Chemistry2710Spring2002Test1

Name:

Student number:

Aidsallowed: Calculator One8% x 11-inchpieceof papercontainingary informationyou need.

No otherprintedmaterialg(e.g.periodictables calculatormanualsireallowed.

Instructions. Answerall questionsn thespacegprovided. If yourunoutof spaceor aparticular

guestion,you canusethe backsof the pagesbut make sureto clearly labelany continued
work.

Graphsshouldbe dravn on the graph paperattachedand clearly labeledwith the corre-
spondinggquestiomumber You canuseagraphingcalculatorinsteadof hand-dravn graphs,
but you shouldin thesecasegprovide aclearlylabeledandreasonablyaccuratesketchof the
graph.Notethat,becausef thescale calculatorgraphsaresometimes little misleadingso
you usesuchatool atyour own risk.

Clarity maybeconsideredh evaluatingyouranswerslf youareaskedadirectquestiongive
adirectanswer Make sureto explainin detailthe proceduresisedto obtaintheanswersou
presentForinstancejf yougetaslopeby performingalinearregressioronyour calculator
sayso. If you determinedsomethingfrom a graph,refer to the graphin explaining your
answer
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DO NOT OPEN THIS PAPER UNTIL INSTRUCTED TO DO SO.



1. 238U decaysby alphaemission.A naturalsampleof uraniumweighing0.0532g produces
651 alphaparticlespersecond.This sampleis analyzedoy massspectrometrnandfoundto
contain99.2832%738U andto have an averagemolar massof 238.02%229g/mol. Whatis
the half-life of 238U? Expressyour answerin years. Avogadros constanis 6.0221420 x
10%3mol~1. [10 marks]



2. For thereactionCHzNNCHjz ) — CaHg(g) + No(g), thefollowing initial ratedatahave been
obtained:

Experiment [CH3NNCHgg)] (mol/L) rate(molL~1s™)
1 2.4x 1072 6.0x 10°°
2 8.0x 103 20x10°

(a) Determinetheratelaw andrateconstant[4 marks]

(b) Undertheconditionsof experimentl, roughlyhow longwouldit taketo make 10-#mol/L
of ethang(CzHg(g))? [2 marks]

(c) Do youthink thatthisreactionis elementary®hy or why not?[2 marks]



3. Thegas-phasesactionof nitrogenmonoxidewith bromineproceeddy thefollowing mech-
anism:

NO(g)+Br2(g) = NOBrz(g)

NOBrz(g)-l-NO(g) = ZNOBI'(g)

(a) Determinethe overallreaction.[2 marks]

(b) Relatetheequilibriumconstanfor the overallreactionto the rateconstants[8 marks]



4. The radical cation of 2,5-dihydrofuran(2,5-DHF"*) can be generatecy irradiationin a
CRCClz matrix at 77K. The radical cationdecayswith first-orderkinetics. It canbe de-
tectedby electronparamagneticesonancéEPR).Theintensityof the EPRsignalis propor
tional to concentrationThefollowing datawereobtained*

t (min) 26 34 44 54 69 84 101
EPRintensity 0.54 0.43 0.36 0.26 0.21 0.15 0.12

(a) Calculatethehalf-life of theradicalcation.[8 marks]
Note: Becausg/ou know the orderof thereaction,no graphis required.

(b) How long would it take for the 2,5-DHF™® concentratiorto fall to 1% of its initial
value?[2 marks]

IW. Knolle etal., J. Chem.Soc.,PerkinTrans.2, 2447(1999).
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5. Succinimidecanbemadeby oxidationof pyrrolidonewith tetrapheglporphyrinatoiron(l1l)
chloride(TPPFe)andtert-butyl hydroperoxid¢Bu'‘OOH):

O O
TPPFe
NH NH
ButOOH
O
pyrrolidone succinimide

Varyingonly theconcentratiomf pyrrolidone thefollowing initial ratedatawereobtained?

[pyrrolidone](mmol/L) 0.5 3.0 5.0 10.0
v (mmolL~th=1) 0.908 3.86 5.98 6.52

Doesthis reactionhave a simpleratelaw with respecto pyrrolidoneandif so,whatis the
order?[10 marks]

2J.lley etal.,J. Chem.Soc.,PerkinTrans.2, 1299(2001).
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