Chemistry2710Spring2002Test3 Solutions

(a) To decidewhetherareactionobeys Michaelis-Menterkineticsor not, we cangenerate
anEadie-Hofste@lot:

v/[sucrosg(L min~g~!) 0.0240 0.0173 0.0167 0.0141 0.0112
v (umolmin—1g-1) 0.151 0.296 0.389 0.488 0.540

Thegraphhasthefollowing appearance:
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Thereis significantscatteraroundtheline of bestfit, but thereis no obviouscurvature.
Accordingly, we may concludethatthe dataare consistentvith Michaelis-Menterki-
netics.

(b) By linearregressionwe find

Vmax = intercept= 0.903umolmin—1g*,
Km = —(slopg =31.8umol/L.

(a) To gettheArrheniusparametersye mustplotinkvs1/T:

103/T (K1) 3.4247 3.3557 2.8818 2.4876
Ink 16.38 16.12 17.03 18.01

The Arrheniusplot (which wasnt required)hasthe following appearance:
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Theslopeandinterceptareasfollows:
slope = —%‘ = —186%K.
intercept = Ink=225633
- Ea = (1869K)(8.314472JK mol 1) = 15.5kJ/mol.

ke = €22°633_630x10°Lmol~1s71,

(b) Thisis agas-phaseeactionsothepresponentiafactorshouldbeexpressedn bar-1s-1
to calculatetheentrogy of activation:

P 100000Pa
RT ~ (8.314472JK Imol 1)(298K)
= 40.36mol/m3
= 0.04036mol/L.
ko = (6.30x10°Lmol~1s71)(0.04036molL"tbar!) = 2.54x 10Pbar 1s1.

n
Vv

We alsoneedAn*. In this case,the two reactantshave to cometogetherto form a
productsoit seemseasonabléo guesshatAnt = 1— 2 = —1. Thuswe have



AS = R[ln(EB—kf'J—lJrArT*}

6.6260688 x 10734J/Hz)(2.54 x 10°bar-!s™1)

= (8.314472JK mol™) |I
( mo )[n< (1.38065x 10-23J/K) (298K

=

= —101JK Imol 1.

Thevalueis largeandnegative, which suggestshatourguessaboutAn* wasright: The
transitionstateis atightly boundcomplex of thetwo reactants.

. Thetotalamountof enzymeis constant:

e+ci+c = .
.e = e—CL—~Co.

Therearetwo intermediatecomplexes.We applythe SSAto both:

% = kies—k_1c1—koci +k _oCp
= kiS(ep—C1—C) — Ca(k-1+kz) +k_2C2 ~ 0. 1)
% = koci —k_2Cr — ksCr = 0. (2)

Therateis v = ksCy. It is thereforebestto solve for c; first. We caneasilysolve equation2

for c;:
K 2+ks

ko

CL= Co.

Let

_ kot+ks
=
Thenci = acp. Substitutehis expressionnto equationl.:

0 = kis(ep—acy—cp) —aca(k 1+kp)+k 2Co.
. Ki€ps Co[Kas(0 + 1) +a(k 1+ ko) — Kk ]
Co[kis(a+1) + k10 +Kk_ o2+ ks — k_7]
Ca2[kes(a+1) + K100+ K]
ki€pS
kis(a +1) + k10 + k3~
kikseoS

kis(a + 1) + ko100 + k3

ks g

a+1

k_10+ks *
St 1@

)



Let

v — k&
max a+1
K 10 +Ks
andK = — .
M ki(o+1)
VmaxS
R A .
S+ Km

As shovn above, theratelaw is of the Michaelis-Menterform, with vyax andKy, definedas
shavn above.



