
The Kinetic Molecular 
Theory of Gases

Let’s just agree to abbreviate it KMT



Gases:  What’s the deal?

In the early days of chemistry, people learned a lot about solid and liquid phase 
chemistry.  Solids and liquids are easy to hold and store, and they tend to stay in 
one place.

However, one thing they didn’t ever really get a good grip on was gas chemistry.  
After all, if you’re working with a chemical compound that wanders away as soon 
as it’s made, it’s hard to figure out what’s happening.

Some of them also 
burst into flames



As a result of this, chemists had to make guesses 
about what gases were and why they did the stuff 
they did.

Guesses about why stuff acts the way it does are 
called theories.

The theory that they came up had the handy name 
“Kinetic Molecular Theory.”



So, what was the KMT about?

Mainly, it was about making assumptions that would simplify their 
understanding of why gases behaved the way they did.

Any gas that had these properties would be called an ideal gas. 
Unfortunately, just as the real world isn’t perfect, there’s no such thing 
as an ideal gas.

Fortunately, real gases behave a lot like ideal gases would, so we can 
still use the KMT to understand a lot about how they behave.



Let’s learn the properties of an ideal gas!

Narrarated by your host, Lorne Greene 
of the TV show “Bonanza”



The overriding principle guiding the KMT:

The behavior of gases can be understood by 
understanding how its molecules behave.

Put another way, if you generally 
understand how a small portion of 
the gas molecules behave with 
each other, you can extrapolate 
that to understand the overall 
behavior of the whole gas.

Picture unrelated



1) Gas molecules are infinitely small
Of course, this isn’t true because gas molecules do take up some 
volume.  However, there’s usually a lot of space between the 
molecules in a gas, which makes their volumes fairly negligible.

This assumption makes our lives easier because any math having 
to do with the size of molecules (their volume, their cross 
section, etc) can be ignored.



2) Gas molecules are in constant, random 
motion.

Both of these are important!

• Constant motion means that gases are dynamic rather 
than static.  Within a gas, something is happening!

• Random motion means that gases can be treated 
statistically.  Instead of treating all gas molecules as if they 
each exist under some special set of conditions, we can just 
sum up the overall picture mathematically.



What do these gas molecules do when they 
are in motion?

They hit each other and the walls of the container in which they’re 
held.  The force of the collisions against the side of the container in 
which they’re held is called its pressure.

All collisions are assumed to be elastic, which means that no 
energy is lost when two particles collide.

Rubber bands, like the 
collisions between particles 
of a gas, are elastic.  Not 
that this is relevant.



3) Gas molecules don’t experience 
intermolecular forces

Unlike real gases, in which the molecules are weakly attracted, 
ideal gas molecules don’t interact with each other except to 
collide.

Why this is a reasonable assumption:
• Gas molecules are very small, so the chance that they’ll come 

near each other is not very good.
• Gas molecules travel very quickly, so even if they do come near 

each other, they won’t have enough time to interact.



4) The kinetic energies 
of gas molecules is 
proportional to their 
temperature in Kelvin.

• The simple version:  If you 
heat a gas, the gas 
molecules travel more 
quickly.



Wait:  What does temperature have to do 
with the amount of energy something has?

Temperature is a measure of how fast 
the molecules in a material are 
traveling.  Higher temperatures = 
higher molecular velocities.

The reason we use Kelvin rather than 
degrees Celsius is that negative 
degrees Celsius would imply negative 
molecular energy.  This isn’t a thing.



So, a quick recap about the properties of ideal 
gases:

1) Gas molecules are infinitely small.
2) Gas molecules are in constant, random 

motion.
3) Gas molecules don’t experience 

intermolecular forces.
4) The kinetic energies of gas molecules is 

proportional to their temperature in 
Kelvin.



So, what about real gases?

Depending on the identity of the gas we’re talking about, real gases will 
behave with differing degrees of ideality.

This slide seemed like it was 
missing something, so I added 
some mostly irrelevant clip art.



1) Gases have low density

Since the gas 
molecules don’t 
interact with each 
other and travel at 
high speeds, they 
are usually very far 
from one another.

Density of liquid 
water: 1.00 g/mL

Density of steam: 
0.00596 g/mL



2) Gases can be compressed and expanded

Because there’s a lot of space 
between gas molecules, it’s 
pretty easy to cram them 
together.

Likewise, if you let off the 
pressure from a gas, the 
molecules will expand to be as 
big as the container you put 
them in because they don’t stick 
to each other.

The air in this SCUBA tank can be compressed to 
a maximum pressure of 3442 psi, or about 234 
times atmospheric pressure



3) Gases diffuse

This is just a fancy way of saying 
that if you put two gases in the 
same container, they will mix.

This isn’t surprising, given that gas 
molecules completely ignore each 
other. Air consists of quite a few different gases



4) Gases effuse

This is a fancy way of saying that if you 
open a container that holds a gas, the little 
particles of gas will fly out of that container.

The velocity at which the gas molecules will 
move depends on their temperature and 
mass. 

Graham’s law describes the root-mean-
square velocities of gas molecules.  Which 
is another way of saying that this law can 
tell us how fast they go.

The manned maneuvering unit used in 
spacewalks uses compressed air to 
move astronauts around.



For those of you who are interested…

For air, this is about 510 m/s at room temperature


