Chemistry2710Spring2001Final Examination

Name:

Student number:

Aidsallowed: Calculator One8% x 11-inchpieceof papercontainingary informationyou need.
No otherprintedmaterialg(e.g.periodictables)areallowed.

Instructions. Answerall questiondn the spacegrovided. Usethe backsof the printed pages
for roughwork or for extra space Graphsshouldbe dravn on the graphpaperattachedand
clearlylabeledwith the correspondingjuestiomumber

Make sureto explain in detailthe proceduresisedto obtainthe answersyou present.For
instancejf you geta slopeby performinga linearregressionon your calculator sayso. If
you determinedsomethingrom a graph,referto thegraphin explainingyouranswer

In the eventthatyou usea graphingcalculatorinsteadof hand-dravn graphs shav at least
a sketchof your graphwith your answer Be awarehowever thatit is sometimedgifficult to
assignpartmarksif your sketchdoesnot correspondo the expectedgraph.

Na = 6.022142x 10?%3mol~?! To corvert degrees Celsius to Kelvin, add
273.15.
R =8.314510JK1mol!

_ 23 =
kg = 1.380658x 10~ -°J/K Substance AE; (kJ/mol)

h— 6.626069x 10-34J/Hz CHsg) 1469268
CH 723941
3_ 4(g)
1m®= 1000 H 216759
1bar= 100000Pa Hag 0

DO NOT OPEN THIS PAPER UNTIL INSTRUCTED TO DO SO.



1. Thefollowing initial datahave beenobtainedor thereaction

2H2(g) + ZNO(g) — 2H20(g) + N2(g)

at700C:
[Hz] (mol/L) [NO] (mol/L) v (molL=1s™1)
0.0050 0.025 1.2x10°°
0.010 0.025 24x%x10°6
0.010 0.0125 6.0x 10~/

Determinetheratelaw andrateconstant[6 marks]

2. In thelaboratory you studiedthe acid-catalyzedhydrolysisof sucrose.The experimentin-
volvedonly two solutions hamelya sucrosesolutionandanHCI solutionwhichweremixed
in varying proportiongto obtaindifferentinitial concentrationsAt any givenH™ concentra-
tion, thereactiondisplaysapparentfirst-orderkinetics. However, therateconstanincreases
with [HT], indicatingthatthereactionis only apseudo-first-ordgorocessTypically in these
casesthe pseudo-first-orderate constanis directly proportionalto the catalystconcentra-
tion, i.e. kopsered = K[H™]. In this casehowever, if we calculatethe second-orderatecon-
stantk, thevaluesincreasastheacidconcentratioincreasesBasednmechanististudies,
it is thoughtthatthereactionreally is a second-ordeprocesslependingn the sucroseand
hydrogenion concentrationsWhy thenarethe calculatedsecond-orderate constantshot
consistenfrom oneacid concentratiortio the next? [2 marks]



: 3- 2— 4— 2— g : :
3. The reactlonZFe(CN)G(aq) +2505,4 — 2Fe(CN)6(aq) + 4055 displaysfirst-orderki-
netics.Measurementsf therateconstantt differenttemperaturearegivenbelow:!

T (°C) 20 30 40 50 60 70
10%k (min1) 152 2.13 3.28 5.29 9.31 14.06

(a) Calculatetheactivationenegy andpreeponentiafactorfor this reaction.[10 marks]

(b) Predictthevalueof therateconstanat0°C. [2 marks]

1y. Li etal., J. Phys.Chem.B 104, 10956(2000).



4. Thephenomenologicaquilibriumconstanbf thereaction

kg
CHsCOOH,q e CH3COQ,, +H{yg

hasthevaluel.8 x 10-°mol/L at25°C. Therelaxationtime measureatthis temperatureén
a0.100mol/L solutionof aceticacidis 8.3ns. Whatarethevaluesof thetwo rateconstants?
[9 marks]

Hint: You will needthe equilibrium concentration®f acetateand of protons. Thesecan
be calculatedstraightforvardly from the equilibriumconditionusingthe approximatiorthat
very little of theaceticaciddissociates.



5. m—minteractionn moleculewith severaldoubleor triple bondsoftenresultin theformation
of looselybounddimersor, in extremecasespf stacksof molecules.Butadienedimerizes
in thisway in thegasphasej.e. it undegoesthereaction2butadiene— dimer. Thefollow-
ing datawere obtainedin a reactionvesselheld at 326°C which originally containedpure

butadiene:

t (min)

P (torr)

0
20.78
49.50
77.57

10358

6320
5569
4981
4648
4426

Notethatthe pressureneasureds thetotal pressure.

(a) Could this reactionbe elementary?If so, whatwould the order of the reactionbe?

[3 marks]

(b) Are thedataconsistentith the orderof reactionyou predictedabove? If so,whatis

therateconstant710 marks]



6. All starscontaintracesof metalswhichcanbedetectedy analyzingheirspectraTheheas-
ier metalsare almostexclusively madeduring extremelyviolent eventssuchas supernea
explosions. The debrisfrom a supernea is widely scatteredandis incorporatednto other
stellarbodies(starsandplanets)duringtheir formation. Someof the very heary metalsare
(relatively) stablewnhile othersarenot. If we know the ratio in which theseheary metals
areinitially preseneandthe half-life of anunstablemetal,we canestimatethe averageages
of the superneaswhich contribtutedto the sample.Sinceyounggalaxieshave mary more
supernoa explosionsthanolder galaxies.this givesa roughideaof the ageof the galaxy
Theinitial ratiosareonly known from theoreticalcalculationssotheir valuesarea source
of considerableincertaintywhich mustbetakeninto accounin deriving theseestimates.

232Th hasaverylong half-life andcanbetakento bestablefor thepurposef thesecalculations.
238 hasamuchshorterhalf-life of about4.5Gy. Accordingto stellarnucleosynthesisiodels,
the initial ratio of 238U to 232Th wasbetweer0.56 and0.79. The currentlyobsened ratio

of thesetwo isotopesn starCS31082-001s 0.18. Using thesedata,determinea rangeof
possibleagesor our galaxy [6 marks]



7. Obtainanintegratedratelaw for the concentratiorof A in the parallelreactionmechanism

ky
A — B,

ko
2A — C.

Your final expressiorshouldbewrittenin theforma= f(t). [10 marks]

/madifsx):‘%'”(%ﬁx)

Usefulfact:



8. In 1902, Victor Henri studiedtwo mechanismsvhich might accountfor the ratedatafrom
enzyme-catalyzedkactions.Onewasthe now-familiar Michaelis-MentenmechanismThe
otherwasthefollowing, sometimesalledthenuisancenechanisnsincetheenzyme-substrate
comple playsno productiverole:

Ky

E+S & C
K_1
ko

E+S — E+P

Shaw thatthis mechanisngivesexactly the sameratelaw asthe Michaelis-Mentemmecha-
nism.[10 marks]



9. Considetthereaction
H(g) + CHa(g) — Ha(g) +CHgg)-

(a) Thepreexponentiaffactorfor thisreactionis 1.25x 10*L mol~1s~! overthetempera-
turerange372-129KK. Estimatethe collision efficiengy of thisreactiongiventhatthe
radiusof a hydrogenatomis 3.7 x 10~ 'm andthe radiusof a methanemoleculeis
aboutl.9 x 10 1°m. Themolarmasse®f hydrogenandof carbonatomsare,respec-
tively, 1.0079and12.011g/mol. [10 marks]

Note: You will have to choosea reasonabléemperaturdor your calculationsn this
andthefollowing partof this question.



(b) Calculatetheentropy of activationfor thereaction.Discusgqbriefly) the physicalinter-
pretationof thevaluecalculated[8 marks]

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

10. Compareandcontrasthe continuoudlow andstoppedlow methods[10 marks]
Note: You areencouragedb sketchdiagramsof theequipment.

10



