Chemistry2710Spring2003Final Examination

Marks: 105
Time: 3 hours

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

Instructions. Write your answersn thebookletsprovided. Graphsshouldbe dravn onthegraph
paperdistributedandclearly labeledwith your nameandthe questionrnumber You canuse
agraphingcalculatorinsteadof hand-dravn graphs put you shouldin thesecasegprovide a
clearlylabeledandreasonablyccuratesketchof thegraph.

You have somechoicein section® and3. Answer only therequired number of questions.
Extra answers will not be marked. In the eventthatyou answerextra questions] will

arbitrarily choosewhich answer(s}o markandignorethe others.If you starta problemand
decidethatyou donotwantit marked,just crossoutyourwork. Don't let medecidefor you.

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

Useful data
h = 6.6260688 x 10 34J/Hz
ks = 1.3806503 x 10~23J/K
Na = 6.022142 x 1073mol~!
R=8.314472JK~'mol~!

Corversionfactors:
1m?3 = 1000L
To corvertdegreeCelsiusto Kelvin, add273.15.

Sl prefixes:

p=10"12

f=10"1

Element Molar mass(g/mol) Atomic radius(pm)
I 1269045 133
N 14.0067 70
O 159994 73



1 Answer all questionsin this section.

Valueof this section:79 marks

1. Whatis aninitial rate? Describebriefly how theinitial rateof a reactioncanbe measured.
[4 marks]

2. In aninitial rateexperiment,it is foundthatincreasingthe concentratiorof a reactanty a
factorof 10increasesherateby afactorof 3.2. Whatis the orderof thereaction?2 marks]

3. As we saw in class,exponentialgrowth or decay correspondingo afirst-orderratelaw, are
commonlyobseredin avarietyof contexts. Considethefollowing atmospheric€O, datal

Year 1744 1847 1943 1962 1980 2000
[COy] (ppm) 276.8 286.8 307.9 317.62 336.98 367.01

Is the atmosphericCO, concentratiorgrowing exponentially? If so, whatis the doubling
time?If not, is thegrowth fasteror slowerthanexponential16 marks]

Aside: A very deepice coretaken atthe Russianvostokresearclstationin EastAntarctica
providesdatafor thelast400000years.Theatmospheri€CO;, levelsduringthis periodhave
fluctuatedquite a bit, but have never beenhigher(until the lastfew years)than300ppm. A
singlereadingof 298.7ppmwasobtainedor asamplecorrespondingo 323000yearshefore
the present. All the otherreadingsare belov 290ppm. RecentCO; levels are therefore
higherthanany in the recentgeologicalhistory of the planet,which is one of the major
sourcesnf concernaboutthe rapid increasein atmospheriacarbondioxide concentrations
in our times: We arerapidly gettingaway from a rangeof concentrationsvherehistorical
trendsprovide ary clueasto whatwill happemext.

4. Thepreponentiafactorandactivationenegy for thereaction
10(g) +NO(g) = l(g) +NOz(g)

have beenfound to be, respectiely, 2.6 x 10°L mol~1s~1 and 3.30kJ/mol in a seriesof
experimentsarriedout over thetemperatureange233—346<.2

(a) Do you think thatthis reactionis collision-limited? Supportyour answerwith a quan-
titative agument.[15 marks]

(b) It is possibleto make a crude estimateof the equilibrium constantfor this reaction
by extrapolationfrom availablethermodynamialata. This estimates K = 4 x 10° at
298K. Whatwould the approximatevalueof the rate constanfor the reversereaction
beatthistemperatureP4 marks]

1The first three points are from the Antarctic ice core dataof Neftel et al. (1994), available on the web at
http://cdiac. esd.ornl.gov/trends/co2/siple. htm The lastthreepointsare annualaveragesof direct at-
mosphericmeasurementtaken since 1957 at the South Pole and summarizedby Keeling and Whorf (2002) at
http://cdiac.esd.ornl.gov/trends/co2/sio-spl.htm

2D. HolscherandR. Zellner, Phys.Chem.Chem Phys.4, 1839(2002).
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5. Theinorganiccomple® CoRu(CO3(p-bma)(i-PPh) losesacarbotyl groupto form CoRu(CO)(p-
bma)(-PPh) in solutionat moderatdemperatures.

(a) Thefollowing first-orderrateconstantsiave beenmeasuredor this process

T (°C) 77.2 83.0 88.0 93.2 98.1
10%k (s 2.37 7.3 10.1 20.4 30.3

Calculatethe activationenegy andpreexponentialfactor [8 marks]
Note: No graphis required.
(b) In reactiongn which aligandis lost, therearetwo possibilities:

i. Theligand is lost “early”, i.e. reachingthe transition statemostly involvesthe
looseningof the metal-ligandbond.

ii. Theligandis lost“late”, i.e.reachingthetransitionstateinvolvesaninternalrear
rangemenbut no significantwealeningof the metal-ligandoond.

Calculatethe entropy of activation at 80°C and commenton whetheryou think the
carboryl groupleavesearlyor latein this reaction.[4 marks]

6. In solutionunderatmosphericonditions,rutheniumpentacarboyl (Ru(CO)s) corvertsto
trirutheniumdodecacarbayt (Rug(CO)12). Themechanisnis thoughtto be thefollowing:®

ki
Ru(CO)5 = Ru(CO)4+CO
ko1
ko
Ru(CO)4+ Ru(CO)5 — Rup(CO)g

ks
R (CO)g+ Ru(CO)5 — Rug(CO)12+2CO

(a) Apply thesteady-statapproximatiorto derive aratelaw for this mechanisninvolving
only concentrationsf reactantand/orproducts[12 marks]

(b) Outlineanexperimentor setof experimentavhichcouldbeusedo verify yourratelaw.
Discussin detailwhatkinetic parametergrateconstantsetc.) could be extractedfrom
the datageneratedn the experimentsyou suggest.If appropriatesuggest graphical
methodof analysis[10 marks]

7. Discusstherelatve advantagesand disadantagef pressure-jum@andtemperature-jump
experiments[6 marks]

8. Supposehat you want to study a relatively fastsecond-ordereactionusingordinary lab
techniquesf the sort usedin the laboratoryof this course. Estimatethe largestsecond-
orderrateconstantyou could measurdy suchmethods Explainbriefly ary assumptionsr
estimatesvhich enterinto your calculations[8 marks]

3pmais 2,3-bis(dipheglphosplino)maldc anhydride.
4S.G. Bott etal., Inorg. Chem.39, 6051(2000).
5W. R. Hastingsetal., J. Chem Soc.Dalton Trans.1990, 203.
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2 Answer one question from this section.

Valueof this section:6 marks

1. We normally write simpleintegratedratelaws (e.g.thefirst-orderequation)in termsof the
concentratiorof areactant.This is not the only possibility. Supposdhata reactionhasthe
stoichiometryA — 2B andhasa second-orderatelaw, v = ka?. Derive anintegratedrate
law for the concentratiorof the product,b, assuminghatb(0) = 0. [6 marks]

2. Fungalpelletsareroughly sphericamassesvhich sometimegorm whenfungi aregrovnin
aliquid medium. The growth of the fungal populationresultsin anincreasdn pelletmass
which, empirically, hasbeenfoundto obey thefollowing equation:

m'/3 = mp/® 4 kt.

(a) Whatis thekinetic orderof this growth process?2 marks]
(b) Derive anequationfor thedoublingtime. [4 marks]

3 Answer one question from this section.

Valueof this section:20 marks

1. The Michaelis-Mentemmechanisnisn’t the only onewhich is consistenwith the ratedata
obtainedin simpleenzyme-catalyzetkactions.In 1902,Victor Henri proposedhe follow-
ing alternatve®

Ky
E+S—E+P

ko
E+S=C
Ko

Carryoutafull phase-plananalysisof this mechanismemphasizinghefollowing points:

(a) Shaw thatthereexistsa slow manifold. Explaintheimportanceof this geometricfea-
ture.

(b) Shaw thatatreasonablyargesubstrateeoncentratiors, theratelaw mustbecomeden-
tical to thatof the Michaelis-Mentermechanism.

[20 marks]

6V. Henri, C. R. Acad. Sci. 135, 916 (1902). Henri analyzedboth this mechanismand what we now call the
Michaelis-Mentenmechanism.He believed that the latter was the more realistic, but wantedto point out that the
kinetic dataalonecould not distinguishbetweerthesetwo possibilities.




2. DNA polymerasen (pol o) catalyzeghe first stepin the replicationof DNA. Pol a is in-
hibited by replicationfactorC (RF-C). (RF-Cis a DNA-binding proteinwhich playsarole
in helping otherenzymesnvolvedin DNA synthesige.g.pol ) attachto the DNA. The
completestory is too complex to explain in ary detail here.) In this case,insteadof hav-
ing two smallmoleculescompetingfor the active site of anenzyme we have two enzymes
competingfor a singlesubstratenamelyDNA.

(a) A crudecartoonof the mechanisnior this competitve processvould be

kq K >

pol a + DNA < Cp — pol a + P+ DNA
(]
ks

RF-C+DNA <= CRr

k-3

Derive a rate law for this mechanisnvalid when the pol a concentrations much
smallerthanthe DNA concentrationandthe latter is in turn much smallerthanthe
RF-C concentratiorl. Shav thatthis ratelaw is of identicalform to thatfor ordinary

competitveinhibition. [10 marks]

Hint: Startby writing down threeconserationrelationsthenusethe conditionsgiven
above to simplify theserelations.After that,the derivationfollows the normalpath.

(b) The following initial velocity datahave beenobtainedin the presenceof 0.2mu of

pol a:8

[DNA] (g/L)
0.025 0.049 0.121 0.241

[RF-C] (mu) v (fmol/min)
0 85 159 246 328
0.2 47 90 167 246

Shawv thatthesedataare consistentith competitive inhibition, and calculateKs, K|

andk_». [10 marks]

Note: Sinceyou will have only two points,it won’t be necessaryo drav a graphto

extractKs andk;.

HAVE A GOOD SUMMER!

’As notedin class mostenzymologytextbooksdisguiseassumptionsabouttherelative concentrationsf inhibitor
andenzymebehindformal techniquedor deriving theratelaws. If you hadnever seenthecorrectderivation,it would
be extremelydifficult for youto completethis derivationsuccessfullyYouwill nodoubtfind thatit is difficult enough
evenif you have seenthe propertechnique! Also notethatthe DNA concentratiormight be greaterthanthe pol a
concentratiorin a laboratoryexperiment,but thatthis is a highly artificial situationrelative to what happensn the

nucleusof acell.

8Magaetal., J. Mol. Biol. 295, 791(2000).A unit (u) of enzymes anempiricalunit relatingthenumberof enzyme
moleculesto their catalyticactivity underideal circumstancesThe precisedefinition of a unit is not relevant here.

Justtake it asa measuref concentration.



