Experiment 8
Molecular Weight by Vapor Density

In this experiment, the gram molecular weight of a volatile liquid is to be determined. Volatile liquids are those which are readily vaporized, with boiling points below 100ºC.

The general procedure is:

1. to place a sample of the volatile liquid in a pre-weighed system. The system consists of a flask with an aluminum foil cap; the cap has a tiny pin-hole in the center.

2. to vaporize the entire liquid sample by heating the flask in a boiling water bath. Vapor will escape through the pin-hole into the room until the pressure inside the flask is equal to the atmospheric pressure.

3. to remove the system from the bath, cool to room temperature (the vapor condenses) and reweigh the system plus condensed vapor.

The data collected is:

	T of the vapor 
	= 
	T of the water bath

	V of the vapor 
	= 
	V of the flask

	P of the vapor 
	= 
	P of the atmosphere

	weight of the vapor 
	= 
	increase in weight of the system after vaporization and cooling


The calculations assume ideal gas behavior and the GMW may be obtained by either of the methods below.

	From the ideal gas equation

PV = nRT

solving for n and then for GMW.
GMW = [image: image2.png]




	From the combined gas law
P1 V1 =   P2 V2
                                          T1         T2
Solving for V2 where V2 represents the volume at STP. 
Solving for the density of the gas at STP. 
Solving for the weight of 22.4 liters at STP, the GMW.


Procedure

1. Obtain a clean, dry, 250 ml flask. If necessary, wash and rinse thoroughly, dry over a Bunsen flame and allow to cool. Fit a square of aluminum foil over the neck of the flask and make a tiny pin-hole in the center. Weigh the system (flask plus foil) and record the weight. Remember to use the same balance throughout the experiment.

2. Using a 10 ml graduated cylinder, add about 8 ml of cyclohexane, C6H12, to the flask, plus a few drops of iodine in cyclohexane to color the liquid. Crimp the aluminum foil over the top and neck of the flask as tightly as possible. Use a rubber band, if necessary.

3. Work in the hood. Support the flask up to the neck in a large beaker of water so that all but the very top of the flask is submerged. Add a boiling chip to the water and heat the water to boiling while stirring with a stirring rod. Continue heating until all of the liquid cyclohexane has evaporated and no more liquid can be seen in the flask. Record the temperature of the boiling water bath; wait one minute, then remove the flask and allow it to cool. Carefully wipe the outside of the flask dry. Then loosen the foil; dry the neck and inside the foil, if necessary. Weigh the system plus the condensed vapor. Keep the foil for the next run!

4. Repeat steps 2-4 and record your results for run 2.

5. Record the barometric pressure.

6. After both runs are completed, obtain the volume of the flask. Have your method for determining  

               the volume of the flask approved by your instructor.
7. If time permits, you will be asked to determine the GMW of an unknown volatile liquid. Repeat  

               the procedure starting with step 1.

Data 
	
	C6H12
	C6H12

	
	run 1
	run 2

	weight of system + condensed vapor
	
	

	weight of system
	
	

	weight of condensed vapor
	
	

	temperature of water bath
	in ºC
	
	

	
	in K
	
	

	atmospheric pressure
	
	

	volume of the flask
	
	


Report

I. 
Calculate
1. the GMW of the cyclohexane (for each run and the average).

2. the accuracy of your results expressed as % error.
II. 
Answer
Explain the effect each of the errors listed would have on your data. In your answer state whether the calculated GMW would be higher or lower than it should be as a result of the error, and why. 

1. The sample used was not in the bath long enough to vaporize.

2. The liquid heated contained an impurity which was non-volatile.

3. The second weighing, after heating and cooling, was made without the foil.
