
Chemistry2710Spring2001Test1

Name:

Student number:

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

No otherprintedmaterials(e.g.periodictables)areallowed.

Instructions: Answerall questionsin thespacesprovided.Usethebacksof theprintedpagesfor
roughwork. If you run out of room for a particularquestion,you may write in the empty
spaceon thispage.Graphsshouldbedrawn on thegraphpaperattachedandclearlylabeled
with 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.

DO NOT OPEN THIS PAPER UNTIL INSTRUCTED TO DO SO.
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1. Supposethat, for a reactionA � 3B, 1 � 4 � 10� 4mol
�
L of productaccumulatesin thefirst

3.5s of thereaction.Whatis theinitial rate?[3 marks]

2. Dinitrogen tetraoxide(N2O4) decomposesto NO2 in the gasphase. The decomposition
mechanismis avariationon theLindemannmechanism:

2N2O4 � g� k1

k� 1

�	�
�� N2O4 � g�� N2O�4 � g�
N2O�4 � g� k2

k� 2

�	�
�� 2NO2 � g�
N2O�4 representsanenergizedmoleculeof N2O4.

(a) Whatis theoverall reaction?[2 marks]

(b) If thepressureof N2O4 is sufficiently low, thefirst stepcanbemaderate-determining.
If an initial ratestudyweremadein this pressurerange,whatwould be theobserved
ratelaw? [2 marks]
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(c) Relatetheequilibriumconstantfor theoverallreactionto theelementaryrateconstants.
[7 marks]

3. Thefollowing initial ratedatawereobtainedfor a reactionwith thestoichiometryA � B:

a (µmol/L) 1.35 1.49 2.33 2.82 3.04
v (molL � 1s� 1) 15.7 16.5 20.6 22.7 23.5

Are thesedataconsistentwith asimpleratelaw? If so,whatis theorder?[10 marks]
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4. Supposethatacompany wantsto removeapollutantX fromasolutionproducedasabyprod-
uct of an industrialprocess.Their researchdepartmentfinds a reactionX � A � Y � 2Z
whichconvertsthepollutantinto theharmlesssubstancesY andZ.

(a) Preliminaryexperimentsindicatethattherateof thereactiononly dependson thecon-
centrationof X andthat theorderwith respectto X is either2 or 3. To determinethe
orderof thereaction,anexperimentwasperformedin which theconcentrationof the
productZ wasfollowedasa functionof time:

t (min) 0 3.22 6.58 10.02 13.91
z (mmol/L) 0 13.0 22.6 30.0 36.4

In this experiment,theinitial concentrationof X was0.0400mol/L. What is theorder
of thereactionandrateconstant?[10 marks]

(b) Theindustrialwasteproducedby thiscompany containsX ataconcentrationof 0.2mol/L
andis consideredsafewhenthis concentrationdropsbelow 1µmol

�
L. If thereaction

conditionsaremoreor lessasgivenabove,how longwould thetreatmentof theindus-
trial wastetake?In youropinion,is thisanacceptablelengthof time?[4 marks]
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5. In class,weshowedthattheD to L ratio for aminoacidschangeswith timeaccordingto

t � 1
2k

ln

����
1 ���D �� L ��� � 1 � �D � 0� L � 0 ��
1 � �D �� L � � � 1 � �D � 0� L � 0 �

�� �
How would you determinethe valueof the rateconstantk? Be specificaboutwhatwould
needto bemeasuredandhow thedatashouldbetreated.[6 marks]
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