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4.12: The Frequency of Collisions between Unlike Gas Molecules
Thus far in our theoretical development of the properties of gases, we have assumed that ideal gas molecules are point masses.
While they can collide with the walls of their container, point masses cannot collide with one another. As we saw in our discussion
of van der Waals equation, the deviation of real gases from ideal gas behavior is one indication that an individual gas molecule
occupies a finite volume.

To develop a model for molecular collisions, we need to know the size and shape of the colliding molecules. For a general model,
we want to use the simplest possible size and shape. Accordingly, we consider a model in which gas molecules are spheres with
well-defined radii. We let the radii of molecules  and  be  and , respectively. See Figure 10. When such molecules collide,
their surfaces must come into contact, and the distance between their centers must be . We call  the collision
radius.

Figure 10. The molecular collision radius.

Let us consider a molecule of type  in a container with a large number of molecules of type . We suppose that there are 
molecules of type  per unit volume. Every molecule of type  has some velocity, , relative to the molecule of type . From our
development above, we know both the probability density function for  and the expected value . Both molecule  and all of
the molecules of type  are moving with continuously varying speeds. However, it is reasonable to suppose that—on average—the
encounters between molecule  and molecules of type  are the same as they would be if all of the type  molecules were fixed at
random locations in the volume, and molecule  moved among them with a speed equal to the average relative velocity, .

Under this assumption, a molecule 1 travels a distance equal to  in unit time. As it does so, it collides with any type 
molecule whose center is within a distance  of its own center. For the moment, let us suppose that the trajectory of molecule  is
unaffected by the collisions it experiences. Then, in unit time, molecule  sweeps out a cylinder whose length is  and whose
cross-sectional area is . The volume of this cylinder is . (See Figure 11.)

Figure 11. The collision volume of a gas molecule in unit time.

Since there are  molecules of type  per unit volume, the number of type  molecules in the cylinder is . Each of
these molecules is a molecule of type  that experiences a collision with molecule  in unit time. Letting  be the frequency
(number of collision per unit time) with which molecule  collides with molecules of type , we have
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Two additional parameters that are useful for characterizing molecular collisions are , the mean time between collisions, and 
, the mean distance that molecule  travels between collisions with successive molecules of type .  is called the mean free

path. The mean time between collisions is simply the reciprocal of the collision frequency,

and the mean free path for molecule  is the distance that molecule  actually travels in this time, which is , not , so that

Now, we need to reevaluate the assumption that the trajectory of a molecule of a molecule  is unaffected by its collisions with
molecules of type . Clearly, this is not the case. The path of molecule  changes abruptly at each collision. The actual cylinder that
molecule  sweeps out will have numerous kinks, as indicated in Figure 12. The kinked cylinder can be produced from a straight
one by making a series oblique cuts (one for each kink) across the straight cylinder and then rotating the ends of each cut into
convergence. If we think of the cylinder as a solid rod, its volume is unchanged by these cuttings and rotations. The volume of the
kinked cylinder is the same as that of the straight cylinder. Thus, our conclusions about the collision frequency, the mean time
between collisions, and the mean free path are not affected by the fact that the trajectory of molecule  changes at each collision.

Figure 12. The collision volume is unaffected by collisions.

This page titled 4.12: The Frequency of Collisions between Unlike Gas Molecules is shared under a CC BY-SA 4.0 license and was authored,
remixed, and/or curated by Paul Ellgen via source content that was edited to the style and standards of the LibreTexts platform.

= π ⟨ ⟩ = πν̃12 N2 σ2
12

v12 N2 σ2
12
( )

8kT

πμ

1/2

= N2σ2
12( )

8πkT

μ

1/2

τ12

λ12 1 2 λ12

= 1/τ12 ν̃12

1 1 ⟨ ⟩v1 ⟨ ⟩v12

= ⟨ ⟩ =λ12 v1 τ12
(μ/m)

1/2

πN2 σ2
12

1

2 1

1

1

https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://chem.libretexts.org/@go/page/151995?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/04%3A_The_Distribution_of_Gas_Velocities/4.12%3A_The_Frequency_of_Collisions_between_Unlike_Gas_Molecules
https://creativecommons.org/licenses/by-sa/4.0
https://www.amazon.com/Thermodynamics-Chemical-Equilibrium-Paul-Ellgen/dp/1492114278
https://www.amazon.com/Thermodynamics-Chemical-Equilibrium-Paul-Ellgen/dp/1492114278

