
colligative properties worksheet with
answers
Colligative properties worksheet with answers is a valuable resource for
students and educators alike, particularly in chemistry. Colligative
properties are essential concepts that help us understand how solutes affect
the physical properties of a solvent. This article will delve into the
definition of colligative properties, their significance, the types of
colligative properties, and a comprehensive worksheet complete with answers
to enhance learning.

Understanding Colligative Properties

Colligative properties refer to the properties of solutions that depend on
the number of solute particles in a given amount of solvent, rather than the
identity of the solute itself. This means that the physical characteristics
of a solvent can change dramatically when different solutes are added,
provided that the amount of solute is the same.

Significance of Colligative Properties

Colligative properties are crucial in various scientific and industrial
applications, including:

- Determining Molecular Weights: Colligative properties can help in
calculating the molecular weight of unknown substances through methods such
as freezing point depression and boiling point elevation.
- Understanding Biological Processes: In biology, understanding how solutes
affect cell behavior in solutions can lead to insights into osmosis and
cellular function.
- Industrial Applications: In industries where solutions are used, knowledge
of colligative properties can influence the design and optimization of
processes such as crystallization, extraction, and purification.

Types of Colligative Properties

There are four primary types of colligative properties:

1. Vapor Pressure Lowering
2. Boiling Point Elevation
3. Freezing Point Depression
4. Osmotic Pressure



Each of these properties can be defined and calculated based on the
concentration of solute particles in a solution.

1. Vapor Pressure Lowering

When a non-volatile solute dissolves in a solvent, the vapor pressure of the
solvent decreases. This phenomenon occurs because solute particles occupy
space at the surface of the liquid, reducing the number of solvent molecules
that can escape into the vapor phase.

- Formula:
\[
\Delta P = P^0 - P = X_{solute} \times P^0
\]
Where:
- \( \Delta P \) = change in vapor pressure
- \( P^0 \) = vapor pressure of the pure solvent
- \( P \) = vapor pressure of the solution
- \( X_{solute} \) = mole fraction of the solute

2. Boiling Point Elevation

The boiling point of a solution increases when a solute is added. This
elevation occurs because the presence of solute particles requires additional
energy (in the form of heat) to reach the boiling point.

- Formula:
\[
\Delta T_b = i \times K_b \times m
\]
Where:
- \( \Delta T_b \) = boiling point elevation
- \( i \) = van 't Hoff factor (number of particles the solute breaks into)
- \( K_b \) = ebullioscopic constant of the solvent
- \( m \) = molality of the solution

3. Freezing Point Depression

Conversely, the freezing point of a solution decreases when a solute is
added. This occurs because solute particles disrupt the formation of the
solid structure of the solvent, requiring a lower temperature to achieve
freezing.

- Formula:
\[



\Delta T_f = i \times K_f \times m
\]
Where:
- \( \Delta T_f \) = freezing point depression
- \( K_f \) = cryoscopic constant of the solvent

4. Osmotic Pressure

Osmotic pressure is the pressure required to prevent the flow of solvent into
a solution through a semipermeable membrane. It is dependent on the
concentration of solute particles.

- Formula:
\[
\Pi = i \times C \times R \times T
\]
Where:
- \( \Pi \) = osmotic pressure
- \( C \) = molar concentration of the solution
- \( R \) = ideal gas constant
- \( T \) = temperature in Kelvin

Colligative Properties Worksheet

To solidify your understanding of colligative properties, here’s a worksheet
that includes problems related to the aforementioned properties, followed by
answers and explanations.

Worksheet Problems

1. Vapor Pressure Lowering:
A solution is made by dissolving 0.5 moles of a non-volatile solute in 2.0
moles of water. The vapor pressure of pure water is 23.8 mmHg. Calculate the
vapor pressure of the solution.

2. Boiling Point Elevation:
Calculate the boiling point of a solution made by dissolving 1 mole of NaCl
(i = 2) in 1 kg of water (K_b for water = 0.512 °C kg/mol).

3. Freezing Point Depression:
If 2 moles of glucose (C6H12O6) are dissolved in 1 kg of water, calculate the
new freezing point of the solution (K_f for water = 1.86 °C kg/mol).

4. Osmotic Pressure:
What is the osmotic pressure of a solution containing 0.1 moles of NaCl in 1



liter of solution at 25°C? (Use R = 0.0821 L·atm/(K·mol)).

Answers and Explanations

1. Vapor Pressure Lowering:
- Mole fraction of water, \( X_{water} = \frac{2.0}{2.0 + 0.5} = 0.8 \)
- Vapor pressure of solution, \( P = X_{water} \times P^0 = 0.8 \times 23.8 =
19.04 \, mmHg \)

2. Boiling Point Elevation:
- \( \Delta T_b = i \times K_b \times m = 2 \times 0.512 \times 1 = 1.024 °C
\)
- Boiling point = 100 °C + 1.024 °C = 101.024 °C

3. Freezing Point Depression:
- \( \Delta T_f = i \times K_f \times m = 1 \times 1.86 \times 2 = 3.72 °C \)
- Freezing point = 0 °C - 3.72 °C = -3.72 °C

4. Osmotic Pressure:
- \( \Pi = i \times C \times R \times T = 2 \times 0.1 \, mol/L \times 0.0821
\, L·atm/(K·mol) \times 298 \, K \)
- \( \Pi = 4.89 \, atm \)

Conclusion

Colligative properties are fundamental concepts in chemistry that play a
critical role in understanding how solutes affect the behavior of solvents.
By using a worksheet with problems and solutions, students can enhance their
comprehension and application of these principles. As we’ve explored in this
article, mastering colligative properties not only aids in academic pursuits
but also has practical implications in various scientific fields and
industries.

Frequently Asked Questions

What are colligative properties in chemistry?
Colligative properties are properties of solutions that depend on the number
of solute particles in a given amount of solvent, rather than the identity of
the solute.

What are the four main types of colligative



properties?
The four main types of colligative properties are vapor pressure lowering,
boiling point elevation, freezing point depression, and osmotic pressure.

How do you calculate the boiling point elevation
using a colligative properties worksheet?
To calculate boiling point elevation, use the formula: ΔT_b = i K_b m, where
ΔT_b is the change in boiling point, i is the van 't Hoff factor, K_b is the
ebullioscopic constant, and m is the molality of the solution.

What is the significance of the van 't Hoff factor
in colligative properties?
The van 't Hoff factor (i) accounts for the number of particles a solute
dissociates into in solution, which directly influences the magnitude of
colligative properties.

How can a colligative properties worksheet help
students understand the topic better?
A colligative properties worksheet can provide practice problems, reinforce
the concepts through calculations, and help students visualize the effects of
solute concentration on boiling and freezing points.

Can colligative properties be observed in all types
of solutions?
Yes, colligative properties can be observed in all types of solutions, but
their effects are more pronounced in dilute solutions where the concentration
of solute particles is low.
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