Teacher’s Tools® Chemistry

Gases and Stoichiometry:  Non Ideal Gases: Worksheet 3: Answer Key

1.    Real gases deviate from ideal gas behavior.  Using ideas of kinetic-molecular theory, explain how the ideal gas assumptions break down for non-ideal gases.

Here are the assumptions and how they break down:
1.  Gases are composed of a large number of particles that behave like hard, spherical objects in a state of constant, random motion  (  Larger molecules are not hard and spherical.  
2.  These particles move in a straight line until they collide with another particle or the walls of the container. (  Molecules can condense or adsorb on the walls of the container.
3.  These particles are much smaller than the distance between particles. Most of the volume of a gas is therefore empty space. (  Larger molecules or high concentrations occupy significant volumes.
4.  There is no force of attraction between gas particles or between the particles and the walls of the container. (  There are intermolecular forces and attractions between the container and molecules.
5.  Collisions between gas particles or collisions with the walls of the container are perfectly elastic. None of the energy of a gas particle is lost when it collides with another particle or with the walls of the container. (  There are intermolecular forces and attractions between the container and molecules, the collisions can be “sticky” of not completely elastic.
6.  The average kinetic energy of a collection of gas particles depends on the temperature of the gas and nothing else. (  There are intermolecular forces and attractions between the container and molecules, this decreases the average kinetic energy of the gas.
2.  At STP, which of the following gases shows the greatest deviation from ideal behavior? Give two reasons for your choice.

CCl4, SO2, Br2, CO2
CCl4, Br2, and CO2 are all non-polar molecules that interact through dispersion forces.

SO2 has a bent geometry with a dipole moment.  The intermolecular dipole interactions are greater than the interactions via dispersion forces.
SO2 will deviate the most from ideality.
3.  Under what conditions do real gases approach ideal gas behavior?

For ideal behavior, we want insignificant molecular volume and intermolecular forces.
That would be low pressure (very few molecules) and high temperature (high energy collisions make intermolecular forces less significant).
4.  The van der Waals equation of state a real gas is as follows:
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Describe which physical properties of a molecule determine the magnitudes of the constants a and b.
As is shown in the equation, “a” is a correction to the pressure term.  It is added to the observed pressure to account for a decrease in gas pressure resulting from intermolecular interactions.  Remember that pressure is a manifestation of molecular collisions with the container wall.  If some energy (velocity) is lost during molecular collisions because of intermolecular forces (inelastic collisions), the force with which the molecules hit the wall and subsequently the pressure will be reduced.  The van der Waals “a” constant corrects for this.

The van der Waals “b” constant is a correction to the volume term.  It is subtracted from the observed volume to account for the volume occupied by the molecules.  
Make sure you see that if “a” and “b” are set to 0, the van der Waals equation of state reduces to the Ideal Gas Law.
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