
Chemistry2710Spring2003Test2 Solutions

1. At equilibrium,

k1
�
HOBr� �Br ��� �H ����� k � 1

�
Br2 �	�
 K � �

Br2 ��
HOBr� �Br � � �H � � � k1

k � 1

� 1 � 6 � 1010L2mol � 2s� 1

110s� 1 � 1 � 5 � 108L2 � mol2 �
This valueis in reasonableagreementwith the thermodynamicequilibrium constant,con-
sideringthenumberof significantfiguresin thecalculation.

2. Therearethreepossiblesolutionsto this problem.All of themstartwith a considerationof
thestoichiometry.

(NO used)� 2 
 Cl2 used��� (NOCl produced)�
In mathematicalform, weget�

NO� 0 � �NO��� 2 
 �Cl2 � 0 � �Cl2 ����� �NOCl��� (1)

Whatyou donext dependson whetheryouwantto work from therateequationfor NO, Cl2
or NOCl.

Using
�
NO� as the variable. Therateof changeof [NO] is

d
�
NO�
dt

� � 2k
�
NO� 2 �Cl2 ��� (2)

Usingequation1, theconcentrationof Cl2 is�
Cl2 ��� �Cl2 � 0 � 1

2

 �NO� 0 � �NO�����

We substitutethis concentrationinto equation2, andthencarryout the separationof
variables:

d
�
NO�
dt

� � 2k
�
NO� 2 � �Cl2 � 0 � 1

2

 �NO� 0 � �NO�������


 � 2k dt � d
�
NO��

NO� 2 � �Cl2 � 0 � 1
2 
 �NO� 0 � �NO����� �
 � 2k � t

0
dt ��� � �NO!

�NO! 0 dx

x2 � �Cl2 � 0 � 1
2 
 �NO� 0 � x �"� �
 t � � 1

2k
�#�NO!
�NO! 0 dx

x2 � �Cl2 � 0 � 1
2 
 �NO� 0 � x ��� �

1



Using
�
Cl2 � as the variable. Therateof changeof

�
Cl2 � is

d
�
Cl2 �
dt

� � k
�
NO� 2 �Cl2 ��� (3)

Usingequation1, theconcentrationof NO is�
NO�$� �NO� 0 � 2 
 �Cl2 � 0 � �Cl2 �����

We substitutethis concentrationinto equation3, andthencarryout the separationof
variables:

d
�
Cl2 �
dt

� � k
�
Cl2 �&% �NO� 0 � 2 
 �Cl2 � 0 � �Cl2 ���(' 2 �
 � k dt � d

�
Cl2 ��

Cl2 �)% �NO� 0 � 2 
 �Cl2 � 0 � �Cl2 ���*' 2 �
 � k � t

0
dt � � �#�Cl2 !

�Cl2 ! 0 dx

x % �NO� 0 � 2 
 �Cl2 � 0 � x �+' 2 �
 t � � 1
k
� �Cl2 !
�Cl2 ! 0 dx

x % �NO� 0 � 2 
 �Cl2 � 0 � x �(' 2 �
Using

�
NOCl� as the variable. Therateof changeof [NOCl] is

d
�
NOCl�
dt

� 2k
�
NO� 2 �Cl2 �,� (4)

Usingequation1, theconcentrationsof NO andof Cl2 expressedin termsof [NOCl]
are �

NO�-� �
NO� 0 � �NOCl�,.

and
�
Cl2 ��� �

Cl2 � 0 � 1
2

�
NOCl�	�

We substitutethis concentrationinto equation4, andthencarryout the separationof
variables:

d
�
NOCl�
dt

� 2k 
 �NO� 0 � �NOCl��� 2 / �Cl2 � 0 � 1
2

�
NOCl��01�


 2k dt � d
�
NOCl�
 �NO� 0 � �NOCl��� 2 2 �Cl2 � 0 � 1

2

�
NOCl��3 �
 2k � t

0
dt � � �#�NOCl!

0

dx
 �NO� 0 � x � 2 2 �Cl2 � 0 � 1
2x 3 �
 t � 1

2k
� �NOCl!

0

dx
 �NO� 0 � x � 2 2 �Cl2 � 0 � 1
2x 3 �

2



3. (a)

da
dt

� � k1a 4 k � 1b2 �
db
dt

� 2k1a � 2k � 1b2 � k2b �
dc
dt
� k2b �

(b) A 5 2C

(c) If thesecondstepis slow, wecanusetheEA for the(fast)first step:

k1a 6 k � 1b2 �

 b 6 k1a

k � 1
�

Therateof thereactionis

v � 1
2

dc
dt
� 1

2
k2b �

Substitutingin our approximatevaluefor b, weget

v 6 k2

2
k1

k � 1
a17 2 �

(d) v � � da
dt , sowehaveasimpleratelaw with anorderof 1

2 with respectto a. Substituting
this orderof reactioninto thegeneralintegratedratelaw, weget

a17 2 � a17 2
0 � 1

2
kt .

where

k � k2

2
k1

k � 1
�

If we performanexperimentin which we follow a asa functionof t, we canthenplot8
a vs t. Weshouldgetastraightline of slope � k � 2. Notethatwe can’t getany of the

individual rateconstants.Weonly getthecombinationnamedk above.

(e) We have thevelocityvector

v � 2 � k1a 4 k � 1b2 . 2k1a � 2k � 1b2 � k2b 3 �
3



Thea nullcline is thecurveon which

� k1a 4 k � 1b2 � 0 �
 a � k � 1b2 � k1 �
(You’ll seein aminutewhy I’m solvingfor a ratherthanb.)

Theb nullcline is thecurve

2k1a � 2k � 1b2 � k2b � 0 �
 a � b
2k1

 2k � 1b 4 k2 ��� k � 1

k1
b2 4 k2

2k1
b �

Thea andb nullclinesarebothparabolasin b passingthroughtheorigin. Comparing
theformulafor theb nullclineto theformulafor thea nullcline,weseethatatany given
valueof b, theb nullcline correspondsto a largervalueof a. If a is on our horizontal
axis,this meansthattheb nullcline is below thea nullcline.

At smallvaluesof b (nearthea axis),v 5 
 � k1a . 2k1a �:9;
 � .<4=� . At smallvaluesof
a (neartheb axis),v 5 2 k � 1b2 . � 2k � 1b2 � k2b 3 9>
,4?. � � . Betweenthenullclines,the
velocity vectorhasto point towardstheequilibriumpoint, so it shouldbeof theform
 � . � � . This makessenseif we considerthat(e.g.)we have to crosstheb nullcline to
getfrom theregionwherev 9@
 � .<4A� to thespacebetweenthenullclines.Thevelocity
field is shown below:

a

b

a

b

nullcline

nullcline

There’s nothingto donow but to draw thetrajectories:
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b

nullcline
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We now know that there’s a slow manifold betweenthe two nullclines. The ratelaw
derived in part c is consistentwith our sketchprovidedtheslow manifold is closerto
thea nullcline thanto theb nullcline.
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