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8.9: Avogadro’s Law - The Relation between Volume and Molar Amount

Describe the relationship between the amount and volume of a gas, Avogadro's Law.
Define the conditions of standard temperature and pressure.

The Relationship between Amount and Volume: Avogadro's Law 
We can demonstrate the relationship between the volume and the amount of a gas by filling a balloon; as we add more gas, the
balloon gets larger. The specific quantitative relationship was discovered by the Italian chemist Amedeo Avogadro, who recognized
the importance of Gay-Lussac’s work on combining volumes of gases. In 1811, Avogadro postulated that, at the same temperature
and pressure, equal volumes of gases contain the same number of gaseous particles (Figure ). This is the historic “Avogadro’s
hypothesis.”

Figure : Avogadro’s Hypothesis. Equal volumes of four different gases at the same temperature and pressure contain the same
number of gaseous particles. Because the molar mass of each gas is different, the mass of each gas sample is different even though
all contain 1 mol of gas (CC BY-SA-NC; anonymous).

Because the number of particles is related to the number of moles (1 mol = 6.022 × 10  particles), Avogadro's law essentially
states that equal volumes of different gases, at the same temperature and pressure, contain the same amount (moles, particles) of
gas. At constant temperature and pressure, the volume (V) of a sample of gas is directly proportional to the number of moles (n) of
gas in the sample. Stated mathematically,

where  means “is proportional to,” and k is a proportionality constant that is the same for all gases.

In terms of two sets of data: .

This relationship is valid for most gases at relatively low pressures, but deviations from strict linearity are observed at elevated
pressures. Mathematical relationships can also be determined for the other variable pairs, such as P versus n, and n versus T.

Visit this interactive PhET simulation to investigate the relationships between pressure,
volume, temperature, and amount of gas. Use the simulation to examine the effect of
changing one parameter on another while holding the other parameters constant (as
described in the preceding sections on the various gas laws).

Standard Temperature and Pressure 

It should be obvious by now that some physical properties of gases depend strongly on the conditions. What we need is a set of
standard conditions so that properties of gases can be properly compared to each other. Standard Temperature and Pressure
(STP) is defined as exactly 100 kPa of pressure (0.986 atm) and 273 K (0°C). For simplicity, we will use 1 atm as standard
pressure. Defining STP allows us to more directly compare the properties of gases that differ from one another.
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One property shared among gases is a molar volume. The molar volume is the volume of 1 mol of a gas. At STP, the molar
volume of a gas can be easily determined by using the ideal gas law:

All the units cancel except for L, the unit of volume. So V = 22.4 L

Note that we have not specified the identity of the gas; we have specified only that the pressure is 1 atm and the temperature is 273
K. This makes for a very useful approximation: any gas at STP has a volume of 22.4 L per mole of gas; that is, the molar volume at
STP is 22.4 L/mol (Figure ). This molar volume makes a useful conversion factor in stoichiometry problems if the conditions
are at STP. If the conditions are not at STP, a molar volume of 22.4 L/mol is not applicable. However, if the conditions are at STP,
the combined gas law can be used to calculate what the volume of the gas would be if at STP; then the 22.4 L/mol molar volume
can be used.

Figure : Molar Volume. A mole of gas at STP occupies 22.4 L, the volume of a cube that is 28.2 cm on a side.

How many moles of  are present in 38.7 L at STP?

Solution
We can use the molar volume, 22.4 L/mol, as a conversion factor, but we need to reverse the fraction so that the L units cancel
and mol units are introduced. It is a one-step conversion:

What volume does 4.87 mol of  have at STP?

Answer

109 L

What volume of  is produced at STP when 55.8 g of  metal react with excess ?

Solution
This is a stoichiometry problem with a twist: we need to use the molar volume of a gas at STP to determine the final answer.
The first part of the calculation is the same as in a previous example:

(1 atm)V = (1 mol)(0.08205 ) (273 K)
L. atm

mol. K
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 Example 8.9.4

Ar

38.7 × = 1.73 molL
1 mol

22.4 L

 Exercise 8.9.4

Kr

 Example 8.9.5

H2 Zn HCl

Zn(s) +2 HCl(aq) → (aq) + (g)ZnCl2 H2

55.8 × × = 0.853g Zn
1 mol Zn

65.41 g Zn

1 mol H2

1 mol Zn
H2
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Now we can use the molar volume, 22.4 L/mol, because the gas is at STP:

Alternatively, we could have applied the molar volume as a third conversion factor in the original stoichiometry calculation.

What volume of  is generated if 3.44 g of  are reacted at STP?

Answer

2.17 L

Summary 
Avogadro's law states that the volume of gas is directly proportional to the number of moles of gas.
Standard temperature and pressure (STP) are a useful set of benchmark conditions to compare other properties of gases.
At STP, gases have a volume of 22.4 L per mole.
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0.853 × = 19.1 Lmol H2
22.4 L

1 mol H2

H2

 Exercise 8.9.5

HCl Cl2

(g) + (g) → 2 HCl(g)H2 Cl2
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