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Definitions

. The series of steps
( ) by which a reaction
proceeds.

. The number of bodies which
come together, or collide, In an elementary
process. (l.e., uni-, bi-, termolecular.)

. The
order of an elementary process can be
predicted. It is numerically equal to its
molecularity.



. An Intermediate species Is
one which is formed and consumed In the
course of a reaction (It is neither a reactant
nor a product.)

. The slowest step In
a reaction.



TABLE 14.3 Elementary Reactions and Their Rate Laws

Molecularity Elementary Reaction Rate Law
Unimolecular A — products Rate (A]
Bimolecular A + A — products Rate AJ?
Bimolecular A + B — products Rate A][B]
Termolecular A+ A+ A — products Rate AP
Termolecular A + A + B — products Rate AJ?[B]
Termolecular A + B + C — products Rate A][B][C]
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Requirements which a valid reaction
mechanism must satisfy:

Sum elementary Overgll balancgd
a) ste = chemical equation for
PS |
the reaction

b) The mechanism must agree with the
experimentally determined rate law.



Exercise 4

What rate law Is predicted from the following
mechanism for the decomposition of ozone:

(2) O+05; - 20, (fast)



Exercise 5

For the reaction 2NO + O, - 2NO, the
experimental rate law Is

R = k[NOJ[O, ].

Suggest a simple, valid mechanism consistent
with the above rate law for this reaction.
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Exercise 6
NO, +CO - CO,+ NO

It Is known from experiment that at T > 500 K
d[CO,]

= k[NO,]|[C
“=2 =KINO,J[ CO
while at T <500 K
d[((:jSZ] — kl[ NOZ] 2

Propose valid mechanisms for the above.
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A Molecular Representation of the Elementary Steps in the Reaction
of NO, and CO

@—I—w —Pw+m

T>500 K R=k [NO,][CO]
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A Molecular Representation of the Elementary Steps in the Reaction
of NO, and CO

¥ Y— P ®

P P — W@

T <500 K R= k' [NO,J2
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Reaction Kinetics Models

“ Collision Theory

** Transition State Theory



Collision Theory



EXPERIMENTAL OBSERVATIONS

Reactions can be slow or fast; the rate of
reaction depends on:

(a) the concentration of the reactants:
R = K[L]"[M]"

(b) onthe temperature at which the reaction
takes place.

k=1f(T) ("doubles with every 10 K rise")
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The Rate Constant

Svante Arrhenius (1889)

ACTIVATION
ENERGY

AN
k = A€ E%T
e

FREQUENCY
FACTOR
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Collision Model

For reaction to take place between two
molecules these must come into contact
with each other, in other words, they must

collide.

Rate //# collisions dm= st /7 concentration

\

COLLISION FREQUENCY, Z
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At STP, one dm? contains =3 x 10%2 gas
particles and the total number of collisions
Is =1 x 1032 s'1, If every collision lead to
reaction all the particles in this volume
would reactin = 3 x 1019 s,

N\

Few reactions
are so fast
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Postulates

Reactive collisions result only when the
particles

The orientation of the reacting particles
IS also important. The

IS Introduced to allow for this additional
requirement.
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Letting, N/N, = fraction of particles with
E..=E,, we can write

R O p-Z-N/N,

Assuming a Maxwell-Boltzmann distribution
of energies N :e_E%T

N,

and substituting for Z = B[L]M[M]",
we obtain

23



R=pAlL]"[M]"e @

= pge I [L]"[M]"
=K[L]"[M]"
and

_Ea
k =pBe Var

which is identical in form to the experimental
Arrhenius equation.
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The Rate Constant

Svante Arrhenius (1889)

ACTIVATION
ENERGY

AN
k = Ae E%T
S

FREQUENCY
FACTOR
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Fraction of molecules

|
Lower temperature |
I

Higher tlemperature

" Minimum energy

| :
. needed for reaction, E,
|
I

Kinetic energy
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T (K)
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Activation Energy

he logarithmic form of the Arrhenius
equation is very useful in the evaluation of
the activation energy of a reaction.

Ink = Ea(1j+InA
R\T
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Exercise 7

The rate constant for the gas phase
decomposition of N,O; has the following
temperature dependence.

TK  Kkis®

338 4.9x103
318 5.0x 10
298 3.5x10°

Calculate the activation energy for the reaction.
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Again we graph Ink vs. I/T

T () 1/T ki)
338 296 x 107 49 x 107
318 3,14 x 1072 5.0 x 10°*
208 3.36 x 107 3.5 x 1073
_5 L -
-6 |- il
-7 k- =
-8 -
-9 -
-10 |- |
-1} —
i
29 30 3% 3.2 3.3 34
1000
T(K)
Slow= '10.76"('5.85) = -1-2 x 104K
3.40 x 107 -3.00 x 107
Slope = &

E,=-Slope x R=12 x 10°K x 331933 _ 16 o 165 shmotor 1.0 x 107 k¥mol

Kmol

Ink

-5.32
-1.60
-10.26
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Energy Changes
During a Reaction



Potential Energy Profiles

Activated Complex

______ <
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Reactants -II

Potential Energy

]*1‘+H|111'[H

Reaction Coordinate



Potential Energy Profiles

A,+B, - 2AB

Activated Complex

i :
E, ‘
L forward :
> reaction .
g b Hf_z_ + B, { reverse
D Reactants reaction
2 AB
c

Reaction Co-ordinate Products
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Potential energy

EXOTHERMIC

ENDOTHERMIC

)
: 25 kJ/mol 20 kJ/mol
15 kJ /mol J l
: ¢
—10 kJ/mol e li]/mol S
1) 2) 3)
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Exercise 8

Draw a rough sketch of the energy profile for
each of following cases:

(a) AE = +10kJ/mol E, = 25 kdJ/mo
(b) AE = -10 kJ/mol E_ =50 kd/mo
(c) AE = -50kJ/mol E, =50 kJ/mo
Which of these three reactions will have the

highest rate at 298 K, assuming the same A
value for all three?
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S0 kJ

Bk e — —— i — —

RC
The reaction in (a) will have the greater rate since it has the lowest activation energy.
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CONDITIONS THAT AFFECT
REACTION RATES?

" CONCENTRATION |
\* Total # of collisions
TEMPERATURE

| \ Fraction of effective

collisions

A CATALYST

New reaction pathway having a lower E;
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Catalysis



Catalysis

"The term IS applied generally to
cases where the rate of a chemical
reaction is accelerated by the presence of
a substance which is itself unchanged
chemically in the process. The substance
causing the acceleration is called a
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Potential energy

A catalyst accelerates a process essentially by
lowering Iits energy of activation, E_, so that at a
fixed temperature a relatively larger fraction of
molecules possess the energy necessary for
reactive collision.

E, = activation energy -
i alyzed Z o
s &
T o eh
: . _ S Minimum kinetic energy
/'ﬂ\\ E, = activation energy g o for catalyzed reaction
E \ catalyzed reaction °E
" /‘/ \ Ec e SR
s 5 X Minimum kinetic energy
e S for uncatalyzed reaction
Reactants 52 y
£%5
e 8 e
Products * _\\:-\.t;_‘\\.‘_;i\\_\-\;j
) “\ \_\\'\.\'\\ by -,
\-\ SO e esey FatetsTw

s k.
Kinetic energy

Reaction coordinate
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Energy

HoacTion withaut Catalyst

- = = = Reaction with catalyst

T

Reaction path
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Types of Catalysis

here are two broad categories of catalysis:

> - a catalytic
process where the catalyst is part of the
same phase as the reactants

> - the catalyst
forms a separate phase.
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Heterogeneous Catalysis
of the Hydrogenation of
Ethylene.
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The Catalytic Hydrogenation of Ethylene
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Enzyme Catalysis

Lock-and-key model

qustt?te Products

Enzyme Enzyme-substrate Enzyme
complex
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Terminology

-The active site of an enzyme is the
region of the enzyme where the catalysis occurs.

- The substrate Is the substance that
IS converted to product. In order for catalysis to
occur, the substrate must bind at the active site
of the enzyme. It Is not unusual for an active site
to change Its shape as substrate binds.
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a) A molecular model of

b)

the enzyme .
Note the characteristic
cleft, which Is the
location of the active
site.

Lysozyme with a bound
substrate molecule.

(b)

Copyright © 2006 Pearson Prentice Hall, Inc.

48



End of Unit 2



