Lab #7 - Molar Volume of a Gas

Avogadro’s law states that equal volumes of all gases contain equal number of molecules under the same conditions of temperature and pressure.  Therefore, one mole of any gas at standard temperature and pressure (STP) will take up a standard molar volume.  This volume is 22.4 liters per mole.  In this experiment, you will try to prove that the standard molar volume is 22.4 liters per mole.

The basis for this experiment is to react a known mass of magnesium with excess hydrochloric acid to produce hydrogen gas in a single replacement reaction.  Based on the mass of magnesium used, you will use stoichiometry to determine the moles of hydrogen produced from this experiment.  You will also collect the hydrogen gas in a gas-measuring tube.  This tube is graduated so that you can measure the exact volume of  gas collected.  The gas will be collected over water.  This means that in addition to hydrogen gas, you will also collect a small amount of water vapor.  Using Dalton's law of partial pressures, you will calculate the pressure of just the hydrogen gas you collect.  Using the combined gas law (a combination of Boyle’s, Charles’ and Gay-Lussac’s laws) you will calculate the volume of hydrogen gas that would have been collected at STP.  Finally, using the volume calculated from the combined gas law and the moles of hydrogen gas calculated from the above equation, you will determine the standard molar volume of hydrogen gas.  This experiment should help your understanding of the mole concept and the concept of molar volume of a gas.

Objective

How do we determine the volume of 1 mole of hydrogen gas at STP using experimental data, known mathematical relationships, and a balanced chemical equation?  What laws and formulas are used to calculate this volume?

Safety
· Be careful when working with the 3 M HCl.  

· Always wear safety goggles when working in the lab.
Materials


gas-measuring tube

      400-mL beaker 

ring stand 


utility clamp                                  100-mL beaker

sand paper


10-mL graduated cylinder             digital thermometer  
metric ruler



1-liter graduated cylinder              3M HCl


distilled water 




small strip of magnesium
      one-hole stopper with copper wire swirl     
Procedure

1. Add about 350 mL of water to a 400-mL beaker.  Set up a ring stand with a utility clamp about 10 cm above the beaker of water.
2. Obtain a piece of magnesium ribbon from your teacher.  Clean the ribbon with  some sand paper till it is shiny.  Measure the length of the ribbon accurately to within the first decimal place.  Record this length as (a) in your data table.  Also record the mass of 1 meter of magnesium ribbon as (b) in your data table.  This mass will be provided by your teacher.

3. Obtain a one-hole stopper with copper wire swirl.  Wrap the magnesium ribbon around the copper wire so that it will not easily come off.  (Your teacher will demonstrate).

4. Obtain about 10 mL of 3 M HCl from your teacher. (You will need to get a 10-mL graduated cylinder for this).  CAUTION:  Handle acid with care.  Carefully pour the acid into the gas-measuring tube.

5. Fill a 100-mL beaker with water.  Tilt the gas-measuring tube slightly.  While keeping the gas-measuring tube at an angle, pour the water into the tube.  Try to avoid mixing the acid and the water as much as possible.  Fill the tube all the way to the top with water.  (Your teacher will demonstrate).

6. Insert the one-hole stopper with the magnesium into the tube. (Note: the water will overflow).
7. Place your thumb over the hole in the rubber stopper and invert the gas measuring tube.  Without removing your finger from the hole, lower the stoppered end of the tube into the 400-mL beaker of water until the stopper is a few centimeters under the water level.  Clamp the tube securely to the ring stand using the utility clamp.  Record your observations.
8. Let the apparatus stand until the reaction appears to stop.  Gently tap the sides of the tube to dislodge any gas bubbles that appear in the tube.  Carefully, without letting air into the tube, place your finger over the hole of the rubber stopper again.  Loosen the clamp and lift up the tube while keeping your finger over the hole the entire time.  Transfer the tube into a 1-liter graduated cylinder filled with water.  Once the stopper is under the level of the water, you may remove your finger from the hole.

9. Move the gas tube up and down inside the graduated cylinder to equalize the pressure.  Lift the gas-measuring tube so that the water level inside the tube is at an equal level with the water inside the graduated cylinder. (Your teacher will demonstrate).  Read the volume of the gases inside the tube and record the volume as (c) in your data table.

10. Record the room temperature, (d), and the barometric pressure, (e).  Both will be provided by your teacher.  Find the water vapor pressure using your reference table and record it as (g) in your data table.

Observations 

Observe all aspects of this lab experiment.  Be specific in your report.  Describe in detail what part of this lab you are describing and exactly what was observed.
Data - 
Molar Volume Data 
a.  length of Mg ribbon




_________cm

b.  mass of 1 meter of Mg ribbon (provided by teacher)
  _____     _g

c.  volume of gas in gas tube
         

_________mL
d.  temperature of room


_________oC
e.  barometric pressure


__________ mm Hg
f.  water vapor pressure at room temperature

__________ mm Hg
Calculations

1. Find the mass of the Mg ribbon
   

         length of your Mg (in meters)
  =   
x  (grams of Mg ribbon)_____


1.00 meter of Mg ribbon

mass of 1 meter of Mg ribbon

2. Calculate the number of moles of Mg reacted (this is equal to the moles of hydrogen gas produced because the stoichiometry of the reaction is 1:1)

x  moles of Mg    =  mass of Mg ribbon   x   1 mole of Mg_    







 
24.305 grams of Mg

( =  moles of H2 gas)


3. Find the pressure exerted by the H2 gas (PH2) in the tube using Dalton’s Law of Partial Pressures: (Note that the barometric pressure is the same as the total pressure inside the gas measuring tube).
PH2 + PH2O = Pbarometric pressure
4.  Convert room temperature from Celsius to Kelvin:


5.  Find the volume of H2 gas  at STP: (V2)

         P1V1
  =   
P2V2

P1 = PH2

     T1

  T2

V1 = volume gas in tube





T1 = room temp. in Kelvin 






P2= 760 mm Hg






T2 = 273 K    






V2 = volume of H2 at STP
6. Find the volume of 1 mole of H2 gas at STP:

Volume of H2   (V2)
=
x   mL

Moles of H2


1 mole

7.  Molar volume conversion to liters per mole:

x mL  x   1L         =    ____________liters/mole

mole      1000 mL
Discussion 

· Show the balanced reaction between the Mg(s) and the HCl(aq) used in this lab.

· How were the moles of hydrogen gas collected determined in this lab?
· How was the pressure of the hydrogen gas determined in this lab?

· How did you determine what  the volume of H2 gas collected would be at STP? 

· How was Avogadro's law used to determine the standard molar volume of H2 gas?

· What was your final result for standard molar volume of H2 gas?

Additional Discussion Questions 
NOTE: when handing in the formal lab, you must write down the questions as well as the answers.  They must ALWAYS be in complete sentences.
1. The accepted value for the molar volume of a gas is 22.4 liters/mole.  How does value compare with your experimental value?  Calculate your percent error. (Show work).
2. What are some possible sources of error for this lab?
3. How many liters would each of the following moles of gas occupy at STP? 

      a.  0.25 moles
b.  0.5 moles

c.  2.5  mole

d.  2 moles
4. Find the volume of the following masses of gas at STP.
a.  80 g of O2
b.  10 g of H2

c.  14 g of N2
           d.  66 g of CO2


5. Find the moles for each of the following volumes of gas at STP.  
a.  22.4 liters of O2
b.  11.2 liters of H2

c.  44.8 liters of N2



6. For each answer in question #5, calculate the masses for each gas.
7. What was the other product in the experiment?  What happened to it?  
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