Chemistry II-AP

Acid-Base Equilibria

Problem Set #1
 1.     A student has a solution of hydrochloric acid that is known to be 3.5 x 10-3 molar.

What is the pH, the pOH, and the [OH-] of this solution?

         [H+]  = 3.5 x 10-3 M (  pH  =  2.46;    pOH  = 14 – pH  = 11.54

         [OH-1]  = KW  / 3.5 x 10-3 M = 2.9 x 10-12 M   or      [OH-1]  =  10-11.54 =  2.9 x 10-12 M        
2.
What is the [OH-] and the pH of a solution if 12.00 milligrams of barium hydroxide is dissolved in enough water to make 225 ml of solution?        Ba(OH)2
                           [(0.01200 g) / 171.3 g/mol ]
         [OH-1]  =  ------------------------------------ x 2  = 6.23 x 10-4 M  
                                           0.225 L

                         (  pOH = 3.21  (  pH =10.79
3.
If a 0.224 M solution of a weak acid is known to dissociate only 3.35%, what is the pH of this solution?   What is the Ka of this solution?   What is the pKa of this solution?

         [H+]  = (0.224 M)(0.0335)  = 0.00750 M (  pH  =  2.125


KA  = [0.00750][0.00750] / [0.224 – 0.00750] = 2.60 x 10-4;    pKA  = 3.585    
4.
A 2.0 M solution of aqueous ammonia (ammonium hydroxide) has a pKb of 4.74.


What is the Kb for this weak base?  What is the pOH of the solution?  The pH?

         Kb = 10-4.74 = 1.8 x 10-5   = x2 / 2.0  (  [OH-1]  =  0.0060 M  

           ( pOH = 2.22  (  pH  =  11.78
5.
From the information above, what is the conjugate acid to the ammonia molecule?  

What is the Ka for this ion?


The ammonium ion, NH4+, is the conjugate acid.

            KA  =  Kw / Kb  =  1.0 x 10-14  / 1.8 x 10-5  = 5.6 x 10-10 
6.
If a 0.50 M solution of a weak, monoprotic acid has a pH of 4.23, what is the Ka of this acid?


What would be the hydroxide-ion concentration in this solution?

          if pH = 4.23, then     [H+]  = 5.9 x 10-5 M   KA  = (5.9 x 10-5)2 / 0.50 =   7.0 x 10-9 M
[OH1-] = Kw / [H3O+] = 1.0 x 10-14 / 5.9 x 10-5 = 1.7 x 10-10 M
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7.
If the bisulfate ion acts as an acid, what is its conjugate base?    sulfate ion, SO4 -2
8.
The bicarbonate ion can act as an acid or a base, meaning that it is amphoteric.


If the bicarbonate ion acts as an acid, what is its conjugate base?  carbonate ion, CO3 -2

If the bicarbonate ion acts as an base, what is its conjugate acid?   carbonic acid H2CO3
9.
For the following reaction, identify the acid, the base, the conjugate acid, and the conjugate base:



H2S     +      Na2HPO4   ((      HS-   +  Na+  +     H2PO4-    

          acid                 base              conj. base            conj. acid
10.
Which of the following species would be classified as a Lewis acid?


A) HCl(aq);        B) HF(aq);

C) NH3(aq);         D) H3O+;         E) Fe+3
11.
Which of the following species would be classified as a Bronsted-Lowry base, but not an Arrhenius base?
A) NaOH(aq);        B) Al(OH)3(aq);

C) NH3(aq);         D) H3O+;         E) OH-
12.  What is the pH of a solution prepared by adding 0.550 moles of sodium benzoate to 500.0 ml of a 0.660 M solution of benzoic acid?       KA = 6.3 x 10-5 for benzoic acid 
       pH  =  4.20   + log [0.550 moles / 0.330 moles]  =  4.42
13.  If  10.0 grams of solid NaOH is added to the buffer solution in #12, what is the resulting pH?

      10.0 g / 40.0 g/mol = 0.250 moles OH-1
       pH  =   4.20  + log [(0.550 moles + 0.250 moles) / (0.330 moles – 0.250 moles)]  = 

       pH  =   4.20  + log [(0.800) / (0.0800)]  =  5.20
14.  If 1500.0 ml of distilled H2O is added to the original buffer solution in #12, what is the resulting pH?

still 4.42 since the additional water doesn’t change the mole ratio of CB to Acid
15.  If  30.0 grams of solid NaOH is added to the buffer solution in #12, what is the resulting pH?

        30.0 g / 40.0 g/mol = 0.750 moles OH-1    You are exceeding buffering capacity!!!
   [OH-1] excess = 0.750 moles – 0.330 moles  =  0.420 moles / 0.500 L  = 0.840 M
    pOH  = 0.0757  (  pH  = 13.92
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16.  What is the pH of a 0.020 M solution of sodium bicarbonate?

            KB  =  KW / KA  =  1.0 x 10-14  / 4.3 x 10-7  = 2.3 x 10-8   = x2 / 0.020 M
         x = [OH-1]  =  2.16 x 10-5 M   (   pOH =  4.67    pH = 9.33
17.  What is the pH of a 0.50 M solution of potassium carbonate?

         KB  =  KW / KA  =  1.0 x 10-14  / 4.7 x 10-11  = 2.1 x 10-4   = x2 / 0.50 M
         x = [OH-1]  =  1.03 x 10-2 M   (   pOH =  1.99    pH = 12.01
18.  What is the pH of a saturated solution of hydrosulfuric acid?  A saturated solution at 25oC is 
       0.10 M in concentration.

                                                 x2
            KA1 = 1.0 x 10-7  =  ----------   (   x = [H+]  = 1.0 x 10-4 M (  pH  =  4.00   
                                             0.10 M
19.  What is the [S-2] for the solution in #18?       [S-2]  = 2nd KA  = 1.3 x 10-13 M
20.  What is the pH of a 0.020 M solution of lithium monohydrogen phosphate?

        HPO4-2 is the conj. base of the H2PO4-1 anion    KA = 6.2 x 10-8
         KB  =  KW / KA  =  1.0 x 10-14  / 6.2 x 10-8  = 1.6 x 10-7   = x2 / 0.020 M
         x = [OH-1]  =  5.7 x 10-5 M   (   pOH =  4.25    pH = 9.75
21.  What is the molarity of a solution of sulfuric acid if 45.30 ml of this acid solution require 
        32.90 ml of a 0.440 M solution of KOH to neutralize it?

       NA   =  (0.440 N)(32.90 mL) / (45.30 mL) = 0.3196 eq / L  = 0.1598 M
22.  What is the value for Kneutralization for the reaction between 0.10 N HF and 0.10 N KOH?

        Kneutralization  = 1 / KH = KA / KW  = 7.2 x 10-4 / 1.0 x 10-14  = 7.2 x 1010
23.  What is the net ionic equation for the reaction above?   HF +  OH-1 (( H2O  +  F-1
