calculating boiling point of a solution

Calculating the boiling point of a solution is an essential concept in physical chemistry that
helps in understanding how solutes affect the properties of solvents. The boiling point of a solution is
typically higher than that of the pure solvent due to the presence of solute particles, a phenomenon
known as boiling point elevation. This article aims to explain the principles behind boiling point
elevation, the calculations involved, and the factors that influence the boiling point of a solution.

Understanding Boiling Point Elevation

Boiling point elevation occurs when a non-volatile solute is dissolved in a solvent. It is important to
note that this phenomenon is observed only when the solute does not vaporize at the solution's
boiling point. The elevation can be quantitatively described using the formula:

\[ \Delta T b =1i\cdot K b\cdot m\]
where:

\(\Delta T b\) = change in boiling point (°C)

\(i\) = van 't Hoff factor (number of particles the solute breaks into)
- \(K b\) = ebullioscopic constant of the solvent (°C kg/mol)

\(m\) = molality of the solution (mol/kg)

The Van 't Hoff Factor (i)

The van 't Hoff factor is crucial in determining the extent to which a solute contributes to the
colligative properties of a solution. It represents the number of particles produced in solution from
one formula unit of solute. For example:

- For ionic compounds like sodium chloride (NaCl), which dissociates into two ions (Na* and Cl1-), \(i
=2\).

- For non-electrolytes like glucose (CsH1206), which does not dissociate, \(i = 1\).

Understanding the van 't Hoff factor is vital for accurate calculations of boiling point elevation.

The Ebullioscopic Constant (K _b)

The ebullioscopic constant is a material-specific property that indicates how much the boiling point
of a solvent will increase per molal concentration of a solute. Each solvent has its own \(K b\) value:

- For water, \(K b \approx 0.512\, \text{°C kg/mol}\).
- For benzene, \(K b \approx 2.53 \, \text{°C kg/mol}\).



These constants are typically found in reference tables and are necessary for calculating boiling
point elevation.

Molality (m)

Molality is the measure of the number of moles of solute per kilogram of solvent. It is represented
mathematically as:

\[ m = \frac{\text{moles of solute} } {\text{mass of solvent (kg)}} \I

Molality is particularly useful in boiling point elevation calculations because it is independent of
temperature and pressure, unlike molarity, which is affected by changes in volume.

Calculating the Boiling Point of a Solution

To calculate the boiling point of a solution, follow these steps:
1. Determine the mass of the solute and solvent: Measure the amount of solute (in grams)
and the mass of the solvent (in kilograms).
2. Calculate the moles of solute: Use the formula:
\[ \text{moles of solute} = \frac{\text{mass of solute (g)}} {\text{molar mass of solute

(g/mol)} }\]

3. Calculate the molality: Plug the moles of solute and the mass of the solvent into the molality
formula.

4. Identify the van 't Hoff factor: Determine how many particles the solute dissociates into.
5. Find the ebullioscopic constant: Look up the \(K b\) value for the solvent.

6. Calculate the change in boiling point: Use the elevation formula to find \(\Delta T b\).
\[ \Delta T b =1i\cdot K b\cdot m\]

7. Determine the new boiling point: Add the change in boiling point to the boiling point of the

pure solvent.
\[ \text{New boiling point} = \text{boiling point of pure solvent} + \Delta T b \]

Example Calculation

Let’s consider an example to clarify these concepts. Suppose we dissolve 58.5 grams of sodium
chloride (NaCl) in 1 kilogram of water.



1. Calculate moles of NaCl:
- Molar mass of NaCl = 58.5 g/mol
- Moles of NaCl = \( \frac{58.5\, \text{g}}{58.5\, \text{g/mol}} =1\, \text{mol} \)

2. Calculate molality:
- Mass of water = 1 kg
- Molality \( m = \frac{1 \, \text{mol}} {1\, \text{kg}} = 1\, \text{mol/kg} \)

3. Identify \(i\):
- For NaCl, \(i = 2\) (it dissociates into Na* and CI1-).

4. Find \(K b\) for water:
-\(K b =0.512\, \text{°C kg/mol}\)

5. Calculate \(\Delta T b\):

\[
\Delta T b =i\cdot K b \cdot m = 2 \cdot 0.512\, \text{°C kg/mol} \cdot 1\, \text{mol/kg} = 1.024

\, \text{°C}
\]

6. Determine the new boiling point:
- The boiling point of pure water = 100 °C.
- New boiling point = \(100 \, \text{°C} + 1.024\, \text{°C} = 101.024 \, \text{°C}\).

Thus, the boiling point of the NaCl solution is approximately 101.024 °C.

Factors Influencing Boiling Point Elevation

Several factors can influence the boiling point elevation of a solution, including:
e Nature of the Solute: lonic solutes generally produce a higher boiling point elevation than
molecular solutes due to their dissociation into multiple particles.

e Concentration of the Solute: As the concentration increases, the boiling point elevation will
also increase, provided the solute remains non-volatile.

e Type of Solvent: Different solvents have different \(K b\) values, leading to varying boiling
point elevations for the same solute.

e Temperature and Pressure: While the calculations assume standard atmospheric pressure,
changes in pressure can affect the boiling point.



Conclusion

Calculating the boiling point of a solution is a fundamental concept in physical chemistry that relies
on understanding colligative properties. By applying the concepts of molality, the van 't Hoff factor,
and the ebullioscopic constant, one can accurately predict how the addition of a solute will affect the
boiling point of a solvent. This knowledge is crucial in various scientific and industrial applications,
from cooking to chemical manufacturing, where the control of boiling points can impact processes
and outcomes.

Frequently Asked Questions

What factors affect the boiling point of a solution?

The boiling point of a solution is affected by the solute concentration, the type of solute, and the
presence of any non-volatile solutes. The more solute particles present, the higher the boiling point
due to colligative properties.

How does the presence of a non-volatile solute change the
boiling point of a solvent?

The presence of a non-volatile solute raises the boiling point of the solvent, a phenomenon known as
boiling point elevation. This occurs because the solute disrupts the solvent's ability to evaporate,
requiring more heat to reach the boiling point.

What is the formula for calculating boiling point elevation?

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

What is the van 't Hoff factor (i) in the context of boiling point
elevation?

The van 't Hoff factor (i) represents the number of particles the solute dissociates into in solution.
For example, for NaCl, i is 2 because it dissociates into two ions (Na+ and Cl-).

How does temperature affect the boiling point of a solution?

Temperature can influence the boiling point of a solution by altering the vapor pressure. As
temperature increases, the vapor pressure of the solution rises, and if it equals the atmospheric
pressure, boiling occurs.

Can boiling point elevation be used to identify a solute?

Yes, boiling point elevation can help identify a solute by comparing the measured boiling point of the



solution to the known boiling point of the pure solvent. The amount of elevation can provide
information about the solute's identity and concentration.

Why is it important to consider boiling point elevation in
cooking?

Understanding boiling point elevation is important in cooking because adding solutes like salt or
sugar to water raises its boiling point, affecting cooking times and the texture of food. This principle
is crucial for foods that require precise temperature control.

How do you experimentally determine the boiling point of a
solution?

To experimentally determine the boiling point of a solution, heat the solution in a flask with a
thermometer. Monitor the temperature until it stabilizes at a consistent reading, indicating that
boiling has been reached.
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