2 (ii) Kinetic Requirements

m Differential Form | Integrated Form
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Example 1
NOE{E} + CO (@) —> NO @ T CDE{g} NO, + NO, SIL} NOg + NO (rate determining step)
NO4 o NO, + [O]
Rate = k [NO,]? CO+[O] Cco,
Rate = k [NO,]*
NOQ + NOQ slow NOE + NO (rate determining step)
NO; + CO —t— NO, + CO,
Rate = k [NO,]? Kinetic evidence is a NECESSARY CONDITION for reaction

mechanism but NOT A SUFFICIENT CONDITION




Example 2: Formation of thioethers

medd Ymed > Mes—me + 1°

rate = ko[MeSNa][Mel]
If [MeSNa] is constant, the equation becomes

rate = kz[Mel] where kg = ko[MeSNal]
If [Mel] is constant, the equation becomes

rate = k,[MeSNa] where ky = ko[Mel]

If you examine the graphs you will see that the slopes are different because

slope 1 = kg = ko[MeSNa], but slope 2 = ky = ko[Mel]

The rate of S,2 reaction depends upon
(1) The nucelophile

(ii) The carbon skeleton (Structure of substrate)

(iii) The

Example 3: Hydrolysis of t-butyl bromide

OH

rate = k;[+BUBI]

S, = e
Br
5 f—\.ﬂ fast
(_\1 \.JGH—-‘
OH

Step-I

Step-Il

rate
The rate of S\1 reaction depends upon
(i) The carbon skeleton (Structure of
substrate)
(ii) The leaving group
rate

aie

rate

[NasMe]

leaving group

slope
/

[t-BuBr]




Example 4: Conversion of acid chlorides into esters

jEEEEI“nH
\
©
_) Cl )J\I}R v o
S

RO

rate = k| MeCOCI|[RO™]

rate-
determining 9 0
step o
Cl — = . + Cl
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O OR starting materials
RO
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Mechanism is addition-elimination with a tetrahedral intermediate
©
+ RO

transition

intermediate

' Intermediates and transition states

A transition state represents an energy maximum—any small displacement leads
to amore stable product. An intermediate, on the other hand, is a molecule orion
that represents a localized energy minimum—an energy barrier must be overcome
before the intermediate forms something more stable. As you have seen in Chapter

extent of reaction



Example 5: Hydrolysis of Amides

O - O

HO rate = ko[ MeCONH,][HO ]2
)L /[L ] al 2][HO™]
NH, — o)

©
> GV QR < (N G
NH HaN
2 /{\NHE M GEJ + Ha2
HO

Hs rate-
determining
H G? step
amide HO monoanion dianion

The rate of the reaction is the rate of the rate-determining step
rate = k[dianion]
We don’t know the concentration of the dianion but we do know that it’s in equilibrium with the
monoanion so we can write
_ [dianion]
2~ [monoanion][HO™ ]
and so [dianion] = Kz[monanion][HO™]

In the same way we don’t want the unknown [monoanion] in our rate expression and we can get
rid of it using the first equilibrium

_ [monoanion]
* ~ [amide][HO]
and so [monoanion] = Ki[amide][HOT] Hence [dianion] =K, K,[amide][HO ][HOT]
Substituting these values in the simple rate equation we discover that rate = k[dianion| becomes
rate = kK, K-[amide][HO ]2



Steady State Approximation

slow
A + B I
I + B - C
. _ dA]_
R Rate =~ S22 =K[1][B]
k_ Rate of appearance OfI = k1[A][B]
ko
I + B - C Rate of dissapearnance of I =k [I]+k,[1][B]
| - d[l] _
Rate of appearance of I = Rate of dissapearnance of | i.e.—7"=0
ki [AlIB] =k _[1]+k,[1][B]
_ k[A]B]
o= ]
_ k[AIBI[B] _ k[A][B]2
Rate = k tk[B] ~ &k K, [B]

first step was faster than the second, ki[A][B] > k|[I|[B]  Rate = k,[A][B]2 Third Order

k[A][B]2

if the first step is rate determining k2[B] > k.1 Rate == B] = k[A][B] Second Order
2



Kinetic vs Thermodynamic control

CN

&GH
CH3j

direct addition
kinetic product

HCN

S
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fast

/
CH3

CN
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CHs

HCN o
e
slow
CN CH3

conjugate addition
thermodynamic product

CN
H® OH

CHj
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CN

Kinetic and thermodynamic control
® The product that forms faster is called the Kinetic product

Potential energy

Potential energy

/A
R\B

Small preference for B,
under kinetic control

Large preference for B
under thermodynamic

\e/ |
1 __ control

-

Reaction coordinate

'

Preference for A under
kinetic control

Preference for B under
thermadynamic

\e/ |
t  control

-

Reaction coordinate

® The product that is the more stable is called the thermodynamic product

Similarly,

® Conditions that give rise to the Kinetic product are called Kinetic control

® Conditions that give rise to the thermodynamic product are called thermo-
dynamic control
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energy

kinetic control

transition

kinetic
products
CN
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thermodynamic control
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transition

------- ihtermediate

thermodynamic

products
8]

CN CHa

-
-

extent of reaction



