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Kinetics MPOC Ch 7

We can never prove a mechanism We canonly definitively rule out a possible
mechanism

Kineticstudy experimental measurements on a rxn mixture
determininghowfastproductforms as a function of concentrations
temp etc

ReactionCoordinate Diagram
n n

fi SM E TS
p p

Rin Rin
TS energy maxima I intermediate energyminima
lifetime of a vibration car in principle beisolated

Ratesondrakconstants

Rate KER conc ofreactants Howfast Sm is consumed or howfast
rate constant product is produced

Rate is highest at inception Slowsto Zero at the end of the rim

why Rains are not linear
youwish realityfof 4 YS C R S C R

Ihr 2hr done
50 complete NO Time

Rate 2 reactants

As Reactants te rateto
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TransitionstateTheor
Assume the SM t TS are in equilibrium
7 you can measure the CTS In realityyoucan't

Lifetime of TS bondvibrations10 s t
K

Sm Tst T P KTKt

µµ
fast rate ofbondvibration

p

ActivationParameters DG's DH's Dst

keg Kt CTI I
Csm es Csm Kt Eyring

keg e
DORT e

DG RT K IF e D RT
Equation

C 79 transmission Coeffa I
kt KkBT Krs Boltzmannconstant 1.380 1023 TIK

h Marcks constant 6.626 1034 Jls

k C Te DG RT K C Te DH RTED R K e DHHRTED R

For I
C'T

I take In
A In DI t Dff

y 22663x t 1.0958 SeeExcelData y m t t b

D 22663 DHE 45 Kcallmol y int DSHR

in Dff
Eas DH t RT 45 Kcallmol t 0.6 45.6Kaymol

at 298K
YT

DS.pt 1.0958 DS 2.18Cmalqq 2.18 eu



Temp (oC) k x 10-3 (s-1) 1/T (K) ln k ln (k/C'T)
324.8 1.27 0.00167238 -6.6687384 -36.821906
335.4 3.14 0.00164325 -5.7635325 -35.934272
345.9 4.75 0.00161538 -5.3496107 -35.537457
355.6 7.1 0.00159046 -4.9476605 -35.151054
367.2 15 0.00156165 -4.1997051 -34.42138
376.6 29.2 0.00153905 -3.5335866 -33.769834
383.8 44.8 0.00152219 -3.1055471 -33.352815
394.8 84.1 0.00149712 -2.4757487 -32.739622

C' 20830000000

y = -22663x + 1.0958
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Experimental
Data
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BoltzmannDistribution
K is tempdependent
As T T moleculeshave TKE

Ea
F

YM K T

w T
r

Probabilityof KE

ActivationParameters
DH bondstrengths solventeffects

Poleraprotic
Swc Et ETE Et F fEjg

I help stabilize
endothermic TS lowersDH

weakpartialbonds

Dst order gained or lostgoingfrom SM TS
likely a dissociativestep
291

likely an associativestep

y E 3 31 eu 3lmo.ca x298Kxlkcal
1000cal

9.2 Kmg Change in
DG's
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PostulalesePrinciplesRelatedtokinetI
1 Hammond Postulate
The transitionstate structuremost resembles the adjacent reactant
intermediate or productthat it is closest in energy to

i

1 Late TS resembles product Endothermic Ron

f

Early Ts resemblesreactant Exothermic Rin

Ex Radical Halogenation
t CI o t H CI ET 1 Early TS

H
t

t Br t H Br f Late Ts

IesS CI Brforming i i moreforming
H vs Hless i more breakingbreaking

much more selective

2 ReactivitySelectivity Principle
Reactivity Being higher in energy or

Having a more exothermic rxn CTSmore resembles reactant

Selectivity In a selective rxn one product isformedin a higheryield
than another

Ex RadicalHalogenation
Cl is more reactive than Br
T t
non selective selective rxn
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3 The Curtin Hammett Principle

Ii meadiaiessom.in iin9IfIE
by a low barrier

Es
IA

miof Only appliesto rxns underKineticControl

Relative energies of IA e Irs are meaningless The product
composition is controlledby the DG of the transitionstates

A
no NTN more stableless
stable H

faster 6138 I 6138 I

to

TH TEHMajorH product H

4 Principle of microscopic Reversibility
Rins Proceed through identical transitionstates 7 intermediates in the
forward and reverse

O O

ph H t Hocks ph OH Ph ph 093
Sm H CB 0dB pn Iz

T M Routefrom Sm P identical to P Sry
Tm I
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S Kineticvs Thermodynamic Control

KineticProductsformedfaster lower ETS
Thermo Product Lowestenergy moststable product

H Br
TH t FA
Br Br Thermo PL kinetic P

K 89 fasterdue

I
toproximity

IT Tcp
TP

KP favored TP favored
at low T at high T
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Kineticmeasurements
kineticmeasurements at a single temp providethe ratelaw

Change in reactant or product conc over time

Consider At B t C s P

If rate 4 2 with x 2 A Rin is 1st order in A
If rate T x4 with X 2CB Rin is 2ndorder in B
If changing 63 ratedoesnot charge 0 Rin is Zero order in C

DifferentialEagleEton ddc.ro kCA3aCB3bCc3c sddCPf kCA7CB32

OverallRinorder 3rd

1 Take a reactant 7 Study rate atseveral different concentrations
2 Discover the kineticorder w respect to that reactant
3 Repeat w each reactant orderone
4 Writethe rate lawforthe ran

f
first

day
dt

Zeroorder

Reactant

I First Order
A P dd dCdA KCAT

y int InCAIO

math lnCA3µe K

InCA Kt t InCA o
y m x t b t

2 SecondOrder type1 z n

p A p dd dCdA kCAT
f.nu k

math 1
CATO1 Kt t 1

CA CATO t
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3 Second order type11

At B o P d ddCn dCdB KCATCB

Int RateLaw Ingrid k IBI CAIO t t In
EAJ.mg

y m t t b CB

Difficult to simultaneouslymonitor A 7 B t

4 Pseudo First Order Conditions
Use one reactant in large excess CB B o

Kobs K K B o

diff KCAILBI K CA Candivide KArgo toget k
constant

This can also beused if B catalyst

Consider 3
Hao t HBr

kineticExpts find run to be 1storder in 1Bu Br

Rak k Since C Br breaks t C Oforms we can
deduce this rxn musthave at least two
elementary steps

S Initial Rate Kinetics
Study rxn kinetics at the beginning of the rxn partial conversion
Avoids issuesassociated wl byproduct formation

DCP
Plot µ Slopeskcn.jo

dt KCAL
essentiallyconstant atbeginning f
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6 Steady State Approximation Simplifies a complex rate law
The concentration of reactive intermediate is constantduringthe rim

A
1

I
B 2 p of K l

k II fast
1storder 2ndorder A S I P

One Scenario

Rate ddq.PT Kz CBT ddCf KCA k ICI kzCIVB p
bySSA

SolveforCIT
k CA k ICI tKz CB

Rate kzkicnJCBTK.it
KzCB KCA I K i tka BT

If Kz77 K I I kiCA
I ki t KIB

Rate KCA to a goodapproximation

Rule of thumb Rape rateconstcnts.concofforwcrdskp.SI I is never
forsingle CI Sum rateconstantsandways I canbranch involved in rate

7 PreEquilibrium

May want to cover next year
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100

MultipterxncoordinatI
When arxn has two or more possiblepathways thiscan'tbe represented on
a single rxn Coordinate

Consider No Substitution on

Snl
t noo htt xo

sniesnz

to L p
0 NQ

mocoferr.at JescksP
Viewing the the 3D energy surfacefromthetopdown w o respect to E

R X NQ Nu R x

R Clb Pure SNZ

R i Pr Has Snl character
b
Morestable R Rto
Perpendicular movement 0 NP R Not
to more stable corner
anti HammondEffect

Example H t B I t BH t X 0

H x BH
BO ElCB

Ty Make more stable

µ oHammondEffect P more stable
than reactants Parallel movement
of TS

Hut EZ 0 Anti HammondEffect more stable
x0 BO 4 BH

x 0 A0 in Et corner


