
Chemistry2710Spring2001Test2

Name:

Student number:

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

No otherprintedmaterials(e.g.periodictables)areallowed.

Additional data is givenat theendof thispaper.

Instructions: Answerall questionsin the spacesprovided. Usethe backsof the printedpages
for roughwork or for extra space.Graphsshouldbedrawn on thegraphpaperattachedand
clearlylabeledwith thecorrespondingquestionnumber.

Make sureto explain in detail the proceduresusedto obtainthe answersyou present.For
instance,if you geta slopeby performinga linearregressionon your calculator, sayso. If
youdeterminedsomethingfrom agraph,referto thegraphin explainingyouranswer.

In theeventthatyou usea graphingcalculatorinsteadof hand-drawn graphs,show at least
a sketchof your graphwith your answer. Be awarehowever thatit is sometimesdifficult to
assignpartmarksif yoursketchdoesnot correspondto theexpectedgraph.

DO NOT OPEN THIS PAPER UNTIL INSTRUCTED TO DO SO.
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1. Thedecompositionof theethoxyradical(CH3CH2O) hasbeenstudiedin thegasphaseat
very low ethoxyradicalpressuresin thepresenceof helium.1 Themechanismis a variation
on theLindemannmechanism:

CH3CH2O � g��� He� g�
k1

k � 1

���	
� He� g��� CH3CH2O� � g�

CH3CH2O� � g�
k2� � CH2O � g��� CH3 � g�

whereCH3CH2O� is anenergizedradical.

(a) Obtainanapproximateratelaw giving thedependenceof therateontheconcentrations
of reactants.[8 marks]

(b) Show thatat low pressuresof helium,thisratelaw reducesto v 
 k1 �He� �CH3CH2O��

k �1 �CH3CH2O� wherek �1 is apseudo-first-orderrateconstant.[4 marks]

1F. Caralpetal.,Phys.Chem.Chem.Phys.1, 2935(1999).
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(c) Measurementsof the pseudo-first-orderrateconstantfor the reactionat (known) low
helium pressuresthereforeallow us to recover k1. It was found that k1 varieswith
temperatureaccordingto the Arrhenius law with a preexponentialfactor of 2 � 0 �
1013L mol � 1s� 1. Calculatetheentropy of activationfor thecorrespondingelementary
reactionat170� C, a typical temperatureatwhich this reactionis studied.[6 marks]
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2. Fluorescencequenchingis a processin which a moleculetransfersenergy which would
otherwisebereleasedasfluorescenceto anotherspeciesin solution,calledaquencher:

F� � Q
kQ� � F � Q� �

The rateconstantsfor quenchingof thefluorescenceof a chargedpolymer(AP90)by Tl �
in waterwith potassiumnitrateusedto vary the ionic strengthhave beenmeasured.2 The
resultsareasfollows:

I (mmol/L) 0.46 2.11 3.90 7.20 13.67
10� 12kQ (L mol � 1s� 1) 2.26 0.85 0.56 0.34 0.22

Are thesedataconsistentwith theBrønsted-Bjerrumequation?If so,what is the effective
charge3 of thefluorescentgroup?[10 marks]

Note: Thepapercitedabove doesnot give the temperatureat which theexperimentswere
performed.It seemslikely, giventheequipmentused,thatthetemperaturewasuncontrolled.
Sincespectroscopicequipmentis oftenabit warmerthanroomtemperature,assumethatthe
experimentswerecarriedoutat25� C.

2M.E. Morrisonetal., J.Phys.Chem.100, 15187(1996).
3It’s an effective charge becausethe fluorescentgroupsareboundto a polymer. The charge may be somewhat

delocalizedoverthepolymerbackbone,whichmakestheresulta little lessstraightforwardto interpretthanthecharge
onacompaction.
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3. Aromaticcompoundscanbenitratedin strongacidsaccordingto thegeneralreactionscheme

A � HNO3
� ANO2 � H2O �

Theempiricalratelaw for thesereactionsis

v 
 k �A � � HNO3���
Therateconstantfor thenitrationof p-chloronitrobenzenein 83.70%sulfuricacidhasbeen
measuredata few temperatures:4

T ( � C) 40 60 75
k (L mol � 1s� 1) 6 � 9 � 10� 4 3 � 6 � 10� 3 0.43

Determinethepreexponentialfactorandactivationenergy for this reaction.[8 marks]

Note: It is notnecessaryto draw agraph.

4N.C.Marzianoetal., J.Chem.Soc.,PerkinTrans.2 1998, 1973(1998).
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4. Many of themostcommonlyusedantibioticsaremembersof a classof biochemicalcom-
poundscalledβ-lactams.Antibiotic resistancein bacteriais often associatedwith the ex-
pressionof a β-lactamase,an enzymewhich hydrolyzesβ-lactams. Onepossiblemethod
for combatingantibioticresistanceis to includea β-lactamaseinhibitor with theantibiotic.
This would reducetheeffectivenessof the lactamaseandthusallow theantibiotic to do its
job. As a stepin this direction,YangandCrowderhavestudiedtheinhibition of thehydrol-
ysisof nitrocefinby a lactamasefrom Stenotrophomonas maltophilia by N-benzylacetyl-D-
alanylthioaceticacid(BATA).5 Nitrocefinis aβ-lactamwhichis notusedasanantibioticbut
hasspectroscopicpropertieswhichmakeit particularlysuitablefor enzymeassays.Basedon
aLineweaver-Burk plot, YangandCrowderconcludedthatBATA is acompetitive inhibitor.
YangandCrowder’s resultsareshown below, plottedin Eadie-Hofsteeform:
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[BATA] = 0    µmol/L
[BATA] = 1.9 µmol/L
[BATA] = 3.8 µmol/L
[BATA] = 7.6 µmol/L

Do youagreethatBATA is a competitive inhibitor?Explain. [6 marks]

5K.W. YangandM.W. Crowder, Arch. Biochem.Biophys.368, 1 (1999).
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Data

R 
 8 � 314510JK � 1mol � 1

1bar 
 100000Pa

1m3 
 1000L

h 
 6 � 626069 � 10� 34J� Hz

kB 
 1 � 380658 � 10� 23J� K

To convertdegreesCelsiusto Kelvin, add273.15.

Thepermittivity of waterat25� C is 6 � 954 � 10� 10C2N � 1m � 2.
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