
Chemistry2710Spring2002Test3

Name:

Student number:

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.

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

Useful data:

h � 6 � 6260688 � 10� 34J
�
Hz

kB � 1 � 38065 � 10� 23J
�
K

R � 8 � 314472JK � 1mol � 1

1bar � 100000Pa
1m3 � 1000L

Question 1 2 3

Mark

DO NOT OPEN THIS PAPER UNTIL INSTRUCTED TO DO SO.
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1. Enzymecatalysisis not the only biochemicalprocesswhich obeys the Michaelis-Menten
ratelaw. Transportof nutrientsandotherchemicalsacrosscell membranesalsofrequently
obeys theMichaelis-Mentenequation.In thesimplestcase,thetransportmechanismcanbe
representedby

T � N � out�	�
 C � T � N � in �
�
whereN is a nutrientandT is a transporter(a proteinwhoserole is to facilitatethemove-
mentof N acrossthemembrane).Notethat,giveor takeachangein notation,this is just the
Michaelis-Mentenmechanismexceptthatthe“reactant”and“product” arechemicallyiden-
tical but locatedonoppositesidesof cell membrane.Thefollowing datahavebeenobtained
for theratetransportof sucroseinto astrainof Bacillus:1

[sucrose](µmol/L) 6.3 17.1 23.3 34.7 48.3
v (µmolmin � 1g � 1) 0.151 0.296 0.389 0.488 0.540

(a) Do thesedataobey Michaelis-Mentenkinetics?Discussbriefly. [6 marks]

(b) Regardlessof your answerto part a, determinethe best-fit valuesof vmax and KM.
[6 marks]

1C.J.Peddieet al.,Extremophiles4, 291(2000).Theratesaregivenin unitsof micromolesof sucrosetransported
per minuteper gramof cellular protein. The division by the amountof proteinis meantto normalizethe resultsto
theamountof transporterpresentin thecellsstudied.Theassumptionis that theamountof transporteris a constant
fractionof thetotalamountof proteinin thecells.
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2. Fluorinatedorganiccompoundsarecurrentlyreplacingchlorofluorocarbonsasrefrigerants
andanaesthetics.Little is known of their atmosphericchemistryand,in particular, of their
reactivity toward commonstratosphericspeciessuchashydroxideradicals. Considerthe
elementaryreaction2

OH � g� � CF3CH2OCHF2 � g� � products�

(a) Thefollowing datahavebeenobtainedfor this reaction:3

T (K) 292 298 347 402
10� 7k (L mol � 1s� 1) 1.3 1.0 2.5 6.6

Calculatetheactivationenergy andpreexponentialfactor. [10 marks]

Note: No graphis necessary.

2Theproductsareunspecifiedbecausethereactioncanproduceanumberof differentproductsdependingonwhere
theOH radicalattacks,theenergiesof reactantandproduct,andsoon. In otherwords,this reactionreally standsfor
awholefamily of elementaryreactions.However, for thepurposesof thecalculationsperformedin thisquestion,this
canbetreatedasasimpleelementaryreaction.

3S.D.Beachet al.,Phys.Chem.Chem.Phys.3, 3064(2001).
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(b) Calculatetheentropy of activationat 298K. Discussbriefly what thevaluecalculated
tells you aboutthetransitionstateof this reaction.[10 marks]

3. Show thatthefollowing mechanismis kinetically indistinguishablefrom (leadsto thesame
ratelaw as)theordinaryMichaelis-Mentenmechanism:

E � S
k1

k � 1

� �
 � C1

k2

k � 2

� �
 � C2

k3
�� E � P�

Provideequationsfor KM andvmax appropriateto this mechanism.[10 marks]
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