Chemistry2710Spring2002Test2

Name:

Student number:

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

Instructions. Answerall questionsn thespacegprovided. If you runoutof spacdor a particular
question,you canusethe backsof the pagesbut make sureto clearly label ary continued
work.

Graphsshouldbe dravn on the graphpaperattachedand clearly labeledwith the corre-
spondingquestiomumber You canuseagraphingcalculatorinsteadof hand-dravn graphs,
but you shouldin thesecasegrovide aclearlylabeledandreasonablyccuratesketchof the
graph.

Clarity may be consideredn evaluatingyour answers.Make sureto explain in detail the
proceduresisedto obtaintheanswers/ou present.

Possibly useful integrals:

/ _ Rln a+ bx _i
x2a+bx a2 X ax

/ = iIn X + 1
xa+bx a2 \a+bx/ a(@a+bx

Queston 1 2 3 4 5
Mark

DO NOT OPEN THIS PAPER UNTIL INSTRUCTED TO DO SO.



1. Which of thefollowing obsenationswould be evidencefor a comple reaction?Explainin
afew words.[2 markseach]

(a) Theorderof thereactionis differentat differentconcentrationsf reactants.

(b) A reactionwith thestoichiometryA — B hasaratelaw v = ka?.

(c) Therateis foundto be proportionalto c'/2, wherec is the concentratiorof areactant.

2. Whenwe usethe steady-statapproximationwe setdc/dt = O for oneof theconcentrations
c. This doesnot meanthatc is constantduring the reaction. How would we calculatethe
truetime rateof changeof c afterapplyingthe SSA?[5 marks]



3. Theexperimentaratelaw for thereaction2NOg) + Bryg) — 2NOBIrg) isv= k[NOJ?[Bra)].
Show thatthis ratelaw is consistentith themechanism

Ky

NO) +Brag = NOBryg),
K_1
ko

NOBrz(g)-i-NO(g) — 2NOBr(g).

Give an equationfor the experimentalrate constant in termsof the elementaryrate con-
stantsky, k_1 andky. Briefly discusspasedon your derivation of the rateequationwhich
elementarnyprocessearefastandwhich areslow in thisreaction.[10 marks]



4. In the last test, we discussedhe first-orderdecayof the 2,5-dihydrofuranradical cation
(2,5-DHF"®) in a CRCCl3 matrix. First-orderdecayof radicalscanresultin one of two
ways:

(&) A unimolecularreactionoccursin which theradicalrearrangegself. Thisis thecase
for 2,5-DHF"* which rearrange$o theradicalcation2,4-DHF"® whichis stableup to
140K.1

(b) Theradicalreactswith the matrix. Theresultingprocesss really a pseudo-first-order
reaction.

Thesetwo possibilitiesaredifficult to distinguishby kinetic methodsalone.

Radicalscanalsoreactby recombinationi.e. by areactionof thetype R®* + R®* — Ry, or by
othersimilar bimolecularreactionswhich pair up the odd electronsandproducenonradical
products.

The decayof 2,3-dihydrofurarradicals(DHF®) wasstudiedby electronparamagnetices-
onance(EPR)in a F-113 matrix* at 140K. Recallthat the intensity of an EPR signalis
proportionalto the concentratiorof the correspondingadical species.The resultswereas
follows:3

t (min) 1.85 3.70 6.17 12.35 16.67 25.31 37.04
EPRintensity 0.71 0.56 043 0.30 0.25 0.18 0.13

Basedon thesedata,whatis thelik eliestmechanisnfor theremoval of DHF radicalsunder
theexperimentalkconditionsdescribedabove?[10 marks]

1Theproduct2,4-DHF+* canbeidentifiedfrom its EPRspectrum.
2F-113is thefreon CFCLCF,CI.
3W. Knolle etal., J. Chem.Soc.,PerkinTrans.2, 2447(1999).
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5. Considerthereaction
2H2(g) + ZNO(g) — 2H20(g) + Nz(g).

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

(b) The empiricalrate law for the reactionis v = k[H][NOJ2. Derive an integratedrate
law for this reactionwith generalinitial conditions. Leave your answerin the form
t = something [10 marks]



(c) At 700°C, k = 0.384L2mol2s 1. If the initial concentrationf hydrogenand of
nitrogenmonoxideare,respectiely, 0.10and0.050mol/L, how long would it take to
consumed5% of the NO?[4 marks]



