
Chemistry 112-2014, Vining     NAME: Answer Key 

Exam #3       Take Home Version     

 

1. When the reversible reaction,  N2 + O2   2 NO, has reached a state of dynamic equilibrium, which 
statement below is true?  

    (a) Both the forward and reverse reactions stop completely and no more NO, N2 or O2 are produced. 

    (b) The rate of the forward reaction equals the rate of the reverse reaction. 

    (c) The rate constant of the forward reaction equals the rate constant of the reverse reaction. 

 
2. For the reaction 2 SO2Cl2(g)   2 SO2(g) + Cl2(g)  , the expression  for Keq  is 

 

(a) 

2 2

2 2

2

2 2

[SO ] [Cl ]

[SO Cl ]
eqK 

 (d)   

2

2 2

2 2

[SO ] [Cl ]

[SO Cl ]
eqK   

(b) 

2

2 2
eq 2

2 2

[SO ] [Cl ]
K =

[SO Cl ]  (e)  

2

2 2
eq 2

2 2

[SO Cl ]
K =

[SO ] [Cl ]
 

(c) 

2

2 2

2

2 2

2[SO ] [Cl ]

2[SO Cl ]
eqK   

 
3. The equilibrium 2 SO2Cl2(g)   2 SO2(g) + Cl2(g)  has an equilibrium constant of K = 22.6. What is the value 

of K for the equilibrium written as: SO2(g) + ½ Cl2(g)    SO2Cl2(g)? 

 

 (a) 22.6  (b) 0.0442 (c) 511  (d) 0.00196 (e) 0.210 
 
Reaction is reversed and multiplied by 1/2. Reversing the reaction leads to the inverse. Multiplying by a constant, 
raise K to the power of that constant. So, K2 = 1/K1

0.5 = 0.210. 
 
4. Consider the system, 2 CH2Cl2(g)     CH4(g)  +  CCl4(g), which has an equilibrium constant of        
      K = 2.4. If a system has: 
   [CH2Cl2] = 0.22 M 
   [CH4] = 1.64 M 
   [CCl4] = 0.58 M 
 
then, (a) the system is at equilibrium 
 (b) the system is not at equilibrium and will react to form more CH2Cl2 
 (c) the system is not at equilibrium and will react to form more CH4 and CCl4 
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   Because Q>K, not at equilibrium, shifts left 



 

 

5. The following system is at equilibrium   CH4(g)  +  CCl4(g)   2 CH2Cl2(g). 

If CCl4 is added to the sample, what will then happen to the concentrations of CH4 and of CH2Cl2? 

(a) both [CH4] and [CH2Cl2] will increase 

(b) both [CH4] and [CH2Cl2] will decrease 

(c) [CH4] will decrease and [CH2Cl2] will increase--- reaction shift right, using CH4, making CH2Cl2 

(d) [CH4] will increase and [CH2Cl2] will decrease 

(e) [CH4] will remain constant and [CH2Cl2] will increase 

 
Questions 6-7 use the following concentration-time plots. The black line represents reactants and the 
light gray line represents products. Answer with the correct letter. 

 
 
6. Which reaction goes to completion?  (b)--- reactant concentration drops to zero 
 
7. Which reaction has the smallest equilibrium constant? (a) --- smallest [products] 
 

8. What is the conjugate base of HC2O4
-
?  Remove an H+ 

 (a) H2C2O4   (b) H3C2O4
+ (c) 2 CO2  (d) C2O4

2- 

 
 
9. What is the pH of a 0.000483 M solution of NaOH?  
This is a strong base, so [OH-] = 0.000483 
pOH = -log(0.000483) = 3.31; pH = 14.00 – 3.31 = 10.68 
 
 (a) 4.83 x 10-4  (b) 2.07 x 10-11  (c) 3.31 (d) 10.68 (e) 7.00 



 

10. What are [H3O+] and [OH
-
 ] for a solution that has a pH of 9.0? 

(a)  [H3O+] = 9 M   and   [OH
-
 ] = 5 M 

(b)  [H3O+] = 5 M   and   [OH
-
 ] = 9 M 

(c) [H3O+] = 1 x 109 M  and   [OH
-
 ] = 1 x 105 M 

(d)  [H3O+] = 1 x 10-5 M  and   [OH
-
 ] = 1 x 10-9 M  

(e) [H3O+] = 1 x 10-9 M and   [OH
-
 ] = 1 x 10-5 M 

 

11. Which of the following are the pH ranges expected for solutions of NH4NO3 and KCN?  

 a) NH4NO3 is acidic and KCN is basic 

 b) NH4NO3 is acidic and KCN is neutral 

 c) NH4NO3 is basic and KCN is basic 

 d) NH4NO3 is neutral and KCN is acidic 

12. Which of the following acids has the largest Ka value?  (d) has the most electronegative O atoms 

  

13. Consult the table of Ka values provided. Is it possible for a solution of hydrofluoric acid to have a 

higher pH than a solution of formic acid? That’s all the information you are given- don’t ask for more. 

 (a) yes  (b) no  (c) it is impossible to answer     

Although HF is a stronger acid, pH depends on both Ka and the acid concentration. 

 

14. A chemical system has an equilibrium constant of 1.4 x 10-6. This means: 

(a) Go is positive and the system is reactant-favored 

 



Exam #3B: ANSWER SHEET      Name: _____________________ 

1.  a b c d e  8. a b c d e 

2.  a b c d e  9. a b c d e 

3.  a b c d e  10. a b c d e 

4.  a b c d e  11. a b c d e 

5.  a b c d e  12. a b c d e 

6.  a b c d e  13. a b c d e 

7.  a b c d e   14.  a b c d e 

 

15. Write the net-ionic equation for the acid-base reaction occurring between HClO and KOH. 
 

HClO is a weak acid:     HClO(aq) + HO-(aq)  H2O(l) + ClO-(aq) 
 
 
16. Consider the following set of reaction steps. Add the following labels to the species they represent. 

Point to the species and add the label. You label four things in total. If something is both Lewis and 

Bronsted, label it Bronsted. For example, find something that is acting as a Lewis Acid and draw and 

arrow to it labeled with “LA.” 

 
17. For each of the following, circle the one that will have the higher pH (or circle they are the same): 
 

 a. 0.1 M CH3CO2H or 0.1 M NaCH3CO2 or same 

 

 b. 0.1 M HCl  or 0.1 NaOH  or same 

 

 c. 0.1 M HCl  or 0.1 M HNO3  or  same 

  



18. A student ran the following reaction in the laboratory at 450 K:    PCl5(g)   PCl3(g) + Cl2(g)  

When she introduced 0.789 moles of PCl5(g) into a 1.00 liter container, she found the equilibrium 

concentration of Cl2(g) to be 0.0312 M. Calculate the equilibrium constant, Kc.        

  

PCl5(g)               PCl3(g)     +      Cl2(g)  

   I        0.789                        0                      0 
  C         -x                            +x                     +x 
  E       0.789-x                     x                       0.0312 
 
X = 0.0312 
[PCl5]eq = 0.789 – 0.0312 = 0.7578 M 
[PCl3]eq = [Cl2] = x = 0.0312 M 
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19. Butene isomerizes to form cyclobutane. 
  
  butene        cyclobutane  K = 6.0 
 
If a sample of 1.00 M butene is placed in a flask and allowed to react, what will [cyclobutane] be once 
equilibrium is established?     
 
  

butene        cyclobutane 
     I        1.00                        0 
    C         -x                           +x 
    E       1.00 – x                   x 
 
K = 6.0 = x/(1-x) 
6 – 6x = x 
6 = 7x 
X = 6/7 = 0.857 M = [cyclobutane] 
 
 
  



20 in-class version. What is the pH of a 0.30 M solution of CH3CO2H?     
 
CH3CO2H is a weak acid. 
 

           CH3CO2H + H2O    H3O+ + CH3CO2
- 

 I 0.30        0                0 
 C -x       +x              +x 
 E  0.30 – x                  x                 x 
 

Ka = 1.8 x 10-5 = x2/(0.30-x)  x2/0.30        x = (1.8 x 10-5  0.30)1/2  = 0.00232M = [H3O+
] 

 
The above estimation is allowed because 0.30 is more than 100x greater than Ka. 
  

pH = -log[H3O+] = 2.63 

 
 
 
 
20 take-home version. What is the pH of a 0.0030 M solution of HF?          
 

HF is a weak acid. 
 

                  HF + H2O      H3O+    +    F- 
 I 0.30        0                0 
 C -x       +x              +x 
 E  0.30 – x                  x                 x 
 
Ka = 7.4 x 10-4 = x2/(0.0030-x)   
 

The estimation that 0.0030 – x  x2/0.0030 is not allowed. X must be found using the quadratic.         
 

x =   = 0.001165 = [H3O+
] 

 

pH = -log[H3O+] = 2.93 

 
 
 
 

  



21. A 0.100 M solution of a weak acid, HA, has pH = 3.88 at 25 oC and pH = 3.10 at 55 oC. What are Ho 

and So for the weak acid ionization reaction? 

 

Pathway:  

1. for each temperature, pH  [H3O+]  K  Go 

2. compare Go at different temperatures to find So 

3. use Go and So at one temperature to find Ho 

 

25 oC = 298 K  [H3O+] = 10-3.88 = 1.32e-4 M 

Ka = (1.32e-4)2/(0.1000 – 1.32e-4) = 1.745e-7 

Go(298) = -RT ln K = -8.314 J/K mol x 298 K x ln(1.745e-7) = +38,554 J 

 

55 oC = 328 K  [H3O+] = 10-3.10 = 7.94e-4 M 

Ka = (7.94e-4)2/(0.1000 – 7.94e-4) = 6.360e-6 

Go(298) = -RT ln K = -8.314 J/K mol x 328 K x ln(6.360e-6) = +32,630 J 

 

     38554 J = Ho – 298 K So 

   -[33630 J = Ho – 328 K So] 

      5924 J    =      + 30 K So  

 

So = 5924/30 J/K = 197 J/K 

Ho = 38554 J + 298 K So = 38554 J + 298 K (197 J/K) = +97,400 J  = 97.4 kJ 

 

Alternate to steps 2 and 3: 
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  insert K and T values and solve for Ho = 97400 J 

use Go and Ho at one temperature to find So. 

 



Useful Information 

 

pH = -log[H3O+]  pOH = -log[OH-]  Kw = 1.0 x 10-14   at 25 oC  

[H3O+] = 10-pH  [OH-] = 10-pOH Go = -RT lnK       G  = Go + RT lnQ 

 

 


