Section 13: pH Calculation
The following maps the videos in this section to the Texas Essential Knowledge and Skills for
Science TAC §112.35(c).
13.01 Arrhenius Acids and Bases
• Chemistry (10)(G)
13.02 Bronsted-Lowry Acids and Bases
• Chemistry (10)(G)
13.03 Auto-Ionization of Water and pH
• Chemistry (10)(I)
13.04 Strength of Acids and Bases
• Chemistry (10)(J)

Note: Unless stated otherwise, any sample data is fictitious and used solely
for the purpose of instruction.
Safety Note: Any chemicals mentioned in these videos are potentially
harmful and should be handled with the appropriate safety precautions.
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13.01
Arrhenius Acids and Bases
Chemists have known the properties of acids and bases for many years. In the late 19th
century, Svante Arrhenius proposed a new way of defining acids and bases.
•

An Arrhenius acid is a hydrogen-containing compound that dissociates to yield
hydrogen ions (H+) in aqueous solution.
o Acids give foods a tart or sour taste, like we find in lemon juice and vinegar.
o Acids vary in the number of ionizable hydrogens:

•

§

If an acid has one ionizable hydrogen, it is classified as a monoprotic acid.

§

If an acid has two ionizable hydrogens, it is classified as a diprotic acid.

§

If an acid has three ionizable hydrogens, it is classified as a triprotic acid.

In an aqueous solution, hydrogen ions are not really present because they react with
water molecules to form hydronium.
o A hydronium ion (H3O+) is an ion that forms when a water molecule gains a
hydrogen ion.
o Below is an example of a reaction that forms an Arrhenius acid in aqueous
solution:
HCl + H2O ® H3O+ + Cl-

•

Not all compounds that contain hydrogen are acids. Only a hydrogen that is bonded to a
very electronegative element can be released as an ion. Even though CH3COOH looks
like it has four ionizable hydrogens, only the hydrogen bonded to the oxygen atom is
ionizable.

•

An Arrhenius base is a compound that dissociates to yield hydroxide ions (OH-) in
aqueous solution.
o Bases typically have a bitter taste and slippery feel.
o Below is an example of a reaction that forms an Arrhenius base in aqueous
solution:
NaOH(s)

!" #

Na+(aq) + OH-(aq)

1. Which of the following is an Arrhenius acid?
A.
B.
C.
D.

KOH
CH3CH3
Ca(OH)2
H2SO4
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13.02
Brønsted-Lowry Acids and Bases
The Arrhenius definition of acids and bases is not a very broad one. Some substances have
acidic and basic properties that are excluded from this definition. To account for these other
substances, two chemists in the early 20th century proposed a broader definition of acids and
bases, known as the Brønsted-Lowry acid-base theory.
A Brønsted-Lowry acid is a molecule or ion that acts as a hydrogen ion donor.
A Brønsted-Lowry base is a molecule or ion that acts as a hydrogen ion acceptor.
NH3(aq) + H2O(l) ® OH-(aq) + NH4+(aq)
Brønsted-Lowry acids and bases also include all acids and bases that Arrhenius defined.
In a Brønsted-Lowry acid and base reaction, the products of the forward reaction are
distinguished from the reactants by the term conjugate.
•

A conjugate base is the ion or molecule that remains after an acid loses a hydrogen ion.

•

A conjugate acid is the ion or molecule formed when a base gains a hydrogen ion.

•

A conjugate acid-base pair consists of two ions or molecules related by the loss or gain
of one hydrogen ion.

An amphoteric substance is capable of either accepting or donating a hydrogen ion.
1. Write the formula for the conjugate acid of HCO3-.

2. Write the formula for the conjugate base of HCO3-.
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3. Identify the Brønsted-Lowry acid for the reaction below:
H2PO4-(aq) + HCO3-(aq) ⇌ H2CO3(aq) + HPO42-(aq)
A.
B.
C.
D.

HCO3H2PO4HPO42H2CO3

4. Which of the following does not represent a conjugate acid-base pair?
A.
B.
C.
D.

HCN and CNHBr and BrHCO3- and H2CO3
PO43- and H3PO4
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13.03
Autoionization of Water and pH
Autoionization – The reaction in which water molecules produce ions (sometimes called selfionization)
H2O + H2O ⇌ H3O+ + OHThe autoionization of water occurs to a very small extent. In pure water, at 25 °C, the number
of H3O+ and OH- ions are equal. Pure water is a neutral solution, so the [H3O+] and [OH-] are
equal.
For aqueous solutions, the product of the hydrogen ion concentration and the hydroxide ion
concentration equals 1.0 × 10-14, which is the ion product constant for water (Kw).
Kw = [H3O+] × [OH-] = 1.0 × 10-14
Not all solutions are neutral. When some substances dissolve in water, they release hydrogen
ions or form hydroxide ions. Whichever concentration is higher determines whether a solution
is acidic, basic, or neutral.
•

An acidic solution is a solution in which there is more [H3O+] than [OH-].

•

A basic solution is a solution in which there is less [H3O+] than [OH-].

A more practical way of determining whether a solution is acidic, basic, or neutral is using the
pH scale. The pH of a solution is the negative logarithm of the hydrogen ion concentration:
pH = -log[H3O+]
•

An acidic solution is one with a pH less than 7.0.

•

A solution with a pH of 7.0 is neutral.

•

A basic solution is one with a pH greater than 7.0.

To report pH, the number of significant figures in the concentration of hydronium ions should
equal the number of decimal places in the reported pH.
Two methods are used to measure pH:
•

An acid-base indicator is a solution that has a certain color at one pH and a different
color at another pH. Different indicators are useful for different ranges of pH values.

•

A pH meter is a machine that makes continuous measurements of pH.
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1. What is the pH of a solution that contains 6.8 × 10-3 M H3O+ at 25 °C?
A.
B.
C.
D.

4.62
9.38
2.17
2.47

2. The pH of milk of magnesia is 10.5. Which species exists in greater concentration in milk of
magnesia: hydronium ion or hydroxide ion? Calculate [H3O+] and [OH-] for milk of magnesia
at a pH of 10.5.
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13.04
Strengths of Acids and Bases
Acids and bases are classified as strong or weak based on the degree to which they ionize in
water.
Strong acids ionize completely in aqueous solution.
•

Examples include HI, HBr, HCl, HClO4, HNO3, and H2SO4.

•

Consider the equation HCl(g) + H2O(l) ® H3O+(aq) + Cl-(aq).
Initial

Final

Weak acids ionize slightly in aqueous solution.
•

Examples include HF, HCN, H2CO3, and others.

•

Consider the equation HF(aq) + H2O(l) ⇌ H3O+(aq) + F-(aq).
Initial

Final

Dissociation – The process by which a compound separates into ions when in an aqueous
solution
The symbol Ka represents the acid dissociation constant, or the ionization constant of an acid.
•

The acid dissociation constant is the ratio of the concentration of the dissociated form
of an acid to the concentration of the undissociated form. The dissociated form includes
both the H3O+ and the conjugate base.

•

The stronger an acid is, the larger its Ka value will be.

1. How many of the following are weak acids?
HClO
A.
B.
C.
D.

HBr

HNO3

H3PO4

HF

1
2
3
4
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A strong base dissociates completely into metal ions and hydroxide ions in aqueous solution.
•

Examples include LiOH, NaOH, KOH, RbOH, CsOH, Sr(OH)2, Ba(OH)2, and Ca(OH)2.

•

Consider the equation NaOH(s)

!" #

Initial

Na+(aq) + OH-(aq).
Final

A weak base reacts with water to form the conjugate acid of the base and hydroxide ions.
Generally, the amount of dissociation is relatively small.
•

Examples include NH3, CH3NH2, and others.

•

Consider the equation NH3(g) + H2O(l) ⇌ NH4+(aq) + OH-(aq).
Initial

Final

The symbol Kb represents the base dissociation constant.
•
•

The base dissociation constant is the ratio of the concentration of the conjugate acid
multiplied by the ratio of the concentration of the hydroxide ion to the concentration of
the base.
The stronger a base is, the larger its Kb value will be.

2. What is the pH of a solution of 0.0085 M Sr(OH)2?
A.
B.
C.
D.

1.8
7.89
12.2
12.23
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