
Chemistry2710Spring2001Assignment4 Solutions

1. WeconstructanEadie-Hofsteeplot. Let s � � simazine� .
v� s (s� 1) 2 � 00 � 10� 5 1 � 56 � 10� 5 1 � 10 � 10� 5 6 � 02 � 10� 6 3 � 20 � 10� 6

v (nmolL � 1s� 1) 0.26 0.39 0.53 0.56 0.62
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The slopeof the plot is � 21µmol� L so KM
� 21µmol� L. The intercept(vmax) is 7 � 0 �

10� 10molL � 1s� 1
sothespecificactivity is

ṽmax
� 7 � 0 � 10� 10molL � 1s� 1

400 � 10� 6g
� 1 � 8µmolL � 1s� 1g� 1 �

2. (a) We get the activationenergy andpreexponentialfactorby linear regressionof lnk vs
1� T. While wedon’t reallyneedanArrheniusplot, it’ sgratifyingtoseethedataplotted
in this form anyway. Herearetheraw datafor my Arrheniusplots:

lnk for differentsubstituentsX
T � 1 (K � 1) -H -CH3 -OCH3 -Cl -NO2

0 � 0022566 � 10� 815 � 10� 554 � 10� 272 � 10� 845 � 11� 128
0 � 0021591 � 9 � 216 � 8 � 948 � 8 � 686 � 9 � 257 � 9 � 531
0 � 0020698 � 7 � 702 � 7 � 429 � 7 � 149 � 7 � 722 � 8 � 004
0 � 0019875 � 6 � 084 � 5 � 826 � 5 � 532 � 6 � 092 � 6 � 401
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Theactivationenergy is theslopeof theArrheniusplot multipledby � R. Thepreex-
ponentialfactork∞ is theexponentialof theintercept:

Substituent slope(K) intercept Ēa (kJ/mol) k∞ (s� 1)
-H � 17492 28.60 145.44 2 � 63 � 1012

-CH3 � 17489 28.86 145.42 3 � 41 � 1012

-OCH3 � 17546 29.26 145.89 5 � 09 � 1012

-Cl � 17586 28.77 146.22 3 � 13 � 1012

-NO2 � 17494 28.29 145.45 1 � 93 � 1012

(b) Sincethereactionoccursin solution,theenthalpy andentropy of activationarecalcu-
latedasfollows:

∆H̄‡ � Ēa � RT�
∆S̄‡ � R

	
ln 
 hk∞

kBT � � 1�
�
Theresultsfor thefivereactionsare

Substituent ∆H̄‡ (kJ/mol) ∆S̄‡ (JK � 1mol � 1)
-H 141.50 � 19� 30
-CH3 141.48 � 17� 14
-OCH3 141.95 � 13� 82
-Cl 142.29 � 17� 84
-NO2 141.52 � 21� 86
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Thereisverylittle variationin theenthalpy of activation.Thismeansthattheamountof
energy requiredto reachthe transitionstateis nearlyindependentof thesubstituents.
On the other hand,thereis significantvariation in the entropy of activation. Since
∆S̄‡ � S̄TS � S̄reactant, thiscaneitherbedueto a significantvariationin the“looseness”
of the transitionstate,or to differentdegreesof disorganizationin the reactant.The
former seemsunlikely. The triangulartransitionstateis probablyquite similar in all
cases.(Theapproximateconstancy of theactivationenergy suggeststhis.) However, it
maybethattheisocyanidegroupis eithermoreor lessmobilein thereactantdepending
onsubstituenteffects.
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