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Learning Objectives

● To describe acid–base theories

● To explain the acid–base equilibria in water 
solutions

● To predict the weak acids and bases in chemical 
equilibrium

● To write the ionization reaction for different 
weak acids and bases

● To specify the acidity or basicity of salts

● To prepare Buffers with certain pH

● To draw logarithmic concentration diagrams
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Acid–Base Equilibria
Chapter 7
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Acid–base Theories

➢ Arrhenius theory: donate H+ or OH−

➢ Theory of solvent systems: solvent cations and anions

➢ Brønsted-Lowry theory: taking and giving protons (conjugate pairs)

➢ Lewis theory: taking and giving electrons

In general: Acid is a substance that increases the concentration of

H3O
+ (hydronium ion). Conversely, a base decreases the concentration

of H3O
+ in aqueous solution.

A more general definition of acids and bases given by Brønsted and 

Lowry  is that an acid is a proton donor and a base is a proton acceptor.
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Acid–base Equilibria In Water

➢ Hydrochloric acid is a strong acid, and in water, its ionization is

complete:

➢ Acetic acid is a weak acid, which ionizes only partially in water (a few

percent):

We can write an equilibrium constant for this reaction:
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Acid–base Equilibria In Water
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The pH Scale

pH = - Log [H+]

In general, pAnything = −log Anything, and it is a 

mathematical function to express the very low quantities.
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The calculation in this example is more academic than practical!!
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The pH Scale

Blood pH is 7.4 at 37°C. The pH of blood must be measured at 

body temperature to accurately reflect the status of blood buffers.
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Weak Acids and Bases, Ka and Kb

Important Notes

❑Salts of weak acids are bases (conjugate bases) and have Kb = Kw / Ka

❑ Also salt of weak base is a conjugate acid and has Ka = Kw / Kb

❑ For a diprotic acid–base pair like ethylenediamine, NH2C2H4NH2,

Kb1 = Kw/Ka2 and Kb2 = Kw/Ka1
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Weak Acids and Bases, Ka and Kb
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Fractions of dissociating species at a  

given pH: α values — how much of 

each species?
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Total analytical concentration of phosphoric acid, CH3PO4
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Fractions of dissociating species at a  

given pH: α values — how much of 

each species?
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Buffers

Buffer is a solution that resists changes in pH when a small amount of 
acid or base is added or when the solution is diluted.

Buffer solution is usually made of (weak acid with its conjugated base)
or (weak base with its conjugated acid).

Examples:

CH3COO- and CH3COOH

HCN and CN-

C6H5COOH and C6H5COONa

NH3 and NH4Cl

(C2H5)3N and (C2H5)3NH+
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Buffers, Henderson-Hasselbalch

equation
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Buffers, Henderson-Hasselbalch

equation
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Calculate the pH of a solution prepared by adding 25 mL of 0.10 M sodium 

hydroxide to 30 mL of 0.20 M acetic acid.

The solution formed after mixing is containing weak acid and strong base, these will react forming 
water and salt. Note that the salt formed is containing the conjugate base of the weak acid.

HA  +  NaOH NaA +  H2O

We have three possibilities,
1. The amount of weak acid=strong base, so the final solution is containing the salt only.
2. The amount of weak acid < strong base, so the final solution containing the formed salt and 

excess of the strong base.
3. The amount of weak acid > strong base, so the final solution containing the formed salt and 

excess of the weak acid.

• If possibility #1 is happened, then the acidity of the solution depends on the concentration of 
formed salt (which is not neutral!).

• If possibility #2 is happened, then the acidity of the solution depends on the concentration of 
excess strong base, while the contribution of the formed salt is negligible.

• If possibility #3 is happened, then the acidity of the solution depends on the concentration of 
excess weak acid and concentration of the formed salt (We have BUFFER!).
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Buffers, Henderson-Hasselbalch 

equation
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Buffers, Henderson-Hasselbalch 

equation
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Buffers, Henderson-Hasselbalch

equation
Calculating the pH of a buffer when strong acid or base is added

when strong acid is added to the buffer:

when strong base is added to the buffer:
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Example:
Find the pH of a solution of 0.02964M HA (Ka =8.4x10-9) plus 
0.1026M NaA?

Answer: pH=8.614

Example:
For 1L of the above solution, calculate the pH after addition of 
12mL of 1.0M HCl.

HCl is an acid, it will react with the basic content (A-) of the buffer solution and 
forming more of HA, so it will affect the acid/base content of the solution, NaA will 
decrease and HA will increase. Amount of change is equal to the moles of HCl 
(0.012Lx1.0M)

8.4130.33768.075)Log(2.17578.075
0.04164

0.0906
Log8.075pH

)(0.012x1.0)(1x0.02964

)(0.012x1.0(1x0.1026)
Log8.075

HA mol.

A mol.
LogpKpH

-

a

=+=+=+=

+

-
+=+=

Buffers, Henderson-Hasselbalch

equation
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Added base will react with the acid content of the buffer, this will 
decrease the concentration (or moles) of acid and increase the 
concentration (or moles) of base content of the buffer.

Example:
For 1L of the previous  buffer solution, calculate the pH after 
addition of 12mL of 1.0M NaOH.

NaOH will affect the acid/base content of the solution, HA will decrease and NaA will 
increase. Amount of change is equal to the moles of NaOH (0.012Lx1.0M)

8.8880.81278.075)Log(6.49668.075
0.01764

0.1146
Log8.075pH

)(0.012x1.0-)(1x0.02964

)(0.012x1.0(1x0.1026)
Log8.075

HA mol.

A mol.
LogpKpH

-

a

=+=+=+=

+
+=+=

Buffers, Henderson-Hasselbalch

equation
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Acid-Base Titration

Titration is used to determine the concentration of analyte 
volumetrically, depending on the stoichiometric ratio between 
analyte and titrant.

Examples:

1HCl + 1NaOH ➝ NaCl + H2O  (ratio 1:1)

1H2SO4 + 2NaOH ➝ Na2SO4 + 2H2O  (ratio 1:2)

2CH3COOH + 1Ca(OH)2 ➝ (CH3COO)2Ca + 2H2O  (ratio 2:1)

1H2SO4 + 1Ca(OH)2 ➝ CaSO4 + 2H2O (ratio 1:1)
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pH curve

During the acid-base titration, the pH will change. If the 

analyte is acid, pH will be low and start increasing through 

titrant addition (base).

Example: (titration 50 mL of 0.10M HCl with 0.10M NaOH)

2
1

Volume of NaOH
added pH

0 1.00
10 1.18
20 1.37
30 1.60
40 1.95
50 7.00 equiv. point
60 11.96
70 12.22
80 12.36

Acid excess

Base excess

[H][OH]=Kw
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Titration strong base 

with strong acid

2
2

Titration diprotic acid 

with strong base

pH curve
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Question

50 mL of 0.10M HCl was titrated with 0.24M NaOH. Calculate 

the pH after addition of 0, 5, 20, 25 and 30 mL of NaOH.

Question

17.4mL of 0.1102M HCl was needed to titrate 25.0mL of NaOH

with unknown concentration. Calculate the concentration of 

NaOH.

2
3
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https://www.youtube.com/watch?v=GfMveIZXq9A&list=PL9fwy3NUQKwbICh15S1cAUCJ
m1SxVhq19 منذر عبداللطيف. د.أ

https://www.youtube.com/channel/UCh-WhopyMvQaMv0VF_h5O-
Q/videos

ابراهيم زامل الزامل. د.أ

https://www.khanacademy.org/science/chemistry/acid-and-bases-topic




