CHAPTER 14 THE IDEAL GAS LAW AND KINETIC THEORY
The Ideal gas law states the relationship among pressure, volume, temperature, and number of moles of any gas whose behavior can be approximated as that of an ideal gas.

The molecules that compose an ideal gas are spaced relatively far apart and only interact during elastic collisions. A real gas at low density and at temperatures well above condensation temperatures will behave like an ideal gas. 
The equation relating these variables is:

PV = nRT

where P is the pressure in Pascals, V is the volume in cubic meters, n is the number of moles of the gas, R is the universal gas constant, and T is the temperature in Kelvins. Normally four of these quantities will be known and we must find the other one.

Example

A bicycle tire with a volume of 4.1 x 10-4 m3 is at a temperature of 296 K and an absolute pressure of 480 kPa. The pressure is increased to 620 kPa with no change in the volume or temperature. Find the number of moles of air pumped into the tire. R = 8.31 j/(mol)K
If we are working with the number of molecules instead of moles, we must convert the universal gas constant into Boltzman's constant by dividing R by Avogadro's number. Then the equation becomes:
PV = nkT

where n is now the number of molecules and k is Boltzman's constant.

Two relationships were discovered that led to the formation of the ideal gas law. Boyle's Law relates volume and pressure. Boyle was able to show that volume and pressure are inversely related. This equation is commonly written:

P1V1 =  P2V2
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The graph above shows the relationship between pressure and volume at two different temperatures. If the temperature is held constant as the pressure and volume vary the resulting curve is called an isotherm.

The other relationship is called Charles' Law and states that the volume of an ideal gas is directly proportional to its kelvin temperature. The equation is:

(V1/T1) =  (V2/T2)

If we rearrange the ideal gas law, we see that:

(PV)/T = nR

If we keep the number of moles of the gas constant while allowing P, V, and T to change, we see that the expression (PV)/T must equal a constant. Since any combination of P, V, and T must equal the same constant, the must equal each other. This gives us the combined gas law.
(P1V1/T1) =  (P2V2/T2)

The Kinetic Theory of gasses is a description of the behavior of particals composing the gas. It basically states that all gasses are composed of molecules that are always in motion in a random fashion.
Even the individual molecular kinetic energies are randomly distributed about an average as  the graph below illustrates.
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The relationship between temperature and average kinetic energy can be shown using the ideal gas law and the definitions of pressure and volume. The equation is:
KEaverage = (3/2)kT

where k is Boltzman's constant and T is the Kelvin temperature of the gas. 

One of the results of this molecular motion is the movement of individual molecules from one place to another. This effect is called diffusion. If molecules of one fluid are introduced into another without agitation, we will eventually find both types of molecules everywhere within the sample. 
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In the diagram above, we see a drop of ink diffusing into the surrounding water. The diagram below gives us an idea of what is happening on the molecular level.

[image: image4.jpg]] b -
° o -7 o
o o 0\\\ \0 0\\
o - / <
°0 ~ o 0 “q 7/
- | g 9,
\ s gt -
y Nig O
% o o ‘0 o
o 0 o Ne/
e ° (] I \ /o L]
S———__ 0"V e
\ =i AN
o N o o I/r’.llb
N AR
o o\ o ® O
° /A 0 o e
o 0, <) e
ol ety
o \\O\\\X/ o )
® "o o ///O
o %0 ©




This diagram illustrates the path of a perfume molecule after it escapes from its bottle.

The diffusion process is used in some medicine delivery systems such as transdermal patches and implanted capsules. 
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