CHAPTER 15 - Practice Exercise


A. Kweyete
   PRIVATE 

Acids and Bases

Problem #1.   Do the following calculation:  

(a) A solution has a hydroxide-ion concentration of 1.5x10(5 M. 
What is the concentration of  hydronium ions [H3O+] in this solution?
 [H3O+]  =  Kw/ [OH(] =  1 x 10-14 /  1.5x10(5    =  6.7x10(10 M

What is the pH of this solution? –log(6.7x10(10   )  =  9.17
 Is this solution acidic, basic, or neutral?  Basic 
            (b)  A pH of solution is 5.60. Calculate the hydrogen-ion concentration.

                   [H+] = 10-pH = 10-5.6 =  2.5x10(6
            (c)  Calculate [H+] for a solution with a pOH of 4.75.

                  pH  =  14  - pOH = 9.25 ; [H+] = 10-pH = 10-9.25  = 5.6 x10(10
(d) Calculate pH of a solution when [H+] = [OH(];   pH = 7
(e) [H+] =100[OH(] 
Kw =  100[OH(]2 .

[OH(]2 =  Kw/ 100

[OH(] = 1 x 10-8 ; [H+]  = 1 x 10-6 ; pH = 6
(f) and [H+] = [OH(]2 .

Kw =  [OH(]3 .;   [OH(]  =  2.15 x 10-5
                                [H+] = 4.65 x 10-10 ;  pH = 9.33
Problem #2.   (a)  Write the conjugate acids for each of the following species;   H2O, OH(, CO3(2, NH3, H2PO4(
                              H3O+ , H2O ,  HCO3( ,  NH4+ ,  H3PO4
           (b)  Write the conjugate bases for  each of the following species;  H2, OH(, H2SO4, NH3, NH4+
                              H- , O-2 , HSO4- , NH2-   , NH3
Problem #3.   Calculate the pH and pOH for the following solutions.

            
            (a) 0.10 M HNO3    pH = 1  ;  pOH = 13  
                          (b) 0.020 M KOH    pOH = 1.7  ;  pH  = 12.3           
                         (c) 0.01 M H2SO4        pH = 2  ;  pOH = 12  
                         (d) 0.02 M Ca(OH)2    pOH  =  1.4  ;   pH = 12.6
Problem #4.   Write acid-dissociation constant (ka) or base-dissociation constant(kb) for the following 

            reactions.    

                         (a)  HF (aq)    (   H+(aq)  + F((aq)


            Ka  =    [H+][F-]    

                      [HF]

                       (b)  NH4OH (aq)   (  NH4+(aq)  + OH((aq)
 Kb  =    [NH4+][ OH(]    
                      [NH4OH]

                       (c)  H2S (aq)   (   H+(aq) + HS((aq)                        
           Ka  =    [H+][ HS( ]    

                      [H2S]

                     (d)  HC2H3O2 (aq) + H2O (l)   (  H3O+(aq) +  C2H3O2((aq)

            Ka  =    [H3O+][ C2H3O2(]    

                      [HC2H3O2]

                         (e)  H2NOH (aq) + H2O (l)    (   H3NOH+(aq) + OH((aq)
            Kb  =    [H3NOH+][ OH(]    

                      [H2NOH]
                         (f )  F((aq)   +  H2O (l)   (   HF(aq) + OH((aq) 

                         Kb  =    [HF][ OH(]    

                      [F(]
(g)  C2H3O2((aq) +   H2O (l)     (  HC2H3O2 (aq) + OH( (aq)
           Kb  =    [HC2H3O2][ OH(]    

                      [C2H3O2(]
Problem #5.   Compare the pH of the followings:

(a) 0.10 M HNO3 and 0.10 M HNO2 ( ka = 4.5x10(5)
pH(0.10 M HNO3 ) = 1

pH(0.10 M HNO2 ) = -log(√(Ka[HNO2 ]) )  = 2.67

(b)   0.02 M KOH and 0.10 M NH4OH ( kb = 1.8x10(5)

                            pH(0.02 M KOH )     = 14 – 1.7 = 12.3
                            pH(0.10 M NH4OH ) =  14 - -log(√(Kb[NH4OH] )) = 11.12
Problem #6.   Calculate the percentage ionization of :

                        (a) 0.015 M HC2H3O2   ( ka = 1.8x10(5) 
                              %   =  {(√(Ka[HC2H3O2 ]) / 0.015} x 100 = 3.46 % 
                        (b) 0.20 M NH4OH       ( kb = 1.8x10(5)   

                              %   =  {(√(Ka[NH4OH ]) / 0.20} x 100 =  0.95 %
Problem #7.   Calculate the pH of the following solutions:

(a) 0.20 M HClO , ka = 3.2x10(8 for HClO
    [H+]  = √(Ka)( [HClO] ) = √(3.2x10(8 )(0.20) =  8 x 10(5 M  .
                             pH = -log(8 x 10(5  ) =  4.097
                        (b) 0.055 M NaCN , ka = 4.9x10(10 for HCN;  Kb is needed => 2.04 x 10(5
                             [OH(] =  √(Kb)( [CN-] ) = √(2.04 x10(5 )(0.055) =  1.06 x 10(3 M
                             pOH = -log(1.06 x 10(3 ) = 2.98 ;  pH = 14 – 2.98 = 11.02
                       (c) 0.35 M NH4Cl , kb = 1.8x10(5 for NH3    Ka is needed =>   5.56 x10(10             
                        [H+]  = √(Ka)( [NH4Cl] ) = √(5.56 x10(10 )(0.35) =  1.39 x 10(5 M  
                         pH = -log(1.39 x 10(5  ) =  4.86
                      (d) 0.50 M NH4OH , kb = 1.8x10(5 for NH4OH

                          [OH(] =  √(Kb)( [NH4OH] ) = √(1.8 x10(5 x 0.50) =  3.0 x 10(3 M
                           pOH = -log(3.0 x 10(3 ) = 2.52 ;  pH = 14 – 2.52 = 11.48
Problem #8.   Calculate pH of a 0.25 M sodium formate (NaCHO2) solution, given that the value of ka for 

            formic acid (HCHO2) is 1.8x10(4. Kb is needed => 5.56 x10(11
[OH(] =  √(Kb)( [NaCHO2 ] ) = √(5.56 x10(11 x 0.25) =  3.73 x 10(6 M
              pOH = -log(3.73 x 10(6 ) = 5.43 ;  pH = 14 – 5.43 = 8.57
Problem #9.   What is the pH of a solution of a 0.25 M weak acid that is 2.2% ionized?    HX (aq)  (  H+(aq) + X((aq)

                                       [H+] = (0.022)(0.25) =   5.5 x 10(3 M
                          pH = -log(5.5 x 10(3  )  =  2.26
Problem #10.  Calculate the pH of a 0.800 M NH4CN solution. (Ka for HCN = 6.2x10(10 , Kb for NH3 = 1.8x10(5)

                          CN- reaction with water dominates NH4+ reaction with water. Solution will be basic.
                           Kb for CN-  is 1.61 x 10(5
               [OH(] =  √(Kb)( [NH4CN ] ) = √(1.61 x10(5 x 0.80) =  3.59 x 10(3 M
                             pOH = -log(3.59 x 10(3 ) = 2.44 ;  pH = 14 – 2.44 =  11.56
Problem #11.  Ascorbic acid, H2C6H6O6, is a polyprotic acid containing two ionizable hydrogens, ka1 is  8.0x10(5 and 

                         ka2 is1.6x10(12. Calculate the pH and conc. [C6H6O6(2] of a 2.0x10(3 M solution of ascorbic acid.

[H+]  for 1st  dissociation  = √(Ka1 x [H2C6H6O6] ) = √(8.0 x10(5 x  2.0x10(3 ) =  4. x 10(4 M
For 2nd dissociation Ka2 =  [C6H6O6(2 ][ H+]  = (x)( 4.0x10(4 + x)  = x = [C6H6O6(2]  
                      [HC6H6O6(]         (4.0x10(4 – x)
pH = -log(4.0 x 10(4  )  =  3.399
Problem #12.  Consider the following acids;

                          C6H5COOH ( benzoic acid)             Ka  = 6.14x10(5
                          H3BO3    ( boric acid)                       Ka  = 5.83x10(10 

                          H2PO4(   ( dihydrogen phosphate)   Ka = 6.30x10(8
                          HNO3     ( nitric acid)                       >>> 1

                        (a)Write the dissociation reaction for each in water.
                         C6H5COOH (aq) + H2O (l)   (  H3O+(aq) +  C6H5COO((aq)
                          H3BO3 (aq) + H2O (l)   (  H3O+(aq) +  H2BO3((aq)
                          H2PO4 -(aq) + H2O (l)   (  H3O+(aq) +  HPO4 -2(aq)
                          HNO3 (aq) + H2O (l)   (  H3O+(aq) +  NO3((aq)
                       (b)Identify the conjugate acid-base pair in each case  {Underlined in (a) }
                        (c) Write equilibrium expression for each of the reaction 

                        Ka  =    [H3O+][ C6H5COO(]    

                      [C6H5COOH]
          Ka  =    [H3O+][ H2BO3(]    

                      [H3BO3]
           Ka  =    [H3O+][ HPO4 -2]    

                      [H2PO4 -]
           Ka  =    [H3O+][ NO3(]    

                      [HNO3]
(d) Put the acids in order from strongest to weakest. 

    HNO3 > C6H5COOH > H2PO4( >  H3BO3
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