SCH4U												December 2017
Acids and Bases Practice Questions

1. The pH of a 0.46 mol/L acetic acid solution, CH3CO2H(aq), is 2.54. What is the percent ionization?

pH = 2.54 therefore [H3O+] = 10-pH = 10-2.54 =  2.88 x 10-3 M at equilibrium

CH3CO2H(aq) +    H2O          CH3CO2-(aq)  +    H3O+(aq)
[I]        0.46                     		 0                       0
[C]       - 2.88 x 10-3       	    + 2.88 x 10-3      +2.88 x 10-3
[E]       0.46 - 2.88 x 10-3           2.88 x 10-3          2.88 x 10-3

% ionization = 2.88 x 10-3/0.46  x 100%  =  0.626%
























2. The pH of 0.20M HOBr(aq)  is 4.7. What is Ka for HOBr?

HOBr(aq)  +  H2O(l)    H3O+(aq)  +  OBr-(aq)
       [I]   0.20                       0             0
       [C]   -x                         +x           +x
       [E]   0.20-x                    x            x  
  
      pH = 4.7   =>  [H3O+] = 10-4.7 = 2.0 x 10-5M  =  x 

      Ka  =  (2.0 x 10-5)2/(0.20-2.0 x 10-5) = 2.0 x 10-9


























3. Calculate Ka for nitrous acid, HNO2(aq) if a 0.200 M solution is 5.8% ionized.

5.8% of 0.200 = 0.058 x 0.200 = 0.0116

  HNO2(aq)  +  H2O     NO2-(aq)  +   H3O+(aq
[I]       0.200                      0               0
[C]      - 0.0116                +0.0116   + 0.0116
[E]      0.1884                    0.0116      0.0116

Ka = 0.01162/0.1884 =  7.14 x 10-4





























4. Calculate the pH of 0.10M lactic acid solution, HC3H5O3(aq). Ka = 1.4 x 10-4.

       HC3H5O3(aq)  +  H2O(l)       C3H5O3-(aq)  +  H3O+(aq)    Ka = 1.4 x 10-4
[I]    0.10                         0             0
[C]   -x                           +x             +x
[E]   0.10 –x                       x               x                       insignificant

1.4 x 10-4 = x2/0.10
x = 3.7 x 10-3  = [H3O+]
Therefore pH = -log (3.7 x 10-3) = 2.4


























5. Calculate the pH of 0.25M benzoic acid.

    HC7H5O2(aq)  +  H2O     H3O+(aq)  +  C7H5O2- (aq)   Ka = 6.4 x 10-5
  [I]    0.25				0			0
  [C]    -x  				+x               +x
  [E]   0.25-x                    x                x

6.4 x 10-5 = x2/0.25
x = 4.0 x 10-3 = [H3O+] 
pH = -log (4.0 x 10-3) = 2.4















6. Strychnine, C21H22N2O2(aq), is a weak base. Calculate the pH of a 0.020 M solution of strychnine. 
Kb = 1.0 x 10-6

            C21H22N2O2(aq)   +  H2O(l)         C21H22N2O2H+(aq)       +     OH-(aq)
[I]       0.020                                     0                           0
[C]       -x                                        +x                          +x
[E]     0.020 –x                                    x                           x                       insignificant

1.0 X  10-6 = x2/0.020
x = 1.4 x 10-4  =[OH-]
pOH = 3.85    therefore pH = 14-3.85 = 10.1



























7. Ethylamine, C2H5NH2, has a pH of 11.9 when its concentration is 0.10M. What is Kb for ethylamine?

  pH = 11.9 => pOH = 2.1 => [OH-] = 10-2.1 =   7.9 x 10-3  =  x
     
       C2H5NH2(aq)  +  H2O(l)     C2H5NH3+(aq)  +  OH-(aq)
  [I]    0.10                            0               0
  [C]   - 7.9 x 10-3                  +7.9 x 10-3      + 7.9 x 10-3  
  [E]    0.10 - 7.9 x 10-3           7.9 x 10-3       7.9 x 10-3  

Kb = (7.9 x 10-3)2/ (0.10 - 7.9 x 10-3) = 6.8 x 10-4






















8. A 1.0M solution of methylamine, CH3NH2, is 2.1% ionized. What is Kb for methylamine?
X = 2.1% of 1.0 M = .021
           CH3NH2(aq)  +  +  H2O(l)      CH3NH3+(aq)    +   OH-(aq)
       [I]         1.0                               0                     0
       [C]   -0.021                            +0.021            0.021       
       [E]     0.979					0.021               0.021
         Ka = 0.0212/0.979 = 4.5 x 10-4















9. Calculate the percent ionization of 1.0 M morphine, C17H19NO3, that has a pH of 10.9. 
           C17H19NO3(aq)  +  H2O(l)      C17H19NO3H+(aq)    +   OH-(aq)
       [I]   1.0						0				0
       [C]  - 7.9 x 10-4			+ 7.9 x 10-4 	     +7.9 x 10-4
       [E] 1.0 - 7.9 x 10-4            7.9 x 10-4          7.9 x 10-4

pH = 10.9 => pOH = 3.1 => [OH-] = 10-3.1 = 7.9 x 10-4 = x
% ionization =  7.9 x 10-4/1.0  x 100% = 7.9 x 10-2%














Polyprotic acids
10. Calculate the concentration of arsenic acid, hydrogen arsenate, arsenate and H3O+ in a 1.0 M arsenic acid solution.
              H3AsO4(aq)  + H3O+          H3O+(aq)      +        H2AsO4 –(aq)            Ka1= 5.0 x 10-3
   E    1.0 – x                           x                 x
5.0 x 10-3  =  x 2/1.0 – x
5.0 x 10-3 (1 – x) = x2
X2 + 5.0 x 10-3x – 5.0 x 10-3 = 0
X = -5.0 x 10-3  +  √(5.0 x 10-3)2 – 4(-5.0 x 10-3)
                         2
   = 0.068
Therefore [H3O +] = [H2AsO4 -] = 0.068M

           H2AsO4 –(aq)   + H2O(l)        H3O+(aq)        +      HAsO4 2-(aq)                      Ka2= 8 x 10-8
E         0.068 – x                             0.068 + x                  x

8 x 10-8 = (0.068)x/0.068
  X = 8 x 10-8
Therefore, [HAsO4 2-] = 8 x 10-8M
     
          HAsO4 2-(aq)     + H2O(l)        H3O+(aq)       +     AsO4 3-(aq)                        Ka3= 6 x 10-10
E      8 x 10-8 – x                           0.068                    x
[bookmark: _GoBack]6 x 10-10 = (0.068)x/8 x 10-8
X = 7 x 10-16
Therefore [AsO4 3-] = 7 x 10-16 M       



         Using Kw
11. Complete the following chart:
	Acid/Conjugate acid
	Base/conjugate base

	HNO2
	NO2-


	NH4+

	NH3

	H2O
	OH-


	H2SO4
	HSO4-


	H2O

	OH-

	H3O+

	H2O






12. Calculate the following:
a) Kb for F-
Kb = Kw/Ka HF = 1.0 x 10-14/ 7.2 x 10-4 = 1.4 x 10 -11
b) Kb for CN-
Kb = Kw/Ka HCN = 1.0 x 10-14/ 6.2 x 10-10 = 1.6 x 10 -5

c) Kb for Cl-
Kb = Kw/Ka HCl = 1.0 x 10-14/ very large value < 1.0 x 10 -14

Which is the stronger base: F-, CN- or Cl-? 
CN- because it has the largest Kb value
13. Calculate Ka for the conjugate acid of NH3

Ka for NH4+ = Kw/Kb NH3 = 1.0 x 10-14/ 1.8 x 10-5 = 5.6 x 10 -10

Hydrolysis
14. Determine whether each of the following salt solutions will be acidic, basic or neutral.
a) Sodium lactate, NaC3H5O3

Kb = 1.0 x 10-14/1.38 x 10-4 = 7.25 x 10-11   Kb> 1 x 10-14 therefore basic
b) KF
Kb = 1.0 x 10-14/7.2 x 10-4 = 1.4 x 10-11  Kb> 1 x 10-14 therefore basic
c) NaNO3
Kb = 1.0 x 10-14/very large   < 10-14 therefore neutral

d) NH4Br
Ka for NH4+ = 1.0 x 10-14/1.8 x 10-5 = 5.6 x 10-10
Kb = 1.0 x 10-14/very large   < 10-14
Ka>Kb therefore acidic
e) Ammonium propanoate, NH4C3H5O2
Ka for NH4+ = 1.0 x 10-14/1.8 x 10-5 = 5.6 x 10-10
Kb for C3H5O2 = 1.0 x 10-14/1.3 x 10-5 = 7.7 x 10-10
Kb>Ka therefore basic  






15. Calculate the pH of a 0.10 M solution of potassium fluoride.
KF
K+ can’t act as an acid
Kb for F- = 1.0 x 10-14/7.2 x 10-4 = 1.4 x 10-11   Kb> 1 x 10-14 therefore basic
 	       F-(aq)       +      H2O(l)          HF(aq)  +       OH-(aq)
[I]   0.10			            0		      0
      		[C]  - x			         + x	               +x
      		[E] 0.10 - x           		             x                     x
1.4 X  10-11 = x2/0.10
x = 1.2 x 10-6  = [OH-]
pOH = 5.9    therefore pH = 14-5.9 = 8.1

16. Calculate the pH of a solution made by dissolving 8.20 g of NaCH3CO2 in water to a final volume of 500.0 mL.
nNaCH3O2- = 8.20 g/82.034 = 0.10 mol

[CH3CO2-] =  0.10 mol/0.500L = 0.20M

      CH3CO2-  +  H2O      CH3CO2H    +   OH-
[I]  0.20                                    0                 0
[C]    -x                                      +x               +x
[E]  0.20 – x                               x                 x			*insignificant

Kb =  1.0 x 10-14/ 1.8 x 10-5 = 5.6 x 10-10
5.6 x 10-10 = x2/0.20
X2 = 1.12 x 10-10
X = 1.1 x 10-5
[OH] = 1.1 x 10-5 M
pOH = 5.0
pH = 9.0


17. How many grams of potassium nitrite, KNO2, must be dissolved in 1.0 L of water to make a solution with a pH of 8.8?

Kb = 1.0 x 10-14/1.4 x 10-4 = 2.5 x 10-11
pH = 8.8 therefore pOH = 5.2    [OH-] = 6.3 x 10-6 M



   NO2-  +       H2O         HNO2        +            OH-
[I]       x                                 0                          0
[C]    -6.3 x 10-6                        +6.3 x 10-6          +6.3 x 10-6
[E]  x – 6.3 x 10-6                      6.3 x 10-6              6.3 x 10-6			

*insignificant

2.5 x 10-11 =  (6.3 x 10-6)2/(x- 6.3 x 10-6)
x = 1.6
Therefore [KNO2] = 1.6 mol/L
mKNO3 = 1.6 mol/L x 1.0L x 85.11 g/mol
          = 136 g

Amphoteric Substances
18. Determine Kb for the following:
a) The conjugate base of carbonic acid, H2CO3
Kb for HCO3- = 10-14/Ka H2CO3 = 10-14/4.3 x 10-7 = 2.3 x 10-8
b) The conjugate base of hydrogen sulfite, HSO3-
Kb for SO3 2- = 10-14/Ka HSO3 - = 10-14/1.0 x 10-7 = 1.0 x 10-7
19. Determine Ka for the following:
a) The conjugate acid of hydrogen sulfite, HSO3-
Ka for H2SO3 = Ka1 = 1.5 x 10-2

b) The conjugate acid of sulfite, SO32-
Ka for HSO3- = Ka2 = 1.0 x 10-7 

20. Determine whether the following salt solutions will be acidic, basic or neutral.
a) Sodium hydrogen sulfite, NaHSO3
Na+ can’t act as an acid
Kb for HSO3- = 10-14/ 1.5 x 10-2 = 6.7 x 10-13
Ka = Ka2 =  1.0 x 10-7
Ka > Kb therefore the solution will be acidic

b) Sodium hydrogen citrate, NaHC6H5O7
Again, Na+ can’t act as an acid
KbHC6H5O7 = 10-14/KaH2C6H5O7 = 10-14/Ka2 = 10-14/1.8 x 10-5 = 5.6 x 10-10
Ka = Ka3 =4.0 x 10-6
Ka>Kb therefore the solution will be acidic 

