Molar Volume of a Gas

PA State Standards
3.4.10.A
Explain concepts about the structure and properties of matter.
2.5.11.A
Select and use appropriate mathematical concepts and techniques from different areas of mathematics and apply them to solving non-routine and multi-step problems.

1.2.11.A
Read and understand the central content of informational texts and documents in all academic areas.

Introduction:
When working with gases, it is often easier to measure the volume of a sample of a gas than to determine its mass.  A conversion factor is needed to convert volumes of gases to moles of gases.  In this experiment, known amounts of magnesium will be reacted with hydrochloric acid to generate hydrogen gas.  The value for molar volume will be determined both graphically and numerically.
Guiding Question:
Please answer the following questions before beginning the lab.

1. How much hydrogen gas in mL will be generated at STP from 0.0203 g of magnesium and 5.00 mL of 2.0 M HCl?

2. How much of the excess reagent will remain?  Use mL if the excess reagent is HCl and grams if it is Mg.
Equipment/ Materials:

2.0 M HCl


ruler
50 mL beaker


scissors
60 mL syringe 

sand paper

analytical balance

steel wool
LeurLOK syringe cap

thermometer
Magnesium ribbon

vial cap
Safety:

· Goggles and a laboratory apron must be worn at all times for this experiment.  

· When removing the syringe cap, make sure that the syringe is not pointed at another individual.
Procedure:

1.
Cut a long strip of magnesium (approximately 10 cm) and sand it down with either sand paper or steel wool to remove the magnesium oxide layer.  Cut the long strip into strips of roughly 1 cm, 2 cm, 3 cm, and 4 cm.  Do not use a strip longer than 4 cm.
2.
Weigh a strip of magnesium on the balance and record the value in the data table.
3.
Place the strip of magnesium in the vial cap and drop it in the syringe barrel so the magnesium is facing the top of the syringe.  Put the plunger in and push it until it hits the vial cap.
4.
Draw 5 mL of the hydrochloric acid into the syringe.  Record the initial volume of the syringe in the data table.  Place the LeurLOK syringe cap over the end of the syringe, and shake the syringe so that the acid and magnesium react.
5.
When no more hydrogen gas is being generated, record the final volume of the syringe in the data table.  Subtract the initial volume from the final volume to determine the volume the hydrogen occupies and record the value in the data table.
6.
Using the other pieces of magnesium, repeat steps 2 – 5.

7.
Record the temperature and barometric pressure for the room in which you are working.

Data:
	
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	Mass Mg
	
	
	
	

	Initial volume
	
	
	
	

	Final volume
	
	
	
	

	Volume H2
	
	
	
	

	Temperature
	
	
	
	

	Barometric pressure
	
	
	
	


Calculations:
1. Convert the volume of hydrogen for each trial to the volume at STP using the combined gas law.

2. Calculate the number of moles of hydrogen for each trial.

3. Plot the moles of hydrogen on the x-axis and the volume of the hydrogen (corrected, STP) on the Y-axis.  The slope of the line will be the molar volume value.
4. Using the value from the graph, calculate the percent error.

5. Calculate the value of molar volume for each trial.
6. Determine the average molar volume value and calculate a percent error.

Questions:

1. Explain why the slope of the line corresponds to the value for molar volume.
2. Why does the magnesium oxide layer form on the magnesium metal and why does it need to be removed?

3. Would it be possible to use a 5 cm strip of magnesium for this lab?  Why or why not?
4. If 0.1 M HCl were used for this lab, would this experiment still work with a 0.01 g strip of magnesium?  Explain.

5. What are some possible sources of error for this experiment?
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