
CHM130 Colligative Properties 

Experiment:  Determination of Molar Mass by Freezing Point Depression using 

Paradichlorobenzene 

 

Introduction:  The vapor pressure of a pure liquid at a given temperature is a characteristic 

property of that liquid. However, when a nonvolatile solute is dissolved in the liquid, the vapor 

pressure of the liquid is reduced. This lowering of the vapor pressure causes a change in the 

melting point, boiling point, and osmotic pressure of the liquid. The magnitude of the change in 

these properties depends upon the number of solute particles dissolved in a given amount of the 

solvent, but not upon the nature of the particles (their identity). Such properties are called 

colligative properties. The addition of ethylene glycol to the water in a car radiator in order to 

raise its boiling point or the use of salt to lower the melting point of ice on a sidewalk are some 

everyday applications of colligative properties. 

 

In this experiment we will investigate the phenomenon of freezing-point depression and 

determine the molar mass of an unknown solute. The relationship between the lowering of the 

freezing point and the concentration of a solution is given by the following: 

ΔTf   =   Tf(pure solvent)  -  Tf(solution)    =   Kf · m                                                       (1) 

 

where ΔTf is the freezing temperature, Kf is the molal freezing-point depression constant (a 

property of a given solvent), and m is the molality of solute in the solution. Remember that the 

molality of a solute is defined as follows: 

                          m  =  moles of solute / kg of solvent                                                             (2) 

 

One application of freezing-point depression is in the determination of the molar mass of an 

unknown solute. A weighed amount of the solute is dissolved in a known mass of solvent. The 

freezing point of the solvent (the temperature at which solid and liquid phases are in equilibrium) 

is determined by cooling the solution and plotting a graph of temperature as a function of time. A 

horizontal portion of the graph indicates that a pure liquid will freeze at a constant temperature. 

However, a solution will freeze over a range of temperatures and will not exhibit the constant 

freezing point of the pure liquid; instead of exhibiting a horizontal portion, the plot will show a 

change of slope when solid solvent begins to form. The concentration of dissolved solute then 

steadily increases as the solvent freezes, causing the freezing point to continually decrease. (The 

solid forming is pure solvent.)  The temperature at which freezing begins is determined by the 

intersection of the two extrapolated straight lines.  

 

In practice, it is necessary to first determine the freezing point of the solvent alone, since the 

solvent may not be pure. This step also makes prior calibration of the thermometer unnecessary. 

With the change in freezing point and the value of Kf, it is then possible to calculate the 

approximate molar mass of the solute. 

 

The phenomenon of supercooling occurs when a liquid cools below its freezing point without 

crystallizing. A supercooled liquid is in an unstable condition, and any disturbance such as 

vibration will cause crystallization to begin, with a consequent rise in temperature to the actual 

freezing point. The dip in the graph due to supercooling should be ignored and the two straight 

portions extrapolated to their intersection to find the freezing point.  

 

For this experiment, Paradichlorobenzene will be used as the solvent.  Paradichlorobenzene is a 

white solid in the halogenated organic class of chemicals.  It has a sweet, mothball-like odor and 



evaporates easily.  It is widely sold for household use as deodorizer and moth control blocks for 

toilet bowls, diaper pails and closets, and as mothballs.  Paradichlorobenzene is also an 

ingredient in some toilet bowl cleaners, miticides for pet birds, rodent repellents, and insecticide 

used on fruit trees.   

 

USEFUL INFORMATION: 

                 Table I.  Freezing temperatures and constants for some common solvents. 

Solvent Structure Formula Tf, °C Kf, °C*kg/mol 

Water  H2O 0.0 1.86 

Acetic acid 

 

CH3COOH 16.6 3.90 

Benzene 

 

C6H6   5.5 5.12 

tert-Butanol 

 

C4H9OH 25.5 9.10 

Cyclohexane 

 

C6H12 6.5 20.00 

para-Dichlorobenzene 

 

C6H4Cl2 53.1 7.10 

 

 

Materials:  

Large test tube (please do not use the ones in your drawer),  

Large rubber stopper drilled to fit around test tube (optional),  

Digital thermometer, hot plate 

Para-dichlorobenzene 

ONE Unknown (either pick A OR B – DO NOT USE BOTH!) 

Data Page:   

 

Procedure: 

This exercise will contain four parts.   

1. Freezing point determination 

2. Solution 1 freezing point 

3. Solution 2 freezing point 

4. Molecular weight determination 

 

The Excel spreadsheet contains 4 tabs to record your data in real time.  Do not print out the 

spreadsheets prior to inserting your data.  The spreadsheet should be down loaded to the 

laboratory computer and opened from its hard drive during the experiment.  You may want to 

save the file for your lab report.  See the main laboratory page for the link to the file or click here 

Download Colligative Properties Spreadsheet. 

http://classes.kvcc.edu/chm130/colligative_properties.xls
http://classes.kvcc.edu/chm130/colligative_properties.xls


 

Step 1.   The solvent to be used is paradichlorobenzene, C6H4Cl2. This solvent freezes at 53.1°C 

if pure.  Since we can not be assured of its purity (or the accuracy of our thermometers), we will 

measure the freezing point twice and average the values. 

1. Add 10 to 20 grams of paradichlorobenzene to a large test tube.  The test tube will be 

provided. 

2. Record the exact weight in the data sheet. 

3. Set up a water bath with a beaker on top of a hot plate. 

4. Clamp the test tube so that it hangs in the water to a level to cover the solid in it. 

5. Heat the test tube until all the solid has liquefied. 

6. Remove the hot plate and water bath. 

7. Hang a digital thermometer so that its tip is in the center of the molten solid (do not let it 

touch the sides or bottom of the test tube). 

8. Begin recording the temperature to the tenth of a degree when the temperature falls to 

65
o
C. 

9. Enter these temperatures on the data sheet at 30 second intervals. 

10. Stop recording temperatures when the value ceases to change for three minutes. 

 

Determine the freezing point of pure paradichlorobenzene from the graph of the data and 

record it on the data sheet. 

 

Step 2.   Keep using the same material in the test tube and repeat the heating and cooling 

procedure in step 1.  Begin recording the temperature to the tenth of a degree when the 

temperature falls to 65
o
C. 

1. Enter these temperatures on the data sheet at 30 second intervals. 

2. Stop recording temperatures when the value ceases to change for three minutes. 

 

Determine the freezing point of pure paradichlorobenzene from the graph of the data and 

record it on the data sheet.   

 

Step 3.  Keep using the same material in the test tube and follow the steps below.   

1. Weigh out approximately 0.1 grams of an unknown solute (use A or B, DO NOT USE 

BOTH). 

2. Record the exact weight in the data table and which one you chose. 

3. Reheat the solid from the first part of the experiment until it has liquified. 

4. Add the unknown to the solid and stir for 30 seconds to dissolve it thoroughly (use the 

digital thermometer). 

5. Hang a digital thermometer so that its tip is in the center of the molten solid. 

6. Begin recording the temperature to the tenth of a degree when the temperature falls to 

65
o
C. 

7. Enter these temperatures on the data sheet at 30 second intervals. 

8. Stop recording temperatures when the value ceases to change for three minutes. 

 

Determine the freezing point of solution 1 from the graph of the data and record it on the 

data sheet. 

 



Step 4.  Solution 1 is the paradichlorobenzene from the previous exercise to which a solute has 

been added.  Solution 2 is solution 1 from the previous exercise to which additional solute has 

been added. 

1. Weigh out another 0.1 grams of an unknown solute (use the exact same one as in step 3, 

DO NOT USE the other one). 

2. Record the total weight in the data table. 

3. Reheat the solid from the first part of the experiment until it is all liquid. 

4. Add the unknown to the liquid and stir for 30 seconds to thoroughly dissolve it. 

5. Hang a digital thermometer so that its tip is in the center of the molten solid. 

6. Begin recording the temperature to the tenth of a degree when the temperature falls to 

65
o
C. 

7. Enter these temperatures on the data sheet at 30 second intervals. 

8. Stop recording temperatures when the value ceases to change for three minutes. 

9. Determine the freezing point of solution 1 from the graph of the data and record it on the 

data sheet. 

 

Clean-up:  If needed, remelt the solution to remove the digital thermometer.  DO NOT pour the 

solution down the drain.  Keep it in the test tube and place the test tube with the solid material 

in the waste disposal bag.   

 

Calculations:  The molecular weight of the unknown solute is determined from information 

gained in the four trials.  Based on the information that is in the molecular weight spreadsheet 

determine the following values and enter them in the spreadsheet. 

1. The molality of solution 1. 

2. The molality of solution 2. 

3. The molecular weight determined from solution 1. 

4. The molecular weight determined from solution 2. 

5. The average molecular weight of the unknown and the unknown number. 

 

Lab Report:  Make sure your report includes the data and observations from your experiment, 

calculations of molar mass and a brief discussion of possible sources of error.  Also include the 

answers to the following questions:   

1. Explain the effect of each of the following errors upon your calculated molar mass. Be 

specific as to whether the result would be high or low and explain why. 

a. Some solvent is lost by evaporation.    

b. Some of the unknown is lost during transfer to the test tube.    

c. The thermometer consistently reads one degree too low.   

d. Part of the solute does not dissolve. 

2. Is it necessary that the solvent be absolutely pure? Explain your answer clearly. 

3. Many ionic compounds, e.g., NaCl, are strong electrolytes and dissociate completely 

upon dissolution in water. Explain clearly the effect upon the freezing point when a 1.00 

m solution of NaCl in water is made (calculate the freezing point). Hint: What is the van't 

Hoff i-factor for this solute? 


