
Experiment 4.2 -- Molar Mass of a Volatile Liquid


In this experiment, the molar mass of a volatile liquid will be determined using the vapor density method.  The ideal gas law (PV=nRT) can be modified to determine molar mass.  A small amount of easily evaporated liquid will be placed in a flask of known volume.  The flask will be heated in a boiling water bath and will be equilibrated with atmospheric pressure. From the volume of the flask, the temperature of the boiling water bath, and the atmospheric pressure, the number of moles of gas may be calculated.  From the mass of gas needed to fill the flask in the boiling water bath, the molar mass may be calculated. 
Objectives
· To use the ideal gas law
· To determine the molar mass of an unknown volatile liquid
Apparatus and Materials
250-mL Erlenmeyer flask
1000-mL beaker
aluminum freezer foil

needle or pin
hot plate
hot mitt

unknown liquid sample
utility clamp
wire gauze with ceramic center

barometer
Procedure
1.  Put on your aprons and goggles now!  Prepare a beaker for use as a heating bath for the flask.  Add enough water to the beaker so that the flask will be covered by boiling water.  Set the beaker on a hot plate, and begin heating.

2.  Clean and completely dry a 250-mL Erlenmeyer flask.  The flask must be completely dry, since any water present will vaporize under the conditions of the experiment and will adversely affect the results.
3.  Cut a square of aluminum foil to serve as a cover for the flask.  Trim the edges of the foil so that it neatly covers the mouth of the flask but does not extend far down the neck.
4.  Weigh the dry, empty flask with its foil cover with as many significant figures as possible.
5.  Obtain an unknown liquid and record its ID number.  Add 3-4 mL of the liquid to the flask.  Cover the flask with the foil cover, making sure that the cover is tightly crimped around the rim of the flask.
6.  Punch a single small hole in the foil cover with a needle or pin.
7.  Heat the water in the beaker to boiling.  Adjust the heat so that the water will remain boiling but will not splash from the beaker.
8.  Immerse the flask containing the unknown liquid in the boiling water so that most of the flask is covered with the water.  Clamp the neck of the flask to keep it in the boiling water.
9.  Watch the unknown liquid carefully.  The liquid will begin to evaporate rapidly, and its volume will decrease.  The amount of liquid placed in the flask is much more than will be required to fill the flask with vapor at the boiling water temperature.  Excess vapor will escape through the pinhole made in the foil cover.
10.  When it appears that all the unknown liquid has vaporized, and the flask is filled with vapor, continue to heat for 1-2 more minutes.  Then remove the flask from the boiling water bath; use the clamp on the neck of the flask to protect your hands from the heat.
11.  Set the flask on the wire gauze on the lab table, remove the clamp, and allow the flask to cool to room temperature.  Liquid will reappear in the flask as the vapor in the flask cools.  While the flask is cooling, measure and record the exact temperature of the boiling water in the beaker, as well as the barometric pressure in the laboratory.
12.  When the flask has cooled completely to room temperature, carefully dry the outside of the flask to remove any droplets of water.  Then weigh the flask, foil cover, and condensed vapor with as many significant figures as possible, using the same balance as before.
13.  Repeat the determination be adding another 3-4 mL sample of unknown liquid.  Reheat the flask until it is filled with vapor, cool, and reweigh the flask.  The weight should agree with the first determination.  If it is not within 0.05 g, perform a third determination.
14.  When two acceptable determinations of the mass of vapor needed to fill the flask have been obtained, remove the foil cover from the flask and clean it out.
15.  Fill the flask to the very rim with tap water, and then pour the water into an empty 1000-mL graduated cylinder to determine the exact volume of the flask.

Data and Observations

ID # of unknown liquid  _______________  
Collect all relevant data

Analysis of Data


Use the temperature, volume, and pressure of the flask to determine the number of moles of vapor in the flask.  Calculate the mass of vapor in the flask, and use this mass and the moles of vapor to determine the molar mass of the unknown liquid.  Calculate an average molar mass.  Ask the instructor for the theoretical molar mass of your unknown liquid.
Conclusion

Calculate your percent error for the unknown determination, and give some possible explanations for your error.  Be specific!  State what you learned and analyze the procedure.  Identify the strengths and weaknesses of your procedure.  Make any suggestions to improve the experiment.

Lab Report


The lab report should contain data, analysis, and a full conclusion (no abstract or procedure necessary)

