
Determining the Molar Volume of a Gas 

 
Introduction 
 
From blimps to airbags, gases are used to fill a wide variety of containers.  How much of a 
particular gas must be produced to fill a container?  The amount of gas needed to fill any 
size container can be calculated if the molar volume of the gas is known. 
 
Concepts 
 

 Dalton’s Law         Molar Volume 

 Ideal Gas Law        Avogadro’s Law 
 
Background 
 
Avogadro’s law states that equal volumes of gases contain an equal number of molecules 
under the same conditions of temperature and pressure.  It follows, therefore, that all gas 
samples containing the same number of molecules will occupy the same volume if the 
temperature and pressure are kept constant.  The volume occupied by one mole of a gas is 
called the molar volume.  In this experiment the molar volume of hydrogen as at standard 
temperature and pressure (STP, equal to 273 K and 1 atm) will be measured. 
 
The reaction of magnesium metal with hydrochloric acid (Equation 1) provides a 
convenient means of generating hydrogen in the lab. 
 

       Mg(S)  +  2HCl(aq)    MgCl2(aq)  +  H2(g)                 Equation 1 
 
If the reaction is carried out with excess hydrochloric acid, the volume of hydrogen gas 
obtained will depend on the number of moles of magnesium as well as the pressure and 
temperature.  The molar volume of hydrogen can be calculated if the volume occupied by 
a sample containing a known number of moles of hydrogen is measured.  Since the 
volume will be measured under laboratory conditions of temperature and pressure, the 
measured volume must be corrected to STP conditions before calculating the molar 
volume. 
 
The relationship among the four gas variables – pressure (P), volume (V), temperature (T), 
and the number of moles (n) – is expressed in the ideal gas law (Equation 2), where R is a 
constant called the universal gas constant. 
 
      PV = nRT        Equation 2 
 
The ideal gas law reduces to Equation 3, the combined gas law, if the number of moles of 
gas is constant.  The combined gas law can be used to calculate the volume (V2) of a gas at 
STP (T2 and P2) from the volume (V1) measured under any other set of laboratory 



conditions (T1 and P1).  In using either the idea gas law or the combined gas law, 
remember that temperature must always be expressed in units of Kelvin (K) on the 
absolute temperature scale. 
 
     P1V1  =  P2V2                   Equation 3 
        T1          T2 
 
Hydrogen gas will be collected by the displacement of water in an inverted gas collecting 
tube (Eudiometer tube) using a set-up shown in Figure 1.  The total pressure of the gas in 
the tube will be equal to the barometric (air) pressure.  However, the gas in the gas 
collecting tube will not be pure hydrogen.  The gas will also contain water vapor due to 
the evaporation of the water molecules over which the hydrogen is being collected.  
According to Dalton’s law, the total pressure of the gas will be equal to the partial pressure 
of hydrogen plus the partial pressure of water vapor (Equation 4).  The vapor pressure 
depends only on the temperature (See Table 1) 
 
     Ptotal = P   +    P        Equation 4 
 
 
Table 1.  Vapor Pressure of Water at Different Temperatures 
 

Temperature, C P    , mm Hg Temperature, C P    , mm Hg 
 

16C 13.6 22C 19.8 

17C 14.5 23C 21.1 

18C 15.5 24C 22.4 

19C 16.5 25C 23.8 

20C 17.5 26C 25.2 

21C 18.7 27C 26.7 

 
Experiment Overview 
 
 The purpose of this experiment is to determine the volume of one mole of hydrogen 
gas at standard temperature and pressure (STP).  Hydrogen will be generated by the 
reaction of a known mass of magnesium with excess hydrochloric acid in an inverted gas 
collected apparatus filled with water.  The volume of hydrogen collected by water 
displacement will be measured and corrected for differences in temperature and pressure 
in order to calculate the molar volume of hydrogen at STP. 
 
Alignment with AP Chemistry Curriculum Framework – Big Ideas 2 and 3 
 
2A2 The gaseous state can be effectively modeled with a mathematical equation relating various 

macroscopic properties.  A gas has neither a definite volume nor a definite shape; because 
the effects of attractive forces are minimal, we usually assume that the particles move 
independently. 

H2            H2O 

H2O H2O 



3A: Quantitative information can be derived from stoichiometric calculations that utilize the 
mole ratios from the balanced chemical equations.  The role of stoichiometry in rea-world 
applications is important to note, so that it does not seem to be simply an exercise done only 
by chemists. 

3C1 Production of heat or light, formation of a gas, and formation of a precipitate and/or a color 
change are possible evidences that a chemical change has occurred. 

 
Learning Objectives 
 
2.4 The student is able to use KMT and concepts of intermolecular forces to make predictions 

about the macroscopic properties of gases, including both ideal and non-ideal behaviors. 
2.5 The student is able to refine multiple representations of a sample of matter in the gas phase 

to accurately represent the effect of changes in macroscopic properties on the sample. 
2.6 The student can apply mathematical relationships or estimation to determine macroscopic 

variables for ideal gases. 
2.12 The student can qualitatively analyze data regarding real gases to identify deviations from 

ideal behavior and relate these to molecular interactions. 
3.3 The student is able to use stoichiometric calculations to predict the results of performing a 

reaction in the laboratory and/or to analyze deviations from the expected results. 
3.4 The student is able to relate quantities (measured mass of substances, volumes of solutions, 

or volumes and pressures of gases) to identify stoichiometric relationships for a reaction, 
including situations, involving limiting reactants and situations in which the reaction has 
not gone to completion. 

3.10 The student is able to evaluate the classification of a process as a physical change, chemical 
change, or ambiguous change based on both macroscopic observations and the distinction 
between rearrangement of covalent interactions and noncovalent interactions. 

 
Pre-Lab Questions 
 
A reaction of 0.028 grams of magnesium with excess hydrochloric acid generated 31.0 mL 

of gas.  The gas was collected by water displacement in a 22C water bath.  The barometric 
pressure in the lab that day was 746 mm Hg. 
 

1. Use Dalton’s law and the vapor pressure of water at 22 (Table 1) to calculate the 
partial pressure of hydrogen gas in the gas collecting tube. 

2. Use the combined gas law to calculate the “corrected” volume of hydrogen at STP.  
Hint:  Watch your units for temperature and pressure! 

3. What is the theoretical number of moles of hydrogen that can be produced from 
0.028 g of Mg?  Hint:  Refer to Equation 1 for the balanced equation for the reaction. 

4. Divided the corrected volume of hydrogen by the theoretical number of moles of 
hydrogen to calculate the molar volume (in L/mol) of hydrogen at STP. 

 
 
 
 



Materials 
 
Chemicals       

 Hydrochloric acid, HCl, 60 mL 

 Magnesium ribbon, Mg, 3-4 cm pieces, 2 
 
Equipment 

 100 mL graduated cylinder       One-hole rubber stopper 

 600 or 1000 mL beaker       Copper wire, Cu, 15 cm  

 Thermometer        Beral pipets, 2 

 Distilled water        Thermometer 

 Gas collecting tube, eudiometer tube  
 
Safety Precautions 
 
Hydrochloric acid is a corrosive liquid.  Avoid contact with eyes and skin and clean up all spills 
immediately.  Magnesium metal is a flammable solid.  Keep away from flames and other sources of 
ignition.  Wear chemical splash goggles.  Wash hands thoroughly with soap and water before 
leaving the laboratory. 
 
Procedure 
 

1. Fill a 600 or 1000 mL beaker about ¾ full with water. 
2. Obtain a 3-4cm piece of magnesium ribbon.  Using the analytical balance, record the 

exact mass of the magnesium ribbon.   
3. Obtain a piece of copper wire.  Twist and fold one end of the copper 

wire around a piece of magnesium ribbon to make a small “cage.”  It 
MUST hold the magnesium metal securely.  You may need to fold 
the piece of magnesium ribbon. 

4. Insert the straight end of the copper wire into a one-hole rubber 
stopper so that the cage end containing the magnesium is about 7 
cm below the bottom of the stopper.  Hook the end of the copper 
wire around the top of the stopper to hold the cage in place. 

5. Obtain about 15-20 mL of 2.0 M hydrochloric acid. 
6. While holding the graduated cylinder in a tipped position, slowly 

add the hydrochloric acid to the gas collecting tube. 
7. While still holding the gas collecting tube in the tipped position, use 

a wash bottle to slowly and carefully fill the gas collecting tube with 
water.  Work slowly to avoid mixing the acid and water layers.  Fill 
the gas collecting tube all the way to the top so no air remains.   

8. Insert the magnesium-copper wire-stopper assembly into the gas collecting tube.  
You will have overflow of water. 



9. Place your finger over the hole of the rubber stopper, invert the gas collecting tube, 
and carefully lower the stoppered end of the tube into the beaker containing the 
water.  The gas collecting tube should contain no air 
bubbles.  The hydrochloric acid, being denser than water, 
will diffuse downward through the tube and begin to react 
with the magnesium.  The wire cage will keep the 
magnesium from floating up into the gas collecting tube. 

10. Record any evidence of a chemical reaction. 
11. If the magnesium metal “escapes” its copper cage, gently 

shake the gas collecting tube up and down to work it back 
into the acidic solution.  Be careful not to lift the gas 
collecting tube completely out of the water.   

12. Record the temperature of the water. 
13. Allow the apparatus to stand for 5 minutes after the 

magnesium has completely reacted.  Gently tap the sides of 
the gas collecting tube to dislodge any gas bubbles that may 
have become attached to the sides. 

14. Record the exact volume of the hydrogen gas collected by 
reading the gas collecting tube from the bottom. 

15. Remove the gas collecting tube from the water. 
16. Repeat the steps with a second sample of magnesium metal.  

Record this as Trial 2. 
 
Post-Lab Calculations and Analysis 

 
 Perform all calculations for Trial 1 and Trial 2. 
 

1. Calculate the theoretical number of moles of hydrogen gas produced. 
2. Use Table 1 in the Background section to find the vapor pressure of water at the 

temperature of the water bath in this experiment.  Calculate the partial pressure of 
hydrogen gas produced. 

3. Use the combined gas law to convert the measured volume of hydrogen to the 
“ideal” volume the hydrogen gas would occupy at STP.  Remember the units. 

4. Divide the volume of hydrogen gas at STP by the theoretical number of moles of 
hydrogen to calculate the molar volume of hydrogen. 

5. What is the average value of the molar volume of hydrogen?  Look up the literature 
value of the molar volume of a gas at STP in your textbook and calculate the percent 
error in your experimental determination of the molar volume of hydrogen. 

 
       Percent Error = |Experimental Value – Accepted Value|   X  100 
                   Accepted Value 
 
6. In setting up this experiment, a student noticed that a bubble of air leaked into the 

eudiometer tube when it was inverted in the water bath.  What effect would this 



have on the measured volume of hydrogen gas?  Would the calculated molar 
volume of hydrogen be too high or too low as a result of this error?  Explain. 

7. A student noticed that the magnesium ribbon appeared to be oxidized – the metal 
surface was black and dull rather than silver and shiny.  What effect would this 
error have on the measured volume of hydrogen gas?  Would the calculated molar 
volume of hydrogen gas be too high or too low as a result of this error?  Explain.  

 
 

 


