
Chemistry2710Spring2001Assignment2
Solutions

1. (a) The graphbelow shows the dataalongwith the line of bestfit of all
six points:
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Best fit: all data

Thereis anobvioussystematicdeviationof thepointsfrom theline,so
not all pointsarein the initial rateregion. How many of thesepoints
defineaninitial rateis partlyamatterof taste.To my eye,thereis still
somedetectablecurvatureif I take the first four points,but the first
threereasonablyfit a line:
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(b) Theslope(obtainedby linearregression)basedonthefirst threepoints
is da

dt
��� 9 � 05 � 10� 4molL � 1s� 1. The rateof the reaction(by con-

vention)is thereforev � � 1
2

da
dt � 4 � 53 � 10� 4molL � 1s� 1.

2. (a) The ratedoesnot dependon
�
I2 � (experiments1 and 2). When the

concentrationof ketoneincreasesby a factorof 2.5,therateincreases
by a factorof 2 � 43 � 2 � 5 (experiments1 and3). Thus,it seemslikely
that the reactionis of the first orderwith respectto ketone. Finally,
whenthehydrogenion concentrationincreasesby a factorof 3.2, the
rateincreasesby a similar factor(experiments3 and4). Theratelaw
is therefore

v � k
�
ketone� �H 	 � �

(b) k � v 
�� � ketone� �H 	 ��
 . Becausethe dataarenot perfect(the ratio of
rates1 and3 isn’t exactlythesameastheratioof theketoneconcentra-
tions)I calculatedtherateconstantfrom eachof thefour experiments:

Experiment 1 2 3 4
k (L mol � 1s� 1) 0.035 0.035 0.034 0.034

In eachcase,wegetavalueof about0 � 035L mol � 1s� 1.
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3. Becausetherearemany points,our bestalternative is to usevan’t Hoff ’s
method.We thereforeplot lnv vs lna:
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Theplot showsobviouscurvature,sothedatadonotfit asimpleratelaw.

4. (a) 3A � 2C

(b)

da
dt

� � k1a � k � 1b2 � k2ab � k � 2c

db
dt

� 2k1a � 2k � 1b2 � k2ab � k � 2c

dc
dt

� k2ab � k � 2c

(c) Usingtheprincipleof detailedbalance,wecanobtainequilibriumcon-
stantsfor eachof thetwo steps:

k1a � k � 1b2 andk2ab � k � 2c �� K1 � b2

a
� k1

k � 1
andK2 � c

ab
� k2

k � 2
�
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TheoverallequilibriumconstantK � c2 
 a3. Notethat

K1K2
2 � �

b2

a � �
c2

a2b2 � � c2

a3 � K �
� K � k1k2

2

k � 1k2� 2

�
(d) This questionis perhapsslightly harderthanfirst appears.The first

stepis ratedeterminingwith ratek1a. This stepproducestwo unitsof
B sothattwo equivalentsof C areformedfor everyA consumedin the
first step.In otherwords,

dc
dt

� 2k1a �
However, the rateof the reactionis v � 1

2
dc
dt (from the stoichiometry

of theoverall reaction)sothatv � k1a.

5.

k1
�
H � �Br2 � � k � 1

�
HBr � �Br � �� K � �

HBr � �Br ��
H � �Br2 � � k1

k � 1
�� k � 1 � k1

K
� 2 � 09 � 108L mol � 1s� 1

1 � 5 � 1028� 1 � 4 � 10� 20L mol � 1s� 1 �
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