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 Steric Factor
One of the most glaring limitations of the collision is that the predicted values of rate constants for 

many reactions were found to be considerably different from the values obtained experimentally. Moreover, it 
was also noticed that more the complexity, the higher was the deviation. This happened because the collision 
theory supposed that the particles participating in the chemical reaction are completely spherical, and thus, are 
able to react in every direction. However, this is far from the truth since the orientation of the collisions is not 
always appropriate to result in the chemical change. For instance, in the hydrogenation of ethylene, the 
dihydrogen molecule must approach the bonding zone between the atoms, and not all the possible collisions 
would be able to satisfy this requirement. For more clear view, consider the formation of CO2 as shown below. 

To solve this problem, the concept of steric factor (ρ) was introduced, which is simply the ratio of 
experimental value to the predicted value of the rate constant. In other words, the steric factor may be defined 
as the ratio between the frequency factor and the collision frequency i.e. 

𝜌 =
𝐴𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
𝑍𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

(171) 
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It is worthy to note that the value of the steric factor most of the cases is less than unity. Typically, it has been 
seen that more the complex the reactant molecules are, the lower is the steric factor. However, some reactions 
do have steric factors higher than unity; for instance, the harpoon reactions in which atoms involved exchange 
electrons generating ions. The deviation from unity may arise due to different reasons such as non-spherical 
shape of reacting molecules, or the partial delivery of kinetic energy, the presence of a solvent when applied 
to solutions. 

        In order to derive the expression for modified collision theory that does consider the reactants steric, 
recall the rate constant calculated from simple collision theory first i.e. 

𝑅𝑎𝑡𝑒 = 𝑍𝑒−𝐸𝑎/𝑅𝑇 (172) 

For experimental rate, multiply the equation (172) by the probability or steric factor i.e. 

𝑅𝑎𝑡𝑒 = 𝜌𝑍𝑒−𝐸𝑎/𝑅𝑇 (173) 

Now considering both the possibilities i.e. whether the reacting species are the same or different, we can 
simplify the above equation in two ways: 

i) For dissimilar molecules:

If the colliding molecules are not the same, the exponential part in equation (173) takes the form 

𝐴 = 𝜌
𝑁

103
𝜎𝐴𝐵
2 √

8𝜋𝑅𝑇(𝑀𝐴 +𝑀𝐵)

𝑀𝐴𝑀𝐵

(174) 

Substituting the values of different constants, we get 

𝐴 = 2.753 × 1029 × 𝜌 × 𝜎𝐴𝐵
2 √

𝑇(𝑀𝐴 +𝑀𝐵)

𝑀𝐴𝑀𝐵

(175) 

ii) For similar molecules:

If the colliding molecules are the same, the exponential part in equation (173) takes the form 

𝐴 = 𝜌
𝑁

103
4𝜎2√

𝜋𝑅𝑇

𝑀𝐴

(176) 

𝐴 = 3.893 × 1029 × 𝜌 × 𝜎2√
𝑇

𝑀𝐴

(177) 

This modified collision theory can account for probability factors up to 10−4 but not less than that. This 
limitation can be overcome by “transition state theory” discussed in the next section. 
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