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Chemistry2710Spring2003Test3 Solutions

In transitionstatetheory we startby decomposindghe elementaryreaction(R — P) asfol-
lows:
R=TS—>P.

We treataccessiorto the steady-statasa pseudo-equilibriumwith equilibriumconstank.
Conceptuallythis presentsomedifficulties sincethe transitionstateis not an equilibrium
structure.

. TheBrgnsted-Bjerrunequations

Ink = Inkg+ 2.214x 10719Z,7Zg (¢T)~¥/? V.

SinceB is unchaged(Zg = 0), thetheorypredictsthatthe rateconstanwill notdependon
theionic strengthj.e. thatk = 2.9 x 10°L mol~s~1 atary ionic strength.It seemsunlikely
thatthe rate constantdoesnt dependat all on the ionic strength. The difficulty is that we
don't have atheoryto cover non-ionicsolutes.

(a) We needto do alinearregressiorof Ink vs T—1.

10°T 1 (K1) 1.4859 1.4025 1.3280 1.2771
Ink 10.292 10.924 11.720 12.123

Althoughagraphisn’t required, alwayslik e to seeit:
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4.

Thefit is reasonableThe slopeandinterceptare,respectrely, —8965K and23.577.
Theactivationenegy andpreeponentialfactoraretherefore

Ea = —R(slopa = —(8.314472JK mol~1)(—8965K)
= 74.5kJ/mol.

Ko = eintercept: e23.577

= 1.74x10°Lmol"1s72,

(b) Thisis ahydrogenabstractiorreaction.lt seemgquitelik ely thatthetransitionstateis
somethindike
HO,— — —H—- — —CsgHo,

i.e. a weakly boundquasi-moleculaspecieswith a bridging H atom. (The bonding
in this specieswould transientlyresemblethat in diborane,if you know aboutthis
compound.)If thisis thecase An* = 1— 2 = —1. Thereactionis in the gasphaseso
we alsoneedto corvertthe preexponentialfactorto bar1s—1.

P 100000Pa
RT ~ (8.314472JK-Imol-1)(298K)
= 40.36mol/m® = 0.04036mol/L.
ko = (1.74x10°L mol~1s1)(0.04036molL ~bar )
= 7.00x 10°bar 'sL.
~AS = R[In (L‘B—k‘;) —1+ArT"]
= (8.314472JKImol1)
y [l ((6.6260688 x 10 34J/Hz)(7.00 x 108bar131)> 1 1]
(1.3806503 x 10-23J/K)(298K)
= —922JK Imol L.

n
Vv

The very negative valuetells us that our initial guesswas probablyright, i.e. thatthe
hydrogenatombridgesbothmoleculesn thetransitionstate.

(a) If thedataobey Michaelis-Menterkinetics,a plot of v vs v/[pheno] shouldbelinear.

10%v/[pheno) (1) 3.07 2.40 1.89 1.51 1.35
v (umolL—*h1) 31 64 10 12 14

Hereis theplot:
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Theres a bit of scattey but it doesnt look lik e thereis significantcurvature. Accord-
ingly, | would concludethatthesedatado follow Michaelis-Menterkinetics.

(b) Theslopeof theplotis —6.20 x 10~3mol/L, soKy = 6.20mmol/L. Theinterceptis
Vmax = 2.18x 10~°molL~th—1 or 21.8umolL—1h—1.



