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Introduction


Solutions that contain nonvolatile solutes have a higher boiling point and a lower freezing point than the initial pure solvent.  These colligative properties result from the fact that the vapor pressure of a solution with a nonvolatile solute is lower than the vapor pressure of the pure solvent.  Remember that a colligative property is a physical property of a solution that depends on the number, but not the kind, of solute particles in a given amount of solvent.


The vapor pressure of a liquid is determined by the ability of particles at the liquids surface to escape into the vapor phase.  When we add a solute to a pure solvent some of the spaces at the surface of the liquid will be occupied by the nonvolatile solute.  Since some of the spaces are taken by the solute fewer solvent particles are in a position to escape into the gas phase.  This means that the solutions vapor pressure is lower than the pure solvent’s vapor pressure at all temperatures.  The boiling point of a substance is when the vapor pressure is equal to the atmospheric pressure.  Since the solute decreases the vapor pressure more heat needs to be added for the vapor pressure of the solution to be equal to the atmospheric pressure.  This is why solutions with a nonvolatile solute have higher boiling points than the pure solvent.


Vapor pressure lowering also causes freezing point depression (see Figure 1).  The freezing point of a substance is the temperature at which its solid and liquid phases coexist in equilibrium.  The freezing point depression of a solution is the decrease in the freezing point of a solvent caused by the presence of a solute.  Another way to state this is that the freezing point of a solution is the temperature at which the solvent in a solution and the pure solid solvent have the same vapor pressure.  Vapor pressure lowering results in freezing point depression provided that the solution does not freeze as a solid solution.  The solid that forms must be the pure solvent.  

Figure 1:  Vapor Pressure Diagram for Water and an Aqueous Solution














We can relate the freezing point depression of a pure solvent, (tf, to the molality of the solution (m), as seen in Equation 1and 2.

(1) (tf = tsolvent – tsolution 

(2) (tf  = Kf m

Where tsolvent is the freezing point of the pure solvent, tsolution is the freezing point of the solvent from the solution, and Kf is the molal freezing point depression constant, which is a property of the solvent.  Kf for water is 1.86(C/m.  The molality of a solution is defined as the number of moles of solute per kilogram of solvent (Equation 3).

(3) m = moles solute / kg solvent

Expressing the number of moles of solute in terms of its mass and its molar mass, we can rewrite Equation 3 as in Equation 4.

(4)  m = (mass of solute, g) (1 mol solute / molar mass of solute, g) 

 


   mass of solvent, kg

Determining the Molar Mass of an Unknown Solute
Equation 2 reveals that by measuring the freezing point depression of a solution you can determine the solution molality.  Knowing this experimentally determined molality and knowing how the solution was prepared (what mass of solute was combined with what mass of solvent) you can obtain the molar mass of the solute.  A scheme for obtaining the molar mass can be seen in Equations 5-7.

(5)  mexperimental =   (tf / Kf


(6)  (mexperimental) (kg solvent) = moles solute

(7) molar mass of solute = (mass solute, g) / (moles solute)

Graphing the temperature vs. the time for a pure solvent and a Solution we can see

their respective freezing points.  See Figure 2.


Note: The freezing point Tf (solvent) for the pure solvent is just the extrapolation of the plateau to the temperature axis.  The cooling curve for the solution does not reach a plateau, instead it continues to decrease slowly as the solvent freezes out of solution.  The freezing point of the solution Tf (solution) is determined by the extrapolation of the intersection of two straight lines drawn through the data points above and below the freezing point to the temperature axis.

Figure 2: Cooling Curves for a Pure solvent and a Solution

Procedure

A)  FP of Cyclohexane
1. Set up a freezing point apparatus per the instructors directions (see Figure 3) using a 400 mL beaker

2. Weigh a 250 mL beaker plus a 200 mm test tube

3. Add approximately 12 mL of cyclohexane to the test tube

4. Weigh the 250 mL beaker + 200 mm test tube with cyclohexane in it

5. Place the test tube in your ice/water bath

6. Make sure to stir the solution constantly

7. Take time and temperature readings every 20 seconds

8. Continue until the cyclohexane has frozen sufficiently that stirring becomes difficult

9. Stop taking temp/time readings

10. Allow the frozen cyclohexane to thaw and return to room temperature

11. Plot your data using Excel, temperature ((C) on the Y axis and time (sec) on the x axis.  Graph title:  Freezing Point of Cyclohexane; label the freezing point (Tf)
B)  FP of Cyclohexane + Unknown Solute

1.  Dry the outside of the test tube containing the cyclohexane and measure it’s mass in the same 250 mL beaker
2.  Weigh 0.1 g-0.3 g unknown solute, add to test tube with cyclohexane in it

3.  Determine the freezing point of the solution as previously done

4.  Allow the frozen solution to thaw and return to room temperature

5.  Weigh 0.1 g-0.3 g more of the unknown solute, add to test tube with solution in it

6.  Determine the freezing point of the solution as previously done

7.  Put the solution in the labeled waste container

7.  Plot your data using Excel, Graph Title:  Freezing Point of Cyclohexane Solution

Figure 3:  Apparatus for Freezing Point Determination






















Data Sheet I:  Time & Temperature Readings for Pure Cyclohexane
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Data Sheet I:  Continued
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A)  FP of Cyclohexane
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Graphs!!
Data Sheet II:  Time & Temperature Readings for Mixture
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Data Sheet II:  Continued
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B)  FP of Cyclohexane + Unknown Solute
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Graphs!!
Pre-Lab Questions

1. Why is it important to keep stirring the solution while performing a freezing point determination?

2. Explain why there is a constant temperature plateau in the cooling curve for a pure solvent but not for a mixture.

3. A mixture of 2.05 g of unknown plus 123.10 g of water had the following cooling behavior:

Time, min

Temp., (C

Time, min

Temp., (C



0.0 10


    10.5


  -0.50

1.0 9


    11

              -0.75

2.0 8                                   11.5                           -0.10

3.0 7                                   12                               0.00
4.0 6                                   12.5                           -0.05
5.0 5                                   13                              -0.10
6.0 4                                   14                              -0.20
7.0 3                                   15                              -0.30
8.0 2                                   16                              -0.40
9.0 1


    17


  -0.45
10.0 0


    18


  -0.50
    19


  -0.55
    20


  -0.6

a) Prepare a graph showing the temperature on the y axis and the time on the x axis.  Label both axis, include a title for the graph, and label the freezing point.

Post-Lab Questions

1. Calculate the molar mass of an unknown if a solution containing 3.56 g of unknown in 56.2 g of water froze at –1.60(C  (Tf (H2O) = 0(C, Kf (H2O)= 1.86(C kg/mol)
2.  Pure substance “A” freezes at 72.0(C.  A solution of 2.57 g of “B” (“B” molar mass =        132.6 g/mol) and 34.28 g of “A” froze at 53.1(C.  Calculate Kf of “A”
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