What is the vapor pressure of Oxygen over liquid Mercury and solid Mercuric Oxide at 

600K? 
 
 b) Express ln(KP), DHo, and DSo as functions of temperature. 
 
 
7. Equilibrium data for the pressure of CO2 above CaCO3 and CaO: 
 
   CaCO3(s)    CaO(s)  +  CO2(g) 
 
 is given at various temperatures: 
 
   T [K]  P [Torr]  
   974  23.0 
   1021  70 
   1073  183 
   1125  381 
   1167  716 
 
 From this data find K, DGo, DHo, and DSo for this reaction at 1000K. 
 [Note:  Standard Pressure for this data is Po = 1 atm] 
 
 
 
 
 
  



Fugacity Data 
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