
ChE-403 Problem Set 1.1 
Week 1 

 
Problem 1 
Take the following gas phase decomposition reaction: 

2𝑁#𝑂% ⇒ 2𝑁#𝑂' + 𝑂# 
 
The reaction is first order in 𝑁#𝑂% and the kinetics are not affected by pressure. You can 
work at low pressures (<5 bars) where the ideal gas law is valid. 
 
Can you suggest an approach for measuring the activation energy Ea with just some 
chemicals and this setup? 
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Problem 2 
For similar reactions, trends in equilibrium constants can often be similar to trends in rate 
constants and thus can be used to predict each other. One approximation that can often be 
made for similar reactions is that the difference in transition state free energies is 
proportional to the difference in free energies of reaction: 
 
Δ𝐺+,-

‡ − Δ𝐺+,#
‡ = 𝛼2Δ𝐺+,- − Δ𝐺+,#3 

 
For two similar reactions (for example, same reactants with different products): 
 

 
Can you find a way to express the rate constants as a function of the equilibrium 
constants (and 𝛼) 𝑓(𝑘-, 𝑘#) = 𝑔(𝐾-, 𝐾#)? 
  

62 CHAPTER 2 Rate Constants of Elementary Reactions

It is expected that the transition state for a unimolecular reaction may have a struc-
ture similar to that of the reactant except for bond elongation prior to breakage. If this
is the case, then List == 0 and

(2.3.19)

It has been experimentally verified that numerous unimolecular reactions have rate
constants with pre-exponential factors on the order of 1013 S-I. However, the pre-
exponential factor can be either larger or smaller than 1013 s-I depending on the details
of the transition state.

Although it is clear that transition-state theory provides a molecular perspec-
tive on the reaction and how to calculate the rate, it is difficult to apply since List,
LiH(;, and YTS are usually not known a priori. Therefore, it is not surprising that
the Arrhenius rate equation has been used to systemize the vast majority of exper-
imental data.

Exercises for Chapter 2
1. For a series of similar reactions, there is often a trend in the equilibrium constants

that can be predicted from the rate constants. For example, the reaction coordi-
nate diagrams of two similar reactions are given below. If the difference in free
energy of formation of the transition state is proportional to the difference in the
free energy change upon reaction, that is, LiGi LiGf = a(LiG1 - LiG1),

derive the relationship between the rate constants k] and k1 and the equilibrium
constants (K] and K1).

Reaction coordinate

Schematic diagram of two similar reactions.



Problem 3 
For the following reaction in series in a batch reactor at constant T, V and P: 
 

A
;<→ B

;?→C	
	
Find	the	concentration	of	C	as	a	function	of	time	with	𝐶B(0) = 𝐶B,+	and	𝐶D(0) =
𝐶E(0) = 0.	
	
 


