2

Pressure and Factors Affecting It
OBJECTIVES:

1. Define and explain gas pressure.

2. Describe ways to measure pressure and calculate pressure, using pressure conversions.

3. Explain the effects of changing the number of particles, mass, temperature, pressure, and volume of a gas.
4. Relate the laws of Boyle, Charles, Avogadro to perform calculations.

Pressure is the force acting on a unit area of a surface.
Pressure = Force / Area.  
The pressure a gas exerts on a container is caused by the collisions made by the particles with the container sides.  More collisions mean more pressure.  
Air is all around us and it is constantly applying pressure to all things on Earth.  Pressure is greatest at low altitudes.  At high altitudes, atmospheric pressure decreases because there is less air above you pushing down.
The barometer is an instrument that measures the pressure exerted by the atmosphere.  The basic components are a glass tube filled with mercury, inverted in a dish of mercury.  The height of the mercury column measures the pressure exerted by the atmosphere.  A manometer is used to measure the pressure of a gas in a closed container.  In order to use a manometer, you must also know the atmospheric pressure.     
One unit used to measure pressure is an atm, the standard atmosphere, which is the force per unit area that the gases in the atmosphere exert on the surface of the Earth and it is defined as the pressure that supports a 760mm column of mercury. 
1 atm = 760 mm Hg (aka torr)
The SI unit for measuring pressure is the pascal (Pa).

1 atm = 101.3 kPa

The main unit to measure pressure in the US is pound per square inch, psi.

1 atm = 14.7 psi 

Gas Pressure and Number of Gas Particles

If you increase the number of gas particles inside a container, you will increase the total mass of the system.  You will also be increasing the pressure of the gas in that container since more particles means more collisions with the container.  Therefore, the pressure of a gas is directly proportional to its mass and to the number of gas particles present.

Gas Pressure and Temperature

When you increase the temperature of a gas, you will increase the amount of kinetic energy of the particles in the gas.  This means that the molecules will move faster and collide with the walls of the container more often and with a greater force, causing an increase in pressure.  Therefore, if the volume of the container and the number of particles of gas are not changed, the pressure of a gas increases in direct proportion to the Kelvin temperature.

Gas Pressure and Volume

When you increase the volume of the container, there is more space for the particles to move around.  This would cause a decrease in pressure since fewer collisions would occur between the particles and the container.  Therefore, the pressure of a gas is indirectly proportional to the volume of the container.   
Boyle’s Law – Pressure and Volume
“The pressure and volume of a gas at constant temperature are inversely proportional.”  This means if you compress a gas by half, the pressure doubles (1L to 0.5L, 100 kPa to 200 kPa).  If you compress it by half again, the pressure again doubles (0.5L to 0.25L, 200kPa to 400kPa).

P  1/V

PV = k

V1P1 = k = V2P2
V1P1 = V2P2
Charles’ Law – Temperature and Volume

“At constant pressure, the volume of a gas is directly proportional to its Kelvin temperature.”  This means if you double the Kelvin temperature of a gas, the volume would double, and if the temperature is halved, the volume is halved.
V  T
V/T = b
V1/T1 = b = V2/T2
V1/T1 = V2/T2
Avogadro’s Law – Volume and Moles

For a gas at constant temperature and pressure, the volume is directly proportional to the number of moles of gas.
Volume = number of moles of a gas times a proportionality constant
V/n = a
V1/n1 = a = V2/n2
V1/n1 = a = V2/n2
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