




Equilibrium Problems



Chemistry 112

1. Given the partial pressure of N2 is 0.78 atm and the KH at 25 °C and in water is 6.7 x 10-4 what is the concentration of N2 in water?

2. At 25 °C Kc = 7.0 x 1025 for the reaction: 2SO2(g) + O2(g) 
[image: image1.wmf]®
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 2SO3(g). What is the value of KC for the reaction: 2SO3(g) 
[image: image2.wmf]®

¬

 2SO2(g) + O2(g) ?

3. Consider the following reactions and their Kc values at 25 °C

PCl3(g) + Cl2(g)   
[image: image3.wmf]®

¬

 PCl5(g)

K1
2NO(g) + Cl2(g)   
[image: image4.wmf]®

¬

 2NOCl(g)

K2

What is the equilibrium constant for the reaction:  PCl5(g) + 2NO(g) 
[image: image5.wmf]®
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 2NOCl(g) + PCl3(g) in terms of K1 and K2?

4. Given the following pair of reactions and their equilibrium constants:

  2NO(g) + Cl2(g)   
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 2NOCl(g)     

KC = 3.20 x 10-3



  2NO2(g) 
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 2NO(g) + O2(g)        
 
KC = 15.5 




Calculate a value for Kc for the reaction: NOCl(g) + ½ O2(g) 
[image: image8.wmf]®

¬

 NO2(g) + ½ Cl2(g)

5. Given the following pair of reactions and their equilibrium constants:

PCl3(g)  +  ½ O2(g) 
[image: image9.wmf]®
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 POCl3(g)

K1
NO(g)   +  ½ O2(g) 
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¬

 NO2(g)

K2



What is equilibrium constant for the reaction?




PCl3(g) + NO2(g) 
[image: image11.wmf]®

¬

 POCl3(g)  + NO(g)
6. The equilibrium constant for the reaction: H2(g) + I2(g) 
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 2HI(g) is 54.9 at 699 K What is the equilibrium constant for the reaction 4HI(g) 
[image: image13.wmf]®
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 2H2(g) + 2I2(g) under the same conditions?

7. Given the reaction, 2NO(g) + O2(g) 
[image: image14.wmf]®
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 2NO2(g)   where  (Hf( = -118.9 KJ/mol.  Which one of the following will cause an increase in the equilibrium concentration of NO in a closed reaction chamber?

A. adding some more O2(g) through an injection nozzle

B. increasing the temperature of the system

C. removing the NO2(g) from the system 

D. increasing the pressure of the system while the temperature is kept constant

E. adding a catalyst

8. The reaction, 2SO3(g) 
[image: image15.wmf]®
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 2SO2(g) + O2(g) is endothermic. Predict what will happen if the temperature is increased.

9. Consider the following system, which is at equilibrium: CO(g) + 3H2(g) 
[image: image16.wmf]®
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 CH4(g) + H2O(g).  What would be the result of removing CH4(g) and H2O(g)?

10. Consider the following system at equilibrium: 3C(s) + 3H2(g) 
[image: image17.wmf]®
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 CH4(g) + C2H2(g). What would be the result of adding CH4(g) and C2H2(g)? 

11. The system, H2(g) + X2(g) 
[image: image18.wmf]®
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 2HX(g) has an equilibrium constant (KC) = 24.4. If a system contained 0.150 moles of H2(g) and 0.150 moles of X2(g) and 0.600 moles of HX in a 3.00 L container. Which way would the reaction proceed?

In which reaction will an increase in total pressure at constant temperature favor formation of the products?

(A)
CaCO3(s) 
[image: image19.wmf]®
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 CaO(s) + CO2(g)


(B)
H2(g) + Cl2(g) 
[image: image20.wmf]®

¬

 2HCl(g)


(C)
2NO(g) + O2(g) 
[image: image21.wmf]®

¬

 2NO2(g)

(D)
COCl2(g) 
[image: image22.wmf]®

¬

 CO(g) + Cl2(g)
12.  For the reaction system: 2SO2(g) + O2(g) 
[image: image23.wmf]®
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 2SO3(g) the equilibrium concentrations are: [SO3] = 0.120 M; [SO2] = 0.860 M; [O2] = 0.330 M. Calculate the value of KC for this reaction.

Consider the reaction:  NO(g) + CO(g) 
[image: image24.wmf]®
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 ½N2(g) + CO2(g)       (H = –374 kJ/mol

The conditions of temperature and pressure that favor the formation of CO2 are:

(A)
high T and high P.
(C)
low T and high P.


(B)
high T and low P.
(D)
low T and low P.  

15.  A 1.20-L flask contains an equilibrium mixture of 0.0168 mol of N2, 0.2064 mol of H2, and 0.0143 mol of NH3.  

               Calculate the equilibrium constant, Kc for the reaction:  N2(g) + 3H2(g) 
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¬

 2NH3(g)

16. At a certain temperature, 0.500 mol of PCl5 was placed into a 0.250 L vessel and permitted to react as shown: PCl5(g)  
[image: image26.wmf]®
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 PCl3(g) + Cl2(g) At equilibrium, the container held 0.100 mol of PCl5. What is the value of Kc?

17. A mixture of 2.0 mol of CO(g) and 2.0 mol of H2O(g) was allowed to come to equilibrium in a 1.0 L flask at a high temperature. If Kc = 4.0, what is the molar concentration of H2(g) in the equilibrium mixture: CO(g) + H2O(g) 
[image: image27.wmf]®
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 CO2(g) + H2(g)?

18. A study of the system: 4NH3(g) + 7 O2(g) 
[image: image28.wmf]®
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  2N2O4(g) + 6H2O(g) was carried out. The system was prepared with [NH3] = [O2] = 3.60M as the only components initially. At equilibrium [N2O4] = 0.60 M. Calculate the value of the equilibrium constant, KC, for the reaction.

19. Consider the reaction: I2(g) + Br2(g) 
[image: image29.wmf]®
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 2IBr(g) with an equilibrium constant (KC) = 250. The system was prepared by placing 0.0500 moles of I2 and Br2 in a 1.00 liter container. What is the equilibrium concentration of IBr?

20. Under a set of equilibrium conditions [HI] = 0.10 M and [H2] = [I2]. Calculate the concentration

of I2.   Given: 2HI(g) 
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 H2(g) + I2(g)     Kc = 0.016

21. At 25 °C, The KC = 0.145 for the following reaction in CCl4: 2BrCl(g) 
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 Br2(g) + Cl2(g)  The initial concentration of BrCl in solution is 0.05 M. What will be the equilibrium concentrations of Br2 and Cl2 be?

22. At a certain temperature the reaction: CO(g) + H2O(g) 
[image: image32.wmf]®
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 CO2(g) + H2(g) has a KC =0.400.  Exactly 1.00 mol of each gas was placed in a 100 L vessel and the mixture underwent reaction. What was the equilibrium concentration of each gas?

23. At 200 °C, KC = 1.4 x 10-10 for the reaction: N2O(g) + 2 NO2(g) 
[image: image33.wmf]®
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 3NO(g).  If 0.200 mol N2O and 0.400 mol NO2 are placed in a 4.00 L container, what would the concentration of NO be at equilibrium? (Note very small KC)

24. At 460 °C, the reaction SO2(g) + NO2(g) 
[image: image34.wmf]®
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 NO(g) +SO3(g) has a KC = 85.0. Suppose 0.1 mol of SO2, 0.0600 mol NO2, 0.0800 mol NO and 0.120 mol SO3 are placed in a 10.0 L container at this temperature. What will the concentration of all gases be when the system reaches equilibrium?

25. The reaction H2(g) + Br2(g) 
[image: image35.wmf]®
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 2HBr(g) has a KC= 7.9 x 1018 at 25 °C. If 0.100 mol of H2 and 0.2 mol of Br2 are placed in a 10.0 L container, what will all the equilibrium concentrations be? (Note Large KC)

Equal volumes of 1 M BaCl2 and 1 M Na2SO4 are mixed. What effect will the addition of more Na2SO4 solution have on the concentration of Ba2+ remaining in solution?

(A)
no effect


(B)
increase the concentration of Ba2+ ions


(C)
decrease the concentration of Ba2+ ions


(D)
Ba2+ will remain the same concentration, but be ionized less.

(E) There are no Ba2+ ions in solution, so the Na2SO4 has nothing with which to react.

26. The addition of solid Na2SO4 to an aqueous solution in equilibrium with solid BaSO4 will cause

(A)
no change in [Ba2+] in solution.


(B)
more BaSO4 to dissolve.


(C)
precipitation of more BaSO4.


(D)
an increase in the Ksp of BaSO4.

27. The solubility of BaCO3 is 7.9 SYMBOL 180 \f "Symbol" 10–3 g·L–1. Calculate the solubility product constant, Ksp.

28. Typical “hard” water contains about 2.0 SYMBOL 180 \f "Symbol" 10–3 mol of Ca2+ per liter. Calculate the maximum concentration of fluoride ion which could be present in hard water. Solubility Product Constant, Ksp for CaF2= 4.0 SYMBOL 180 \f "Symbol" 10–11
29. What is the concentration of Ag+ in a 0.010 M KCl solution saturated with AgCl where Ksp for    

        AgCl = 1.8SYMBOL 180 \f "Symbol"10–10?

 Equilibrium Homework Answer Key

1. 5.2 x 10-4 M
2. 1.43 x 10-26 
3. K2/K1
4. 4.49

5. K1/K2
6.  0.000332

7.  B

8.  The reaction will proceed in the forward direction

9.  The reaction will proceed in the forward direction

10.   The reaction will proceed in the reverse direction

11.   The reaction would proceed to the right Q < KC
12.   C

13.  0.0590

14.   C

15.   1.99

16.   6.4 

17.   1.3 M
18.   0.0216

19.   0.0888 M
20.   1.3 x 10-2
21.   [Br2] = [Cl2] = 00.011 M
22.   [H2]= [CO2]= 7.7x 10-3 M; [CO]=[H2O]= 0.0123 M
23.   4.12 x 10-5 M
24.   [SO2] = 0.0046 M; [NO2] = 0.00046 M; [NO] = 0.0134 M; [SO3] = 0.0175 M
25.   [H2] = 5.1 x10-21 M; [HBr] = 0.0200 M; [Br2]=0.0100 M
26.   C

27.   C

28.  1.6 x 10-9
29.   1.4 x10-4
30.   1.8 x 10-8
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