boiling point elevation definition
chemistry

Boiling point elevation is a colligative property of solutions that describes the phenomenon
whereby the boiling point of a solvent increases when a solute is dissolved in it. This
concept is essential in the field of physical chemistry and has significant applications in
various scientific and industrial processes. Understanding boiling point elevation helps
chemists manipulate the boiling points of solutions, which is crucial for processes such as
distillation, cooking, and the formulation of antifreeze products. In this article, we will delve
into the definition of boiling point elevation, the underlying principles, mathematical
representations, and practical applications of this phenomenon.

Understanding Boiling Point Elevation

Boiling point elevation occurs when a non-volatile solute is added to a solvent, resulting in
an increase in the boiling point of that solvent. The extent of this increase depends on the
concentration of the solute and the properties of the solvent. This phenomenon is a direct
consequence of the solution's colligative properties, which are properties that depend on
the number of solute particles in a solution rather than the identity of the solute itself.

Colligative Properties of Solutions

Colligative properties are properties that depend on the number of solute particles in a
solution and not on their chemical identity. The four main colligative properties include:

1. Boiling Point Elevation: The increase in boiling point when a solute is added to a solvent.
2. Freezing Point Depression: The decrease in freezing point when a solute is added to a
solvent.

3. Vapor Pressure Lowering: The decrease in vapor pressure of a solvent when a non-
volatile solute is added.

4. Osmotic Pressure: The pressure required to prevent the flow of solvent into a solution
through a semipermeable membrane.

Reasons for Boiling Point Elevation

The boiling point of a solvent is defined as the temperature at which its vapor pressure
equals the atmospheric pressure. When a non-volatile solute is added, the following occurs:

- The presence of solute particles disrupts the solvent molecules, making it more difficult
for them to escape into the vapor phase.

- As a result, the vapor pressure of the solution is lower than that of the pure solvent at the
same temperature.

- To reach the boiling point, the temperature of the solution must be increased to achieve



the vapor pressure equal to the atmospheric pressure.

This leads to an increase in the boiling point of the solution compared to that of the pure
solvent, which is the essence of boiling point elevation.

Mathematical Representation

The boiling point elevation can be quantified using the formula:
\[ \Delta T_b = K _b \cdot m\]

Where:

-\(\Delta T b)) is the boiling point elevation (the increase in boiling point).

-\( K_b) is the ebullioscopic constant of the solvent (a property that indicates how much
the boiling point increases per mole of solute).

-\( m\) is the molality of the solution, defined as the number of moles of solute per
kilogram of solvent.

Understanding the Components

1. Ebullioscopic Constant (\( K_b \)):

- This constant is unique to each solvent and reflects its ability to elevate the boiling point
upon the addition of a solute.

- For example, the ebullioscopic constant for water is approximately 0.512 °C kg/mol.

2. Molality (\( m\)):

- It is @ measure of concentration that indicates the number of moles of solute per kilogram
of solvent.

- Molality is preferred over molarity in the context of colligative properties because it does
not change with temperature, unlike volume-based measures.

Example Calculation

To illustrate boiling point elevation, consider a situation where 1 mole of sodium chloride
(NaCl) is dissolved in 1 kg of water.

- Step 1: Identify \( K_b\) for water: \( K b = 0.512 °C kg/mol ).
- Step 2: Calculate the molality:
\[ m =\frac{1\, \text{mol}} {1\, \text{kg}} = 1\, \text{mol/kg} \]

- Step 3: Use the boiling point elevation equation:
\[ \Delta T_ b = K b\cdot m = 0.512 \cdot 1 = 0.512 °C\]

- Step 4: Determine the new boiling point of the solution:
- The boiling point of pure water is 100 °C.



- Therefore, the boiling point of the NaCl solution is \( 100 °C + 0.512 °C = 100.512 °C\).

Applications of Boiling Point Elevation

The concept of boiling point elevation is applied in various fields, including:

1. Cooking:
- When salt is added to water, the boiling point of water is elevated, which can influence
cooking times and temperatures.

2. Antifreeze Solutions:
- Antifreeze agents, such as ethylene glycol or propylene glycol, are added to water in car
radiators to raise the boiling point and prevent overheating.

3. Chemical Processes:
- In industrial processes, controlling the boiling point of solvents can optimize reactions and
separations, such as in distillation.

4. Pharmaceuticals:
- The boiling point elevation concept is utilized in formulating drugs and understanding their
behavior in biological systems.

Conclusion

In summary, boiling point elevation is a fundamental concept in chemistry that highlights
how the addition of a solute can alter the physical properties of a solvent. By understanding
the principles behind boiling point elevation, scientists and engineers can manipulate
solutions for various applications in everyday life, industry, and research. This intricate
relationship between solute concentration and boiling point not only illustrates the beauty
of chemistry but also emphasizes the importance of understanding colligative properties in
the scientific community.

Frequently Asked Questions

What is boiling point elevation in chemistry?

Boiling point elevation is the phenomenon where the boiling point of a solvent increases
when a solute is dissolved in it.

What causes boiling point elevation?

Boiling point elevation occurs due to the presence of solute particles in a solvent, which
disrupt the solvent's ability to evaporate and thus require a higher temperature to reach
the boiling point.



Which factors affect boiling point elevation?

Boiling point elevation is affected by the concentration of the solute and the nature of the
solute, particularly its van 't Hoff factor, which accounts for the number of particles the
solute dissociates into in solution.

How is boiling point elevation calculated?

Boiling point elevation can be calculated using the formula AT b =i K b m, where AT b is
the change in boiling point, i is the van 't Hoff factor, K b is the ebullioscopic constant of the
solvent, and m is the molality of the solute.

What is the significance of boiling point elevation in
real life?

Boiling point elevation has practical applications, such as in cooking, where adding salt to
water increases its boiling point, and in industrial processes that require precise
temperature control.

Does boiling point elevation apply to all types of
solutions?

Yes, boiling point elevation applies to all non-volatile solutes dissolved in a solvent,
although the extent of elevation may vary based on properties of the solute and solvent.

Is boiling point elevation an example of a colligative
property?

Yes, boiling point elevation is a colligative property, meaning it depends on the number of
solute particles in a given amount of solvent rather than the identity of the solute.

Can boiling point elevation be reversed?

No, boiling point elevation cannot be reversed simply by removing the solute; additional
heat must be applied to achieve the boiling point of the solution.

How does boiling point elevation differ from freezing
point depression?

Boiling point elevation refers to the increase in the boiling point of a solvent upon solute
addition, while freezing point depression refers to the decrease in the freezing point of a
solvent when a solute is added.
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