
how to find boiling point of a solution

How to find boiling point of a solution is an essential topic in chemistry and various scientific fields.
Understanding the boiling point of a solution is crucial for numerous applications, including chemical
manufacturing, cooking, and environmental science. This article will guide you through the methods to
find the boiling point, the factors influencing it, and how to calculate it for different solutions.

Understanding Boiling Point

The boiling point of a substance is the temperature at which its vapor pressure equals the atmospheric
pressure surrounding it. At this point, the liquid turns into vapor. The boiling point can vary based on
several factors, including the nature of the solvent and the solute, as well as the concentration of the solute
in the solution.

Factors Affecting Boiling Point

Several factors influence the boiling point of a solution:

1. Nature of the Solvent: Different solvents have different inherent boiling points. For example, water boils
at 100°C (212°F) at standard atmospheric pressure, while ethanol boils at 78.37°C (173.07°F).

2. Nature of the Solute: The type of solute added to the solvent can also affect the boiling point. Ionic
compounds typically raise the boiling point more than covalent compounds.

3. Concentration of the Solute: The more solute that is dissolved in a solvent, the higher the boiling point of
the solution. This phenomenon is known as boiling point elevation.

4. Atmospheric Pressure: The boiling point changes with atmospheric pressure. At higher altitudes, where
atmospheric pressure is lower, water will boil at a temperature lower than 100°C.

Methods to Find the Boiling Point of a Solution

Finding the boiling point of a solution can be done in various ways, including experimental measurement
and theoretical calculations. Here are the two primary approaches:



1. Experimental Measurement

To experimentally find the boiling point of a solution, you will need the following equipment:

- A beaker or flask
- A thermometer
- A heating source (such as a Bunsen burner or hot plate)
- A stirring rod (optional)

Procedure:

1. Prepare the Solution: Measure the desired amount of solvent and solute. Mix them to create a
homogeneous solution.

2. Setup the Apparatus: Place the solution in a beaker or flask. Insert the thermometer so that the bulb is
submerged in the liquid but not touching the bottom of the container.

3. Heat the Solution: Gradually apply heat to the solution. Stir gently to ensure even heating and to prevent
localized boiling.

4. Observe the Temperature: Monitor the thermometer closely. The temperature at which the solution
starts to boil (i.e., bubbles form and rise continuously) is the boiling point of your solution.

5. Record the Data: Note the temperature at which boiling occurs. Repeat the process for accuracy, if
necessary.

2. Theoretical Calculations

When experimental methods are not feasible, theoretical calculations can provide an estimate of the boiling
point based on known values. The boiling point elevation can be calculated using the following formula:

\[
\Delta T_b = i \cdot K_b \cdot m
\]

Where:
- \(\Delta T_b\) = boiling point elevation
- \(i\) = van 't Hoff factor (number of particles the solute dissociates into; e.g., for NaCl, \(i = 2\))
- \(K_b\) = ebullioscopic constant of the solvent (for water, \(K_b = 0.512°C \cdot kg/mol\))
- \(m\) = molality of the solution (moles of solute per kilogram of solvent)



Steps to Calculate Boiling Point Elevation:

1. Determine the Molality: Calculate the molality of your solution using the formula:
\[
m = \frac{\text{moles of solute}}{\text{kilograms of solvent}}
\]

2. Find the van 't Hoff Factor: Identify the value of \(i\) for your solute based on its dissociation.

3. Look Up the \(K_b\) Value: Use a reference table to find the ebullioscopic constant for your solvent.

4. Calculate \(\Delta T_b\): Plug the values into the boiling point elevation formula to find \(\Delta T_b\).

5. Calculate the New Boiling Point: Finally, add \(\Delta T_b\) to the pure solvent's boiling point to obtain
the boiling point of the solution:
\[
\text{Boiling Point of Solution} = \text{Boiling Point of Solvent} + \Delta T_b
\]

Examples of Boiling Point Calculation

Let’s consider an example to illustrate the calculation of boiling point elevation.

Example: Calculate the boiling point of a solution made by dissolving 2 moles of NaCl in 1 kg of water.

1. Determine the Molality:
\[
m = \frac{2 \text{ moles}}{1 \text{ kg}} = 2 \text{ mol/kg}
\]

2. Find the van 't Hoff Factor: For NaCl, \(i = 2\) (it dissociates into Na⁺ and Cl⁻).

3. Look Up the \(K_b\) Value: For water, \(K_b = 0.512°C \cdot kg/mol\).

4. Calculate \(\Delta T_b\):
\[
\Delta T_b = 2 \cdot 0.512 \cdot 2 = 2.048°C
\]

5. Calculate the New Boiling Point:
\[



\text{Boiling Point of Solution} = 100°C + 2.048°C = 102.048°C
\]

Thus, the boiling point of the sodium chloride solution is approximately 102.05°C.

Conclusion

Finding the boiling point of a solution is a fundamental skill in chemistry that combines both experimental
and theoretical methodologies. By understanding the factors that affect boiling point, such as the nature and
concentration of solutes, as well as atmospheric pressure, you can accurately determine boiling points in
various contexts. Whether you choose to measure boiling points directly or calculate them using established
formulas, this knowledge is invaluable in scientific research and practical applications alike.

Frequently Asked Questions

What is boiling point elevation in a solution?
Boiling point elevation is a colligative property that describes how the boiling point of a solvent increases
when a solute is dissolved in it. The increase in boiling point is proportional to the molal concentration of
the solute.

How can I calculate the boiling point of a solution using the formula?
You can calculate the boiling point of a solution using the formula: Boiling Point = Boiling Point of Solvent
+ (K_b m), where K_b is the ebullioscopic constant of the solvent and m is the molality of the solution.

What factors affect the boiling point of a solution?
The boiling point of a solution is affected by the nature of the solute, the concentration of the solute, the
presence of impurities, and the atmospheric pressure.

How do I determine the molality of a solution to find its boiling point?
To determine the molality, divide the number of moles of solute by the mass of the solvent (in kilograms).
Use this value in the boiling point elevation formula to find the new boiling point.

Can I use a thermometer to find the boiling point of a solution?
Yes, you can use a thermometer to measure the boiling point of a solution directly. Ensure the
thermometer is calibrated and immersed in the liquid to get an accurate reading.



What is the significance of the ebullioscopic constant (K_b)?
The ebullioscopic constant (K_b) is a property of the solvent that quantifies how much the boiling point
will increase per molal concentration of solute. Different solvents have different K_b values.

How does pressure affect the boiling point of a solution?
The boiling point of a solution increases with higher atmospheric pressure and decreases with lower
pressure. This is why water boils at lower temperatures at high altitudes.
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