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Chemical Reactions of Acids

Neutralization Reactions With Active Metals Geology Test
Carbon 

dioxide gas 

(CO₂) is 

released

Hydrogen 

gas (H₂) is 

released
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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 (OH-). 
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• The symbols H+ and H3O
+ can be used interchangeably, as this simplified self-

ionization equation shows. 

HYDRONIUM (H3O
+) AND HYDROXIDE (OH-) IONS

➢ self-ionization,        water molecules react to form a hydronium 
ion  and a hydroxide ion. Equal concentration 



SOLUTIONS

Acidic solution Neutral solution Basic solution  

Contains more

hydrogen ions (H+) 

than hydroxide ions 

(OH-).

[H+] < [OH-]

Contains more

hydroxide ions (OH-

) than hydrogen 

ions (H+).

[OH-] < [H+] 

Contains equal 

concentrations of 

hydrogen ions 

(H+) and 

hydroxide ions 

(OH-).

[H+] = [OH-]
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1. The Arrhenius Model (summary)

Arrhenius Acid Arrhenius Base
Definition 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. 

Example HCl molecules ionize to form H+ 
ions, which make the solution acidic

Sodium hydroxide (NaOH) 
dissolves in water, it dissociates to 
produce OH-  ions, which make the 

solution basic.

15
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Arrhenius Examples
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2. The Brønsted-Lowry Model

Acids Bases Conjugate acid Conjugate base Conjugate acid-base pair

Defini

tion 

Hydrogen ion 

(H+) donor

Hydrogen 

ion (H+) 

acceptor

The species 

produced when a 

base accepts a 

hydrogen ion

The species 

produced when 

an acid donates a 

hydrogen ion

Consists of two 

substances related to 

each other by the 

donating and accepting 

of a single hydrogen ion

18
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Monoprotic Acids Diprotic Acids Triprotic Acids

Definition An acid that can donate only one 

hydrogen ion (H+)

Acids that contain two 

ionizable hydrogen atoms 

(H+) per molecule

Acids with three 

hydrogen ions (3H+) 

to donate

Examples • HCl     (Hydrochloric Acid)

• HF      (Hydrogen Fluoride)

• HClO4 (Perchloric Acid)

• HNO3 (Nitric Acid)

• CH3COOH    Acetic Acid

• H2SO4  (Sulfuric Acid)

• H2CO3 (Carbonic Acid)

• H3PO4

(Phosphoric Acid)

• H3BO3

(Boric Acid)

Monoprotic and Polyprotic Acids
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3. The Lewis Model
Lewis Acid Lewis Base

Definitio

n 

An electron-pair acceptor 

 An acid is an ion or molecule with a vacant atomic 

orbital that can accept (share) an electron pair

An electron-pair donor

A base is an ion or molecule with a 

lone electron pair that it can donate 

(share)

27
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Lesson 2 : Strengths of Acids and Bases
Strength of Acids and Bases depends on the degree of ionization.

In solution, strong acids ionize completely, but weak acids partially.

- HCl is a strong acid, why?

1. It’s completely ionized (HCl → H+ + Cl-)

2. It’s strong electrolyte, the light glows brightly

- The species presented in this solution are 

- H+ +  Cl-   only 

- Acetic acid is a weak acid, why?

1. It’s partially ionized produce fewer ions 

2. It’s weak electrolyte, the light is dim

- The species presented in this solution are 

HC2H3O2 , H
+
 &  C2H3O2

-
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Strong bases
✓             are the bases that dissociate completely in an aqueous solution.
✓              are strong electrolytes
✓               dissociate completely into ions when dissolved in water
NaOH(s) → Na+(aq) + OH−(aq)
Aqueous solutions of strong bases 
are therefore good conductors of electricity.
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ACID IONIZATION CONSTANTS KA

Equilibrium constant, Keq: provides a quantitative measure of the degree of 
ionization of the acid. 

The ionization equation and equilibrium constant expression for hydrocyanic acid 
are as follows.

39

The value of Ka is an indication of acid strength.

Stronger acid larger Kahigher [H3O
+]

Weaker acid smaller Kalower % dissociation of HA
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• Acid ionization constants  Ka

. The acid ionization constant 
is the value of the equilibrium constant 
expression for the ionization of 
a weak acid. 

The weakest acids have the smallest Ka YOUSEF SARYRAH 
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Weak bases
➢ are the bases that dissociate or ionize partially in an aqueous solution.
➢ are weak electrolytes
➢ dissociate or ionize partially into ions when dissolved in water

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

The strength of a basic solution depends on the concentration of hydroxide ions 
[OH−]. As the concentration of hydroxide ions [OH−] increases, so does the 
conductivity of the solution



STRENGTH OF BASES, KB

The equilibrium constant (Keq),

  provides a quantitative measure 

of the degree of ionization of the base.

The ionization equation and 
equilibrium constant expression for 
methylamine in water are as follows.

Numerator

Denominator

➢ Base Ionization Constant Kb : The value of the equilibrium constant expression for 

➢ the ionization of a weak base.

➢ The smaller the value of Kb, the weaker the base.
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• Write ionization equations and base ionization constant expressions for the 
following bases.kb

a. hexylamine ( C6H13NH2 )

b. carbonate ion (CO3
2- )

c. hydrogen sulfite ion (HSO3
- )

52

Revision Questions 

C6H13NH2 + H2O ⇌ C6H13NH3
+ + OH- 

CO3
2- + H2O ⇌ HCO3

- + OH- 

HSO3
- + H2O ⇌ H2SO3

- + OH- 

Kb = 
C6H13NH3

+ [OH−]

[C6H13NH2]

Kb = 
HCO3

− [OH−]

[CO3
2−]

Kb = 
H2SO3

− [OH−]

[HSO3
−]



ACID STRENGTH AND THE BRØNSTED-LOWRY MODEL:

HX: Strong Acid

53

• H2O is stronger base than X-

• The forward reaction is favored

• HX will ionize completely

• HX is a strong acid

HY: Weak Acid

• Y- is stronger base than H2O

• The reverse reaction is favored

• HY will ionize partially

• Hy is a weak acid



STRENGTH OF BASES

Weak Baes: ionizes only partially in dilute aqueous solutions.

Example: CH3NH2 (Methylamine)

54

• The hydroxide ion (OH-) has a greater attraction for a hydrogen ion (H+) than 
methylamine (CH3NH2).

This equilibrium lies to the left (      ) because the base, CH3NH2, is 

weak and  the conjugate base,   OH- ion, is strong. 

• Weak Bases: ionizes only partially in dilute aqueous solutions.
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Titrant : is a standard 
solution with known 
concentration.

equivalence point, 
which is the point at 
which moles of H+  ion 
from the acid equal 
moles of OH- ion from 
the base. 

the indicator changes
color and this is called 
the end point.

An acid-base 
titration needs an 
indicator which 
detect the 
equivalence point
of titration, and it 
indicates the end of 
the neutralization 
reaction.
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The balanced equation for a titration reaction is the key to calculating the 
unknown molarity.

Example 1 What is the molarity of a nitric acid solution if 43.33 mL of 0.1000M KOH 
solution is needed to neutralize 20.00 mL of the acid solution?

Acid Base 

Ma = Mb= 

Va = Vb =

?? 0.1000

43.33 mL20.00 mL

step1 step2

HNO3(aq) + KOH(aq)         KNO3 (aq) + H2O(l)

Write the balanced equation

1 mol 1 mol

moles base = M x V(L) 

moles base = 0.1000 x 43.33= 43.33 x 10-4 mol  

1000

step3

moles acid = moles base

moles acid = 43.33 x 10-4 mol

Ma = Number of moles acid
                    Va (L) 

Ma = 0.2166 M 

Molarity from titration data 

Ma = 43.33 x 10-4 mol
                    0.02L

•Method one
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What is the molarity of a calcium hydroxide Ca(OH)2 solution if 25.0 mL of 
0.200 M HCl solution is needed to neutralize 10.0 mL of the base solution?

Acid Base 

Ma = Mb= 

Va = Vb =

0.200 ??

10.0 mL25.0 mLstep1

2HCl (aq) + Ca(OH)2(aq)         CaCl2 (aq) + 2H2O(l)
2 mol 1 mol

Number of moles = M x V(L) 

Number of moles acid = 0.2000 x 25.0  
1000

Number of moles acid = 5.00 x 10-3 mol

step3

moles base =     x moles acid

moles base = 2.50 x 10-3 mol

Mb = Number of moles base
                         Vb (L) 

Mb = 0.250 M 

𝟏

𝟐

Molarity from titration data 

Example 2

step2

Mb = 2.50 x 10-3 mol
                    0.01L
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