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amount of energy per unit mass required to change phase of a substance at constant temperature and pressure

melting/freezing

boiling/condensing
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The Kinetic Model of an Ideal Gas
Kinetic theory views all matter as consisting of individual particles in 
continuous motion in an attempt to relate the macroscopic behaviors of the 
substance to the behavior of its microscopic particles.

Certain microscopic assumptions need to be made in order to deduce the 
behavior of an ideal gas, that is, to build the Kinetic Model of an Ideal Gas.

Assumptions of the Ideal Gas Model:

1.  A gas consists of an extremely large number of very tiny particles 
(atoms or molecules) that are in continuous random motion with a variety 
of speeds.

2.  The volume of the particles is negligible compared to the volume 
occupied by the entire gas.

3.  The size of the particles is negligible compared to the distance between 
them.

4.  Collisions between particles and collisions between particles and the 
walls of the container are assumed to be perfectly elastic and take a 
negligible amount of time.  The time for a collision is much less than the 
time between collisions.

Perfectly elastic:  

5.  In between collisions, the particles obey Newton’s laws of motion, that is, 
they travel in straight lines at a constant speed.

6.  No forces act between the particles except when they collide (no 
intermolecular forces).  

EK is conserved
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Consequences of the Ideal Gas Model assumptions:  

a)   The internal energy of an ideal gas consists solely of 
random kinetic energy (no potential energy).

b)   The internal energy of an ideal gas is proportional 
to its absolute temperature.

U α T      therefore  ΔU α ΔT

Compare real gases to an ideal gas:

a)   real gases behave like ideal gases at low pressure, 
moderate temperature, and low density

b)  ideal gases cannot be liquefied but real gases can
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The “state” of an ideal gas is described by the values of its pressure, volume, 
temperature, and amount.

Amount

N = total number of particles (atoms or molecules)

Avogadro’s constant:  the number of atoms in 12 g of carbon 12.

NA = 6.02 x 1023 particles/mole     =    6.02 x 1023 mol-1

Mole: an amount of a substance that contains as many particles as there are 
atoms in 12 grams of carbon-12.

Molar mass: the mass of one mole of a substance.

n = number of moles Formula:  

1.  As a general rule, the molar mass in grams of a substance is numerically 
equal to its mass number.

a)  1 mole of

b)  2 moles of 

has a mass of  

has a mass of  
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c) How many atoms are in 8 grams of helium (He-4)?

Pressure

Macroscopic definition:  force per unit area acting on a surface

Microscopic definition:  total force per unit area from the 
collisions of gas particles with walls of container

Formula:    

Units: 
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Atmospheric Pressure:

Weight per unit area of all air above an object

Atmospheric pressure at sea level

2.  A cylinder with diameter 3.00 cm is open to the air. 

     a)  What is the pressure on the gas in this open cylinder?
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b)  What is the pressure on the gas after a 500. gram piston and a 
5.00 kg block are placed on top?

Changes of State for an Ideal Gas

I.  Macroscopic behavior:  At a constant pressure, ideal gases 
increase in volume when their temperature increases.

Type of process:  

isobaric

Microscopic explanation:  A higher temperature means faster 
moving particles that collide with the walls more often and with 
greater force.  However, if the volume of the gas is allowed to 
increase, the rate at which these particles hit the walls will decrease 
and thus the average force exerted on the walls by the particles, 
that is, the pressure can remain the same.

Relationship: 
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II.  Macroscopic behavior:  At a constant volume, ideal gases 
increase in pressure when their temperature increases.

Type of process: 

 isovolumetric (isochoric)

Microscopic explanation:  The increased temperature means the particles 
have, on average, more kinetic energy and are thus moving faster.  This 
means that the particles hit the walls more often and, when they do, they 
exert a greater force on the walls during the collision.  For both these 
reasons, the total force on the wall in a given time increases which means 
that the pressure increases.

Relationship: 

III.  Macroscopic behavior:  At a constant temperature, ideal gases 
increase in pressure when their volume decreases.

Type of process:  

isothermal

Microscopic explanation:  The decrease in volume means the 
particles hit a given area of the wall more often.  The force from 
each particle remains the same but an increased number of 
collisions in a given time means the pressure increases.

Relationship: 
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Gas constant:  

Equation of State:   

Ideal Gas:   a gas that follows the ideal gas 
equation of state PV = nRT for all values of 
pressure (P), volume (V), absolute temperature 
(T), and number of moles (n), where R is the gas 
constant.

Derivation:
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Derivation:

Combined Gas Law:

Assumption: fixed amount (n is constant)

3.  What is the volume occupied by 32 g of oxygen (mass number = 
16) at room temperature and atmospheric pressure?               


