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1. The decompositiorof the ethoxyradical (CH3CH,>O) hasbeenstudiedin the gasphaseat
very low ethoxyradicalpressuren the presencef helium?! Themechanisnis avariation
onthelLindemanmmechanism:

ky
CH3CH20(g) -+ He(g) = He(g) -+ CH3CH20?g)
K 1
ko
CH3CH202‘9) —  CH20(g) + CHz(g

whereCH3CH,O* is anenepgizedradical.

(a) Obtainanapproximateatelaw giving thedependencef therateontheconcentrations
of reactants[8 marks]

(b) Shaw thatatlow pressuresf helium,thisratelaw reduceso v = k; [He|][CH3CH,O] =
K} [CHsCH,OJ wherek; is a pseudo-first-orderateconstant[4 marks]

IF. Caralpetal., Phys.Chem.Chem.Phys.1, 2935(1999).

2



(c) Measurementsf the pseudo-first-orderate constantfor the reactionat (known) low
helium pressureghereforeallow us to recover k;. It wasfound that k; varieswith
temperatureaccordingto the Arrheniuslaw with a preexponentialfactor of 2.0 x
10'3L mol-1s~1. Calculatethe entropy of activationfor the correspondinglementary
reactionat 170°C, atypical temperaturat which this reactionis studied.[6 marks]



2. Fluorescencejuenchingis a processin which a moleculetransfersenegy which would
otherwisebereleaseasfluorescenceo anotherspeciesn solution,calleda quencher:

FF'+Q—F+Q".

The rate constantsor quenchingof the fluorescencef a chagedpolymer(AP90) by TI+
in waterwith potassiurmitrate usedto vary the ionic strengthhave beenmeasured. The
resultsareasfollows:

| (mmol/L) 0.46 2.11 3.90 7.20 13.67
10-%%q (Lmol-1s71) 2.26 0.85 0.56 0.34 0.22

Are thesedataconsistentvith the Brgnsted-Bjerrunequation?If so, whatis the effective
chage® of thefluorescengroup?[10 marks]

Note: The papercited above doesnot give the temperaturet which the experimentswere
performed.lIt seemdikely, giventheequipmentused thatthetemperaturevasuncontrolled.
Sincespectroscopiequipments oftenabit warmerthanroomtemperatureassumehatthe
experimentsverecarriedoutat 25°C.

2M.E. Morrisonetal.,J. Phys.Chem.100, 15187(1996).

3It's an effective chage becausehe fluorescengroupsare boundto a polymer The chage may be somavhat
delocalizeverthe polymerbackbonewhich makestheresultalittle lessstraightforvardto interpretthanthechage
onacompaction.



3. Aromaticcompoundsanbenitratedin strongacidsaccordingo thegeneraleactionscheme
A +HNO3 — ANOy + H0.
Theempiricalratelaw for thesereactiongs
v =k[A][HNOg].

Therateconstanfor the nitration of p-chloronitrobenzenm 83.70%sulfuric acidhasbeen
measurecta few temperature§:

T (°C) 40 60 75
k(Lmol~s1) 69x10% 3.6x103° 0.43

Determinethe preexponentiafactorandactivationenegy for thisreaction.[8 marks]
Note: It is notnecessaryo drav agraph.

4N.C.Marzianoetal.,J. Chem.Soc.,PerkinTrans.2 1998, 1973(1998).
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. Many of the mostcommonlyusedantibioticsare memberf a classof biochemicalcom-
poundscalled 3-lactams. Antibiotic resistancen bacteriais often associatedavith the ex-
pressionof a B-lactamasean enzymewhich hydrolyzesp-lactams. One possiblemethod
for combatingantibiotic resistances to includea B-lactamaseénhibitor with the antibiotic.
This would reducethe effectivenesof the lactamasendthusallow the antibioticto do its
job. As a stepin this direction,YangandCrowderhave studiedthe inhibition of the hydrol-
ysisof nitrocefinby a lactamasérom Stenotrophomonas maltophilia by N-benzylacetyl-D-
alarylthioaceticacid (BATA).° Nitrocefinis a p-lactamwhichis notusedasanantibioticbut
hasspectroscopipropertiesvhichmalkeit particularlysuitablefor enzymeassaysBasedn
aLineweaver-Burk plot, YangandCrowderconcludedhatBATA is a competitve inhibitor.
YangandCrowder’s resultsareshavn belaw, plottedin Eadie-Hofstedorm:
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Do you agreethatBATA is a competitveinhibitor? Explain. [6 marks]

5K.W. YangandM.W. Crowder, Arch. Biochem.Biophys.368, 1 (1999).
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Data

R=8.314510JK mol! h = 6.626069x 10 34J/Hz
1bar= 100000Pa kg = 1.380658x 10 23J/K
1m?3 = 1000L

To convertdegreesCelsiusto Kelvin, add273.15.
The permittivity of waterat 25°C is 6.954x 10~1°C°N-tm—2,



