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Titrations
Used to determine the concentration of an
acid or base!
At equivalence point, we have one acid
molecule for every base molecule
Ma Va = Mb Vb
If I started with 5 mL of an HCl solution and
titrated with 1M of a Base as shown, what was
my acid concentration?

Was it a strong or weak base?

Titrations
Where on the graph will I find the most HCl?
HCl !
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What happens at the ½ eq pt?
pH = pKa + log (Conjugate base/Acid)

Titrations
What can you tell me about my acid?
H2SO4

If I started with 5 mL of my acid, what
is it’s concentration?
Where on this graph will I find the most
HSO4- ?
What are the pKas?
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Titrations
What is the pH where this molecule has 0
charge overall?

Practice Passage
Titration is used to determine the concentration of a particular compound in a solution. An
acid-base titration starts with a known volume of the desired acid or base. An indicator
that will change color near the equivalence point of the titration is added to the solution.
Then, an acid or base, typically a strong acid or base, is added dropwise to the initial
solution until the indicator changes color. Acid-base titration can be used to generate
titration curves, an example of which is shown in Figure 1.

Figure 1 Titration of oxalic acid with NaOH

In order to keep track of titrations, specialized indicators are used. A drop of indicator
solution is added to the titration at the beginning; the endpoint has been reached when
the color changes. Selected pH indicators are listed in Table 1.

Table 1 Color Change and pH Range for Common Indicators
Isothermal Titration Calorimetry (ITC) uses the principles of calorimetry to determine
binding parameters of a biomolecular binding reaction. The experimental setup of ITC is
shown in Figure 2. Initially, water is added to the reference cell and a solution containing
the protein or biomolecule of interest is added to the sample cell. The heat source heats
each solution to the desired experimental temperature. The reference cell is held at a
constant temperature throughout the experiment. Then, the ligand is added to the sample
cell in small aliquots of known volume and concentration.

Figure 2 Isothermal Titration Calorimetry device
As the ligand is added to the sample solution, it binds to the protein or biomolecule in the
solution. When the binding reaction occurs, heat is transferred between the reaction and
the surrounding solution. The sensor detects the change in temperature between the
sample cell and the reference cell and signals to the heater to adjust the heat transfer
accordingly to return the sample cell to the desired experimental temperature. The heat
transfer is measured throughout the reaction, and these measurements are used to
determine the thermodynamic parameters and binding parameters for the reaction.

Questions
A scientist uses ITC to determine the thermodynamic parameters of the exergonic reaction between a
protein (P) and its ligand (L).

Measurements reveal that as the ligand is added to the sample cell, the rate of heat transfer from the
heater to the sample cell is increased. Which of the following must be true of the forward reaction?
I. ΔH > 0
II. ΔS > 0
III. ΔG > 0

A.

I only

B.

I and II only

C.

II and III only

D.

I, II, and III

Questions
A researcher is titrating an oxalic acid solution with NaOH as shown in Figure
1. Which indicator is the most appropriate for the titration shown in Figure
1?
A.

Bromophenol blue

B.

Methyl Red

C.

Bromothymol blue

D.

Naphtholphthalein

Questions
The thermodynamic parameters of a binding reaction were
determined using isothermal titration calorimetry with the
temperature held at 37ºC. What is the ΔG for the reaction at 37ºC?
A.

-1570 kJ/mol

B.

-230 kJ/mol

C.

230 kJ/mol

D.

1570 kJ/mol

Questions
Based on the titration shown in Figure 1, what is the pKa of oxalic
acid?

A.

1.5

B.

3.5

C.

8.0

D.

13.0

Questions
Nitrous acid and its conjugate base are combined in a 1 to 5 ratio to
form a 100 mL buffer solution. If the Ka of nitrous acid is
approximately 4.0×10-4, what is the pH of the buffer solution?
A.

2.7

B.

3.4

C.

4.1

D.

6.5

pH = pKa + log (Cb/A)

pKa = - log (Ka)

Questions
For which of the following titrations would methyl red be an accurate
indicator?

A.

Strong acid/weak base

B.

Strong base/weak acid

C.

Strong acid/strong base

D.

Weak acid/weak base
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