Pressures of Gas Mixtures

When more than one gas is present in a container, each gas contributes to the total pressure. The pressure each gas exerts is called the partial pressure. 

The total pressure of a mixture of gases is equal to the sum of the partial pressures exerted by each gas.

Pt = pp = pp1 + pp2 + …

i.e. A mixture of hydrogen and oxygen gases has a pressure of 101.3 kPa. If the partial pressure of hydrogen is 70 kPa, what is the partial pressure of oxygen?

101.3 kPa = 70 kPa + ppO2

ppO2 = 31.3 kPa



The partial pressure is equal to the pressure that gas would exert if it were in the container by itself. The pressure of a gas is due to the number of collisions of the gas molecules with the side of the container. This means that pressure is related to the number of molecules or the number of moles.  

When we have a mixture of gases, we need to know the mole fraction () of each gas in order to calculate its partial pressure. In a mixture of hydrogen and oxygen the mole fraction of hydrogen is

XH2 = (moles H2 / moles H2 + moles O2)

And the mole fraction of oxygen  is

XO2 = (moles O2 / moles H2 + moles O2)

The partial pressure of a gas can be calculated by the following:

PpH2 = XH2 Pt
PpO2 = XO2 Pt 
Partial Pressure Problems

1. Three gases are mixed in a 1.00 liter container. The partial pressure of CO2 is 250 mm Hg, N2 is 375 mm Hg and He is 137 mm Hg. What is the pressure of the mixture of three gases?

2. The total pressure of a cylinder containing two gases is 1.46 atm. If the partial pressure of 1 gas is 750 mm Hg, what is the partial pressure of the other gas?
3. A sample of oxygen is collected over water. The pressure of the collected gas is 752 mm Hg.  If water has a vapor pressure of 24 mm Hg, what is the partial pressure of the “dry” oxygen? What would the volume of the dry oxygen be at 760 mm Hg?

4. A mixture of 3 gases has a total pressure of 112.5 kPa. The mixture of gases contains 72 g of N2, 28 g of O2 and 45 g of SO2. Calculate

A) the moles of each gas.

B) the mole fraction of each gas

C) the partial pressure of each gas.

5. Three gases in a container have the following partial pressures:

CO2 = 250 mm Hg
   
N2 = 375 mm Hg
  He = 125 mm Hg 

A) What is the pressure of the gas mixture?

B) Calculate the mole fraction of each gas.

6. Our atmosphere contains (by mass) 79 % N2, 20 % O2 and 1 % Ar. 

A) What is the partial pressure in atm of each gas if atmospheric pressure is 1 atm?

B) Deep sea divers use a mixture of He and O2 gases in their “scuba” tanks. If the pressure of the gas the diver inhales is 8.0 atm, what would be the required mole fraction of oxygen in the mixture, to give the diver the same partial pressure of oxygen as the atmosphere?

