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Determination of Molar Mass by Vapor Density

Finding the Molar Mass of Butane

INTRODUCTION:

In this experiment you will determine the molar mass of butane, the fuel commonly used in many pocket lighters. This is done by collecting a volume of butane gas over water. When a gas is collected in an inverted cylinder over water, it is not only species present in the space it occupies. It shares that space with water vapor. When the water levels are the same inside and outside the cylinder, the pressure above the liquid inside the cylinder is the same as that outside the cylinder. A measurement of the atmospheric pressure in the room with a barometer will, therefore, provide you with the pressure above the water inside the cylinder. From Dalton’s Law of Partial Pressures, we know that the pressure above the water inside the cylinder is equal to the sum of the partial pressures of butane and the water vapor – as these are the only two gases present. The partial pressure of the water above the surface of the liquid is determined by the water’s temperature; and this value can be subtracted from the total pressure to obtain the partial pressure of butane gas. The ideal gas equation PV = nRT, can then be used to determine the number of moles of butane gas that are present in the inverted cylinder. The mass of butane released is found by measuring the mass of the butane lighter before and after the gas is released, and finding the difference between these values. The molar mass of butane is then determined by dividing the mass of butane released by the number of moles of butane in the graduated cylinder.
PURPOSE:
To determine the molar mass of butane.

SAFETY:

Do not ignite the lighter or cause the flint to spark at any time during this experiment.

MATERIALS:
Disposable pocket ligther
100 mL graduated cylinder

Thermometer
Water trough

Balance 
Barometer

Paper towel
Hair dryer (if available)

PROCEDURE:

1. Clean and dry the butane lighter. Use a hairdryer to dry the lighter if one is available. Measure and record the mass of the lighter to the nearest 0.01g. Do not release any gas from the lighter after this measurement is taken, unless you are instructed to do so in the procedure below. 
2. Fill the water trough three quarter’s full with tap water.

3. Immerse the 100 mL graduated cylinder in the water. Once you have removed all the air bubbles in the graduated cylinder, invert the cylinder so that its mouth remains under the surface of the water. Examine the bottom of the graduated cylinder, which is now pointed upwards, to see if any air bubbles are present. Repeat this step until you manage to invert the graduated cylinder without any air bubbles present.

4. Being careful to keep the mouth of the graduated cylinder under the surface of the water, immerse the lighter in the water trough and position it so that when gas is released, it will bubble up into the graduated cylinder.

5. When you are confident that the lighter is positioned correctly, depress the lever that releases the butane gas from the lighter. You will see gas bubbles ascending up the graduated cylinder and collecting at its base, which is facing up. Make sure that all of the gas bubbles enter the cylinder. Continue to hold down the lever until you have collected about 90 mL of gas.

6. Making sure that the mouth of the graduated cylinder stays under the surface of the water at all times, carefully raise and lower the cylinder under the water level inside the cylinder is the same as the water level outside the cylinder. When the two water levels are perfectly in line with one another, take the measurement of the gas released. Record this value. To take the measurement accurately, the graduated cylinder must be perfectly vertical and your eye must be in line with the water’s surface. To facilitate this, you may need to carefully add water to the trough in order to raise the water level.

7. Dry the lighter, using the hair dryer if available.

8. Measure and record the final mass of the lighter.

9. Measure and record the temperature of the water in the trough and the barometric pressure (if you don’t have a barometer, check the local weather network).

DATA:
	Mass of lighter before gas was released
	

	Mass of lighter after gas was released
	

	Mass of butane gas released
	

	Volume of gas collected
	

	Air temperature
	

	Atmospheric pressure in the room
	

	Water temperature
	

	Vapor pressure of water
	


CALCULATIONS:
1. Determine the partial pressure of butane gas in the cylinder.

2. Determine the number of moles of butane gas collected in the cylinder.

3. Calculate the experimental molar mass of butane gas.

4. The molecular formula for butane is C4H10. Calculate the actual molar mass of butane.

5. Determine the percent error in your experimentally determined value for the molar mass of butane.

ANALYSIS:
1. What are the measurements that must be taken to find the molar mass of a gas using the vapor density method? (Note: measurements are things that can be measured. Calculations are not measurements).

2. Explain why the water levels inside and outside the gas collection cylinder must be the same before the volume of gas is measured and recorded.

3. Suppose a student failed to account for the partial pressure of water in the gas collection cylinder. What effect would this have on the calculated value for his/her  molar mass of butane? Justify your answer.

4. Calculate the dry volume of butane gas that was released from your lighter at the temperature and pressure in your school laboratory on the day you conducted this experiment. Use the number of moles of butane gas found in Calculations 2.

5. Why is the dry volume of butane gas found in the previous question less than the wet volume measured in this lab? Explain.

6. Suppose that the lighter used by a student in this lab was not completely dry before its final mass was measured (after the gas had been added to the cylinder). What affect would this have on the student’s calculated value for the molar mass of butane? Explain.

PRE-LAB QUESTIONS:
1. Why should there be no open flames during this lab?

2. Why do we need to insure that inverted graduated cylinder contains only water and no air bubbles before the butane gas is added?

3. For the purposes of this lab, explain why it is important that butane is relatively  insoluble in water.
