Reaction Mechanisms

Mechanisms are a sequence of elementary molecular events describing the primary steps in a reaction.

The mechanism must be consistent with the overall  stoichiometry and rate law.





Bouncing Ball Demonsration
	Steady State

           R            (           I            (           P 

       |•••••| 3 bounce |    |  2 bounce |    |
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Conclusion: reactive intermediate [I] is low;
 d[I]/dt=0;  rate is determined by slow step
	Rapid Equilibrium

            R           EQ \o(→,←)      I           (             P

        |•••••| 2 bounce |    |   6 bounce |    |

                -4 bounce
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conclusion:  unreactive intermediate builds up; [I]/[R] = constant; rate is determined by slow step


Application to Michaelis Menton Mechanism

Steady State            E  +  S   EQ \o(→,←) ES ( E + P        Rapid equilibrium

	d[ES]/dt =k1[E][S] - k2[ES]  - k-1[ES]  = 0

k1[E][S] = (k2 +  k-1)[ES]

(1) Define KM
  EQ \f([E][S],[ES])=  EQ \f(k-1 + k2, k1) = KM
(2) Define RDS
rate = d[P]/dt = k2[ES]
(3) Mass Balance
rate= k2 [ES]  EQ \f([Eo],[E]+[ES]) 
(4) Divide by ES
rate= k2  EQ \f([Eo],1+[E]/[ES]) 
(5) Put in KM
rate= k2  EQ \f([Eo],1+KM/[S]) 
(6) Multiply by S
rate= k2  EQ \f([Eo] [S],KM +[S]) 
(7) Relate to Vmax
rate=  EQ \f(Vmax [S],KM +[S]) 
	E + S  EQ \o(→,←) ES

rate forward = rate reverse

k1[E][S]  = k-1[ES]

(1) Define KD
 EQ \f([E][S],[ES])=  EQ \f(k-1,k1) = KD

(2) Define RDS
rate = d[P]/dt = k2[ES]

(3) Mass Balance
[Eo] = [E]+[ES]

(4) Divide by ES
[Eo] = [ES](1 + [E]/[ES]

(5) Put in KD
[ES] =   EQ \f([Eo],1+KD/[S]) 
(6) Multiply by S
[ES] =   EQ \f([Eo] [S],KD +[S]) 
(7) Relate to Vmax
rate=  EQ \f(Vmax [S],KD +[S]) 



Steady State and Rapid Equilibrium approximations usually give the same overall rate law
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