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6. Chemical kinetics
6.1. Definition

Chemical kinetics is the field of chemistry that studies the rate of chemical reactions as a

function of time. Qualitatively, we notice that there are different types of reactions:

» Very rapid or even violent reactions: for example explosion reactions.

> Very slow reactions, they last several years (like the formation of rust), or even several
centuries (like the formation of coal or oil).

Some are even so slow that the starting reagents are considered stable, for example the

transformation of carbon diamond into graphite. We then speak of “metastable” states.

The types of reactions depend on certain factors (parameters) which can accelerate or slow

them down, for example:

The concentration of the reactants: the speed generally increases as a function of the

concentration of the reactants.
Temperature: The speed of a reaction increases with increasing temperature.

The contact surface: the speed of a reaction increases with the extent of the contact surface.

Catalysis: the use of catalysts is common to increase the speed of a reaction (in the case of
enzymes).

6.2. Reaction speed

Knowing that the first importance in all applications of chemistry is to know the speed of
chemical reactions.

For a reaction like:

A — B
At=0 Reagent Product
Aty [Ao] 0
At [Ad] [B1]
Ats [A2] [B2]

We determine the average reaction speed Vayg between 2 times t1 and t2 for the products and
the reactants.

According to the expressions:

_ [B2]=[B1] _ A[B] [B2]—[B1] _ A[B]

% = =— Or: Vv = =—
Avrg ta—ts At Averg ta—ts At
v _d[B] _ _ d[A] v _A[B] _  4[A4]
Averg — dt - dt Averg — At - At

For areaction like:aA + bB — c¢cC + dD
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The speed of the reaction at any moment is:
1d[A]  1d[B] 1d[C] 1d[D]
adt  bdt cdt ddt

Py

In the case where a reaction takes place in the gas phase then: [A] = — o

6.3. Expression of the law of speed and order of a reaction

An equation depends on the total order of the reaction: « A + BB — yC
v = k[A]* [ B]#

K: is the speed constant.

o+f: is the total order of the reaction.

a and B: partial order with respect to reactants A and B.

Note: The order of the reaction is always determined experimentally.

6.3.1. Order O reactions:

For a reaction like:

A — Product
At=0 Ao 0

The speed is expressed by: v = —% =k[A]° =k

Speed is a constant independent of concentration: f[[ﬂ] —d[A]l =k fot dt

Hence: [A] = -kt + [Ao]: this equation represents a line with a slope opposite the speed
constant k. k: expressed in mol/Ls

t=7 (Aol ~ 4])

If: t = typ = t = half-life: the half-reaction time, i.e.: the time after which half of the reactant

has transformed into product; [A] = @
[Ao] _ |
- = kt1/2+ [AO] t1/2—‘L'— K [AJ4
Hence: = k: expressed in mol Ls?
[Ao]
Slope=-k
[A]|--—-—= N~
!
T "t
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6.3.2. Order 1 reaction:

A — Product
d[A]

=g kAl

[A] —d[4] _ t [4o] _
f[AO] s kf, dt Ln[Tf’] = kt

1 [Ag]

=>t= X Ln ] (D
Ln[A] = —kt + Ln[A,] (2)

k: expressed in time? i.e. : s* or min? or h!

Half-reaction time: t =t1> = t = half-life = [4] = [AZ—O]

1 [4o] Ln2

by, = M )2 = by, =50

The order of the reaction can be determined experimentally by plotting: Ln[A] = f(t)

Ln[A]

Slope=-k

6.3.3. Order 2 reactions:

Ina general case: A + B — Product
1% Case: If we have [A] = [B]

The speed is expressed by: v = —% = k[A][A] = k[A]?
f[A] —dlA] _ [
= kf dt
o) A7 0

1
(4] [Ao]

1 1

k: expressed in moltliter t*
([A] [Ao]) P

Graphical method: then we plot: ﬁ = f(¢t)
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2" Case: If we have: [A] # [B]
A + B — Product

t=0 a b 0

t>0 a-x b-x X

The speed is expressed by: v = —% = k[A][B]
[Ac] =a [A]i= a-x

[Bo] =b [B]t=b-x

The speed of disappearance and appearance:

_ —d(a-x) _ —d(b-x) _ dx _ _ _ _ _dx
v=— —=———=_= k[A][B] =k(a—x)(b—x) = oo kdt =
e N S S S O
But it is clear that: oo~ - ax )
1 1 t 1
N (E _ E) dx = [ kdt = G- [~ In(a —x) +In(b — 0)]§ = kt
= oo [In? =%/ _ 1§ =kt
. ( box b)—kt - ( a(b_x))—kt
b-a\"a—x "a) T b-a)\""bla—-x)) "
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