SCH4U										                   December 2017

Answers: Acid-Base Review

Ka and Kb

1. Calculate the Ka and percent ionization for 0.50M HNO2 if the pH is 1.7. 

          HNO2(aq) +   H2O        H3O+(aq)  +       NO2-(aq)                 pH = 1.7
I           0.50                                0                     0                        [H+] = 10-1.7
C         -0.020                             + 0.020            + 0.020                       = 0.020M
E          0.48                                  0.020               0.020

Ka = (0.020)2  =  8.3 x 10-4
        0.48

% ionization = 0.020   x  100%  = 4.0%
                       0.50


2. Calculate the pH of 0.015M hydrazine, N2H4. Kb for hydrazine is 9.6 x 10-7. 


            N2H4(aq)   +  H2O        N2H5+(aq)  +     OH-(aq)             Kb = 9.6 x 10-7
I          0.015                                    0               0
C          -x                                        +x              +x
E         0.015 – x                                x               x

9.6 x 10-7 =  x2
                  0.015
X = 1.2 x 10-4 = [OH-]
pOH = 3.9
pH = 10.1











3. The percent ionization of 0.10M methanoic acid is 4.2%. Calculate Ka for methanoic acid.


         HCO2H(aq)   +   H2O          H3O+(aq)    +        HCO2-(aq)         4.2% of 0.10 = 0.0042
I         0.10                                          0               0
C         - 0.0042                              +0.0042      +0.0042
E        0.10 – 0.0042                         0.0042        0.0042

Ka = (0.0042)2
      (0.10 – 0.0042)
    = 1.8 x 10-4



4. Calculate [H+], [H2C6H5O7 -], [HC6H5O7 2-], [C6H5O7 3-] in a 0.10M solution of citric acid, H3C6H5O7. Ka1= 7.1 x 10-4, Ka2= 1.7 x 10-5, Ka3= 6.3 x 10-6

         H3C6H5O7(aq)    +   H2O    H3O+(aq)  + H2C6H5O7 –(aq)   Ka1= 7.1 x 10-4
   [E]         0.10 – x                                            x                             x

7.1 x 10-4  =  x2
                   0.10 – x
7.1 x 10-4 (0.10 – x) = x2
X2 + 7.1 x 10-4x – 7.1 x 10-5 = 0
X = -7.1 x 10-4  +  √(7.1 x 10-4)2 – 4(-7.1 x 10-5)
                         2
   = 0.00808
Therefore [H+] = [H2C6H5O7 -] = 0.0081M


           H2C6H5O7- (aq)    +   H2O    H3O+(aq)  + HC6H5O7 2–(aq)   Ka2= 1.7 x 10-5
[E]         0.0081 – x                                                0.0081 – x               x

1.7 x 10-5 = (0.0087)x
                    0.0087
X = 1.7 x 10-5
Therefore, [HC6H5O7 2-] = 1.7 x 10-5M
     
          HC6H5O72- (aq)    +   H2O    H3O+(aq)  + C6H5O7 3–(aq)   Ka1= 6.3 x 10-6
E      1.7 x 10-5 – x                                               0.0081+x                    x


6.3 x 10-6 = (0.0081)x
                   1.7 x 10-5
X = 1.3 x 10-8
Therefore [C6H5O7 3-] = 1.3 x 10-8 M      

Kw and Conjugate Acid-Base Pairs

5. What is the conjugate base of     
a) HOCl?			OCl-   Kb = Kw/Ka of HOCl = 1.0x10-14/3.5x10-8 = 2.9x10-7	
b) CH3CO2H?			CH3CO2-  Kb = Kw/Ka of CH3CO2H = 1.0x10-14/1.8x10-5 = 5.6x10-10
c) HNO2?                                  NO2-      Kb = Kw/Ka of HNO2 = 1.0x10-14/4.0x10-4 = 2.5x10-11       
d) HCO3- ?                                 CO32-   Kb = Kw/Ka of HCO3- = 1.0x10-14/5.6x10-11 = 1.7x10-4
e)  H2PO4-?                                HPO42- Kb = Kw/Ka of H2PO4- = 1.0x10-14/6.2x10-8 = 1.6x10-7   
Determine Kb for each.

6. What is the conjugate acid of: 
a) N2H4?        N2H5+     Ka = Kw/Kb of N2H4 = 1.0x10-14/3.0x10-6 = 3.3x10-9
b) HCO3-?       H2CO3     Ka = Ka1 = 4.3 x 10-7
c) PO43-?         H PO42  Ka = Ka3 = 4.8 x 10-13    
Determine Ka for each.

Hydrolysis of Salts

7. Will solutions of the following salts be acidic, basic or neutral?
a) NH4CH3COO		b) Na2SO4	c) KHCO3	d) NH4Cl	e) NaCN

a)     NH4+ (acidic?)   CH3COO- (basic?)
Ka for 	NH4+ = 10-14/Kb  for NH3 = 10-14/(1.8 x 10-5) = 5.6 x 10-10

Kb for 	CH3COO- = 10-14/Ka for CH3COOH = 10-14/(1.8 x 10-5) = 5.6 x 10-10
Ka = Kb Therefore the solution will be neutral

b) Na + (neutral) SO42- (basic?)
Kb for SO42- = 10-14/Ka for HSO4- = 10-14/1.0 x 10-2 = 10-12
Therefore basic

c) K+(neutral)  HCO3- (acidic? basic?)

Ka for HCO3-  = 5.6 x 10-11
[bookmark: _GoBack]Kb for HCO3- = 10-14/Ka for H2CO3 = 10-14/4.3 x 10-7 = 2.3 x 10-8
Kb > Ka therefore the solution will be basic

d) NH4+ (acidic)     Cl-(neutral)
Ka for 	NH4+ = 10-14/Kb  for NH3 = 10-14/(1.8 x 10-5) = 5.6 x 10-10
Therefore acidic

e) Na+ (neutral)  CN- (basic?)
Kb for CN- = 10-14/Ka for HCN = 10-14/6.2 x 10-10 = 1.6 x 10-5
Therefore basic




8. A 0.250M solution of sodium ascorbate, Na2C6H6O6, has a pH of 8.65. Calculate Kb for the ascorbate ion.

           C6H6O62-   +   H2O     HC6H6O6-   +     OH-                        pH = 8.65
I           0.250                               0                     0                            pOH = 5.35
C           -4.47 x 10-6               +4.47 x 10-6     +4.47 x 10-6        [OH-] = 10-5.35 = 4.47 x 10-6
E           0.250                               4.47 x 10-6      4.47 x 10-6

Kb = (4.47 x 10-6)2
        0.250
     =  7.98 x 10-11





9. Calculate the pH of 0.20M solution of NaCN          

 CN-(aq)   +   H2O     HCN(aq)      +    OH-(aq)                Kb = 1.6 x 10-5
[E]        0.20 – x                         x                 x

1.6 x 10-5 = x2
                 0.20
X = 1.8 x 10-3
[OH] = 1.8 x 10-3 M          pOH = 2.7       pH = 11.3


nHCl = (0.10mol/L)(0.030L) = 0.0030 mol
nNaOH =  (0.15mol/L)(0.030L) = 0.0045 mol
n NaOH remaining un-neutralized = 0.0045 – 0.0030 = 0.0015mol
[NaOH] = 0.0015mol/0.060L = 0.025M
pOH = 1.6
pH = 12.4












Buffers

10. What is the pH of a buffer that is made by mixing 0.20 mol of HNO2 with 0.30 mol of NaNO2 and adding water to a final volume of 1 L?

    HNO2(aq)  +  H2O(l)            H3O+(aq)  +    NO2-(aq)          Ka = 4.0 x 10-4
I           0.20                                0              0.30
C           -x                                   +x              +x
E          0.20 – x                            x                0.30 + x

4.0 x 10-4 =      0.30x
                     0.20
X = 0.00027
pH = -log(0.00027)  = 3.6


11. 6.0 g of sodium benzoate and 6.0 g of benzoic acid are added to water to make a 500 mL solution. Calculate the pH of the resulting solution. 

             HC7H5O2(aq)  +  H2O(l)     H3O+(aq)  +  C7H5O2-(aq)            Ka = 6.4 x 10-5
I     * 0.0980                          0          **0.0833
C        -x                             +x                 +x
E      0.0980 – x                       x         0.0833 + x

6.4 x 10-5 = 0.0833x/0.0980 
X = 7.53 x 10-5
pH = -log(7.53 x 10-5) = 4.1

**[sodium benzoate] = 6.0/144.1/0.50 = 0.0833 mol/L
*[benzoic acid] = 6.0/122.42/0.50 = 0.0980 mol/L



12. How many grams of KF must be dissolved in 250 mL of 0.50M HF so that the pH of the solution is 3.0?

    HF(aq)  +  H2O          H3O+(aq)        +    F-(aq)                        Ka = 7.2 x 10-4
I            0.50                                 0                   x
C            -10-3                                +10-3            +10-3         pH = 3.0 therefore [H+] = 10-3M
E          0.50 -10-3                          10-3              x + 10-3

7.2 x 10-4 = (10-3)(x + 10-3)
                   0.50 – 10-3
X = 0.359
[F-] = 0.359M = [KF]
m = (0.359mol/L)(0.250L)(58.1 g/mol) = 5.2 g

13. Create a buffer system that has a pH of 5.5.

