Unit 5: Gas Chemistry
Content Outline: Characteristics of Gases (5.3)

I.
Four States of Matter

A.   Matter exists in four states: solid, liquid, gas, and plasma.
            B.   According to the kinetic theory of matter, all matter is made up of tiny particles (atoms, ions, and 
                   molecules) in constant motion.  
 
C.   It is the motion of the particles, as well as the strength of intermolecular forces in a substance, that 
                   determines if it is a solid, liquid, or gas.
                   1.   Ionic compounds have strong electric charges holding ions together and exist as solids.
                   2.   Molecular substances are attracted to each other by van der Waals forces (van der Waals 
                         forces are referred to as weak forces caused by the attraction of the negatively charged 

                         electrons of one atom for the positively charged protons of another atom).
                         a.   Molecular compounds of higher molecular mass tend to be solids.
                         b.   Nonpolar molecules of low molecular mass tend to be gases, such as CO2 or O2.
                         c.   Greater molecular mass and greater polarity both tend to make substances form a 
                               condensed state, either liquid or solid.      

II.
Characteristics of Gases
            A.   Gases have no definite shape nor definite volume.
 
       1.   Gas particles of a substance are not held in a fixed position as they are in the solid form of the
                         substance.
  
       2.   Gas particles are not held close together by van der Waals forces as they are in the liquid form 
                         of the substance. 
  
       3.   Therefore, gas particles are free to spread far apart from each other, moving randomly in 
                         straight lines until they collide with another particle or the wall of its container.
 
B.   Gas particles have frequent collisions due to very high speeds.
                         For example, at room temperature (25o C), the average speed of an Oxygen molecule is 433
                         meters per second. This is equivalent to just over 1700 kilometers per hour. 
                        1700 kilometers = 1,700,000 meters or 1.7 x 106 meters
 
       1.   Scientists can determine the average number of collisions a molecule undergoes in a unit of 
             time by finding the average distance a molecule travels before colliding with another molecule.
 

 a.   This distance is called the mean free path of the molecule.  
                   For Oxygen at 25o C and standard atmospheric pressure, the mean free path is 106 nm. 
                   The diameter of the oxygen molecule is about 0.339 nm. 
                     0.339 nm = 0.000000000339 nm 0R 3.39 x 1010nm
 

 b.   Therefore, an oxygen molecule at 25o C will travel, on the average, distance of about 314 
                   times its own diameter between collisions.

             c.   Each oxygen molecule will have a little more than four and a half billion collisions per 
                   second. ½ Billion = 500,000,000 OR 5.0 x 108
 
       3.   It is important to note that these factors (the speed, the distance of travel, and the number of
             molecular collisions) vary with the temperature, the number of particles in a given volume, and 
             the mass of the particles composing the gas. 

a. Warmer molecules tend to move faster. Colder molecules move slower.

b. The more in number the more crowded it gets.
c. The smaller the volume, the less room to move around in.

d. Heavier molecules move slower than lighter molecules.
