AP Chemistry
Chapter 14
Acids and Bases

14.1 The Nature of Acids and Bases

Three Main Acid-Base Theories


(1)  Arrhenius


(2)  Bronsted-Lowry


(3)  Lewis

Characteristics of an Acid:


(1)  sour taste


(2)  change the color of indicators (litmus paper blue to red)


(3)  liberate hydrogen gas when added to metals above hydrogen in activity series


(4)  react with metal oxides and hydroxides


(5)  react with salts


(6)  solutions conduct electricity


(7)  neutralize bases

Characteristics of a Base:


(1)  bitter taste


(2)  slippery


(3)  change indicators (litmus paper red to blue)


(4)  neutralize acids


(5)  solutions conduct electricity

Arrhenius Acids and Bases


-acid - substance that produces H+ (or H3O+) ions


- base - a substance that produces OH- ions

Theory based on electrolytic solutions - those which will conduct electricity


-good explanation for electrolytic solutions


-theory limited to water solutions and only one kind of base - a hydroxide

Bronsted-Lowry Acid Base Theory

Bronsted Acid:


-has the ability to lose a proton (H+ ion)

-after proton lost remaining part of molecule (now an ion) called a conjugate base


-strong acids are very good at releasing hydrogen ions (nearly 100 %)


-strong acids form very weak conjugate bases



-strong acids ionize 100%, weak acids maybe only .5% ionization


-may determine the strength of the acid by looking at the strength of the conjugate base

-when acid loses hydrogen ion becomes the conjugate base
Bronsted Base


-has the ability to gain a proton

-when hydrogen ion gained, forms a conjugate acid


-a strong base very good at accepting hydrogen ions


-a strong base forms a weak conjugate acid


-when base gains a hydrogen ion called the conjugate acid
Advantages of Bronsted Lowry Theory over the Arrhenius Theory


(1)  acids and bases may be ions or molecular substances (a broader definition)


(2)  not restricted to water solutions


(3)  some species may act as either an acid or a base  (called amphoteric)

Sample Problems:

1.  The conjugate acid particle is formed when a hydrogen ion is added to a base.  Write the formula for the conjugate acid of:

(a)  S-2​​  
________

(b)  NO3-1
________

(c)  I-

_________

(d)  CH3-  
________

(e)  PH3
________

(f)  H2O
_________

2.  The conjugate base particle is formed when a hydrogen ion is removed from an acid.  Write the formula for the conjugate base of:

(a) HPO4-2
________

(b)  H2SO3
_________

(c)  HS-
_________

(d)  HNO3
________

(e)  PH3
_________

(f)  H2O
_________

3.  For each of the following ionization equations identify the acid and base (on the left side) and the conjugate acid and conjugate base (on the right side).  Use letters A, B, CA, and CB.]

(a)
H2C2O4(aq)
+
ClO-(aq)
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HC2O4-(aq)  
+ 
HClO(aq)
(b)
SO4-2​​(aq)
+
NH4+(aq)
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HSO4-(aq)
+
NH3(g)

(c)
CN-(aq)
+
H2O(l)
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HCN(aq)
+
OH-(aq)

4.  Write the dissociation reaction for each of the following acids in water, then identify the acid, base, conjugate acid, and conjugate base.

(a)  HCOOH(aq) + ___________
(
_________________  + _______________

(b)  HClO4(aq)   +  ___________       (
_________________ + _________________

Acid Base Equilibrium Values


-the equilibrium constant for acids and bases given the symbols Ka and Kb

-these values are obtained using the same equilibrium equation which was used in the previous



chapter.  Water is not included in the equilibrium reaction.  The value for the water



concentration is incorporated into the value for K.  (see pages A24 and A25)

Strong Acid


-an acid which ionizes almost 100%


-strong acids are hydrochloric acid, sulfuric acid (1 proton), and nitric acid

-equilibrium lies far to the right for the ionization equation


-produces a very very weak conjugate base


-has a very high Ka value (not usually shown in tables)


-concentration of hydronium (H3O+) equal to concentration of acid
Acid Types

-monoprotic acids (hydrochloric, nitric) - capable of producing only 1 hydronium ion

-diprotic acid (sulfuric acid) - capable of producing 2 hydronium ions


-triprotic acids - (phosphoric acid) - capable of producing 3 hydronium ions


-oxyacids - acids which contain oxygen


-organic acids - acids which contain carbon

Weak Acid


-most common example of acetic acid, HC2H3O2 (or CH3COOH), nitrous acid HNO2

-the ionization equilibrium lies far to the left


-value for Ka very small (see chart for weak acids A24 and A25)


-produces a strong conjugate base


-hydronium ion concentration << concentration of the acid


-the smaller the Ka the weaker the acid


-% ionization affected by concentration



the lower the concentration generally the greater the % ionization 

Strong Base


-a base where the equilibrium lies far to the right


-has a very high Kb

-examples are combinations of the alkali or alkali earth metals and a hydroxide


-hydroxide ion concentration = concentration of base if the base is soluble in water



strong bases include NaOH, KOH, Ca(OH)2, etc.  (be sure to check solubility)
Weak Base


-most common example is ammonia (or ammonium hydroxide)

-the ionization equilibrium lies far to the left


-produces a strong conjugate acid


-have a very small Kb value


-the hydroxide ion concentration << concentration of base


-the smaller the Kb the weaker the base

-% ionization affected by concentration



the lower the concentration of base generally the greater the % ionization

Water as an Acid or Base - an Amphoteric Substance


-substance which can act as either an acid or a base


-water most common example


-involves the self ionization of water:


2 H2O 
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 H3O+(aq) + OH-(aq)    

Ka  = Kw = 1.00 x 10-14​ = [H3O+][OH-]


-because of the Kw value the following conditions are true:



In any aqueous solution at 25o C, no matter what compound is dissolved, the product



of the hydronium and hydroxide ion concentrations must be equal to 1 x 10-14.


-is used when working with the pH of the solution (next section)


-in a neutral solution 
[H3O+] = [OH-]


-in an acid solution 
[H3O+] > [OH-]

-in a base solution 
[H3O+] < [OH-]

Sample Problems:

7.  Copy the Ka values from table 14.2 on page 659 for the following acids:


HOC6H5
__________________________


HSO4-​

__________________________


H2O

__________________________


NH4+

__________________________


HNO3

__________________________

Arrange the acids in order of their strength from the weakest to the strongest.

__________ < __________ < __________ < __________ < ___________

Write the conjugate bases for each of these species

__________
__________
___________
__________
____________

Arrange the conjugate bases from the weakest to the strongest

__________ < __________ < __________ < __________ < __________

8.  Calculate the [H+] if the [OH-] = 9.3 x 10-4 M.  Is the solution acid or basic?

9.  Calculate the [OH-] if [H+] = 6.7 x 10-11 M.  Is the solution acid or basic?

14.3  The pH Scale

Introduction:


-used to show the acid or base strength of a solution


-by definition pH = - log [H3O+]


-the number of decimal places = the number of significant figures



do not include the number before the decimal point
 

if the pH = 5.35, the number of significant digits is 2

-the pH changes 1 for every power of 10 change


-pH = 7
a neutral solution


-pH < 7
an acid solution


-pH > 7
a base solution


-pH stands for power of hydrogen ion



H stands for hydrogen, so capitalized


-could have pCl- to stand for the power of the chloride ion concentration


would be the exponent for the chloride ion concentration

pOH Scale


-similar to pH scale except in terms of the hydroxide ion [OH-]


-pOH 
      = 
- log [OH-]


pOH  =  7
a neutral solution


pOH  <  7
a base solution


pOH  >  7
an acid solution

For dilute solutions of weak acids and bases, pH + pOH = 14    
Sample Problems:

10.  Calculate the [Cl-] concentration if pCl = 7.32.

11.  Calculate the pAg if [Ag+] concentration is 0.034 M.

12.  Calculate the pNO3 if [NO3] = 15 M.

13.  Calculate the [NH4+] if pNH4 = 11.87.

14.4  Calculating the pH of Strong Acid Solutions


-for strong acid and base solutions the pH or pOH is equal to the concentration of the acid or



base.  This assumes 100% ionization, which is generally true for strong acids and bases,



especially if in low concentrations (0.001 M for example)

Sample Problems:

14.  Complete the chart below concerning pH, pOH, [H3O+], and [OH-].

Use pH + pOH = 14, pH = - log [H3O+], and 1.00 x 10-14​ = [H3O+][OH-].

  pH

   pOH


    [H3O+]

   
        [OH-]
(a)
6.52

________

________________

___________________

(b)
_______
    4.56


________________

___________________

(c)
_______
________

       3.25 x 10-4​​

___________________

(d)
_______
________

________________

      2.19 X 10-8
15.  A solution is prepared by adding 15.8 g of HCl to enough water to make a total volume of 400. mL.

What is the pH of the solution?

16.  Calculate the pH and pOH of a 5.00 x 10-3​​ M HClO4 solution.  Assume perchloric acid is a strong acid with 100% ionization.

14.5  Calculating the pH of a Weak Acid Solution

Example:  What is the pH of a 1.00 M solution of hydrofluoric acid, HF, Ka = 7.2 x 10-4​​.

Ionization Equation:

Use of Ka
% Ionization Check

Possible Shortcut in Problem Mathematics:

5 % Ionization Assumption

Steps in Solution:


1.  Write the ionization equation, showing the major ions and compounds in solution.


2.  Use the Ka of the reaction to calculate the pH or pOH


3.  Check to see if the estimated % ionization is less than 5%.  If the ionization is less



than 5 % the simplifying assumption can be used to solve the problem.  If the 



percent ionization is greater than 5%, you need to redo the problem and use the



quadratic formula.

Example Problems:

17.  The weak acid HCNO has a concentration of 0.0250 M.  The Ka for HCNO = 3.46 x 10-4​​.

(a) Write the ionization equation

(b)  Calculate the hydronium ion concentration (use 5% rule)

(c)  Determine the percent ionization.

(d)  Determine the pH of the solution.

18.  The weak acid nitrous, HNO2, with a concentration of 0.014 M, is 19.0% ionized.  

(a) Write the ionization equation for nitrous acid.

(b)  Calculate the Ka for nitrous acid at this concentration.

(c)  Determine the pH of the solution.

(d)  Determine the pOH of the solution.

13.6 Bases


remember strong bases include NaOH, KOH, Ca(OH)2, Ba(OH)2, and Sr(OH)2

these compounds have no Kb values on the chart


pOH of a strong base = concentration of base


pOH = - log [OH-]

Sample Problems:

19.  Calculate the pH of a solution made by dissolving 4.63 g of LiOH into water and diluting to a total volume of 400. mL.

20.  Methylamine, CH3NH2 is a weak base with a Kb = 4.40 x 10-4​.  The concentration of the base is 0.0250 M.

(a) Write the ionization equation

(b)  Calculate the pOH of the solution (use 5% rule)

(c)  Calculate the % ionization

(d)  Calculate the pH of the solution.

21.  Oxalic acid, H2C2O4, is a weak acid, Ka = 5.90 x 10-2​​.  If 12.50 g of oxalic acid is dissolved in 
750. mL of solution, determine:

(a)  the ionization equation

(b)  the molarity (M) of the solution

(c)  the percent ionization

(d)  the pH of the solution

22.  A 0.018 M solution of the weak acid HF is 5.80% ionized.  Determine:

(a) the pH of the solution

(b)  the Ka for the acid at this concentration

23.  For propionic acid, HC3H5O2, the pH = 3.400, and the concentration of the acid solution is 

0.0120 M.  Determine:

(a) the ionization equation

(b)  the percent ionization

(c)  the Ka for the acid at this concentration

14.7 Polyprotic Acids


-definition - acids with more than one hydrogen ion which may form during ionization

-examples are sulfuric and phosphoric acid


-have a sequence of Ka values, 
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-for the acids the Ka values get progressively smaller



often for a weak acid do not need to be concerned about the 2nd and 3rd ionizations



see sample problem on page 678


-for sulfuric acid the pH is not affected by 2nd and 3rd ionizations for solutions whose 


concentrations are 1 M or more


-for sulfuric acid, for solutions less than 1 M the second ionization is important and affects



the pH of the solution  - see problem 14.17 on page 685)

14.8  Acid-Base Properties of Salts


-definition - salt is another name for an ionic compound

-when salts dissolve in water may form solutions which are neutral, acidic, or basic

Neutral Salt Solutions


-combination of an anion of a strong acid and a cation of a strong base



anion is a negative ion, cation is a positive ion


-Example:
Strong Acid

Strong Base

Salt




HNO3


NaOH


NaNO3



HCl


KOH


KCl




HNO3


Sr(OH)2

Sr(NO3)2
Basic Salt Solutions


-combination whose cation has neutral properties and whose anion is a conjugate base



of a weak acid


-Example:
Cation


Anion


Salt




Na+


C2H3O2-

NaC2H3O2



Na+


F-


NaF




K+


NO2-


KNO2



K+


OCl-


KOCl

Acidic Salt Solutions


-combination in which the anion is not a base and the cation is the conjugate acid



of a weak base


-Example:
Cation


Anion


Salt




NH4+


Cl-


NH4Cl




NH4+


Br-


NH4Br




CH3NH3+

Cl-


CH3NH3Cl

Sample Problems:

24.  (a)  Write the ionization equation for sodium acetate dissolving in water.
(b)  Write the reaction of the acetate ion with a water molecule.

(c)  Would you expect the resulting solution to have a pH above or below 7.  Explain.

__________________________________________________________________________________

__________________________________________________________________________________

25.  (a)  Write the ionization equation for ammonium chloride dissolving in a water solution.

(b)  Write the reaction of ammonia ion with a water molecule.

(c)  Would you expect the pH of this solution to be above or below 7.  Explain.

__________________________________________________________________________________

__________________________________________________________________________________

A second type of salt which would produce an acidic solution is one which contains a highly charged metal ion such as Al+3 or Fe+3.

14.9  The Effect of Structure on Acid-Base Properties

Two factors significantly affect acid strength


1.  The strength of the H-X bond


2.  The polarity of the H-X bond

For bond polarity among the acids of the Halogen family:


H-F > H-Cl > H-Br > H-I
For bond strength among the acids of the Halogen family:


H-F > H-Cl > H-Br>H-I

HF, hydrofluoric acid, is a weak acid because of the high bond strength - very reluctant to ionize.

Oxyacids


-definition - an acid in which the hydrogen atom (a proton) is attached to an oxygen atom

-acid strength increases with the number of oxygen atoms in the polyatomic ion



HClO is not as strong an acid as HClO​4


H2SO3 is not as strong an acid as H2SO4

-if the acid has the form HOX, the strength of the acid increases as the electronegativity of



X increases


-see table 14.7 and 14.8 on page 690

14.10  Acid-Base Properties of Oxides


-metal oxides tend to form base solutions if the oxide is soluble in water

-non-metal oxides tend to form acidic solutions if the oxide is soluble in water
14.11
The Lewis Acid-Base Model


-a Lewis acid is an electron pair acceptor


-a Lewis base is an electron pair donor



or


-a Lewis acid contains an empty atomic orbital that it can use to accept an electron pair


-a Lewis base contains a lone pair of electrons which it can donate


-is a broader view of acids and bases as either Arrhenius or Bronsted-Lowry

Sample Problems

26.  Identify the Lewis acid and base in the following reaction:


Cu+2(aq) + 4 NH3(aq) 
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 Cu(NO3)4+2

27.  Rank the following compounds from the most acidic (1) to the most basic (6).

_____ H2O
_____ KNO2  
_____ HNO3
_____ HNO2        _____ NH4NO3
_____ NH4NO2
_1235466699

_1235468028

_1235475927

_1235477580

_1235466705

_1235466693

