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Determination Of Molar Mass By Freezing-Point Depression

Purpose

To determine the molar mass of a substance by freezing-point depression

Background

When a solute is dissolved in a solvent, the temperature at which the solvent freezes decreases.  This decrease is proportional to the molal concentration of the solute.  It depends on the ratio of solute and solvent particles and not on the nature of the substance itself. 



(Tf = Kf m



(Tf  is the decrease in freezing point.

Kf  is a proportionality constant called the freezing point 



depression constant

m is the molal concentration


The solvent will be dodecanoic acid (also known as lauric acid). Its formula is

C12H24O2.  Kf for dodecanoic acid is 3.90 °C/m.  The solute will be benzoic acid.  

Its formula is C7H6O2.

The freezing point of the pure solvent will be found first.  Next, the freezing point of the benzoic acid and dodecanoic acid solution will be measured.  By knowing the masses of the benzoic acid and the dodecanoic acid, by measuring the freezing point depression, the molality of the solution and the molar mass of benzoic acid can be calculated.

Materials


8-9 g dodecanoic acid per group


1-2 g benzoic acid per group


1 20 mL test tube per group


1 250 mL beaker per group


2 600 mL beakers per group for baths


1 hot plate per group



1 hot water (70-80 °C) bath (600 mL beaker and hot plate) per group

1 warm water (approx 30 °C) bath (600 mL beaker) per group

1 digital thermometer per group

1 stopwatch per group

several electronic balances (0.01 g or better) for the class

several alcohol thermometers for the class

acetone in a wash bottle for clean up

waste container for class

Procedure


Part 1 – Determining the freezing point of pure 

     dodecanoic acid


01.   Place a test tube into a 250 mL beaker.


02.   Tare the beaker and test tube.


03.   Place a mass of between 8 and 9 grams (measured to at least 0.01 g) 

                    of dodecanoic acid into the test tube and record it exact mass.


04.   Place the test tube with the dodecanoic acid into the hot water bath until 

                    all of the dodecanoic acid has melted.


05.   Remove the test tube with the dodecanoic acid from the hot water 

                    bath and place it into the warm bath.


06.   Place the digital thermometer into the test tube with the now melted 

                    dodecanoic acid.


07.   When the temperature reaches 60 °C begin recording the temperature 

                    every 30 seconds.


09.  To stir, hold the digital thermometer only by the metal probe.  Use a 

                    slow vertical and corkscrew motion to gently stir the melted acid.  Stir 

                   gently – when the thermometer begins to stick, quit stirring to avoid 

                   damage to the thermometer.


10. Continue recording the temperature every 30 seconds until the temperature 

                  of the dodecanoic acid has dropped below 38 °C.


Part 2 – Determining the freezing point of the benzoic acid

              and dodecanoic acid solution

11. Use the same sample and equipment as you did in the previous part.


12. Using a weighing boat, measure out between 1.1 and 1.2 grams (to at least 

                  0.01 g) of benzoic acid.


13. Place the test tube continuing the dodecanoic acid sample from the previous 

                  trial in the hot water bath.


14. When it has all melted add the benzoic acid.


15. Place the digital thermometer back into the test tube.


16. Thoroughly, but gently stir the mixture until the benzoic acid is dissolved 

                  in the dodecanoic acid.

17. Remove the test tube with the dodecanoic acid from the hot water 

                  bath and place it into the warm bath.


18. When the temperature reaches 60 °C begin recording the temperature 

                  every 15 seconds.  Once the curve has pretty well flattened out, record the 

                  temperature every 30 seconds.


19. To stir, hold the digital thermometer only by the metal probe.  Use a 

                   slow vertical and corkscrew motion to gently stir the melted acid.  Stir 

                   gently – when the thermometer begins to stick, quit stirring to avoid 

                   damage to the thermometer.


20. Continue recording the temperature every 30 seconds until the temperature 

                  of the dodecanoic acid has dropped below 38 °C.


21. If time allows once you have completed the first trial, remelt the contents 

                 of the test tube and allow it cool while collecting data again.  This will be 

                 Trial 2


Clean Up


01. Do NOT attempt to pull the digital thermometer out of the solidified 

                   acid – THIS CAN DAMAGE IT.

02. Use the hot water bath to re-melt the acid and gently remove the digital 

       thermometer when the acid liquefies. 

03. Carefully wipe any excess acid from the probe with a tissue dampened 

     with acetone.

04. While the acid is still molten, pour it into the waste container.

05. Use about 2-3 mL of acetone to rinse the last of the acid out of the test tube 

       and pour the rinse into the waste container.

06. Use a test tube brush to clean the test tube thoroughly.  These rinses can go

      down the drain.

Calculations
Graph temperature versus time for the freezing point of the pure solvent.


from: http://core.ecu.edu/chem/chemlab/exper14/intro.htm
Graph temperature versus time for each trial.
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from:http://core.ecu.edu/chem/chemlab/exper14/intro.htm
Show on your graphs how you determined the freezing point of dodecanoic acid.

Show on your graphs how you determined the freezing point of the benzoic acid and dodecanoic acid solution.

Calculate the molality of the mixture (mol benzoic acid/kg dodecanoic acid).

Calculate the molar mass of benzoic acid from your data.  

Compare it with the actual molar mass.  Calculate a percent error.  Do an arithmetic mean and standard deviation on the class’ data.
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