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Chemists have noticed that equal volumes of all gases, when measured at the same temperature and pressure, 
contain the same number of moles. This assumption was proposed in 1811, by Amadeo Avogadro, an Italian chemist. 
Another Italian chemist, Stanislao Cannizzaro, came upon Avogadrc1s hypothesis nearly SO years later and recognized 
that equal volumes of gases contain equal numbers of particles at the same temperature and pressure. Therefore, · 
the volume of exactly one mole of any gas should be constant under standard conditions. 

The volume of gas chosen for comparison was the volume occupied by one mole of a substance. However, because 
the volume occupied by a gas depends on its temperature and pressure, a standard temperature and pressure were 
chosen so that valid comparisons could be made. The standard temperature and pressure (STP) are 273 Kand 101.3 
kPa (760 mmHg). At STP, the volume occupied by one mole of a gas is called the standard molar volume.

This investigation will result in the determination of the standard molar volume of hydrogen gas. You will begin by 
reacting a known amount of magnesium metal with an excess of hydrochloric acid. The hydrogen gas produced will 
be collected by displacing water in a gas collection tube. Because a gas collected over water is a mixture of the 
collected gas and water vapor, Dalton1s law of partial pressures must be used to correct the pressure. It states that 
the total pressure of any gas mixture is equal to the sum of the component pressure of each of the gases. 

Ptotal = Px + Py+ .•• for any number of gases. 
For this experiment, the statement becomes 

Ptotal = 
Phydrogen + P water vapor 

The gas collection tube can be adjusted so that the pressure of the gas inside the tube is the same as the air pressure 
,utside, that is Ptota l = Proom · The vapor pressure of water can be obtained from a reference table. 

In this experiment, you will use Mg metal to produce hydrogen gas and then you will measure the volume of the gas 
at the temperature and pressure in the lab. The volume of hydrogen gas collected in this experiment is dependent 
on the mass of Mg reacted. After the volume of hydrogen is measured, the volume at lab temperature and pressure 
will be converted to a molar volume at STP and compared to the accepted standard molar volume of a gas. 

PRELAB QUESTIONS 

1. Write a balanced equation for the reaction of magnesium and hydrochloric acid that produces hydrogen gas 

2. 

3. 

4. 

5. 

and magnesium chloride.

What is the ratio of moles of magnesium to moles of hydrogen gas in the above equation? \ �\o\t: · tt\ \ �\t) \4t 

What is meant by STP? (include numbers) S,�'( � 1°-0N\Q-{((lt\JVt OV\{) '911(,tS,\)YL,
)l1-l') K) . .t �tw\ 

What two gases will be collected in the gas collection tube? f\,..L O.Y'cd f1,1Q (�)
What value from a reference table will you need in order to complete the calculations in this experiment? 
Explain why you need this information and what gas law it incorporates. 
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.Conclusion - Molar Volume of a Gas 

Lab Reganne 

The purpose of this investigation is to determine the molar volume of hydrogen gas. The 

amount of hydrogen gas (H2) produced is dependent on the amount of magnesium (Mg) that is

reacted. In the experiment, 2.35 cm, or 0.0203 g, of Mg reacted and it produced 28.09 ml of 

hydrogen gas (H2). If the length of the magnesium increased, the amount of hydrogen gas

produced would also increase because the moles of reactants and products must be equal in a 

chemical reaction. Using the chemical formula, the amount of H2 can be calculated, based on the

mole ratio of 1 mole Mg to 1 mole H2• In the investigation, the molar volume of hydrogen gas was

calculated to be 24.6 L at STP, the standard temperature and pressure of 101.3 kPa and 273 K. 

In order to calculate the molar volume, the pressure of the H2 was determined using Dalton's law

of partial pressures. The pressure of the water vapor was subtracted from the pressure in the 

room to find the pressure of H
2

, 604.1 mmHg. Then, the volume of the gas produced· was 

converted from the experimental temperature and pressure to STP using the combined gas law. 

The value at STP is 0.02054 L H
2

. Finally, that value and the amount of moles of H
2 

produced, 

8.35x10-4 moles H2, was used with Avogadro's law to calculate the amount of liters for every mole,

or the molar volume. "1 mole of any gas at STP occupies 22.4 liters of volume. Using this 

information, the volume occupied by any number of moles (or grams) can be determined" 

(Science Geek, 2014). In the experiment the opposite strategy was used: the volume was entered 

into the formula to determine the standard molar volume of hydrogen. The result of the experiment 

was a molar volume of 24.6 L, and the accepted value is 22.4 L. "1 mole of any gas at STP 

occupies 22.4 liters of volume" (Science Geek, 2014). The experimental value was 9.82% above 

the accepted value. 






