
UNIT 2UNIT 2
Part 1



2



Chemical Kinetics
When we mix chemicals together several questions 
arise:  

� Will a reaction take place under the given 
conditions?  

� What heat change will accompany the reaction? 
� How much product will be formed?  � How much product will be formed?  
� How fast will the reaction occur?  
� What exactly takes place at the molecular 

level?

The objective of chemical kinetics is to answer the last 
two questions.

REACTION  RATE

REACTION  MECHANISM

3



4



A          B

5



Factors That Affect the Rates of 
Chemical Reactions

� The nature of the reactants

� The reaction medium

� The concentration of the reactants

� The temperature

� The surface area of solid reactants

� The presence of a catalyst
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Reaction Rate

Reaction rate is defined as the increase in 
molar concentration of a product or the decrease 
in molar concentration of a reactant in unit time.
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H2 + I2 2HI
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Note that the rate changes and, in the 
above example, gets smaller with time, 
until the reactants are used up or an 
equilibrium is established.
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5.0×10–3

1.0×10–3
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Reaction Rate

The instantaneous rate at a given time , t1, 
is given by the slope of the tangent at the 
point (t1, C1) of the concentration vs. time 
graph.
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2N2O5 ⇋  4NO2 + O2
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2NO2(g) → 2ΝΟ(g) + O2(g)
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The rate of the above reaction can be expressed 
variously as:

2 NO2 → 2 NO + O2
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Relative Rate of Reaction 

The relative average rate of reaction for 
the chemical change  aA + bB � cC + dD
is given by:

1 [C] 1 [D] 1 [A] 1 [B]
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Differential Rate Laws 

All chemical reactions are reversible.

2 NO2(g) ⇋ 2 NO(g) + O2(g)
Rf

Rr

∆[NO2] is unambiguously related to Rf only when 
[NO] and [O2] are zero or very low.  Under these 
conditions we can write the following expression: 

Rf
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Differential Rate Laws 
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Differential Rate Laws 

Generally, for the reaction

the rate is given by

aA + bB ⇋ products

the rate is given by

R = k [A]m[B]n

Order of reaction 
with respect to A

Order of reaction 
with respect to B

Rate constant  or 
specific rate

Overall order of reaction  is m+n
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Determination of the Rate Law
Method of Initial Rates

The initial rate of a reaction is the instantaneous 
rate, –d[A]/dt, at t =0.
Initial rates are measured for several different 
initial concentrations. initial concentrations. 
For a reaction
a reasonably simple rate law, of the form      

,  is assumed at first. R = k [A]m[B]n [C]p

aA + bB + cC ⇋ products,
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The concentration of only one reactant is 
varied from one run to the other. 
If only the concentration of A is varied in the 
second run, by a factor     , thenx

pnmkR 0001 ]C[]B[]A[= pnmxkR 0002 ]C[]B[)]A[(=

and

Thus, the exponents m, n, and p and the rate 
constant, k , can be determined.
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Exercise 1
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Integration of Simple Rate Laws

Consider the reaction  aA ⇋ products.
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Integrating the above equation gives the 
corresponding integrated rate law.

td

Rate = f(concentration)
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First Order Rate Law (n =1)

Integrating,
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A plot of  ln[A] vs. t yields a straight line.
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First-Order Reaction 2N2O5 ⇋  4NO2 + O2
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2N2O5 ⇋  4NO2 + O2
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Exercise 2

The rate constant for the first-order 
decomposition of cyclobutane is 0.0078 s-1.  
What is the concentration, in mol/L , of a 
sample whose initial concentration was sample whose initial concentration was 
0.500 mol/L after an elapsed time of 5 min. 
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Second Order Rate Law (n =2)
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A plot of  1/[A] vs. t yields a straight line.

0

tk2
0]A[

1

]A[

1 +=

31



Second-Order Reaction
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Exercise 3

A certain substance in solution, initially at a 
concentration of 0.10 mol/L, decomposes 
by second order kinetics with a rate 
constant, k = 0.40 L/mol·min. How much constant, k = 0.40 L/mol·min. How much 
time, in minutes , is required for the 
concentration to reach 0.050 mol/L.
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Zero Order Rate Law (n =0)
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Zero-Order Reaction

35



Reactions With Two or More Reactants

Consider, aA + bB + cC ⇋ products.
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EXPERIMENTAL

Under special conditions, where

it can be assumed that throughout the course of 
the reaction  [B] = [B]0 and [C] = [C]0

EXPERIMENTAL

[B]0 = [C]0 >> [A]0
ISOLATED REACTANT
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and                      

where
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Half-Life (t1)

The time required for a reactant to reach 
half its initial concentration is called the 
half-life of the reaction.

t = t1 when    [A] = 1 [A]0
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2N2O5 ⇋  4NO2 + O2
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Exercise 4

The rate constant for the first-order 
decomposition of chloroethane is k = 0.13 s-1

at 100 oC.  What is the half-life, in seconds, 
of the reaction at this temperature?of the reaction at this temperature?
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End of Part 1End of Part 1
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