
Chemistry2710Spring2002Test3 Solutions

1. (a) To decidewhethera reactionobeysMichaelis-Mentenkineticsor not,wecangenerate
anEadie-Hofsteeplot:

v
���

sucrose� (L min � 1g � 1) 0.0240 0.0173 0.0167 0.0141 0.0112
v (µmolmin � 1g � 1) 0.151 0.296 0.389 0.488 0.540

Thegraphhasthefollowing appearance:
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Thereis significantscatteraroundtheline of bestfit, but thereis noobviouscurvature.
Accordingly, we mayconcludethat thedataareconsistentwith Michaelis-Mentenki-
netics.

(b) By linearregression,wefind

vmax � intercept� 0 � 903µmolmin � 1g � 1 �
KM � 	�
 slope� � 31� 8µmol

�
L �

2. (a) To gettheArrheniusparameters,we mustplot lnk vs1
�
T:

103 � T (K � 1) 3.4247 3.3557 2.8818 2.4876
lnk 16.38 16.12 17.03 18.01

TheArrheniusplot (which wasn’t required)hasthefollowing appearance:
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Theslopeandinterceptareasfollows:

slope � 	 Ēa

R �
	 1869K �
intercept � lnk � 22� 5633�� Ēa � 
 1869K � 
 8 � 314472JK � 1mol � 1 � � 15� 5kJ

�
mol �

k∞ � e22� 5633 � 6 � 30 � 109L mol � 1s� 1 �
(b) Thisis agas-phasereaction,sothepreexponentialfactorshouldbeexpressedin bar� 1s� 1

to calculatetheentropy of activation:

n
V � P

RT � 100000Pa
 8 � 314472JK � 1mol � 1 � 
 298K �� 40� 36mol
�
m3� 0 � 04036mol
�
L �� k∞ � 
 6 � 30 � 109L mol � 1s� 1 � 
 0 � 04036molL � 1bar� 1 � � 2 � 54 � 108bar� 1s� 1 �

We also need∆n̄‡. In this case,the two reactantshave to cometogetherto form a
productsoit seemsreasonableto guessthat∆n̄‡ � 1 	 2 ��	 1. Thuswehave
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∆S̄‡ � R

�
ln � hk∞

kBT � 	 1 � ∆n̄‡ �
� 
 8 � 314472JK � 1mol � 1 � � ln � 6 � 6260688 � 10� 34J

�
Hz� 
 2 � 54 � 108bar� 1s� 1 �
 1 � 38065 � 10� 23J

�
K � 
 298K � �	 1 	 1�� 	 101JK � 1mol � 1 �

Thevalueis largeandnegative,whichsuggeststhatourguessabout∆n̄‡ wasright: The
transitionstateis a tightly boundcomplex of thetwo reactants.

3. Thetotal amountof enzymeis constant:

e � c1 � c2 � e0 �� e � e0 	 c1 	 c2 �
Therearetwo intermediatecomplexes.WeapplytheSSAto both:

dc1

dt � k1es	 k � 1c1 	 k2c1 � k � 2c2� k1s
 e0 	 c1 	 c2 � 	 c1 
 k � 1 � k2 ��� k� 2c2 � 0 � (1)
dc2

dt � k2c1 	 k� 2c2 	 k3c2 � 0 � (2)

Therateis v � k3c2. It is thereforebestto solve for c1 first. We caneasilysolve equation2
for c1:

c1 � k� 2 � k3

k2
c2 �

Let

α � k� 2 � k3

k2
�

Thenc1 � αc2. Substitutethis expressioninto equation1:

0 � k1s
 e0 	 αc2 	 c2 � 	 αc2 
 k� 1 � k2 ��� k � 2c2 �� k1e0s � c2
�
k1s
 α � 1��� α 
 k � 1 � k2 � 	 k� 2 �� c2
�
k1s
 α � 1��� k� 1α � k � 2 � k3 	 k� 2 �� c2
�
k1s
 α � 1��� k� 1α � k3 ���� c2 � k1e0s

k1s
 α � 1��� k � 1α � k3
�� v � k1k3e0s

k1s
 α � 1��� k � 1α � k3� k3e0
α � 1s

s � k� 1α � k3
k1 � α � 1� �
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Let

vmax � k3e0

α � 1

andKM � k� 1α � k3

k1 
 α � 1� �� v � vmaxs
s � KM

�
As shown above,theratelaw is of theMichaelis-Mentenform, with vmax andKM definedas
shown above.
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