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 ZI = collision frequency = number of collisions per molecule

 ZII = collision rate = total number of collisions

  = mean free path = distance traveled between collisions



 Collision shall occur when the centers of 2 molecules have 

distance d (interaction diameter), which is = d

 The Surface Area of Container is  =  d
2

 The long of container 

(distance to be 

passed):  = dt (: 

average speed)

 Volume of the 

container (interaction 

volume) is V = 

 No. of collision:
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Collision amongst the molecules
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Define:  N* = N/V  = 

molecules per unit volume

*2

*)()(

2 NvdZ

NVZ

avgI

I







M

TR

m

Tk
vavg













88

2

28

:

8

A

A
relative

BA

BA

BA

relative

m

m
x

RT
v

mmif

mm

mm
where

RT
v
















Collision Frequency ( ZI )
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Collision Rate (ZII)
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For A-B collisions:     AB ,  AB
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Collision Rate (ZII)
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Collision Rate (ZII) of 2 different molecules
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The mean free path is independent of temperature

The mean time between collisions is temperature dependent

Mean Free Path (  )



Kinetic-Molecular-Theory Gas Properties - Collision Parameters 

@ 25 oC and 1 atm

Species

Collision diameter
Mean 

free path

Collision 

Frequency

Collision 

Rate

d / 10-10 m d / Å  / 10-8 m ZI / 109 s-1 ZII / 1034 m-3 s-1

H2 2.73 2.73 12.4 14.3 17.6

He 2.18 2.18 19.1 6.6 8.1

N2 3.74 3.74 6.56 7.2 8.9

O2 3.57 3.57 7.16 6.2 7.6

Ar 3.62 3.62 6.99 5.7 7.0

CO2 4.56 4.56 4.41 8.6 10.6

HI 5.56 5.56 2.96 7.5 10.6


