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For a general reaction: 
𝑎𝐴 + 𝑏𝐵 ⇌ 𝑐𝐶 + 𝑑𝐷 

 
is: ionequilibrium constant expressThe  

𝑲𝒆𝒒 =
[𝑪]𝒄[𝑫]𝒅

[𝑨]𝒂[𝑩]𝒃
 

 

 
 
 
 
 

 
 
 
 
 
 

 
 

 

 

 

 
 
 

1  
Calculate the equilibrium concentration given the value of the equilibrium 

constant and equilibrium concentration of reactants and products. 
Textbook + Example 
problem 4 + Practice 

Problems 
 

96 
97 

2 
Calculate the value of Keq, Kc, or Kp when the concentration or pressure of 
reactants and products are given at a constant temperature. 
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➢ Barium sulfate (BaSO₄) is barely soluble in water. 

➢ Although barium ions are toxic to humans, patients must 
ingest barium sulfate prior to having an X-ray of the digestive 
tract taken. 

 
 
 
 
 
 

BaSO₄ is slightly soluble; at equilibrium, the rates of dissolution and precipitation are equal, and its 

dissolved concentration is very low, making it safe for humans. 

 
 

The solubility product constant (Ksp): the product of the concentrations of dissolved ions, each 
raised to a power equal to its coefficient in the equilibrium equation. 

 

 

 

 

 

 

 

 

3 Write the solubility equilibrium expression for a given reaction equilibrium. 
Textbook + Table 3 + 
Figure 17 + Example 
Problem 5 + Practice 

Problems 
 

98 
99 

100 
101 

4 
Calculate the molar solubility concentration of a sparingly soluble ionic 
compound using the solubility product constant, Ksp. 

5 
Explore the application of the solubility product constant in radiology while 
exploring its effects on vital human systems. 

6 Write the solubility for a given reaction equilibrium. M
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Acids Bases 
Have a sour taste. Have a bitter taste and a slippery feel. 

Produce ions and make aqueous solutions 
to conduct electricity. 

Produce ions and make aqueous solutions 
to conduct electricity. 

Turn blue litmus paper red. Turn red litmus paper blue. 
 

Reactions of Acids with Metals and Carbonates 

Acids react with certain metals, such as zinc, to produce hydrogen gas. 

Zn(s) + 2HCl(aq) → ZnCl2(aq) + H2(g) 

 
Acids react with metal carbonates and hydrogen carbonates to produce carbon dioxide gas. 

Acid+Carbonate→Salt+H2O(l)+CO2(g) 

 

Example 1: Vinegar and Baking Soda 

 

When vinegar is added to baking soda, acetic acid (𝐻𝐶2𝐻3𝑂2)reacts with sodium hydrogen carbonate 
(𝑁𝑎𝐻𝐶𝑂3). Carbon dioxide gas is produced, causing bubbling, along with water and salt. 

𝐍𝐚𝐇𝐂𝐎𝟑(s) + 𝐇𝐂𝟐𝐇𝟑𝐎𝟐(aq) → NaC2H3O2(aq) + H2O(l) + 𝐂𝐎𝟐(g) 
 

 

Example 2: Identifying Limestone 

Geologists use hydrochloric acid to identify limestone (𝐶𝑎𝐶𝑂3). If acid drops produce carbon dioxide 
gas bubbles, it indicates that the rock contains limestone. 

𝑪𝒂𝑪𝑶𝟑(𝑠) + 𝟐𝑯𝑪𝒍(𝑎𝑞) → 𝐶𝑎𝐶𝑙2(𝑎𝑞) + 𝐻2𝑂(𝑙) + 𝑪𝑶𝟐(𝑔) 
 

7  
List six general properties of aqueous acids (taste, color of indicators, reaction 

with metals, metal carbonates and bases, and electrical conductivity) 

Textbook + Figure 
2 + Practice 
Problems 

96 
97 
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Hydronium Ions and Hydroxide Ions 

 

• Pure water undergoes self-ionization, producing equal amounts of hydronium ions 

(𝐻3𝑂
+)and hydroxide ions (𝑂𝐻−). It is a neutral solution.  

𝑯𝟐𝑶(𝒍) + 𝑯𝟐𝑶(𝒍) ⇌ 𝑯𝟑𝑶
+(𝒂𝒒) + 𝑶𝑯−(𝒂𝒒) 

 

 

 

 

 

 

8  
Differentiate among acidic, basic, and neutral solutions (in terms of the relative 

amounts of hydrogen ions and hydroxide ions). 
Textbook + 

Figure 3 
115 
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Shortcomings of the Arrhenius Model 

Some bases, such as (NH₃ and Na₂CO₃), do not contain the hydroxide ion (OH⁻) but still produce 
OH⁻ when dissolved in water. 

 

9 
Describe the amphoteric behavior of water, H₂O, and ammonia, NH₃ (using chemical 

equations, particulate diagrams, and space-filling models). 
Textbook 
+ Table 1 
+ Figure 

7+ 
Practice 

Problems 
 

116 
To 

120 

10 
Distinguish among monoprotic, diprotic, and triprotic acids using ionization 
equations, examples, and particulate diagrams. 

11 
Define acids and bases according to Brønsted–Lowry theory, indicating the acid, 
base, conjugate acid, conjugate base, and conjugate acid–base pairs, when chemical 
equations, formulae, or space-filling models are given. M
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Ionization of Hydrogen 

• Ion formation depends on bond polarity.  

• Hydrogen ionizes when bonded to a highly electronegative atom.  

• The most electronegative atoms are O, F, Cl, Br, and I.  

• Acid ionization in water produces hydronium ions (𝐻3𝑂
+)and a negative ion (anion).  
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12  Define acids and bases according to Lewis’s theory. Textbook + table 2  121 
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Strong acid → Complete ionization → More ions → Better electrical conductivity → Brighter lamp 

𝐻𝐶𝑙(𝑎𝑞) + 𝐻2𝑂(𝑙) → 𝐻3𝑂
+(𝑎𝑞) + 𝐶𝑙−(𝑎𝑞) 

 

 

 

Weak acid → Partial ionization → Fewer ions → Poorer electrical conductivity → Dimmer lamp 

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

−(𝑎𝑞) 
 

 

Strong Acids: HCl, HBr, HI, HNO₃, H₂SO₄, HClO₃, HClO₄. 

 

13  
Compare between strong and weak acids (using examples, particulate 

diagrams, and ionization equations). 
Textbook + Figure 3  

124-
126 
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Acid Ionization Constant (𝑲𝒂) 

Acid ionization constant (𝐾𝑎): The equilibrium constant for the ionization of a weak acid 
in water. 

For the weak acid HCN: 

𝐻𝐶𝑁(𝑎𝑞) + 𝐻2𝑂(𝑙) ⇌ 𝐻3𝑂
+(𝑎𝑞) + 𝐶𝑁−(𝑎𝑞) 

 

𝐾𝑒𝑞 =
[𝐻3𝑂

+][𝐶𝑁−]

[𝐻𝐶𝑁][𝐻2𝑂]
 

 

Since the concentration of liquid water is constant, a new constant, 𝐾𝑎, is defined: 

𝐾𝑎 = 𝐾𝑒𝑞[𝐻2𝑂] 

 

𝑲𝒂 =
[𝑯𝟑𝑶

+][𝑪𝑵−]

[𝑯𝑪𝑵]
 

 

A larger 𝐾𝑎value indicates a stronger acid because it ionizes more extensively in water. 

 

➢ Most polyprotic acids ionize only partially in water.  

➢ Each ionization step has its own acid ionization constant (𝐾𝑎).  

➢ The value of 𝐾𝑎decreases with each successive ionization step 

14  
Define the acid ionization constant, 𝑲𝒂, while writing the ionization constant 

expression for different weak acids. 
Textbook + 

Table 4  
126 

15 Relate the strength of weak acids to the numerical values of 𝐾𝑎. 
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16  
Identify the relationship between the strength of an acid and its 

conjugate base, and the strength of a base and its conjugate acid. 
Textbook   

125 
126 
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The relationship of the base dissociation constant 𝑲𝒃for CH₃NH₂ is given by: 

 

𝐾𝑏 =
[𝐶𝐻3𝑁𝐻3

+][𝑂𝐻−]

[𝐶𝐻3𝑁𝐻2]
 

 

 

 

Strong bases: NaOH, KOH, RbOH, CsOH, Ca(OH)₂, and Ba(OH)₂. 

 

 

17  
Define base ionization constant, Kb, while writing the ionization constant 

expression of different weak bases. 
Textbook + 

Tables 5 & 6 
+ Practice 
problems  

127 
128 

18 
Compare between strong and weak bases (using examples, particulate diagrams, 
and ionization equations). M
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Ion-Product Constant of Water (𝑲𝒘) 

It is the product of the concentrations of hydrogen ions and hydroxide ions in dilute 
aqueous solutions.                                    𝑲𝒘 = [𝑯+][𝑶𝑯−] 
 

At 298 K (25°C):                                    𝟏. 𝟎 × 𝟏𝟎−𝟏𝟒 = [𝑯+][𝑶𝑯−] 
 

 

 

 

20  
Use Kw to calculate the hydronium ion and hydroxide ion 

concentration at a given temperature and vice versa. 
Textbook + Example Problem 

1 + Practice Problems 

129 
130 
131 
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𝐩𝐇 = −𝐥𝐨𝐠⁡[𝑯+] 

𝐩𝐎𝐇 = −𝐥𝐨𝐠⁡[𝑶𝑯−] 
 

Relationship between pH and pOH (at 298 K or 25°C): 

𝐩𝐇+ 𝐩𝐎𝐇 = 𝟏𝟒 
 

Calculating [𝐻+]and [𝑂𝐻−]from pH and pOH: 

[𝑯+] = 𝟏𝟎−𝐩𝐇 

[𝑶𝑯−] = 𝟏𝟎−𝐩𝐎𝐇 

 

 

 

 

 

 

 

➢ When the pH changes by 1 unit, the concentration of 𝐻+changes by a factor of 10.  

➢ When the pOH changes by 1 unit, the concentration of 𝑂𝐻−changes by a factor of 10.  

19 
Relate the acidity and basicity of an aqueous solution to the hydronium 

and hydroxide ion concentration and pH at 25°C (298 K). 
Textbook + 

Example Problems 
2,3,4 + Figure 13+ 
Practice Problems 

131 
To 

134 21 Calculate pOH when the [H⁺] or [OH⁻] is given and vice versa. 

22 Calculate [H⁺] and [OH⁻] from pH. M
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𝑲𝒂 =
[𝑯+]𝟐

[acid]−[𝑯+]
              𝑲𝒃 =

[𝑶𝑯−]𝟐

[base]−[𝑶𝑯−]
 

 

 

 

 

 

 

 

 

23 
Calculate the acid dissociation constant, Ka, given acid 

concentration, [𝐻+], and pH. 

Textbook + Example 
Problem 5 + Practice 

Problems 

135 
136 
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24 List different methods used to measure the pH of a solution. Textbook + Figure 16 
135 
136 
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➢ A neutralization reaction is a reaction between an acid and a base in an aqueous 
solution to produce salt and water. 

➢ A neutralization reaction is a type of double replacement reaction. 

➢ A salt is an ionic compound composed of a base cation (positive ion) and an anion 
(negative ion) of an acid. 
 

Example  

A neutralization reaction occurs when NaOH reacts with a solution of HCl. 

𝐻𝐶𝑙(𝑎𝑞) +𝑁𝑎𝑂𝐻(𝑎𝑞) → 𝑁𝑎𝐶𝑙(𝑎𝑞) +𝐻2𝑂(𝑙) 
 

 

Complete Ionic Equation 

 

 

 

Spectator Ions 

 

 

 

Net Ionic Equation 

 

 

 

25 
Define a neutralization reaction while writing the neutralization 

equation (complete ionic and net ionic equations). 
Textbook + Figure 18 

138 
139 
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Titration: A method of determining the concentration of a solution by reacting a known volume of that 
solution with a solution of known concentration. 

Titration Solution and the Equivalence Point 

Equivalence point: The point at which the moles of 𝑯+ions from the acid are equal to the moles of 
𝑶𝑯−ions from the base. 

Titration Steps 

 

26 
Define titration and titrant. 

Explain how to carry out an acid–base titration. 

Textbook + 
Figures 19, 

23 

129 
To 

142 

27 
Explain the difference between the equivalence point and the endpoint of a 
titration process. 

28 
29 

Describe the titration curve of a strong acid–strong base and a weak acid–strong 
base titration, including the type of salt formed, the pH and nature of the 
solution at the equivalence point, the indicator used and its color change, and the 
volume of titrant required to reach the endpoint. 
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Acid–base indicators: Chemical dyes whose colors are affected by acidic and basic solutions. 

➢ Each indicator has a specific pH range at which the color change occurs (indicator's range). 

pH Relative to Indicator Range Observed Color 

Less than the range Acid color 

Within the range Endpoint color 

Greater than the range Base color 

 

Endpoint: The point at which the indicator used in the titration changes color. 
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𝑴acid × 𝑽acid

𝒏acid
=
𝑴base × 𝑽base

𝒏base
 

 

 

 

30 
Calculate the molarity (concentration) and volume of a solution 

using titration data. 

Textbook + Problem-Solving 
Strategy + Example 6 + 

Practice Problems 

142 
143 
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