Chemistry Honors
Freezing Point Depression Lab

Objective: To establish which of four different solutes would be the most effective at lowering the freezing point of water.

Background: The freezing point of a liquid is the temperature at which the forces of attraction among molecules are just great enough to cause a phase change from the liquid state to the solid state. The freezing (or melting) point of a substance is the temperature at which the liquid and solid phases are in equilibrium.


During the freezing process of water, for example, water molecules come together to form the more orderly, crystalline pattern of ice molecules. When any solute (such as salt) is added to a solvent (such as water), the crystalline pattern is interrupted by the presence of the salt “impurity”. Salt and other dissolved solutes interfere with the ability of the solvent to crystallize (solidify) and the solution remains liquid even at a temperature below the freezing point of the pure solvent. Thus a solution always has a lower freezing point than its pure solvent hence the term “freezing point depression”.

Freezing point depression (ΔTf) is defined as the difference in temperature between the freezing point of a solution and that of its pure solvent. The freezing point depression of the solution after the addition of a solute can be calculated using the equation:
ΔTf  =  Kf  x  m  x  i


ΔTf is the change in freezing point in˚C, Kf is the freezing point depression constant (1.86 ºC/m for water), m is the molality of the solution (moles of solute/kilograms of solvent), and i (van 't Hoff factor) is the number of moles of particles actually in solution per mole of solid solute added.

Freezing point depression is a colligative property of a solution. Ideally, a colligative property depends only on the number of solute particles that are formed when the solute dissolves in a given mass of solvent. It does not depend on the size or the identity of the particles. Boiling point elevation is another example of a colligative property of a solution.


Certain solutes lower the freezing point more than other substances. When a molecular compound such as sucrose (C6H12O6) is dissolved in water, the molecules do not dissociate and remain single particles. Ionic solutes, on the other hand, dissociate into ions when dissolved in water. Thus, one formula unit of sodium chloride (NaCl) dissociates in water to produce two particles—one sodium cation (Na+) and one chloride anion(Cl-). One unit of calcium chloride (CaCl2) dissociates into three particles when placed in water. Looking at the equation it can be seen that the freezing point depression depends on the number of particles in solution so the more particles, the greater the change in freezing point.
Hypothesis: (summarize objective and make a prediction as to which of the four solutes used in the experiment will produce the greatest change in freezing point)

Experimental Design: 80.00 grams of ice was added to four beakers. 20.00 grams of water was added to each of the four beakers to produce a total of 100.00 grams of ice water. The mass of each was recorded. The temperature of the ice water for each beaker was taken and recorded. 30.00 grams of each of the following solutes was measured and recorded: sodium chloride: NaCl, sucrose: C12H22O11, calcium chloride: CaCl2·2H2O, and aluminum chloride: AlCl3·6H2O. Each solute was added to the beakers of ice water and stirred until dissolved. The lowest temperature was recorded for each of the four resulting solutions. 
Pre-Lab Questions:

1. What happens to any substance when it freezes?
2. What is the freezing point, in Celsius, of water? What two phases of matter exist at this temperature?
3. Define colligative property.
4. How do you calculate molality of a solution? 
5. In what ways are molality and molarity alike? Different?
6. Describe why road crews add salt, sodium chloride, to roadways during snowy conditions.

7. Use the van’t Hoff factor to determine the number of particles for each of the following:

a. MgCl2
b. C2H5OH

c. C6H12O6
d. Ca(OH)2
e. KBr
f. CH3Cl
8. What was the solvent that was used in the experiment?

9. What were the four solutes used?

Data Table:

	Beaker Number
	Solute
	Mass of Ice + Water
	Temperature of Ice + Water
	Mass of Solute
	Lowest Temperature of Solution

	1
	NaCl
	
	
	
	

	2
	C12H22O11
	
	
	
	

	3
	CaCl2·2H2O
	
	
	
	

	4
	AlCl3·6H2O
	
	
	
	


Calculations: Perform the following calculations and record each in results table. Show work for each solute.
1. Determine the molar mass of each solute. 

2. Calculate the number of moles of each solute given 30.00 grams of each.

3. Calculate the experimental value of the freezing point depression, ΔTf, for each solute using the equation:          Tf (ice + water) – Tf (solution)  =  ΔTf (in ºC)

4. Calculate the ΔTf per mole of solute based on experiment.

5. Determine the i value for each solute using the van’t Hoff factor. *Waters of hydration are not included in the value of i. 

6. Calculate the molality of each solution.

7. Calculate the theoretical value of the freezing point depression for each solute based on the molality of the solution and the number of solute particles. ΔTf = Kf x m x i
8. Calculate the percent error by comparing the experimental ΔTf to the theoretical ΔTf.

Results Table:

	Beaker Number
	1
	2
	3
	4

	Solute
	NaCl
	C12H22O11
	CaCl2·2H2O
	AlCl3·6H2O

	Molar Mass (g/mol)
	
	
	
	

	Moles of Solute
	
	
	
	

	ΔTf (exp)
	
	
	
	

	ΔTf (exp)
  mole
	
	
	
	

	Number of Particles (i)
	
	
	
	

	m
	
	
	
	

	ΔTf (theor)
	
	
	
	

	% error
	
	
	
	


Graph: Prepare a graph of ΔTf/mole on the y-axis versus i on the x-axis. 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Analysis: Write a brief paragraph that describes the relationship shown by the graph. Include specific values from graph.
