37
Catalysts

Catalyst: something that _[nC(245e5  the rate of a reaction W ith pull  being consumed in the reaction.

* Provides a surface or better orientation (an alternate pathway) for reaction, increasing “ﬁ' of effective
collisions

e Usually replaces g} "fliﬁi’% activation energy step with A or more IO\M&J" activation energy

steps (you need to draw a new energy diagram for catalyzed reaction)

o Is_ConSum e inan early mechanism step and then P’ro‘cg weed. in a later step.

e Does not change thermodynamii:s, only kinetics! (can speed up a reaction, but A H is the same)

Energy Diagram for Catalyzed and
Uncatalyzed Pathways

Transition state Mechanism without catalyst:

03(g) +0(g) = 20;(g) very slow

R Mechanism with catalyst:
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! step2:  ClO(g) + 0(g) = 0;(g) +Ci(g) slow
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Catalysts vs. Intermediates: two species that can appear in a reaction mechanism, but NOT in the overall reaction!

> Both are species crossed off when summing a reaction mechanism into overall reaction

» If aspeciesformsasa y;fodhffy in an earlier step and isusedup asa _Y€ & o ant in a later step

(and cancels out), it's an intermediate.

* Ifaspeciesisusedasa (€ ack ¥ in an earlier step and is re-formed asa _p¥o wet  inalater
step (and cancels out), it’s a catalyst.

Let’s Practice!
1. a0 fag) + I~ ey HaD m o+ (sl {aq) slow

Does this reaction mechanism have an intermediate and/or catalyst? identify and explain your classification.
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2. Monoxygen reacts with ozone to produce dioxygen molecules in the upper atmosphere:

The potential energy diagram for this reaction is shown to the
right.
a. Modify the diagram to the right to show any changes to the

reaction pathway that would result for the catalyzed
reaction involving these steps:

Step 1: O3+ NO =2 NO,+0; slow
X\/\{i !\;‘,‘“Step 2 NO;+0 2> NO+0; fast
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b. Modify the diagram to the right to show any changes to the
reaction pathway that would result when the starting
temperature of the reaction was doubled. Explain your

reasoning.
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c.  Modify the diagram to the right to show any changes to the
reaction pathway that would result when the concentration
of ozone, O;, was decreased by a factor of 3. Explain your
reasoning.
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Multiple Choice Practice FTW!
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4 NHs(g) +5 0, (g) > 4 NO(g) + 6 H,0(g)

Reaction Progress (Time)

1. The above reaction will experience a rate increase by the addition of a catalyst such as platinum. Which of the

following best explains why?

a. The catalyst causes the value for AG to become more negative.

Sohghmes

b. The catalyst‘.increases the percentage of collisions that occur at the proper orientati% in the reactant

molecules.

C
@ The catalyst introduces a new reaction mechanism for the reaction. ALWA

d. The catalyst increases the activation energy for the reaction.



