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Recap: finding a rate equation

Derivation the rate equation:

• 1. Find the RDS and (if applicable) the MARI
• 2. Write r=RDS
• 3. Find an eq. or SSA relation to calculate concentrations in the RDS

• 3.1 If the RDS consumes the MARI, [MARI] is obtained from an eq. relation.
• 3.2 If both steps are irreversible, use the SSA.

2

How do I find a MARI?

• Don’t assume you have to! It’s an approximation and lots of RX don’t have MARIs

• Look for clues:

- In the rate equation:

- In the conditions*: high P, high/low conversion,…

- In your chemical intuition (the most risky)

 
ChE-403 Problem Set 2.4 

Week 9 
Problem 1 
 
Let’s consider the hydrogenation of propanal to propanol over a supported nickel 
catalyst: 

 
 

Assume that the rate-limiting step is the reversible chemisorption of PO on the surface 
and that dihydrogen adsorbs dissociatively on the Ni surface. 
 
Can you propose a complete (and reasonable) sequence of steps and a kinetics expression 
that satisfies the following experimentally measured rate? 
 

! = !"#1!!!" − !"#2!!!"#"/!!!
1+ !"#3!!!!!.!

 

 
Hint: the expression should suggest a simplification to you. 

 
 
Solution: 
 
The following mechanism can be proposed.  
 

 
 

The first two steps are given and the following steps can be assumed to be at equilibrium 
because at this point we don’t know any better. 
 
The rate expression obtained experimentally strongly suggests that H* is the MARI. 
Indeed, what is under the fraction bar usually represents what is on the surface and only 
the expression representing H* is there. 

O OH
Ni/C

+ H2

PO PHOH

PO + *       PO* 
H2 + **          2H* 
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approximation together with any other assumptions, like a rate-determining step, a
most abundant reaction intermediate, etc. and compared to the rate data. If the func-
tional dependence of the data is similar to the proposed rate expression, then the se-
quence of elementary steps is considered plausible. Otherwise, the proposed sequence
is discarded and an alternative one is proposed.

Consider the isomerization of molecule A far from equilibrium:

A=*-B

that is postulated to occur through the following sequence of elementary steps:

(I) A + * ( ) A*
(2) A* ( ) B*

(3) B* ( ) B + *

Case 1. If the rate of adsorption is rate determining, then the forward rate of re-
action can be simplified to two steps:

k)
(1) A + * A*

K2a
(2a) A* =€F B+*

where step 2a represents the overall equilibrium associated with surface reaction
and desorption of product. A rate expression consistent with these assumptions is
(derived according to methods described earlier):

r = r1 = k][A][*]
[A*]K ---

2a - [B][*]

[*]0 = [*] + [A*]

(5.4.1)

(5.4.2)

(5.4.3)

(5.4.4)

The equilibrium constant is written such that K2a is large when [A*] is large. Com-
bining Equations (5.4.1-5.4.3) results in the following expression for the forward rate:

k][*Jo[A]
r=

1 + K2a [B]
Case 2. If the surface reaction is rate-determining, the following sequence for the
forward rate is appropriate:

K)
(1) A + * +Q:t A*

(2) A* 4 B*
K3

(3) B* +Q:t B + *
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PO* + H*        PHO* + * 

PHO* + H*        PHOH* + * 
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e.g.:

*You choose them so you can force a MARI…
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K)
(1) A + * +Q:t A*

(2) A* 4 B*
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e.g.:
At high or low 
conversion, or at high PA 
or PB, we can force A* or 
B* to be the MARI

Recap: finding a rate equation
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