Chemistry Honors




Molar Mass of Butane

Objectives:

1. Students will identify the variables needed for determining the molar mass of butane.

2. Measure the volume of gas collected using the indirect method of water displacement.

3. Use Dalton’s Law of Partial Pressure, Combined Gas Law, and the Ideal Gas Equation to find the molar mass of butane.

4. Calculate the percent error of experiment.

Background:


In this experiment you will determine the molar mass of butane, the gas that is used as a fuel in inexpensive disposable lighters and in fuel canisters for camping stoves and lanterns. Because butane is insoluble in water, it is collected by displacement of water. The partial pressure of the butane gas collected is calculated by using Dalton’s law of partial pressures. The general gas law is used to find the volume of the dry gas at standard conditions so that the Ideal gas equation can be used to find the molar mass. The accepted or true molar masses of elements and compounds are measured in standard conditions and the percent error of the experiment can be determined because the experimental values were converted to standard conditions.
Hypothesis:

Safety: Butane is very flammable. No flames should be used in the room while this experiment is in progress. Butane gas is toxic and must be disposed of in the Chemical Fume Hood. Goggles are required.

Materials:

Erlenmeyer flask, 250 mL


gas collecting trough

glass plate 




thermometer
barometer




glass tubing, bent into Z formation

electronic balance



butane dispenser
graduated cylinder

Procedures:

1. Fill a 250 mL Erlenmeyer flask completely full of tap water. Use a graduated cylinder and make exact recording of volume of water needed to fill the flask. Record in data table.
2. Fill a trough 2/3 full of tap water. Place a glass plate over the flask and invert the flask in the trough without getting any bubbles in the flask. Remove the glass plate and set to the side.

3. Find the mass of the butane dispenser and record in data table. (take cap off first)
4. Secure one end of glass tubing to butane dispenser and carefully place the other end into the flask in the water. Hold apparatus to support it.

5. Push the glass tubing down on the butane dispenser to release gas. Fill flask to about 2/3 full of gas. Do not completely fill flask.

6. Remove glass tubing carefully. Find the new mass of the butane dispenser.

7. Measure the temperature of the water in the trough and record in data table.

8. Put the glass plate over the top of the inverted flask. Turn it upright and hold securely so that none of the water in the flask is lost.

9. Take covered flask to fume hood and release gas by removing plate. Take back to station.

10. Measure the volume of water remaining in the flask using a graduated cylinder. Record in data table.

11. Record the barometric pressure using the barometer in the middle hall.

12. Find and record the pressure of water in mmHg based on the temperature of water recorded. Use table from your notepacket.

13. Discard water in the trough and Erlenmeyer flask. Dry off glass plate and glass tubing. Place cap on butane and follow teacher instructions for placement of items.
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Figure 1

The volume of the gas collected is calculated indirectly by

measuring the water displaced. The total amount of water

contained in the flask and the amount remaining are

measured. The difference is the volume of the gas in mL.

Dalton’s law is used to find the volume of the dry gas.

Data Table 1:




(record values with values to two after decimal)
	Initial mass of lighter
	
	g

	Final mass of lighter
	
	g

	Initial volume of water in the flask
	
	mL

	Volume of water in flask after gas is released
	
	mL

	Temperature of water
	
	ºC

	Barometric pressure from barometer
	
	mmHg

	Vapor pressure of water based on table
	
	mmHg


Calculations:

1. Calculate the volume of gas collected.

2. Find the pressure of the dry gas by subtracting the partial pressure of water.

3. Convert the temperature into Kelvin.

4. Calculate the mass of the gas used by subtracting the final mass from the initial mass.

5. Convert the volume of gas into liters.

6. Convert the volume of the gas into standard conditions using the combined gas law. Initial conditions are from calculations 2, 3, and 5. Find the new volume at STP.

7. Calculate the density of butane gas by using the equation:  d=m/v. (volume from calculation 6)

8. Calculate the molar mass of butane using the modified Ideal equation and STP.

9. Obtain the molecular formula for butane gas from teacher. Find the molar mass using periodic table. This is the true or accepted molar mass. Compare your molar mass calculation to the true by calculating the percent error.

Questions:

1. Why is the butane a liquid in the dispenser but a gas when released?

2. Why is Dalton’s law of partial pressure used in this experiment?

3. List all measurements required in the lab.
4. List any units that required conversion. Briefly explain the purpose of each of these conversions. 

5. Provide any external factors that could produce a low percent error in our lab.

Conclusion:

General conclusion. Include specific data and calculation results. Discuss your percent error and factors that contributed to a good or low percent error.

