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12.7: The Lindemann Mechanism

The Lindemann mechanism (Lindemann, Arrhenius, Langmuir, Dhar, Perrin, & Lewis, 1922) is a useful one to demonstrate some
of the techniques we use for relating chemical mechanisms to rate laws. In this mechanism, a reactant is collisionally activated to a
highly energetic form that can then go on to react to form products.
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If the steady state approximation is applied to the intermediate A*
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an expression can be derived for [A*].
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Substituting this into an expression for the rate of the production of the product P
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yields
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In the limit that k_; [A] < k2, the rate law becomes first order in [A] since k_1 [A] + ks = k_1[4] .
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This will happen if the second step is very slow (and is the rate determining step), such that the reverse of the first step “wins” in
the competition for [A*]. However, in the other limit, that ks >> k_1[A], the reaction becomes second order in [A] since
k_q [A] +ky ks .
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which is consistent with the forward reaction of the first step being the rate determining step, since A* is removed from the
reaction (through the formation of products) very quickly as soon as it is formed.

Third-body Collisions
Sometimes, the third-body coellision is provided by an inert species M, perhaps by filling the reaction chamber with a heavy non-
reactive species, such as Ar. In this case, the mechanism becomes
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And in the limit that [A*] can be treated using the steady state approximation, the rate of production of the product becomes

d[P] koky [ M]

dt ki [M]+ks

And if the concentration of the third body collider is constant, it is convenient to define an effective rate constant, k,,,; .

https://chem.libretexts.org/@go/page/84601



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/84601?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Physical_Chemistry_(Fleming)/12%3A_Chemical_Kinetics_II/12.07%3A_The_Lindemann_Mechanism
http://dx.doi.org/10.1039/TF9221700598

LibreTextsw

keoky [ M]
k1 [M] + ks

kuni =

The utility is that important information about the individual step rate constants can be extracted by plotting 1/k,,; as a function of

1/[M].
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The plot should yield a straight line, the slope of which gives the value of ks, and the intercept gives (k_1 /kaok ).
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