52 Exercise
Consideranucleophilicsubstitutionreaction:

(CH)3CCl + OH™ — (CHj)3COH + CI-

Let usfirst assumehefollowing mechanism

k1,k_1

(CH3)3CCI = (CH3)3C++017

(CH3);C*+ + OH- -2, (CH;);COH

Q1. Apply the steady-stat@approximationfor the intermediatg(CH;); C* andderive
theratelaw.

Q2. Showthattheratelaw is 1st-ordemwhen[OH™] isin excessor whenk_; < ks

Let usnext consideranalternatve mechanism

ke k
(CH,)3;CClL+ OH™ 2" [C1--- (CH;)5C - -- OH]~ 5 (CH,);COH + C1-

Q3. Apply the steady-statapproximatiorfor the intermediatecomplex andshaw that
thismechanisngivesa 2nd-ordemratelaw.

Answers:
L Rate_ F1k2((CH;)sCCI[OH ]
k_1[Cl7] + ko[OH~]
2.
Rate~ k;[(CH3)3CCl] whenk_;[Cl7] < ky[OH™]
3.

Rate= /" _[(CH,),CCIJ[OH "]

b+r

5.3 Michaedlis-Menten equation

Let us consideran enzymecatalysisreactionin which the enzymeE anda substrates
form anintermediateceomplex ESandthenthereactionoccursto releaseheproductP:

k1,k—1 ks
E+S = ES 2 Eyp (51)
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This looks similar to the scheman Eq (49), andhencethe steady-statapproximation
will give
k1 ko
E][S
ot o ElS
(It will beagoodexerciseto derive andconfirmthis.) However, thislooksvery different
from thefamousMichaelis-Menterequation:

Vmax [S}
[S] + K

We noticethat one of the major differenceis thatthe enzymeconcentratior{E] is not

involvedin thelatter Wethereforetry to eliminate[E] in thecourseof theapplicationof

the steady-statapproximation.To this end,it is essentiato recognizehattheenzyme
is a catalyst. Therefore,it is not destryed by the reactionand the total numberof

enzymemoleculess keptconstantThisis describedy

Rate=

Rate=

[E] + [ES] = constant= [E], (52)

in which [E], is theinitially preparedconcentratiorof the enzyme.Now we applythe
recipeof the steady-stat@pproximation.First we identify thatthe ES comple is the
intermediatelts changan theschemg51) is written as

d[ES]
dt
The steady-statapproximation settheright handsideto be equalto zero. But before
doingit, we will eliminate[E] by usingEq (52):

= k1 [E][S] — k-1 [ES] — K, [ES]

k1 ([Elo — [ES][S] — k-1 [ES] — k,[ES] ~ 0

ki [E]o[S]
= |ES]s = 53
[ES] k1[S] + k_1 + ko (3)
The overall rate is that of the productformation determinedby the final stepof the

schemg51):

_d[p}
Rate= el ko [ES]

We replacelES] by Eq (53):
kal [E]O[S] - kQ [E]O[S] - Vmax[s]
kS| +kor ke [S] 4 Btk [S] 4 Ky

1

Rate=

in which V..« = ks[E]o is themaximumrateand K, = (k_; + k2)/k; is theMichaelis
constant.
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Further Readings

Now therewould betwo waysfor you to proceed.Oneis to review the basicagain by
readingtherecommendetkxtbooks.In particular it wouldbeagoodideato attempthe
worked examplesandproblemsin orderto seehow thetheorieswork in morepractical
situationsandto confirm your understandingf the theories. It is alsousefulto read
explanationsby differentauthors. This is becauseno one canexplain things perfectly
andyou will have to build your own way of understandindpy repeatingreadingand
thinking.

Anotherway forwardwould beto readadvancedoooksandresearchpapers Oneof
recommendablbooksis:

e A FershtStructureandMechanismn ProteinSciencefFreeman.
(Thereare8 longloanand2 weekloancopiesin BarnedLibrary, Medical School,

ShelfmarkQP551/F)

| trustthatthis lecturecoursehas preided sufficient backgroundo getreadyfor this
and othebooksandpapers.
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