Gas Laws

Chang 3e, chapter 5

Consider a gas-filled container that has a movable piston.  It is exposed to an atmospheric pressure of 1atm.  

Click on one of the buttons to see animations of how temperature, pressure, or the number of gas particles affects the volume that the gas occupies.

1)
Increase Pressure at Constant Temperature


You can increase the pressure by adding a weight on top of the piston.  Let’s add a weight that will increase the pressure on the top of the piston to 2atm.  As the pressure on the gas increases, the volume that the gas occupies decreases.  The volume that the gas occupies will continue to decrease until the pressure of the gas equals the external pressure on the piston, which is 2atm.  The volume occupied by the gas will be half its original volume.  You should see that the volume is inversely proportional to the pressure.  
V(1/p  Adding a proportionality constant k we can write




V=k/p  Or




PV=K

This relation is known as Boyle’s Law, which states that the volume of a fixed 

amount of gas is inversely proportional to the gas pressure at constant temperature.  

As the pressure on the gas decreases, the volume that the gas occupies increases.  The 

volume that the gas occupies will continue to increase until the pressure of the gas is

equal to the atmospheric pressure on the piston, which is 1atm.

2)
Increase temperature at constant pressure


Let’s use a bunson burner to increase the temperature of the gas.  As the temperature of the gas increases, the volume that the gas occupies increases.  In other words, volume is directly proportional to the temperature of the gas.  We could write V=KT where K is a proportionality constant.  This relation is known as Charles’s Law, which states that the volume of a fixed amount of gas is directly proportional to the gas temperature at constant pressure.  Note that as the temperature is doubled at constant pressure the volume that the gas occupies doubles.  When the bunson burner is removed, the temperature of the gas decreases and the volume that the gas occupies decreases.  The volume that the gas occupies will continue to decrease until the temperature of the gas equals the external temperature.

3)
Increase temperature at constant volume


Let’s use a bunson burner to increase the temperature of the gas.  As the temperature is raised the average velocity of the gas particles increases, thereby the frequency and intensity of collisions of gas particles within the container walls increase.  Pressure, which is defined as the force exerted per unit of surface area will clearly increase as the frequency and intensity of collisions increase.

4)
Increase number of gas particles


Gas particles are entering the container.  As the number of particles or equivalently the moles of gas increases, the volume that the gas occupies increases.  In other words volume is directly proportional to the number of moles of gas.  We can write V=kn where n is the number of moles of gas and k is a proportionality constant.  This relation is known as Avogadro’s law, which states that at constant pressure and temperature the volume of the gas is directly proportional to the number of moles of the gas.  In this animation the moles of gas particles is doubled and correspondingly the volume occupied by the gas is doubled.

