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Some Review Problems for Exam 1 – Chem 1B 
(Note: this set of problems is not comprehensive!) 

 
1. For the reaction:   2  A (g)   +  B (g)  ⇔  A2B (g) , Kc = 1.5 × 10-7  
 Determine the equilibrium concentrations of all species after equilibrating 1.0 moles of A 

and 1.0 moles of A2B in a 2.0-L flask. 
2. For the reaction:   P2CO2H6 (s)   ⇔  2  PH3 (g)  +  CO2 (g) 
 When solid P2CO2H6 is placed into an empty flask, the total pressure at equilibrium is 

0.51 atmospheres. Determine Kp for this reaction. 
3. For the reaction:   2 NO2 (g)  ⇔  N2 (g)    +  2 O2 (g)  
 The system is at equilibrium when 0.80 moles of NO2, 0.20 moles of N2, and 0.60 moles 

of O2  are contained in a 0.50 L flask. How many moles of N2 must be removed from the 
flask to decrease the equilibrium quantity of NO2 to 0.70 moles? 

4. Given: 
 SnO2 (s)  +  2 H2 (g)  ⇔ Sn (s)  +  2 H2O (g)      Kc = 8.12 
 H2 (g)   +  CO2 (g)  ⇔  H2O (g)   +  CO  (g)   Kc = 0.771 
 Determine Kc for the reaction: 
 SnO2 (s)  +  2 CO  (g)  ⇔  Sn (s)  +  2 CO2 (g)    
5. Given the following mechanism: 
 A +  A  ⇔ B  +  C   (fast) 
 C   +   D     →   E  +  F   (slow) 
 Determine the rate law. 
6. Determine the rate law from the following mechanism. 
 I-  +  S2O8

2-   →  IS2O8
3-     (slow) 

 IS2O8
3-   →  2  SO4

2-  +  I+   (fast) 
 I+  +   I-   →  I2

             (fast) 
 I2  +  I-    →  I3

-              (fast) 
7. The following reaction is exothermic: 
 2  SO2 (g)   +  O2 (g)   ⇔  2  SO3 (g)   Kc = 1.98   at 1030°C 
 For questions a-c, assume the system starts at equilibrium. 
 a. What will happen to the concentration of SO3 if you increase the temperature? Briefly 

explain why. 
 b. What will happen to the concentration of SO3 if you decrease the total volume of the 

container? Briefly explain why. 
 c. What will happen to the concentration of SO3 if you remove SO2? Briefly explain why. 
 d. Determine the value of Kp for this reaction at 1030.°. 
 e. Which way will the reaction go (forward or reverse) to reach equilibrium if you start 

by mixing 1.0 M SO2  and 1.0 M O2 at 1030°C? How can you tell? 
 f. Which way will the reaction go (forward or reverse) to reach equilibrium if you start by 

mixing 1.0 M SO3  and 1.0 M O2 at 1030°C? How can you tell? 
 g. Which way will the reaction go (forward or reverse) to reach equilibrium if you start 

by mixing 1.0 M SO2 , 1.0 M O2, and 1.0 M SO3 at 1030°C? How can you tell? 
 h. Which way will the reaction go (forward or reverse) to reach equilibrium if you start 

by mixing 1.0 M SO2 , 1.0 M O2, and 2.0 M SO3 at 1030°C? How can you tell? 
8. Will a solution of Na2HPO4 be acidic, basic, or neutral? 
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 H3PO4  Ka = 7.5 × 10-3
  

 H2PO4
- Ka = 6.2 × 10-8

  

 HPO4
2- Ka = 3.6 × 10-13

 

9. Calculate the pH and percent ionization of 0.20 M acetic acid (HC2H3O2,  
 Ka = 1.8 × 10-5). 
10.  Calculate the pH and percent ionization of 0.0020 M acetic acid. 
11. Calculate the pH of 0.50 M KC2H3O2. 
12. A 0.095 M solution of caproic acid has a pH of 2.94. Calculate the Ka of caproic acid. 
13.  A 0.10 M solution of hydroxylamine, HONH2, has a pH of 9.47. Calculate the Kb  of 

hydroxylamine. 
14. The pH of a 0.15 M solution of NaA is 9.44. What is the pH of a 0.15 M solution of HA? 
15. Calculate the pH of 1.00 M H3PO4 and the equilibrium concentrations of H3PO4, H2PO4

-, 
HPO4

2-, and PO4
3-. 

16. Why is a concentration vs. time graph for a reaction usually a curve? 
17. What is the significance of the half-life for a first-order reaction? 
18. Describe all of the possible kinetics graphs one could make, and what each one can tell 

you. 
19. If you double the concentration of a reactant, and the rate of the reaction goes up by a 

factor of 4, what does that tell you? 
20. a. For a first order reaction, if it takes 3.41 hours for the reactant concentration to 

decrease from 0.50 M to 0.12 M, what is the rate constant of the reaction? 
 b. For a second order reaction, if it takes 3.41 hours for the reactant concentration to 

decrease from 0.50 M to 0.12 M, what is the rate constant of the reaction? 
21. The reaction 2 NO  +  2  H2  → N2  +  2  H2O was studied at 904°C, and the data in the 

table were collected. 
Experiment # Initial [NO] (M) Initial [H2] (M) Rate of appearance 

of N2 (M/sec) 
1 0.420 0.122 0.136 
2 0.210 0.122 0.0339 
3 0.210 0.244 0.0678 
4 0.105 0.488 0.0339 

 a. Determine the rate law for the reaction. 
 b. Calculate the value of the rate constant at 904°C. 
 c. Will the value of k at 25°C be larger or smaller than the value at 904°C? Explain. 
 d. Calculate the rate of appearance of N2 at the instant when [NO] = 0.350 M and [H2] = 

0.205 M. 
22. a. For a first-order reaction with a rate constant of 0.50 min-1, calculate how long it will 

take for the reactant concentration to decrease from 4.0 M to 1.0 M. 
 b. For a second-order reaction with a rate constant of 0.50 M-1 min-1, calculate how long 

it will take for the reactant concentration to decrease from 4.0 M to 1.0 M. 
 c. For a first-order reaction with a rate constant of 0.50 min-1, calculate how long it will 

take for the reactant concentration to decrease from 1.0 M to 0.25 M. 
 d. For a second-order reaction with a rate constant of 0.50 M-1 min-1, calculate how long 

it will take for the reactant concentration to decrease from 1.0 M to 0.25 M. 
 e. Look over the results of calculations a-d, and come up with some conclusions based on 

these results. 
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 f. What is the half-life for the first order reaction described above? How can you tell 
without calculating it in the normal way? 

23. A reaction has the rate law:   rate = k[A]2. If it takes 1.27 hours for the concentration of A 
to drop from 0.60 M to 0.20 M, determine the value of the rate constant.  

24. For the reaction: N2O5 (g)  →  2  NO2 (g)  +  1/2 O2 (g) , 
 the rate constant = 3.46 × 10-5 sec-1 at 25°C, and the rate constant = 1.50 × 10-3 sec-1 at 

55°C. From this information, calculate the activation energy of the reaction. 
25. When heated to a high temperature, cyclobutane (C4H8) decomposes to ethylene: 
 C4H8 (g)  →  2  C2H4 (g)  
 The activation energy for this reaction = 260 kJ/mol. At 800. K, the rate constant k = 

0.0315 sec-1. Determine the value of k at 850. K. 
26. Is the value of Kc for the following equilibrium greater than 1 or less than 1? Explain. 
 HBrO3  +   BrO-        HBrO  +  BrO3

- 
 Answer this without looking up any Ka or Kb  values. 
27. 2 NO2 (g)      N2O4 (g)    Kc = 171 at 25°C 
 If you start with 1.00 mole NO2  and 1.00 mole N2O4 in a 4.00 L container, calculate the 

equilibrium concentrations of NO2 and N2O4.  
28. CO (g)   + 2 H2 (g)    CH3OH (g)    
 A 1.500 L vessel was filled with 0.1500 mol CO and 0.3000 mol H2. When this mixture 

came to equilibrium at 500 K, the vessel contained 0.1187 mol CO. Determine Kc and Kp 
for this reaction at 500 K. 

29.   2 A (g)  +  B (g)    2 C (g)      Kc =  3.7 × 108
 

 a. Determine all equilibrium concentrations if you start with 0.500 M A and 0.500 M B. 
 b. Determine all equilibrium concentrations if you start with 0.500 M C. 
30. Given the equilibrium: 
             A (g)  +    3 B (g)      C (g)   +   2 D (g)  +  E (s)            Kp = 3.5 × 109 

If you combine substances so the initial partial pressures are 0.100 atm A, 0.400 atm B, 
and 0.500 atm C, determine the partial pressures of all gases at equilibrium. 
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Some answers: 
 
1. [A] =  1.50 M, [B]  0.50 M,  
 [A2B] = 1.7×10-7 M 
2. 2.0 × 10-2 
3. 0.14 mol 
4. 13.7 

5. 

€ 

Rate =
k1k2
k−1

[A]2[D]
[B]

 

6. Rate = k[I-][S2O8
2-] 

7. a. decrease 
 b. increase 
 c. decrease 
 d. 0.0185 
 e. right 
 f. left 
 g. right 
 h. left 
8. basic 
9. pH = 2.72, 0.95 % ionized 
10. pH = 3.74, 9.1 % ionized 
11. 9.22 
12. 1.4×10-5 
13. 8.7×10-9 
14. 3.26 
15. pH = 1.08, [H3PO4] = 0.92 M, 
[H2PO4

-] = 0.083 M, [HPO4
2-] = 6.2×10-8

 M, 
[PO4

3-] = 2.7×10-19 M 

19. 2nd order 
20. a. k = 0.419 hr-1 
 b. k = 1.9 M-1hr-1 
21. a. Rate = k[NO]2[H2]  

b. k=6.32 M-2sec-1  
c. smaller, d. Rate = 0.159 M/sec 

22. a. 2.8 min, b. 1.5 min, c. 2.8 min,  
d. 6.0 min, f. 1.4 min 

23. k = 2.6 M-1hr-1 
24. 102 kJ/mol 
25.  k = 0.3 sec-1 
26. greater than 1 
27. [NO2] = 0.045 M 
 [N2O4] = 0.352 M 
28. Kc = 10.5 
 Kp = 6.25×10-3

 

29 a. [A] = 5.2×10-5
 M 

 [B] = 0.250 M 
 [C] = 0.500 M 
29 b. [A] = 1.1×10-3 M,  

[B] = 5.5×10-4M, 
[C] = 0.499 M 

30 PA = 6.9×10-9 atm 
 PB = 0.100 atm 
 PC = 0.600 atm 
 PD = 0.200 atm 


