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Why do gases behave in the observed fashion?
Kinetic-Molecular Theory of Gases: A simple model that attempts to explain the properties of ideal gas.  

1 A gas is composed of a very large # of extremely small particles (molecules, or atoms) in constant random, straight-line motion.

2 Molecules of a gas are separated by great distances. The volume of the particles themselves is negligible compared with the total volume of the gas; most of the volume of a gas is empty space.

3 Molecules collide with one another and with the walls of their container. Individual molecules may gain or lose energy as a result of collisions. In a collection of molecules at a constant temperature, however, the total energy remains constant.

4 There are assumed to be no forces between molecules except very briefly during collisions. That is, each molecule acts independently of all the others and is unaffected by their presence, except during collisions

5 The average kinetic energy of the gas particles is proportional to the Kelvin temperature of the sample.  

The word kinetic describes something in motion. Thus, kinetic energy ek is the energy associated with the motion of an object of mass. From physics



ek = 1/2 (mu2) u = speed

Accordint to kinetic theory, the pressure of a gas results from bombardment of container walls by molecules.  So, the pressure will depend on how often the particles collide to the container wall and how strong the collision force is.  Therefore, the pressure of a gas (P) will proportional to the frequency of collision with a surface and to the average force.


P (frequency of collision x average force

These depend on 

1 The amount of translational kinetic energy, ek=1/2mu2, of the molecules.  Translational energy is energy possessed by objects moving through space.  The faster the molecules move, the greater their ek and the greater the forces exerted between molecules during collisions.

2 The frequency of molecular collisions- the # of collisions per second.  

   collision frequency ( (molecular speed x molecules per unit volume)


collision frequency ( u x (N/V)

3 When a molecule hits the wall of a vessel, momentum is transferred as the molecule reverses direction. The average force exerted by molecule during a collision depends on its average momentum.  The magnitude of this momentum is directly proportional to the mass of a molecule and its velocity.

   momentum transfer (  mass of particle x molecular speed 


 momentum ( mu

Putting these factors together, then

P (frequency of collision x average force


P ( [u x(N/V)] x mu  


P ( (N/V)mu2

At any instant, however, not all molecules are moving at the same speed.  The pressure depends on the average of all molecules with different speeds, so we must use the average of the squares of their speeds in the expression for pressure.  The average of the squares of a group of speeds is called the mean-square speed,     . 

Thus the proportionality expression for pressure becomes

A final factor is that the direction in which every molecule moves has a component in each of the three perpendicular dimensions (x, y and z).  The pressure base on motion in just one of these dimensions, leading to a factor of 1/3.

Therefore,


Distribution of Molecular Speed
According kinetic-molecular theory, the speeds of molecules in a gas vary over a range of values. The British physicist James C. Maxwell showed theoretically- and it has since been demonstrated experimentally-that molecular speeds are distributed as shown:
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This distribution of speeds depends on the temperature.
Within a given temperature, there is a distribution of speeds.  More molecules have the speed um, the most probable, or modal, speed, than any other single speed.  The average speed, ū, is the simple average.  The root-mean-square speed, urms, is the square root of the average of the squares of the speed of all molecules in a sample. It is a type of average molecular speed, equal to the speed of a molecule having the average molecular kinetic energy. 


Consider 1 mole of an idea gas (n=1). The number of molecules present N = NA. Then

urms of a gas is directly proportional to the square root of its Kelvin temperature and inversely proportional to the square root of its molar mass.  This means that lighter gas molecules have greater speed than heavier ones, but all molecular speeds increase as the temperature rises.

E.g. which has the greater root-mean-square speed at 25(C, NH3 or HCl?

The meaning of temperature
What is temperature?

What does change in temperature mean?

Why does temperature flow from high to low? And why does hot plus cold become warm?

From kinetic molecular theory, 

then the  total kinetic energy of a mole of any gas 
ek =3/2(RT)
Because R, N are constant, above equation simply state that ek =constant xT

Kelvin temperature(T) of a gas is directly proportional to the average translational kinetic energy of it molecules. 

Ideal Geas Law from Kinetic-Molecular Theory
One of the most important features of kinetic theory is its explanation of ideal gas law. According to Kinetic-Molecular theory, a gas consists of molecules in constant random motion. 


PV ( Nmu2
Because the average kinetic energy of mass m and average speed u is 1/2mu2, PV is proportional to the average kinetic energy of a molecule.  Moreover, the average kinetic energy is proportional to the TK.  The # of molecules, N, is proportional to the moles of molecules, n, we have


PV( nT 

adding a constant of proportionality, R, 


PV =nRT

Gas Properties Relating to the Kinetic-Molecular Theory
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Diffusion is the migration of molecules as a result of random molecular motion.  The diffusion of two or more gases results in an intermingling of the molecules and, in a closed container, soon produces a homogeneous mixture.

Effusion is the escape of gas molecules from their container through a tiny orifice or pinhole.  The rate at which effusion occur is directly proportional to molecular speeds.
Graham’s Law: the rates of effusion of two difference gases are inversely proportional to the square roots of their molar masses. 

The limitation for Graham’s Law: 

It can be used to describe effusion only for gases at very low pressure, so that molecules escape through a pinhole individually, not as a jet of gas.  Also, the hole has to be tiny so that no collisions occur as molecules pass through.  

When compared at the same temperature, two different gases have the same value of

This means that molecules with a smaller mass (m) have a higher speed.

When comparing the effusion of two gases at the same condition

E.g.  Calculate the ratio of the effusion rates of molecules of CO2 and SO2 from the same container at the same P and T.

Non-ideal (Real) Gases
Real gases generally  behave ideally only at high temperature and low pressure. A useful measure of how much a gas deviate from idea gas behavior is found in its compressibility factor, PV/nRT.  

For idea gas PV/nRT = 1.

At high pressure, the assumption of ideal gas behavior does not apply to real gas because

 1)  The volume of a real gas at high pressure is larger than predicted by ideal gas law. 

 2) at high pressure, the particle are much closer together and the attractive forces between them become important.    

A number of equations can be used for real gases, and those equations contain terms that must correct for the volume associated with the molecules themselves and for intermolecular forces of attraction.  On of these equation is 

The Van der Waals Equation


V is the volume of n mole of gas. The term n2a/V2 is related to intermolecular forces of attraction. A molecule about to collide with the wall is attract by other molecules, and this reduce its impact with the wall.  

The value b, called excluded volume per mole, is related to the volume of the gas molecules, and nb is subtracted from the measured volume to represent the free volume within the gas. 

Both a and b are specific values for particular gases, values that vary with temperature and pressure.

A molecule about to collide with the wall is attracted by other molecules, and this reduces its impact with the wall.  Therefore the actual pressure is less than that predicted by the ideal gas law.

We can obtain this pressure correction by noting that the total force of attraction on any molecules about to hit the wall is proportional to the concentration of molecules, n/V.  The number of the molecules about to hit the wall per unit wall area is also proportional to concentration, n/V, so that the force per unit wall area (pressure) is reduced by a factor proportional to n2/V2.  We can write this correction factor as an2/V2. A= proportionality constant.

E.g. Use Van de Waal’s equation to calculate the pressure exerted by 1.00 molCl2 confined to a volume of 2.00 L at 273K. The value of a=6.49L2 atm/mol2 and b=0.0562 L/mol
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