A Pseudo-Order Kinetic Analysis

The file “Pseudo-Order Data” contains kinetic data for the reaction

Ry + Ry + R3 — products
Each page contains data for a pseudo-order experiment in which the concentration of one reactant is
significantly smaller than the concentration of the other two reactants. Using this data, determine the

reaction’s order with respect to each reactant, the three pseudo-order rate constants, the reaction’s overall
rate constant, and the overall rate law.

Answer
The rate law for the reaction is of the general form

R = k[Rq]*[R2])’[Rs]”

The data on the first page shows first-order kinetics because a plot In[R;] vs. time, as shown here, is a
straight-line; thus, we know that « is 1.
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Fitting a straight-line to the data give a slope of —-0.250 s !, which means that the observed rate constant is
(Eops)1 = k[Ro]?[R3]Y = 0.250 s~ !

The data on the second page shows second-order kinetics because a plot [Ro] ! vs. time, as shown here (and
plotting every 100th point for clarity), is a straight-line; thus, we know that g is 2.
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Fitting a straight-line to the data give a slope of —5.00 x 107* mM 's ', which means that the observed rate
constant is

(Eobs)2 = k[R1][R3]” = 5.00 x 107% mM s~ !

where we already know that « is 1.

The data on the third page shows zero-order kinetics because a plot [Rs] vs. time, as shown here, is a
straight-line; thus, we know that = is 0.
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Fitting a straight-line to the data give a slope of =125 mM /s, which means that the observed rate constant is



(kobs)3 = k[R1][Re]® = 125 mM/s

where we already know that « is 1 and that 3 is 2.

The reaction’s rate law is

R = k[R4][Rq]?

To find the rate constant, k, we solve each of the expressions for (k,ps) using the known concentrations for
R1 and for Ry; thus

(obs)1 = k[R2]’[Ra]” = k[500 mM]?[500 mM]® = 0.250 s

which gives k£ = 1.0 x 1076 mM~2s~!. The same approach with the other two observed rate constants (left
to you to verify), yields the same value for k.
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