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Chapter 15

TITRATION CURVES FOR

COMPLEX ACID/BASE SYSTEMS

1. Treating Complex Acid-Base Systems
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2. Equations for more than one equilibrium are 
required to describe the characteristics of any of 
these systems.

3. Applications
1) Systems in most biological and environmental 
matrices

2) To predict which species will be present (and in 
what amounts) is important in defining biological 
acid/base buffering.

3) To use the titration curve to examine how the 
species will change as we slowly add titrant (in 
other words, change the pH).

4. Examples

A. Mixtures of Strong and Weak Acids or Strong and 
Weak Bases

B. Polyfunctional Acids and Bases

C. Buffer Solutions Involving Polyprotic Acids

D. Calculation of the pH of Solutions of Amphiprotic 
Salts (NaHA)

E. Titration Curves of Polyfunctional Acids.

Questions:

(a) Can we titrate the two components (two 
acids or two bases, or different protons or 
hydroxide ions) separately?

(b) If yes, in general, what conditions should 
be met in term of dissociation constants (Kai

or Kbi) and concentrations?
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Example A. Mixtures of Strong and Weak 
Acids or Strong and Weak Bases

Derive a titration curve for a titration of a 50.00 
mL solution containing 0.1000 M strong acid, HCl, 
and 0.1000 M weak acid HA (Ka = 1 X 10-4) with 
0.1000 NaOH.

(1.0 e-10)
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(Initial Volume = 25.00 mL)

HCl + HAc with KOH
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MBE

MBE
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Titration Curves of Strong acid/weak 
acid mixtures with NaOH

The composition of a 
mixture of a strong 
acid-weak acid can be 
determined by titration 
with suitable indicators 
if the weak acid has a 
dissociation constant 
that lies between 10-4

and 10-8 and the 
concentrations of the 
two acids are of the 
same order of 
magnitude. 
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+3H2O
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Titration Curves for Polyfunctional Acids

20 mL of 0.1000 M 
H2A with 0.1000 M 
NaOH. Ka1 1.00e-3 
and Ka2 1.00e-7
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[H+] =sqrt(Kac) cannot be used
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25 mL of 0.1000 M H2M
With NaOH

25 mL of 0.1000 M 
(A) H3PO4

(B) Oxalic acid
(C) H2SO4

Titration Curves for Polyfunctional Bases
(25 mL of 0.1000 M Na2CO3 with 0.1000 M HCl)

The composition of solution of a 
polyprotic acid as a function of pH
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Composition of H2M solution as a function of pH
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Phosphoric Acid Species Composition Distribution

CHE311 Assignment (due in 7 days):

Use Excel or other software to construct the
composition curves of phosphoric acid
solution as a function of pH. H3PO4: Ka1 =
7.25×10-3, Ka2 = 6.31×10-8, Ka3 = 4.80×10-13.
You are required to email the instructor your
Excel spreadsheet. Please make sure to
label the plot properly, and use the file name
of “CHE311_Assignment 7_your name”.

• Find the pH of mixtures of strong and weak acids and 
strong and weak bases

• Construct titration curves of mixtures with NaOH

• Calculate the pH in solutions of polyfunctional acids and 
bases, such as phosphoric and carbonic acid

• Calculate the pH of buffer solutions made from 
polyfunctional acids

• Determine the pH of amphiprotic salts

• Construct titration curves of polyfunctional acids and bases

• Compute alpha values for polyprotic acid solutions

Chapter 15 Summary
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