Chapter 20: Acids, Bases & Salts

20.1: Describing Acids & Bases

    A. Properties of Acids & Bases

1.Acids

a) Have a sour taste

b) Changes colors of substances called indicators

c) React with metals:  Zn  + 2 HCl  (  ZnCl2  +  H2
d) Reacts with carbonates: 2HCl + Na2CO3  (  2NaCl + H2O + CO2 

e) Have at least one hydrogen atom attached to a negative ion.

f) Arrhenius Acid-produces H+ ions in solution:  HCl  (  H+  +  Cl-
g) Bronsted/Lowry Acid-Acid is a proton donor:

HCl  +  H2O  (  H3O+  +  Cl-     (H3O+ is the hydronium ion) 

2. Bases

a) Have a bitter taste

b) Changes colors of indicators

c) Feels slippery

d) Arrhenius Base Release hydroxide ions when dissolved:  

NaOH (  Na+  + OH-
e) Bronsted/Lowry Base: Base is a proton acceptor:  

NH3  +  H2O  (  NH4+  +  OH-
20.2 Hydrogen Ions and Acidity

A. Hydrogen Ions from Water

1. Water self-ionizes

H2O  +  H2O  ((  H3O+  +  OH-  or  H2O  ((  H+  +  OH-
2. When water self-ionizes [H3O+] = [OH-] = 1.0 x 10-7
3. Kw = [H3O+][OH-]  =  (1.0 x 10-7)(1.0 x 10-7)  =  1.0 x 10-14
4. Acid solutions-substance is added to water to increase [H3O+] so [H3O+] >1.0 x 10-7 

5. Basic solutions-substance is added to water to increase [OH-] so [OH-] >1.0 x 10-7
Look at Sample Problem 20-2 pg 582

Do practice problems 6,7 pg 582

B. The pH Concept

1. pH is a measurement of the acidity of solutions.  pH=-log [H3O+]

2. If pH>7 the solution is basic.  If pH<7 the solution is acidic.  If pH=7 the solution is neutral.

3. pOH is a measurement of the basicity of solutions.  pOH=-log [OH-]

4. pH + pOH = 14.  Also [H3O+][OH-] = 1.0 x 10-14
pg 586: Sample problem 20-3, Practice problems 8,9

pg 586-587: Sample problem 20-4, Practice problems 10,11

pg 587-588: Sample problem 20-5, Practice problem 12,13

pg 588-589: Sample problem 20-6, Practice problem 14,15

20.3 Acid-Base Theories

20.4 Strengths of Acids and Bases

A. Strong Acids

1. Strong acids dissociate completely in water: HCl, HBr, HI, HNO3, H2SO4, HClO4  

2. HCl  +  H2O  (  H3O+  +  Cl-  .  This reaction does not reach equilibrium and all of the HCl dissociates.

3. What is the pH of a solution if 0.10 mol of HCl is dissolved in 250 mL water?

Since HCl is a strong acid, it will all dissociate.  The initial [HCl] is 0.10 mol/0.25 L = 0.040 M.

Since 1 HCl forms 1 H3O+, the [H3O+] = 0.040 M

Since [H3O+] = 0.040 M, pH = -log 0.040 = 1.4

B. Weak Acids

1. Weak acids do not dissociate completely in water.  See Appendix D for partial list of weak acids. 

2. Acetic acid dissociates according to: 

CH3COOH(aq)  +  H2O(l) ((  H3O+(aq)  +  CH3COO-(aq)

and will reach equilibrium!  

3. We can write a special equilibrium expression for weak acids:

HA(aq)  + H2O(l)  ((   H3O+(aq)  +  A-(aq)

Keq =   [H3O+] [A-]


   
    [HA] [H2O]

In weak acids,  [H2O] is large and remains constant so

Keq  [H2O] = a constant we call Ka so

Ka =  [H3O+] [A-]


   
     [HA]

C. Calculations for weak acids

1. What is the [H3O+] in a 0.20 M solution of acetic acid? 

a) CH3COOH(aq)  +  H2O(l) ((  H3O+(aq)  +  CH3COO-(aq)

Ka = [H3O+] [CH3COO-]     Ka = 1.8 x 10-5

   [CH3COOH]

[H3O+]      [CH3COO-]     [CH3COOH]

[initial]
   0

     0   

0.20

final

   x  

     x

      0.20 – x

1.8 x 10-5 =   (x) (x)


  
  0.20 – x

This can be solved using the quadratic formula OR

since so little acetic acid dissociates, 0.20-x = 0.20


1.8 x 10-5 =  x2    
x = 1.9 x 10-3 M




 0.20

b) What is the % ionization?

% ionization =  

 [H3O+]        x 100 




initial [CH3COOH]

= 1.9 x 10-3  x 100  =  1.0%

0.20

c) What is the pH?

pH = -log [H3O+]   = -log 1.9 x 10-3  =  2.7

2. What is the [H3O+] in a 0.20 M solution of hydrocyanic acid?  What is the % dissociation?  What is the pH?

3. What is the [H3O+] in a 0.50 M solution of HF?  What is the % dissociation?  What is the pH?

4. A 0.085 M solution of phenylacetic acid (HC8H7O2) is found to have a pH of 2.68.  Calculate the Ka value for this acid.  

HC8H7O2(aq)  +  H2O(l) ((  H3O+(aq)  + C8H7O2-(aq)

Ka = [H3O+] [C8H7O2-]

   [HC8H7O2]

[H3O+] = antilog (-2.68) = 2.09 x 10-3
[C8H7O2-] = [H3O+] (one-to-one ratio from equation)

[HC8H7O2] = .085 – 2.09 x 10-3 = 8.3 x 10-3
Ka = (2.09 x 10-3)(2.09 x 10-3)   =   5.3 x 10-4


 8.3 x 10-3
5. A 0.10 M solution of lactic acid (HC3H5O3) has a pH of 2.44.  Calculate the Ka.







