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Calculating Equilibrium Concentrations 

 
The Keq for the reaction is 3.933 at 1200 K. calculate the concentration of CH4. 

Write the constant equilibrium expression for this reaction. Then solve for CH4. 

 

 

 

At a temperature of 1405 K, hydrogen sulfide, which has a foul odor resembling rotten eggs, decomposes to form hydrogen and a 

diatomic sulfur molecule, S2. The equilibrium constant for the reaction is 2.27 × 10-3. 

2 H2S(g) ⇌ 2 H2 (g) + S2 (g) 

What is the concentration of hydrogen gas if [S2] = 0.0540 mol/L and [H2S] = 0.184 mol/L? 

 

 

 

At a certain temperature, Keq = 10.5 for the equilibrium   CO(g) + 2 H2 (g) ⇌ CH3OH(g). 

Calculate the following concentrations: 

a. [CO] in an equilibrium mixture containing 0.933 mol/L H2 and 1.32 mol/L CH3OH 

 

 

 

b. [H2] in an equilibrium mixture containing 1.09 mol/L CO and 0.325 mol/L CH3OH 

 

 

 

c. [CH3OH] in an equilibrium mixture containing 0.0661 mol/L H2 and 3.85 mol/L CO 

 

 

 

 

 

 

 

 

Chapter: Chemical Equilibrium        Lesson 3: Using Equilibrium constants 

Molar Mass and Density 
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The Solubility Product Constant 

Some ionic compounds such as sodium chloride, dissolve readily in water and some, such as barium sulfate (BaSO4) barely dissolve. 

Write the ionic equation for NaCl in water: ……………………………………………………………………………………………………………………… 

Sometimes low solubility is also important.  

At equilibrium, the solution is saturated, the concentrations of ions are small. 

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

Can patients safely ingest BaSO4? 

……………………………………………………………………………………………….………………………………………………………………………………………………………………………… 

Writing solubility product constant expressions 

The solubility product constant (Ksp) expression is the product of the concentrations of the dissolved ions, each raised to the 

power equal to the coefficient of the ion in the chemical equation. 

K sp = [Ba2+][SO4
2-] = 1.1 × 10-10 

The small value of Ksp for BaSO4 indicates what? …………………………………………………………………………………………………………… 

In  Ksp =  

Using solubility product constant 

 
Calculating Molar Solubility 

If Ksp = 2.5 x 10-10 . calculate the solubility in mol/L of copper(II) carbonate (CuCO3) at 298 K. 

 

 

 

 

 

 

 

Molar mass of PbCO3 = 267.2 g/mol 
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Calculating Ion Concentration 

Calculate the concentration of [OH-] in a saturated solution of Mg(OH)2 at 298 K. The Ksp equals 5.6 × 10-12. 

 

 

 

 

 

Calculate the concentration of [Ag+] in a solution of AgBr at equilibrium. Ksp = 5.4 × 10-13. 

 

 

 

 

Calculate the concentration of  [F-] in a saturated solution of CaF2. Ksp = 3.5 × 10-11. 

 

 

 

 

Calculate the concentration of  [Ag+] in a solution of Ag2CrO4 at equilibrium 1.1 × 10-12. 

 

 

 

 

Calculate the solubility of Ag3PO4 (Ksp = 2.6 × 10-18). 

 

 

 

 
 

 

molar mass of AgCl = 143.3 g/mol 
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Extra Final Exam Questions 
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Properties of Acids and Bases 

Acids Bases 

Physical properties: 

• Carbonic and phosphoric acids give carbonated 

beverages their sharp taste. 

• Citric and ascorbic acids give lemons their 

tartness. 

• Acetic acid makes vinegar taste sour.  

Physical properties: 

• Taste bitter. 

• Soap becomes slippery when it gets wet. 

 

Electrical conductivity:   Acids and bases produce ions that cause the resulting solution to become a conductor. 

Acids cause blue litmus paper to turn red. Bases cause red litmus paper to turn blue. 

Acids Reactions with metals 

Magnesium and zinc react with aqueous solutions of acids to produce hydrogen gas. 

Zn (s) + 2HCl(aq) → ZnCl2 (aq) + H2 (g) 

Acids Reactions with metal carbonates 

Metal carbonates and hydrogen carbonates react with aqueous solutions of acids to produce carbon dioxide (CO2) gas and water. 

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

Geologists identify rocks as limestone (CaCO3) by using a hydrochloric acid solution. If a few drops of the acid produce bubbles of 

CO2, the rock contains limestone. 

Write balanced equations for the reactions between the following. 

a. aluminum and sulfuric acid 

 

 

b. calcium carbonate and hydrobromic acid 

 

 

Challenge Write the net ionic equation for the reaction between calcium carbonate and hydrobromic acid. 

 

 

 

 

 

Chapter: Acids and Bases        Lesson 1: Introduction to acids and bases 

Molar Mass and Density 
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Final Exam questions 
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Hydronium and hydroxide ions 

All water solutions contain hydrogen ions (H+) and hydroxide ions (OH-).  

 

 

 

 

Acidic solution Basic solution Neutral solution 

contains more hydrogen  ions than 

hydroxide ions 

contains more hydroxide ions than 

hydrogen ions 

contains equal concentrations of 

hydroxide and hydrogen ions 

[H+] > [OH-] [H+] < [OH-] [H+] = [OH-] 

 

Self-Ionization of water 

Pure water produces equal numbers of H+ ions and OH- ions in a process called self-ionization, in which water molecules react to 

form a hydronium ion (H3O+) and a hydroxide ion. 

H2O(l) + H2O(l) ⇌ H3O+(aq) + OH-(aq) 

Water molecules ⇌ Hydronium ion +  Hydroxide ion 

The hydronium ion is a hydrogen ion which has a water molecule attached to it by a covalent bond. The symbols H+ and H3O+ can 

be used interchangeably, as this simplified self-ionization equation shows. 

H2O(l) ⇌ H+ (aq) + OH- (aq) 
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The Arrhenius Model (H+ and OH-) 

Arrhenius acid(H+) Arrhenius base(OH-) 

a substance that contains hydrogen and ionizes to produce 

hydrogen ions in aqueous solution. 

a substance that contains a hydroxide group and dissociates to 

produce a hydroxide ion in aqueous solution. 

HCl(g) → ………………………… + ……………………………. NaOH(s) → …………………………. + ……………………………………… 
 

The shortcomings of Arrhenius model: 

Ammonia (NH3) and sodium carbonate (Na2CO3) do not contain a hydroxide group, yet both substances produce hydroxide ions in 

solution and are well-known bases. 

The Bronsted-Lowry Model (H+) 

Acid Base 

hydrogen-ion donor hydrogen ion acceptor 
 

Use this equation to answer the following questions:   HX(aq) + H2O(l) ⇌ H3O+ (aq) + X- (aq) 

Which substance is the acid? …………………………..… Why? …………………….………………………………………………………………………………………………………… 

The water molecule acts as a …………………………….. because ………………………………………………………………………………………………………………………….. 

In the reverse reaction there is a conjugate acid and a conjugate base. 

Conjugate acid Conjugate base 

the species produced after a base accepts a hydrogen ion the species that results after an acid donates a hydrogen ion 

In this example it’s ………………………….… In this example it’s ………………………….… 

 

A conjugate acid-base pair consists of two substances related to each 

other by the donating and accepting of a single hydrogen ion. 

Second pair (base-conjugate acid) First pair (acid-conjugate base) 

  

Explain how the ion HCO3
- can be both an acid and a base. Write the equation in both cases. 

…………………………………………………………………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………………………………………………………………. 
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Hydrogen fluoride—a Bronsted-Lowry acid 

Hydrogen fluoride is an acid. Why? 

………………………………………………………………………………………………………. 

Which species is the conjugate base of hydrogen fluoride? …………………………………………………………………………………………… 

What is the other conjugate acid-base pair? ……………………………………………………………………………………………………………………. 

What are the acid and base in the reverse reaction? ………………………………………………………………………………………………………. 

Ammonia—a Brønsted-Lowry base 

Ammonia does not fit the Arrhenius model of bases 

because …………………………………………………………………….……… 

Label the next equation: 

Water—a Bronsted-Lowry acid and base 

When HF dissolves in water, water acts as a ……………………..…..….; when NH3 dissolves in water, water acts as an ………………..……………. 

Water and other substances that can act as both acids and bases are said to be amphoteric. 

PRACTICE Problems 
Identify the conjugate acid-base pairs in each reaction. 

NH4
+(aq) + OH-(aq) ⇌ NH3(aq) + H2O(l) 

Acid Conjugate base Base Conjugate acid 

    

HBr(aq) + H2O(l) ⇌ H3O+(aq) + Br- (aq) 

Acid Conjugate base Base Conjugate acid 

    

CO3
2-(aq) + H2O(l) ⇌ HCO3

-(aq) + OH-(aq) 

Acid Conjugate base Base Conjugate acid 

    

 

Challenge The products of an acid-base reaction are H3O+ and SO4
2- . Write a balanced equation for the reaction and identify the 

conjugate acid-base pairs. 

…………………………………………………………………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………….…………………………………………………………………… 
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Monoprotic Acid and polyprotic acids 

Monoprotic acid 

An acid that can donate only one hydrogen ion. 

Examples:  

 

Polyprotic 

It has more than one ionizable hydrogen atoms. 

Diprotic Triprotic 

Acids that contain two ionizable hydrogen atoms per molecule. Acids with three hydrogen ions to donate. 

Examples:  Examples:  

 

Ionizable hydrogen atoms 

The formula of acetic acid is often written HC2H3O2.why? 

……………………………………………………………………………………………………………………………………………………………………………….  

Explain the difference between acetic acid’s ionizable hydrogen atom and the other three hydrogen atoms. 

…………………………………………………………………………………………………………………………………………………..…………………………………………………………………….. 

………………………………………………………………………………………………………………………………………………………………………………..……………………………………….. 

Hydrogen fluoride (HF) is an acid in solution. Explain.  

………………………………………………………………………………………………………………………………………………………………………….…….. 

 

Explain why benzene(C6H6) is not an acid. 

………………………………………………………………………………………………………………………………………………………….…………………………… 

………………………………………………………………………………………………………………………………………………………………………………………. 

Write the three ionizations of phosphoric acid(H3PO4). 

…………………………………………………………………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
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The Lewis Model 
 

Lewis acid Lewis base 

an ion or molecule with a vacant atomic orbital that can accept 

(share) an electron pair. 

an ion or molecule with a lone electron pair that it can donate 

(share). 

 

 The H+ ion is the Lewis acid because 

…………………………………………………………………………………………………. 

The fluoride ion F- is the Lewis base because 

………………………………………………………………………………………………… 

 

The acid is ………………………………………………………. Because 

……………………………………………………………………………………………….. 

The base is ………………………………………………………. Because 

……………………………………………………………………………………………….. 

 

Another Lewis acid-base reaction occurs when gaseous 

sulfur trioxide (SO3) is brought into contact with solid 

magnesium oxide (MgO). 

SO3 (g) + MgO(s) → MgSO4 (s) 

This reaction between SO3 and MgO is important for some reasons: 

1. A heptahydrate known as Epsom salt (MgSO4·7H2O). It’s useful in soothing sore muscles and acting as a plant nutrient. 

2. MgO reacts with SO3, that can combine with water in the air to form sulfuric acid, which falls to Earth as acid precipitation. 

Anhydrides 

Nonmetallic oxides (acid anhydride) Metallic oxides (base anhydride) 

Nonmetallic oxides that can combine with water to form an acids Metallic oxides combine with water to form bases 

CO2 will form …………………………………………………………………….………… CaO will form ………………………………………………………………………. 
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Final Exam questions 
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Review and assessment 

Identify the conjugate acid-base pairs in the following equation.  

 

 

 

Write the Lewis structure for phosphorus trichloride (PCl3). Is PCl3 a Lewis acid, a Lewis base, or neither? 

 

 

 

 

In the accompanying structural formula, identify any hydrogen atoms that are likely to be ionizable. 

 

 

 

 

 

Classify each compound as an Arrhenius acid or an Arrhenius base. 

H2S  Mg(OH)2  

RbOH  H3PO4  
 

When a geologist adds a few drops of HCl to a rock, gas bubbles form. What might the geologist conclude about the nature 

of the gas and the rock? 

 

 

Write a balanced chemical equation for each of the following.  

a. The dissociation of solid magnesium hydroxide in water  

 

 

b. The reaction of magnesium metal and hydrobromic acid 

 

  

c. The ionization of propanoic acid (CH3CH2COOH) in water 

 

  

d. The second ionization of sulfuric acid in water 
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Strengths of Acids 

 

 

…………………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………………… 

Chapter: Acids and Bases        Lesson 2: Strengths of Acids and Bases 

Molar Mass and Density 
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Strong acids Weak acids 

Acids that ionize completely Acids that ionize only partially 

All the molecules in the solution are ionized completely into 

ions (no molecules are left) 
The solution contains molecules and ions 

They produce the maximum number of ions They produce fewer ions 

They are good conductors of electricity (bright light) They are poor conductors of electricity (dim light) 

The ionization equation uses a single arrow (completion) The ionization equation uses a double arrow (equilibrium) 

 

Final exam questions 
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Acid strength and the Bronsted-Lowry model 

In the strong acids: 

HX represents a strong acid, and its conjugate base (X-) is weak. It’s 

100% ionized 

The base H2O has a much greater attraction for the H+ ion than 

does the base X- . 

Think of this as the battle of the bases: Which of the two (H2O or X-) has a greater attraction for the hydrogen ion? 

In the case of all strong acids, water is the stronger base. Therefore, the ionization equilibrium lies almost completely to the right. 

In the weak acids: 

HY represents a weak acid, and its conjugate base (Y-) is strong. 

The conjugate base Y- has a greater attraction for the H+ ion than 

does the base H2O. 

It captures the H+ and does the reverse reaction. 

The ionization equilibrium lies far to the left. 

Final exam questions 
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Acid ionization constants 

Any weak acid produces an equilibrium mixture of molecules and ions in aqueous solutions. 

The equilibrium constant Keq provides the quantitative measure of acid strength. 

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

The concentration of liquid H2O is considered to be constant in dilute aqueous solutions, so it can be combined with Keq to give a 

new equilibrium constant, Ka . 

 

Ka= ________________________________________ = 6.2 x 10-10 

 

Acid ionization constant (Ka) is the value of the equilibrium constant expression for the ionization of a weak acid. 

The weakest acids have the smallest Ka values. Explain. 

…………………………………………………………………………………………………………………………………………………………………………………….…………………………………… 

…………………………………………………………………………………………………………………………………………………………………………………………………………………………. 

Note that each ionization of a polyprotic acid has a Ka value, and the values decrease for each successive ionization. 

 
PRACTICE Problems 
Write ionization equations and acid ionization constant expressions for each acid. 

a. HClO2  

 

 

b. HNO2  

 

 

c. HIO 

 

 

Write the first and second ionization equations for H2SeO3 . 

 

 

 

 

 

Given the expression Ka =, write the balanced equation for the corresponding reaction. 
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Final exam questions 
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Strong Bases 

The conductivity of a base depends on the extent to which the base produces OH- ions. 

A base that dissociates entirely into metal ions and hydroxide ions is known as a strong base. 

 
Some metallic hydroxides, such as calcium hydroxide (Ca(OH)2) have low solubility and thus are poor sources of OH- ions. 

 
Nevertheless, they are considered strong bases because all of the compound that dissolves is completely dissociated. 

Weak Bases 

A weak base ionizes only partially in dilute aqueous solution. 

 
 

 

This equilibrium lies far to the left. Explain. 

………………………………………………………………………………………………………………………………………………………………………………………………………………………… 

Final exam questions 
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Base ionization constants 

It is the value of the equilibrium constant expression for the ionization of a base. 

The smaller the value of Kb , the weaker the base. Explain. 

……………………………………………………………………………………………………………………………………………………………………………………………… 

 
PRACTICE Problems 

Write ionization equations and base ionization constant expressions for the following bases. 

a. hexylamine (C6H13NH2)  

 

 

 
b. carbonate ion (CO32-) 

 

 

 
c. propylamine (C3H7NH2)  

 

 

 
d. hydrogen sulfite ion (HSO3

-) 

 

 

 
Write an equation for a base equilibrium in which the base in the forward reaction is PO4

3- and the base in the reverse reaction is OH- 

. 
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Final exam question 

 

 

 

 

 
Important tables 

 
Strong acids  Strong bases 

HCl Hydrochloric acid NaOH Sodium hydroxide 

HBr Hydrobromic acid KOH Potassium hydroxide 

HI Hydroiodic acid   RbOH Rubidium hydroxide 

HNO3 Nitric acid CsOH Cesium hydroxide 

H2SO4 Sulfuric acid LiOH Lithium hydroxide 

HClO4 Perchloric acid Ca(OH)2 Calcium hydroxide 

HClO3 Chloric acid Ba(OH)2 Barium hydroxide 

  Sr(OH)2 Strontium hydroxide 
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Review and assessment 

Describe the contents of dilute aqueous solutions of the strong acid HI and the weak acid HCOOH. 

HI HCOOH 

  

Identify the conjugate acid-base pairs in each equation. 

 

 

 

 
Identify the conjugate acid-base pairs in the reaction of H3PO4 with water. 

 

 

 

 

Hypochlorous acid (HClO) is an industrial disin fectant. Write the chemical equation and the Ka expression for the ionization of 

hypochlorous acid in water. 

 

 

 

 

Write the chemical equation and the K b expression for the ionization of aniline (C2H5NH2) in water. Aniline is a weak base. 

 

 

 

 

A fictional weak base, ZaH2 , reacts with water to yield a solution with a OH- ion concentration of 2.68 × 10-4 mol/L. The chemical 

equation for the reaction is ZaH2 ( aq) + H2O(l) ⇌ ZaH3
+ (aq) + OH- (aq). If [ZaH2] at equilibrium is 0.0997 mol/L, what is the value 

of K b for ZaH2 ? 
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Ion Product Constant for Water 

Pure water contains equal concentrations of H+ and OH- ions produced by self-ionization. 

 

The numbers of hydronium and hydroxide ions formed are ……………………………………………………… 

The equation for the equilibrium can be simplified as follows 

 

Writing Kw 

 

The ion product constant for water (Kw) is the value of the equilibrium constant expression for the self-ionization of water. 

[H2O] does not appear in the denominator. Why? ………………………………………………….…………………………………………………………………………………… 

Experiments show that in pure water at 298 K, [H+] and [OH-] are both equal to 1.0 × 10-7 M. 

 

Kw and Le Châtelier’s Principle 

The product of [H+] and [OH-] always equals …………………………………………………………. 

If the concentration of H+ increases, the concentration of OH- …………………………………………………….. 

Le Châtelier’s principle. 

Adding extra hydrogen ions is a stress, the system reacts in a way to relieve that stress. The added H+ ions react with OH- ions to form 

more water molecules. Thus, the concentration of OH- decreases. 

Chapter: Acids and Bases        Lesson 3: Hydrogen ions and pH 

Molar Mass and Density 
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Final exam question 
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Calculate [H+] and [OH-] Using Kw 

At 298 K, the H+ ion concentration in a cup of coffee is 1.0 × 10-5 M. What is the OH- ion concentration in the coffee? Is the 

coffee acidic, basic, or neutral? 

 

 

 

The concentration of either the H+ ion or the OH- ion is given for four aqueous solutions at 298 K. For each solution, 

calculate [H+] or [OH-]. State whether the solution is acidic, basic, or neutral. 

 Calculate H+ or OH- to compare acidic-basic-neutral 

a. [H+] = 1.0 × 10-13 M  

 

 

 

 

 

b. [OH-] = 1.0 × 10-7 M 

 

 

 

 

 

c. [OH-] = 1.0 × 10-3 M 

 

 

 

 

 

d. [H+] = 4.0 × 10-5 M 

 

 

 

 

 

Challenge Calculate the number of H+ ions and the number of OH- ions in 300 mL of pure water at 298 K. 
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Final exam questions 
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What is pH? 

 

The pH of a solution is the negative logarithm of the hydrogen ion concentration.  

Acidic solutions have pH values below 7. Basic solutions have pH values above 7. 

A solution with a pH of 0.0 is strongly ………………………..………….. 

A solution with a pH of 14.0 is strongly ………………………….…………. 

Practice: Calculate the pH of solutions having the following ion concentrations. 

a. [H+] = 1.0 × 10-2 M  

 

b. [H+] = 3.0 × 10-6 M 

 

c. [H+] = 0.0055 M  

 

d. [H+] = 0.000084 M 

 

What is the pH of a neutral solution at 298 K? 

 

Important: A change of one pH unit represents a tenfold change in ion concentration. 

pH Hydrogen ion concentration [H+] pH Hydrogen ion concentration [H+] 

1 1 x 10-1 8 1 x 10-8 

2 1 x 10-2 9 1 x 10-9 

3 1 x 10-3 10 1 x 10-10 

4 1 x 10-4 11 1 x 10-11 

5 1 x 10-5 12 1 x 10-12 

6 1 x 10-6 13 1 x 10-13 

7 1 x 10-7 14 1 x 10-14 

Determine whether seawater (pH=8) or detergent (pH=10) has a higher concentration of H+ ions. How many times higher? 

……………………………………………………………………………………………………………………………………………………………………………………………………………………… 
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Final exam questions 

 

 

 

Challenge Calculate the pH of a solution having [OH-] = 8.2 × 10-6 M. 
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What is pOH? 

The pOH of a solution is the negative logarithm of the hydroxide ion concentration.  

 

 

A typical cleaner has a hydroxide ion concentration of 4.0 × 10-3 M. calculate the pOH and pH of a cleaner at 298 K. 

 

Calculate the pH and pOH of aqueous solutions with the following concentrations at 298 K. 

a. [OH-] = 1.0 × 10-6 M 

 

b. [OH-] = 6.5 × 10-4 M 

 

c. [H+] = 3.6 × 10–9 M 

 

d. [H+] = 2.5 × 10–2 M 

 

e. [OH-] = 0.000033 M 

 

f. [H+] = 0.0095 M 

 

Challenge Calculate pH and pOH for an aqueous solution containing 1.0 × 10-3 mol of HCl dissolved in 5.0 L of solution. 
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Calculating ion concentrations from pH 

 

Calculate [H+] and [OH-] in each of the following solutions. 

a. Milk, pH = 6.50.       

 

 

c. Milk of magnesia, pH = 10.50 

 

 

b. Lemon juice, pH = 2.37      

 

 

d. Household ammonia, pH = 11.90 

 

 

e.Blood, pH = 7.40 

 

 

Challenge Calculate the [H+] and [OH-] in a sample of seawater with a pOH = 5.60. 

 

 

Final exam questions 
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Molarity and the pH of strong acids and bases 

Strong acids and bases are essentially 100% in the form of ions in solution.  

 

………………………………………………………………………………………..…………………………………………… 

……………………………………………………………………………………..……………………………………………… 

Strong polyprotic acid and Multiple OH- 

The concentration of hydroxide ions in a 7.5 × 10-4 M solution of Ca(OH)2 is 

………………………………………………………………………………………………………….……………………… 

pOH = …………………………………………… pH = …………………………..…………………………………. 

Final exam question 
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Calculating Ka from pH 

Write the Ka expression for     HF(aq) ⇌ H+ (aq) + F- (aq) 

 

 

Calculate Ka for HF if the pH of 0.100M solution is 3.20. 

[H+] = [F-] = ……………………………………………………………………………………………………………………………………………  

[HF] = 0.100M - ……………………………….……….….. = ………………………………..……………………………………… 

 

 

 

The pH of a 0.100M solution of formic acid (HCOOH) is 2.38. What is Ka for HCOOH? 

 

 

 

1.8 x 10-4 

Calculate the Ka for a 0.220M solution of H3AsO4, pH = 1.50  

 

 

 

5.4 x 10-3 

Calculate the Ka for a 0.0400M solution of HClO2 , pH = 1.80 

 

 

 

1.1 x 10-2 
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Calculate the Ka of the following acids using the given information. 

a. 0.00330M solution of benzoic acid ( C6H5COOH), pOH = 10.70 

 

 

 

8.9 x 10-5 

b. 0.100M solution of cyanic acid (HCNO), pOH = 11.00 

 

 

 

1.0 x 10-5 

c. 0.150M solution of butanoic acid ( C3H7COOH), pOH = 11.18 

 

 

 

1.5 x 10-5 

Challenge Calculate the Ka of a 0.0091M solution of an unknown acid (HX) having a pOH of 11.32. 

 

 

 

 

 

 

 

6.3 x 10-4(HF) 
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Final exam question 
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Measuring pH 
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Extra practice 

1. Explain, Using Le Châtelier’s principle, what happens to the [H+] of a 0.10M solution of acetic acid when a drop of NaOH solution 

is added. 

…………………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………………… 

2. The pH of a tomato is approximately 4.50. What are [H+] and [OH ] in a tomato? 

 

 

 

3. Determine the pH of a solution that contains 1.0 ×10-9 mol of OH- ions per liter. 

 

 

 

4. Calculate the pH of the following solutions. 

a. 1.0M HI  

 

b. 0.050M HNO3  

 

c. 1.0M KOH 

 

d. 2.4 × 10-5 M Mg(OH)2 

 

 

5. Solution A has a pH of 2.0. Solution B has a pH of 5.0. Which solution is more acidic? Based on the H+ ion concentrations in the 

two solutions, how many times more acidic? 
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6. Use Le Châtelier’s principle to explain what happens to the equilibrium H2O(l) ⇌ H+(aq) + OH-(aq) when a few drops of HCl are 

added to pure water. 

…………………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………………… 

 

7. Use the data in the table to answer the following questions(a to e).  

a. Which substance is the most basic? 

b. Which substance is closest to neutral? 

c. Which has a concentration of H+ = 4.0 × 10-10 M? 

d. Which has a pOH of 11.0? 

e. How many times more basic is antacid than blood? 

 

8. What is [OH-] in an aqueous solution at 298 K in which [H+] = 5.40 × 10-3 M? 

 

 

9. What are the pH and pOH for the solution described in Question 8? 

 

 

10. If 5.00 mL of 6.00M HCl is added to 95.00 mL of pure water, the final volume of the solution is 100.00 mL. What is the pH of the 

solution? 

 

 

 

 

 

 

11. Given two solutions, 0.10M HCl and 0.10M HF, which solution has the greater concentration of H+ ions? 

Calculate pH values for the two solutions, given that [H+] = 7.9 × 10-3 M in the 0.10M HF. 
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Reactions Between Acids and Bases 

A neutralization reaction is in which an acid and a base in an aqueous solution react to produce salt and water. 

A salt is an ionic compound made up of a cation (positive ion) from a base and an anion (negative acid) from an acid. 

Writing neutralization equations 

What kind of reaction occurs when magnesium hydroxide (Mg(OH)2), the active ingredient in milk of magnesia, contacts 

hydrochloric acid(HCl) solution produced by the stomach? 

 

 

For the reaction between hydrochloric (HCl) acid and sodium hydroxide (NaOH). 

Formula equation 

 

Complete ionic equation 

 

Eliminate the spectator ions and write the net ionic equation 

 

In an aqueous solution, a H+ ion exists as a H3O+ ion, so the net ionic equation for an acid-base neutralization reaction is  

 

Writing the complete ionic equation and the net ionic equation for the neutralization of HNO3 by KOH. 

Formula equation 

 

Complete ionic equation 

 

Eliminate the spectator ions and write the net ionic equation 

 

 

Chapter: Acids and Bases        Lesson 4: Neutralization 

Molar Mass and Density 
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Acid-base titration 

Titration is a method for determining the concentration of a solution by reacting a known 

volume of that solution with a solution of known concentration. 

Titration procedure How is an acid-base titration performed? 

1- A measured volume of an acidic or basic solution of unknown concentration is placed 

in a beaker, and the initial pH of the solution is read and recorded. 

2- A buret is filled with the titrating solution of known concentration. This is called the 

standard solution, or titrant. 

3- Measured volumes of the standard solution are added slowly and mixed into the 

solution in the beaker. The pH is read and recorded after each addition. This process 

continues until the reaction reaches the equivalence point, which is the point at 

which moles of H+ ion from the acid equal moles of OH- ion from the base. 

 

………………………………………………………………………………………………………………………………………………………………………………………………………………… 

 

Question: The equivalence point is not always at a pH of 7. Explain. 

…………………………………………………………………………………………………………………………………………….…………………………………………………………………………… 
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Acid-base indicators 

Chemical dyes whose colors are affected by acidic and basic solutions are called acid-base indicators. 

 
Tea contains compounds called polyphenols that have slightly ionizable hydrogen atoms. Adding acid to a cup of tea depresses the 

ionization according to Le Chatelier’s principle, and the color of the un-ionized polyphenols becomes more apparent. 

 
Choose some indicators that may be used for a titration of a strong acid with a strong base. 

…………………………………………………………………………………………………………………………………………….…………………………………………………………………………... 

Choose some indicators that may be used for a titration of a weak acid with a strong base. 

………………………………………………………………………………………………………………………………………………………………………………………………………………………... 

Choose some indicators that may be used for a titration of a strong acid with a weak base. 

…………………………………………………………………………………………………………………………………………….…………………………………………………………………………... 
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Indicators and titration end point 

Indicators used for titration are weak acids. Each has its own particular pH or pH ranges over which it changes color.  

The point at which the indicator used in a titration changes color is called the end point. 

The indicator for a titration should change color at the equivalence point of the titration. 

 
Final exam questions 
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Calculating Molarity from Titration 

The balanced equation for a titration reaction is the key to calculating the unknown molarity. 

Practice: Use the acid and base given to write a balanced neutralization equation 

HCl KOH 
 

H2SO4 Mg(OH)2 
 

H3PO4 NaOH 
 

HNO3 Fe(OH)3 
 

H3PO4 Ca(OH)2 
 

Then use the following relationship to calculate the unknown concentration 

𝑀𝑎 𝑉𝑎

𝑛𝑎
 =

𝑀𝑏 𝑉𝑏

𝑛𝑏
 

M is molarity, V is volume, n is the number of moles (coefficient from the equation), a is for acid, b is for base 

Practice problems: 

A volume of 18.28 mL of a standard solution of 0.1000M NaOH was required to neutralize 25.00 mL of a solution of methanoic acid 

(HCOOH). What is the molarity of the methanoic acid solution? 

 

 

 

 

 

What is the molarity of a nitric acid solution(HNO3) if 43.33 mL of 0.1000M KOH solution is needed to neutralize 20.00 mL of the 

acid solution? 
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What is the concentration of a household ammonia cleaning solution(NH4OH) if 49.90 mL of 0.5900M HCl is required to neutralize 

25.00 mL of the solution? 

 

 

 

 

 

Challenge How many milliliters of 0.500M NaOH would neutralize 25.00 mL of 0.100M H3PO4 ? 

 

 

 

 

 

Final exam questions 
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