
Chemistry2710Spring2003Test3

Marks: 40

Time: 50 minutes

Aids allowed: Calculator. One81
2
� 11-inchpieceof papercontainingany informationyouneed.

No otherprintedmaterials(e.g.periodictables,calculatormanuals)areallowed.

Instructions: Answerall questionsin thespacesprovided.If yourunoutof spacefor aparticular
question,you canusethe backsof the pagesbut make sureto clearly label any continued
work.

Graphsshouldbe drawn on the graphpaperattachedand clearly labeledwith the corre-
spondingquestionnumber. Youcanuseagraphingcalculatorinsteadof hand-drawn graphs,
but youshouldin thesecasesprovideaclearlylabeledandreasonablyaccuratesketchof the
graph.Thissketchneednotbepresentedon thegraphpaper.

Clarity may be consideredin evaluatingyour answers.Make sureto explain in detail the
proceduresusedto obtaintheanswersyoupresent.

Useful data
h � 6 � 6260688 � 10� 34J

�
Hz

kB � 1 � 3806503 � 10� 23J
�
K

R � 8 � 314472JK � 1mol � 1

1bar � 100000Pa
1m3 � 1000L

Question 1 2 3 4

Mark

DO NOT OPEN THIS PAPER UNTIL INSTRUCTED TO DO SO.
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1. The developmentof transition-statetheorystartswith onekey approximation.What is it?
Discussbriefly. [4 marks]

2. The reactionA2��
aq�	� B � aq��
 C2��

aq� hasa rate constantof 2 � 9 � 103L mol � 1s� 1 at a tem-

peratureof 295K andan ionic strengthof 1 � 6 � 10� 4mol
�
L. The permittivity of waterat

this temperatureis 7 � 10� 10C2J� 1m � 1. What rateconstantdoesBrønsted-Bjerrumtheory
predictat anionic strengthof 2 � 6 � 10� 3mol

�
L? Discussbriefly. [4 marks]
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3. Reactionsof the hydroperoxyradical (HO2) with hydrocarbonsare importantin combus-
tion processes.The rateconstanthasbeenmeasuredasa function of temperaturefor the
elementaryreaction

HO2
�
g� � c-C5H10

�
g��
 H2O2

�
g� � c-C5H9

�
g� �

(c-C5H10
�
g� is cyclopentane.)Thefollowing datawereobtained:1

T (K) 673 713 753 783
10� 4k (L mol � 1s� 1) 2.95 5.55 12.3 18.4

(a) Calculatethepreexponentialfactorandactivationenergy. [8 marks]

Note: It is notnecessaryto draw agraph.

(b) Calculatethe entropy of activation at 298K. What doesthe valueof the entropy of
activationtell usaboutthetransitionstate?[10 marks]

1S.M. Handford-StyringandR. W. Walker, Phys.Chem.Chem.Phys.4, 620(2002).
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4. Microorganismsareincreasinglybeingusedto degradepollutants.Accordingly, thekinetics
of theseprocessesareof considerableinterest.Becausebiochemicaldegradationpathways
often have a rate-limiting enzyme-catalyzedstep,it is often (but not always)the casethat
biodegradationobeys simpleMichaelis-Mentenkinetics.Considerthefollowing initial rate
dataobtainedfor thedegradationof phenolby Pseudomonasputidaimmobilizedon2.5mm
calciumalginatebeads:2

[phenol](mmol/L) 1.01 2.67 5.29 7.94 10.4
v (µmolL � 1h � 1) 3.1 6.4 10 12 14

(a) Doesthis reactionfollow Michaelis-Mentenkinetics?Explainbriefly. [8 marks]

(b) Regardlessof your answerto part a, provide estimatesof the Michaelisconstantand
maximumreactionrate.[6 marks]

2K. Bandhyopadhyayetal., Biochem.Eng. J. 8, 179(2001).

4


