
Chemistry2710Spring2002Test2

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.

Possibly useful integrals: �
dx

x2 � a � bx � � b
a2 ln � a � bx

x �	� 1
ax�

dx
x � a � bx � 2 � 1

a2 ln � x
a � bx � � 1

a � a � bx �

Question 1 2 3 4 5

Mark

DO NOT OPEN THIS PAPER UNTIL INSTRUCTED TO DO SO.
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1. Which of thefollowing observationswould beevidencefor a complex reaction?Explainin
a few words.[2 markseach]

(a) Theorderof thereactionis differentat differentconcentrationsof reactants.

(b) A reactionwith thestoichiometryA 
 B hasa ratelaw v � ka2.

(c) Therateis foundto beproportionalto c1� 2, wherec is theconcentrationof a reactant.

2. Whenweusethesteady-stateapproximation,wesetdc � dt � 0 for oneof theconcentrations
c. This doesnot meanthat c is constantduring the reaction. How would we calculatethe
truetime rateof changeof c afterapplyingtheSSA?[5 marks]
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3. Theexperimentalratelaw for thereaction2NO
 g� � Br2 
 g� 
 2NOBr
 g� is v � k �NO� 2 �Br2 � .
Show thatthis ratelaw is consistentwith themechanism

NO 
 g� � Br2 
 g� k1

k � 1
���� � NOBr2 
 g���

NOBr2 
 g� � NO 
 g� k2�
 2NOBr
 g���
Give an equationfor the experimentalrateconstantk in termsof the elementaryratecon-
stantsk1, k � 1 andk2. Briefly discuss,basedon your derivationof the rateequation,which
elementaryprocessesarefastandwhichareslow in this reaction.[10 marks]
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4. In the last test, we discussedthe first-orderdecayof the 2,5-dihydrofuranradical cation
(2,5-DHF��� ) in a CF3CCl3 matrix. First-orderdecayof radicalscanresult in oneof two
ways:

(a) A unimolecularreactionoccursin which theradicalrearrangesitself. This is thecase
for 2,5-DHF��� which rearrangesto theradicalcation2,4-DHF��� which is stableup to
140K.1

(b) Theradicalreactswith thematrix. Theresultingprocessis really a pseudo-first-order
reaction.

Thesetwo possibilitiesaredifficult to distinguishby kineticmethodsalone.

Radicalscanalsoreactby recombination,i.e. by a reactionof thetypeR��� R��
 R2, or by
othersimilar bimolecularreactionswhich pair up theoddelectronsandproducenonradical
products.

The decayof 2,3-dihydrofuranradicals(DHF� ) wasstudiedby electronparamagneticres-
onance(EPR) in a F-113 matrix2 at 140K. Recall that the intensity of an EPR signal is
proportionalto theconcentrationof thecorrespondingradicalspecies.The resultswereas
follows:3

t (min) 1.85 3.70 6.17 12.35 16.67 25.31 37.04
EPRintensity 0.71 0.56 0.43 0.30 0.25 0.18 0.13

Basedon thesedata,what is thelikeliestmechanismfor theremoval of DHF radicalsunder
theexperimentalconditionsdescribedabove?[10 marks]

1Theproduct2,4-DHF� � canbeidentifiedfrom its EPRspectrum.
2F-113is thefreonCFCl2CF2Cl.
3W. Knolle et al., J.Chem.Soc.,PerkinTrans.2, 2447(1999).

4



5. Considerthereaction
2H2 
 g� � 2NO
 g� 
 2H2O 
 g� � N2 
 g���

(a) Could this reactionbe studiedby monitoring the total pressure?Why or why not?
[3 marks]

(b) The empirical rate law for the reactionis v � k �H2 �!�NO� 2. Derive an integratedrate
law for this reactionwith generalinitial conditions. Leave your answerin the form
t � something. [10 marks]
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(c) At 700" C, k � 0 � 384L2mol � 2s� 1. If the initial concentrationsof hydrogenand of
nitrogenmonoxideare,respectively, 0.10and0.050mol/L, how long would it take to
consume95%of theNO?[4 marks]
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