
Chemistry2710Spring2001FinalExamination

Name:

Student number:

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

No otherprintedmaterials(e.g.periodictables)areallowed.

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.

NA � 6 � 022142 � 1023mol� 1

R � 8 � 314510JK � 1mol � 1

kB � 1 � 380658 � 10� 23J
�
K

h � 6 � 626069 � 10� 34J
�
Hz

1m3 � 1000L

1bar � 100000Pa

To convert degrees Celsius to Kelvin, add
273.15.

Substance ∆Ē �f (kJ/mol)
CH3 � g� 146� 9268
CH4 � g� � 72� 3941
H � g� 216� 759
H2 � g� 0

DO NOT OPEN THIS PAPER UNTIL INSTRUCTED TO DO SO.
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1. Thefollowing initial datahavebeenobtainedfor thereaction

2H2 � g�
	 2NO� g��� 2H2O � g�
	 N2 � g�
at700� C: �

H2 � (mol/L) [NO] (mol/L) v � molL � 1s� 1 �
0 � 0050 0 � 025 1 � 2 � 10� 6

0 � 010 0 � 025 2 � 4 � 10� 6

0 � 010 0 � 0125 6 � 0 � 10� 7

Determinetheratelaw andrateconstant.[6 marks]

2. In the laboratory, you studiedtheacid-catalyzedhydrolysisof sucrose.Theexperimentin-
volvedonly two solutions,namelyasucrosesolutionandanHCl solutionwhichweremixed
in varyingproportionsto obtaindifferentinitial concentrations.At any givenH � concentra-
tion, thereactiondisplaysapparentfirst-orderkinetics.However, therateconstantincreases
with

�
H � � , indicatingthatthereactionis only apseudo-first-orderprocess.Typically in these

cases,thepseudo-first-orderrateconstantis directly proportionalto thecatalystconcentra-
tion, i.e. kobserved � k

�
H � � . In this casehowever, if we calculatethesecond-orderratecon-

stantk, thevaluesincreaseastheacidconcentrationincreases.Basedonmechanisticstudies,
it is thoughtthatthereactionreally is a second-orderprocessdependingon thesucroseand
hydrogenion concentrations.Why thenarethe calculatedsecond-orderrateconstantsnot
consistentfrom oneacidconcentrationto thenext? [2 marks]
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3. The reaction2Fe� CN� 3 �6 � aq� 	 2S2O2 �3 � aq� � 2Fe� CN� 4 �6 � aq� 	 S4O2 �6 � aq� displaysfirst-orderki-

netics.Measurementsof therateconstantatdifferenttemperaturesaregivenbelow:1

T ( � C) 20 30 40 50 60 70
104k (min� 1) 1.52 2.13 3.28 5.29 9.31 14.06

(a) Calculatetheactivationenergy andpreexponentialfactorfor this reaction.[10 marks]

(b) Predictthevalueof therateconstantat0� C. [2 marks]

1Y. Li etal., J.Phys.Chem.B 104, 10956(2000).
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4. Thephenomenologicalequilibriumconstantof thereaction

CH3COOH� aq� kd

ka

� �� � CH3COO� � aq� 	 H � � aq�
hasthevalue1 � 8 � 10� 5mol

�
L at25� C. Therelaxationtimemeasuredat thistemperaturein

a0.100mol/L solutionof aceticacidis 8.3ns.Whatarethevaluesof thetwo rateconstants?
[9 marks]

Hint: You will needthe equilibrium concentrationsof acetateandof protons. Thesecan
becalculatedstraightforwardly from theequilibriumconditionusingtheapproximationthat
very little of theaceticaciddissociates.
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5. π � π interactionin moleculeswith severaldoubleor triplebondsoftenresultin theformation
of looselybounddimersor, in extremecases,of stacksof molecules.Butadienedimerizes
in thisway in thegasphase,i.e. it undergoesthereaction2butadiene� dimer. Thefollow-
ing datawereobtainedin a reactionvesselheld at 326� C which originally containedpure
butadiene:

t (min) P (torr)
0 632� 0

20� 78 556� 9
49� 50 498� 1
77� 57 464� 8

103� 58 442� 6
Notethatthepressuremeasuredis thetotalpressure.

(a) Could this reactionbe elementary?If so, what would the orderof the reactionbe?
[3 marks]

(b) Are thedataconsistentwith theorderof reactionyou predictedabove? If so,what is
therateconstant?[10 marks]
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6. All starscontaintracesof metalswhichcanbedetectedby analyzingtheirspectra.Theheav-
ier metalsarealmostexclusively madeduring extremelyviolent eventssuchassupernova
explosions.Thedebrisfrom a supernova is widely scatteredandis incorporatedinto other
stellarbodies(starsandplanets)duringtheir formation.Someof thevery heavy metalsare
(relatively) stablewhile othersarenot. If we know the ratio in which theseheavy metals
areinitially presentandthehalf-life of anunstablemetal,we canestimatetheaverageages
of thesupernovaswhich contributedto thesample.Sinceyounggalaxieshave many more
supernova explosionsthanoldergalaxies,this givesa roughideaof the ageof the galaxy.
The initial ratiosareonly known from theoreticalcalculations,so their valuesarea source
of considerableuncertaintywhichmustbetakeninto accountin deriving theseestimates.

232Thhasaverylonghalf-life andcanbetakentobestablefor thepurposeof thesecalculations.
238U hasamuchshorterhalf-life of about4.5Gy. Accordingto stellarnucleosynthesismodels,

the initial ratio of 238U to 232Th wasbetween0.56and0.79. Thecurrentlyobservedratio
of thesetwo isotopesin starCS31082-001is 0.18. Using thesedata,determinea rangeof
possibleagesfor ourgalaxy. [6 marks]
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7. Obtainanintegratedratelaw for theconcentrationof A in theparallelreactionmechanism

A
k1� � B �

2A
k2� � C �

Yourfinal expressionshouldbewritten in theform a � f � t � . [10 marks]

Usefulfact: �
dx

x � α 	 βx � � � 1
α

ln � α 	 βx
x �
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8. In 1902,Victor Henri studiedtwo mechanismswhich might accountfor theratedatafrom
enzyme-catalyzedreactions.Onewasthenow-familiarMichaelis-Mentenmechanism.The
otherwasthefollowing,sometimescalledthenuisancemechanismsincetheenzyme-substrate
complex playsnoproductiverole:

E 	 S
k1

k � 1

���� � C

E 	 S
k2� � E 	 P

Show thatthis mechanismgivesexactly thesameratelaw astheMichaelis-Mentenmecha-
nism.[10 marks]
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9. Considerthereaction
H � g��	 CH4 � g��� H2 � g�
	 CH3 � g� �

(a) Thepreexponentialfactorfor this reactionis 1 � 25 � 1011L mol � 1s� 1 over thetempera-
turerange372–1290K. Estimatethecollision efficiency of this reactiongiventhatthe
radiusof a hydrogenatomis 3 � 7 � 10� 11m andthe radiusof a methanemoleculeis
about1 � 9 � 10� 10m. Themolarmassesof hydrogenandof carbonatomsare,respec-
tively, 1.0079and12.011g/mol. [10 marks]

Note: You will have to choosea reasonabletemperaturefor your calculationsin this
andthefollowing partof thisquestion.
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(b) Calculatetheentropy of activationfor thereaction.Discuss(briefly) thephysicalinter-
pretationof thevaluecalculated.[8 marks]

(c) The activationenergy for the reactionis 49.8kJ/mol. Calculatethe activationenergy
for thereversereaction.[4 marks]

10. Compareandcontrastthecontinuousflow andstoppedflow methods.[10 marks]

Note:Youareencouragedto sketchdiagramsof theequipment.
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