
Chemistry2710Spring2001Assignment3 Solutions

1. (a) 2O3
�
g��� 3O2

�
g�

(b) We applytheEA to thefirst reaction,giving ustheequation

k1 �N2O5 ��� k � 1 �NO2 � �NO3�
	 (1)

We mustalsoapplytheSSAto thenitrogentrioxideconcentration:

d �NO3 �
dt � k1 �N2O5 �
� k � 1 �NO2 � �NO3 ��� k3 �NO2 � �O3 �
� 2k4 �NO3 � 2 � 0 	

Notethatequation1 impliesthatthefirst two termsof this lastequationcancelout.� k3 �NO2 � �O3 ��� 2k4 �NO3 � 2 	� �NO2 ��� 2k4 �NO3 � 2
k3 �O3 � 	 (2)

If wesubstitutethis lastequationinto equation1, weget

k1 �N2O5 ��� 2k � 1k4 �NO3 � 3
k3 �O3 � 	� �NO3 ��� �

k1k3

2k � 1k4
�N2O5 � �O3 ��� 1� 3 	 (3)

Substitutingequation3 into equation2 andsimplifying, weget

�NO2 ����� 2k2
1k4

k2� 1k3

�N2O5 � 2�O3 ��� 1� 3 	
We now have theconcentrationsof NO2 andof NO3 expressedexclusively in termsof
theconcentrationsof dinitrogenpentoxideandof ozone.We shouldbeableto getthe
ratein termsof thelattertwo concentrationsnow:

d �O3 �
dt � � k3 �NO2 � �O3 �

� � � 2k2
1k2

3k4

k2� 1
�N2O5 � 2 �O3 � 2 � 1� 3 	

v � � 1
2

d �O3 �
dt� � k2

1k2
3k4

4k2� 1
�N2O5 � 2 �O3 � 2 � 1� 3 	



(c) Theratelaw we obtainedabove is in a simpleform with ordersof reactionof 2
3 with

respectto eachof N2O5 andO3.

(d) If weusedtheSSAfor bothintermediates,wewouldsolve thepairof equations

d �NO3 �
dt � k1 �N2O5 ��� k � 1 �NO2 � �NO3 ��� k3 �NO2 � �O3 ��� 2k4 �NO3 � 2 � 0 �

d �NO2 �
dt � k1 �N2O5 ��� k � 1 �NO2 � �NO3 ��� k3 �NO2 � �O3 ��� 2k4 �NO3 � 2 � 0 	

If weaddthesetwo equations,weget

2k1 �N2O5 ��� 2k � 1 �NO2 � �NO3 ��� 0

which is equivalentto equation1. Solvingthis equationalongwith d �NO3 ��� dt � 0 is
exactlywhatwedid in question1bsoapplyingtheSSAto bothcatalyticintermediates
wouldgiveexactly thesameratelaw in thiscase.

2. (a) Mechanism 1: Cl, Cl3
Mechanism 2: Cl, COCl

(b) Mechanism 1:

Initiation: Cl2
�
g� � 2Cl � g�

Chain propagation:

Cl � g� � Cl2
�
g�!� Cl3

�
g�

Cl3
�
g� � CO� g�!� COCl2

�
g� � Cl � g�

Termination: 2Cl � g� � Cl2 � g�
None of the above: Cl3

�
g��� Cl � g� � Cl2

�
g�

Mechanism 2:
Initiation: Cl2

�
g� � 2Cl � g�

Chain propagation:

Cl � g� � CO� g��� COCl� g�
COCl� g� � Cl2

�
g��� COCl2

�
g� � Cl � g�

Termination: 2Cl � g� � Cl2 � g�
None of the above: COCl� g��� Cl � g� � CO� g�

(c) Mechanism 1: Wewill usetheSSAfor bothradicals:

d �Cl �
dt � 2k1 �Cl2 ��� 2k � 1 �Cl � 2 � k2 �Cl � �Cl2 ��� k � 2 �Cl3 ��� k3 �Cl3 � �CO��� 0 �

d �Cl3 �
dt � k2 �Cl � �Cl2�"� k � 2 �Cl3 �"� k3 �Cl3 � �CO�#� 0 	 (4)
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If weaddtheseequations,weget

k1 �Cl2 �$� k � 1 �Cl � 2 	� �Cl �$� k1 �Cl2 �
k � 1

	 (5)

Fromequation4, wehave �Cl3 ��� k2 �Cl � �Cl2 �
k � 2 � k3 �CO� 	

If wenow substitutein equation5, weget

�Cl3 ��� k2

k � 2 � k3 �CO� k1 �Cl2 � 3
k � 1

	
Therateof thereactionis therefore

v1 � d �COCl2 �
dt � k3 �Cl3 � �CO��� k2k3 �CO�

k � 2 � k3 �CO� k1 �Cl2 � 3
k � 1

	
Mechanism 2: In thiscase,wewantto applytheSSAto Cl andto COCl:

d �Cl �
dt � 2k1 �Cl2 �
� 2k � 1 �Cl � 2 � k2 �Cl � �CO��� k � 2 �COCl�� k3 �COCl� �Cl2 ��� 0 �

d �COCl�
dt � k2 �Cl � �CO�
� k � 2 �COCl��� k3 �COCl� �Cl2 ��� 0 	 (6)

Thesolutionproceedsexactlyasbefore.If weaddthetwoequationsandrearrange,
weget �Cl ��� k1 �Cl2 �

k � 1
	

Equation6 canberearrangedto

�COCl�$� k2 �Cl � �CO�
k � 2 � k3 �Cl2 � � k2 �CO�

k � 2 � k3 �Cl2 � k1 �Cl2 �
k � 1

	
� v2 � d �COCl2 �

dt � k3 �COCl� �Cl2 ��� k2k3 �CO�
k � 2 � k3 �Cl2 � k1 �Cl2 � 3

k � 1
	

Comparison: It is perhapseasiestto seehow thetwo couldbedistinguishedby com-
paringthepredictionsmadeby thetwo mechanismsat high andlow pressuresof
thetwo reactants.
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low �Cl2 � high �Cl2 � low [CO] high [CO]

v1 ∝ �Cl2 � 3� 2 v1 ∝ �Cl2 � 3� 2 v1 ∝ �CO� v1 ∝ �CO� 0
v2 ∝ �Cl2 � 3� 2 v2 ∝ �Cl2 � 1� 2 v2 ∝ �CO� v2 ∝ �CO�

The two mechanismsthereforepredictdifferentdependenceson the Cl2 andCO
pressures.In mechanism1, theorderof thereactionwith respectto Cl2 is always
3
2. However, theorderchangesfrom 3

2 to 1
2 in mechanism2 goingfrom very low

to veryhighpressuresof Cl2. Furthermore,in mechanism1, theorderwith respect
to CO changesfrom 1 to 0 asthe CO pressureis increasedwhile mechanism2
predictsa constantorderof reactionof 1 with respectto this reactant.The two
mechanismsthereforecanbedistinguishedexperimentallyby carryingout exper-
imentsovera rangeof pressuresof thetwo reactants.
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