CHEMISTRY LAB: Mass: Volume Relationships

INTRODUCTION: Avogadro's hypothesis states that equal volumes of any gases contain equal numbers of molecules under the same conditions of temperature and pressure. 

Earlier, we determined the ratio of the coefficients of a reactant and product by massing each and determining the number of moles of each and then calculating the ratio. Trying a similar experiment with gases would be difficult due to the difficulties massing a gas. Measuring volume would be simpler and we can use our knowledge that 1 mole of any gas occupies 22.4 liters at STP.
In this experiment you will react a known quantity of Mg with excess HCl, collect and measure the volume of the H2 gas produced. The gas will be collected over water by displacement with a eudiometer.
The balanced equation for the reaction is   Mg + 2HCl --> MgCl2 + H2
OBJECTIVE: Collect and measure the volume of the H2 gas produced when you react a known quantity of a magnesium and excess HCl. Calculate the molar volume of a gas at STP.

MATERIALS: gas collecting tube, stopper, trough, 

PROCEDURE:
1. Obtain some Mg ribbon and determine its mass.
2. Fill the gas collecting tube about to 1/4 full with HCl solution

3. Fill the rest of the tube carefully with water. Add the water slowly with a Pasteur pipette so that it dribbles down the side. We want the less dense water to sit on top of the more dense HCl solution.

4. Tie the Mg ribbon to some string. Put the Mg ribbon into the water while holding the other end of the string. Put a one holed stopper on the gas tube. The string should be held in place between the stopper and the side of the gas collecting tube.

5. Place your finger over the hole in the stopper. Invert the tube and place it in the trough of water. As the denser HCl settles, the Mg will begin to react. The bubbles will rise to the top of the tube and force out the water. When the reaction stops, read how much gas is collected.  Determine the temperature of the water bath.

6. Clean up.
DATA AND CALCULATIONS:
1) Mass Mg

     Mg    
+     2HCl -->    
MgCl2   +    
 H2
B

C___________________________________________________
A

2) Moles Mg

3) Moles H2
4) Volume (in liters) of H2 gas collected (Vexp)
5) Atmospheric Pressure

6) Temperature of water bath (C)
7) Vapor pressure of water

8) Pressure of Dry gas

9) Temp (K)

10) Volume of one mole of gas = Vexp / mole H2
(at the conditions you collected it at)

11) Volume of one mole of (dry) gas = Vexp/ mole H2 at STP
(You’ll have to use the pressure of the dry gas as your initial pressure in this calculation. Temperature must be in Kelvins.)
12) Percent difference between 22.4 L/mole and (11) in the calculations

CONCLUSIONS:

1. How would the amount of product change if you used the same amount of Mg but increased the amount of HCl in the solution?

2. In the Data and Calculations (3) you determined the moles of hydrogen gas you collected. 
A) What volume would this occupy at STP? 

(22.4 L of any gas = 1 mole at STP)
B) Convert the volume from STP conditions to the temperature and pressure (dry gas) of your experiment.
C) Calculate the percent difference between B and the actual volume of the gas you collected from your data (4).

% difference = | calculated volume – measured volume|      x 100

                                             measured volume

3. If you evaporated the solution so that all of the HCl and water were removed, calculate the mass of the magnesium chloride produced in this reaction.

4. How would an experiment like this be affected if the gas generated dissolved readily in water, like ammonia does?

