Unit 5: Gas Chemistry
Content Outline:  Diffusion and Molar Volume (5.10) 

I. 
Diffusion
 
A.   Because a gas molecule often collides with other molecules, its actual path is a series of straight 
                  lines connected end to end in no particular pattern.
  
      1.   However, if the concentration of a particular substance is greater in one area of a container than 
                        another, its molecules will gradually spread out.
 
      2.   This random scattering of gas molecules going from an area of high concentration to an area of

                        low concentration is called diffusion. 
  
      3.   As gas molecules diffuse, they become more and more evenly distributed throughout their 
                        container. The equal distribution is referred to as equilibrium.
 
B.   All gases do not diffuse at the same rate.
  
      1.   The rate of diffusion varies directly as the velocity of the molecules.
  

a.   At the same temperature, molecules of small mass diffuse faster than molecules of large
                             mass because they travel faster.
  

b.   Also, molecules of small mass will pass through a small hole, or effuse, more rapidly than
                             molecules of large mass. (Effusion is the movement of gas through a small opening.)

II.  
Mole
 
A.   Chemists have chosen the mole as a standard unit for large numbers of atoms, ions, or molecules.
  
       1.   A mole is the SI unit representing the chemical quantity of a substance.
   
       2.   One mole of particles (atoms, ions, or molecules) has a mass in grams equivalent to that of one
                         particle in atomic mass units (AMUs).
                         For example, if a mole of any type of particle has a mass of 4.02 grams, then a single
                               particle has a mass of 4.02 amu.

                          In the same manner, if a single particle has a mass of 54.03 amu, then a mole of particles
                               will have a mass of 54.03 grams.

                          A single atom of hydrogen has a mass of 1.0079 amu; therefore one mole of hydrogen has a 
                               mass of 1.0079 grams.   

III. 
Molar Volume
 
A.   Two different gases at exactly the same temperature and pressure are placed in separate 
                   containers that have the same volume.
  
       1.   At a given temperature, the average kinetic energy of all the gas particles will be the same
                        regardless of size or mass.
                         a.   Molecules with greater mass will travel slower; lighter molecules will travel more rapidly.
                         b.   However, the average kinetic energy, mv2/2, is the same for all.
      
       2.   At equal kinetic energies, any differences in pressure are due to the presence of different 
                         number of molecules of each gas.
 
       3.   At the same pressure, there is an equal number of molecules in the two containers.  
  
       4.   Therefore, at equal temperatures and equal pressures, equal volumes of gases contain the
                         same number of molecules. This statement is called Avogadro’s principle (or law). 
 
B.   Let n represent the number of moles of a gas, and let V represent the volume.
 
       1.   For two gases under similar conditions, Avogadro’s principle states: 
                         if V1 = V2, then n1 = n2.
  
       2.   Conversely, if the number of moles of two gases under similar conditions is equal, then their 
                         volumes are equal.
                   3.   Thus, it can be concluded that 1 mole of any gas at STP will occupy the same volume as 1
                         mole of any other gas at STP.
                   4.   The volume occupied by 1 mole of any gas under standard conditions is 22.4 Liters. This


  volume is called the molar volume of the gas at STP.  
           
