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Melting Point is the temperature at which the crystal structure of a solid breaks down with increasing entropy (degree of disorder). It is the same as the freezing point but an opposite process. Generally, the freezing point occurs at the same temperature as the melting point. 

The Molecular View of Melting

At the melting point there is enough Kinetic energy to cause particles in the crystal structure to break free from the interparticle forces holding them fixed in ridged position in the crystal structure. If solute particles are introduced in the solvent this increases the entropy (measure of disorder in a system). Hence as you decrease the temperature of the solution in order to reach the freezing point of the solution the temperature will have to be correspondingly lower in order to reach the point where the entropy is low enough for the interparticle forces to take control and fix the particles in position in the crystal structure. Hence the freezing point is depressed as solute is added. This depression is the difference between the Freezing point of the solvent in the solution and the freezing point of the pure solvent, Delta Tf. If we plot Delta Tf vs the concentration in molal units, we get a similar linear relationship as we did with Boiling Point Elevation, except the linear curve will have a negative slope. This negative slope is called the Freezing Point Depression Constant, Kf. Using the slope-intercept formula will yield the following derived mathematical expression for Freezing Point Depression: 

Delta Tf = Tf - Tf0 = -i Kf m 

where: 

Tf = Freezing Point of the solvent in the solution 

Tf0 = Freezing Point of the pure solvent 

i = i factor which will be 1 if the solute is a non-electrolyte 

Kf = Freezing Point Depression Constant which should be negative 

m = concentration in moles of solute per kilogram of solvent 

Let's look at an application using the above equation. 

Calculate the Freezing Point of a solution of 90 grams of glucose (MW = 180) a non-electrolyte, dissolved in 750 grams of water. The Kf for water = -1.86 m/C. The Freezing Point of pure water = 0 C 

1. Convert 90 grams into moles of glucose by dividing the grams by the molecular weight of glucose (180). 

90 grams glucose X 1 mole glucose / 180 grams glucose = 0.5 moles glucose 

2. Convert grams of solvent water to kilograms of water by dividing the grams by 1000 

750 grams H2O X 1Kg / 1000 grams = .750 Kg H2O 

3. Calculate the molal concentration using the definition for molal. 

m = moles of solute / kilograms solvent = 0.5 moles glucose / .75 Kg H2O = 0.667 molal 

4. Calculate the Freezing Point of solution by using the Freezing Point Depression Equation 

Tf - 0 = (-1.86) (1) (.667) = -1.24 

Tf = -1.24 C 

What would be the Freezing Point of an aqueous solution of Al2(SO4)3 if the concentration was the same as the above problem, m = 0.667 

1. Write the dissociation Equation for Al2(SO4)3 

Al2(SO4)3 + H2O ----> 2 Al+3(aq) + 3 SO4-2 (aq) 

2. Calculate the i factor 

i = total moles of ions after the solution / moles of solute before solution = 2 + 3 / 1 = 5 

3. Calculate the Freezing Point using the Freezing Point Depression Equation. 

Tf - 0 = (5) (-1.86) (.667) = -6.2 

Now it is your turn. 

A solution was prepared by dissolving 20 grams urea (MW = 60) a non-electrolyte in 500 grams of H2O. 

1. Calculate the Freezing Point of the solution 

2. If an electrolyte, FeCl3, was used at the same concentration as in Part 1 of the problem calculate the Freezing point of the aqueous solution of FeCl3.The Freezing Point Depression Constant = -1.86 

When you think you have the correct answers to the above problems check here to see if your answered correctly. 
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Freezing point depression

The depression of the freezing point of a solution with respect to the pure solvent is analogous to boiling point elevation. Here, we consider only the case that only solvent crystallizes out of solution. The situation is more complicated when solute crystallizes as well. 

Both pure solid and pure liquid phases of the solvent can coexist with their vapor and therefore, both phases have a nonzero vapor pressure. In solution, solvent coexists with its vapor. Thus, at the freezing point of a solution, the solvent in the solution and the solvent in the solid (which is composed only of solvent) must coexist. For the solid phase, we can consider only the pure solid solvent vapor pressure curve, while in solution, we need to consider the solution vapor pressure curve. Thus, freezing point corresponds to the point where the solution vapor pressure curve intersects that of the pure solid solvent. We can compare this curve to that of the pure liquid solvent as shown in the figure below: 
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Figure 3: 

Since the solution vapor pressure curve lies below that of the pure liquid solvent due to Raoult's law, the point of intersection gives rise to a lower freezing point for the solution. 

The derivation proceeds in a similar manner. The final result is: 
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is a positive constant that depends only on the properties of the solvent. Thus, the minus sign in the above expression indicates that the change in the freezing temperature upon addition of a solute to a solvent is negative, indicating that the freezing point has been depressed. 
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