
Chemical Kinetics  



·We can use thermodynamics to tell if a reaction is 
product- or reactant-favored. 

·But this gives us no info on HOW FAST reaction goes from 
reactants to products. 

·KINETICS ɂ the study of REACTION RATES  and their 
relation to the way the reaction proceeds, i.e., its 
MECHANISM . 

Chemical Kinetics  

·The reaction 
mechanism 
is our goal! 



What we have to study ?  

Reaction Rates  How we measure rates. 

Rate Laws 
How the rate depends on amounts 
of reactants. 

Integrated Rate Laws  
How to calc amount left or time to 
reach a given amount. 

Half -life  
How long it takes to react 50% of 
reactants. 

Arrhenius Equation  How rate constant changes with T. 

Mechanisms  
Link between rate and molecular 
scale processes. 



Á Rate of reaction is typically measured as the  change in 

    concentration with time  

Á This change may be a decrease or an increase 

Á Likewise the concentration change may be of  reactants or 

    products 

Rate = ______________ = ______________
change in timechange in time

in [products] in [reactants]

Rat e =
concent r at ion change

t ime change

Reaction Rates  



Á Rate has units of moles per liter per unit time 

 - M s-1, M h-1 

Á Consider the hypothetical reaction 

                   aA + bB ­ cC + dD  

  We can write  

Dt
D[A]Rat e of  

r eact ion
= 1

a Dt
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A          B 

rate = - 
D[A]  

Dt 

rate =  
D[B] 

Dt 

time 



Note the use of the negative sign  

 - rate is defined as a positive quantity  

 - rate of disappearance of a reactant is negative  

   

Dt

D[N2O5]Rat e of  
r eact ion= 1

2 Dt

D[NO2]1
4 Dt

D[O2]
= =-

2N2O5(g) ­ 4NO2(g) + O2(g) 
For Example  



  

1.  Average reaction rate :  a measure of the  change in 

concentration with time  

2. Instantaneous rate:  rate of change of concentration at any 

particular instant during the reaction  

3. Initial rate :  instantaneous rate at t = 0 

 - that is, when the reactants are first  mixed 

Rate may be expressed in 
three main ways  



Average reaction rate  

 In this reaction, the 
concentration of butyl 
chloride, C4H9Cl, was 
measured at various 
times, t . 

C4H9Cl(aq) + H2O( l) ½½­ C4H9OH( aq) + HCl (aq)  

Consider the following reaction  



 The average rate of the 
reaction over each 
interval is the change in 
concentration divided by 
the change in time: 

C4H9Cl(aq) + H2O( l) ½½­ C4H9OH( aq) + HCl (aq)  

Average Rate, M/s  



·Note that the average rate 
decreases as the reaction 
proceeds. 

·This is because as the 
reaction goes forward, 
there are fewer collisions 
between reactant 
molecules. 

C4H9Cl(aq) + H2O( l) ½½­ C4H9OH( aq) + HCl (aq)  



Instantaneous rate  

·A plot of concentration 
vs. time for this reaction 
yields a curve like this. 

·The slope of a line 
tangent to the curve at 
any point is the 
instantaneous rate at 
that time.  

C4H9Cl(aq) + H2O( l) ½½­ C4H9OH( aq) + HCl (aq)  

Consider the following reaction  



·The reaction slows down 
with time because the 
concentration of the 
reactants decreases. 

C4H9Cl(aq) + H2O( l) ½½­ C4H9OH( aq) + HCl (aq)  



·In this reaction, the ratio 
of C4H9Cl to C4H9OH is 
1:1. 

·Thus, the rate of 
disappearance of C4H9Cl 
is the same as the rate of 
appearance of C4H9OH. 

Rate = 
-D[C4H9Cl] 
Dt 

= 
D[C4H9OH]  

Dt 

C4H9Cl(aq) + H2O( l) ½½­ C4H9OH( aq) + HCl (aq)  



Write the rate expression for the following reaction: 
 
CH4 (g) + 2O2 (g)             CO2 (g) + 2H2O (g) 

rate = - 
D[CH4] 

D t 
= - 

D[O2] 

D t 
1 

2 
= 

D[H 2O] 

D t 
1 

2 
= 
D[CO2] 

D t 

Example Problem  

You should 

careful about 

positive or 

negative sign !  



I. Rate is not Constant 
Throughout Reaction 

 

II. Reaction Rate is 
Higher with Higher 
Concentration 

(-) slope means concentration 
is decreasing. 

Curved Rather 
than Straight Line 

Tell Us That.....  



     

1. Rate = -DA/ Dt =; + DB/ Dt  

Ɇ  Determined from stoichiometry  

Ɇ Uses both reactants & products 

2. Rate Law;  rate =k[A] x 

Ɇ Determined by experimental 
data- Stoichiometry of equation 
is irrelevant 

Ɇ Only reactants in rate law 

 

 

Two Mathematical 
Expressions to 

Describe Reaction 
Rate 

A          B 

Consider the reaction  



The Rate Law 

The rate law  expresses the relationship of the rate of a reaction 
to the rate constant and the concentrations of the reactants 
raised to some powers.  

aA + bB              cC + dD 

Rate = k [A] x[B] y 

Where  , k is the Rate Law Constant  

Consider the following reaction  

x and y are determined 
experimentally, and do not 
depend on stoichiometric  
coefficients from balanced 
equation 



reaction is xth order  in A 

reaction is yth order  in B 

reaction is (x +y)th order overall  

Reaction Order  

Reaction order tells how quickly rate will 
increase when concentration increases  

The Rate Law 

The rate law  expresses the relationship of the rate of a reaction 
to the rate constant and the concentrations of the reactants 
raised to some powers.  

aA + bB              cC + dD 

Rate = k [A] x[B] y 

Consider the following reaction  



ɆFor a general reaction with rate law 

 

 

 we say the reaction is mth order in reactant 1 and nth order in 
reactant 2. 

ɆThe overall order of reaction is m + n + ȣ. 

ɆA reaction can be zeroth order if  m, n, ȣ are zero. 

ɆNote the values of the exponents (orders) have to be 
determined experimentally.  They are not simply related to 
stoichiometry. 

nm 2][reactant 1] k[reactantRate=

Exponents in the Rate Law  



F2 (g) + 2ClO2 (g)          2FClO2 (g) 

rate = k [F2][ClO2] 
1 

For the above 
reaction , rate is 

given as  

Consider the following reaction  



F2 (g) + 2ClO2 (g)          2FClO2 (g) 

rate = k [F2]
x[ClO2]

y 

Double [F2] with [ClO2] constant 

Rate doubles x = 1 

Quadruple [ClO2] with [F2] constant 

Rate quadruples 

y = 1 

rate = k [F2][ClO2] 

Experimental Calculation  



Determine the rate law and calculate the rate constant 
for the following reaction from the following data:  
S2O8

2- (aq) + 3I- (aq)          2SO4
2- (aq) + I3

- (aq) 

Experiment [S2O8
2-] [I-] 

Initial Rate 

(M/s) 

1 0.08 0.034 2.2 x 10-4 

2 0.08 0.017 1.1 x 10-4 

3 0.16 0.017 2.2 x 10-4 

Example Problem  



rate = k [S2O8
2-]x[I -]y 

y = 1 

x = 1 

rate = k [S2O8
2-][I -] 

Double [I -], rate doubles (experiment 1 & 2) 

Double [S2O8
2-], rate doubles (experiment 2 & 3) 

k =  
rate 

[S2O8
2-][I -] 

= 
2.2 x 10-4 M/s 

(0.08 M)(0.034 M) 
= 0.08/MɆs 

Think 
about this 
problem as 

before  

Solution  



üMolecularity  of a reaction  
 
üOrder of a reaction  

 
üHalf life  

Two Important 
terms in 
kinetics 



Molecularity  

·Molecularity  is the number of molecules coming together to 
react in an elementary step. 

·Elementary reactions are simple reactions (described by 
molecularity ) 

 (a) A        Products              UNI-molecular reaction 

           e.g.   H2

C

H2C CH2

CH3
C
H

CH2

  (b)  A + A        Products  or    A + B           Products       BI-molecular 

     e.g.  CH3I + CH3CH2O
-        CH3OCH2CH3  +  I- 

  (c)  2A + B          P  or  A + B + C           P                   Ter-molecular 

  



Order of a reaction  

ÁThe order of reaction is determined with respect to each 
   reactant in the reaction.  
ÁThe order of a reaction is the power to which the  
    concentration of a reactant is raised.  
ÁThis is the order with respect to one reactant only. 
 
 For the reaction  
   
 
where there are more than one reactants, the order of the 
reaction is determined with A and then with B.  

aA + bB              cC + dD 



ÁAs mentioned earlier in equation the rate law which is  
   expressed as rate (r) = k [A] m [B] n 

 
ÁThe exponent 'm ' denotes the order of the reaction with  
   respect to  reactant A and the exponent 'n ' denotes the order  
   of the reaction  with respect to B.  

 
ÁThe overall order of the reaction is then (m + n).  

 
ÁIt should be noted that 'm' and 'n' do not necessarily represent 
   thestoichiometric  coefficients 'a' and 'b' of the reaction.  

 
ÁOrder of a reaction is experimentally determined.  



Differences between Molecularity  and 
Order of a Reaction  



Half -Life  

·Half -life is defined as 
the time required for 
one-half of a reactant 
to react . 

 

·Because [A] at t 1/2 is 
one-half of the original 
[A],  [A] t  = 0.5 [A]0. 



Types of order of a reaction  

Å0th  Order  
Å1st Order  
Å2nd  Order  
ÅPseudo First Order Reaction  
 



Å(Order = 0) have a constant rate.      
  
Å This rate is independent of the conc of the reactants . 
  
ÅThe rate law is: k ,  with k  having the units of M/sec. 

Zero-Order Reactions  

0[A]kt [A] +-=

Integrated 
Rate Law 



Zero Order  

Rate Law k 
Rate 

Constant  
Slope = - k  Integrated 

Rate Law 
[A] = -kt + [A]0 

Graph  [A] versus t ½ Life  t ½=[A]0/2k  

Concentration versus time profile  
for a zero order reaction  

Rate of reaction versus time for a  
zero order reaction   



Ammonia (NH 3) gas decomposes over platinum catalyst to 
nitrogen gas (N2) and hydrogen gas (H2).  
 
The chemical reaction is as follows:  
 
   
The reaction follows zero order kinetics. Therefore the rate 
law is rate r = k[NH3]

o 

 
For a zero order reaction the concentration versus time 
profile is linear and the rate of reaction versus time has 
the profile.  

Example Problem  



k

][
][

Ak
dt

Ad
R =
-
=

Rearranging gives: 

kdt
A

Ad
=

-

][

][

At time          t = 0, [A] = [A]0 

And when      t = t, [A] = [A]t 

First -order reactions  

Consider the following reaction  

Then the rate of disappearance of A is: 

A               B 



Integrating:  

ññ =-
tA

A
dtk

A

Adt

0

][

][ 0 ][
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ktA
tA

A
=-Ý ]][ln[

][

][ 0

ñ =lnxdx
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  that  Recall

ktAA t =-- )]ln[](ln[ 0

ln[A] t = ln[A] 0 - kt 

Integrated form of the  

1st order rate expression 



ln[A] t 

t / s 

-slope = -k 

Intercept = ln[A] 0 

kt
A

A t -=ö
ö
÷

õ
æ
æ
ç

å

0][

][
ln

-slope = -k 

t / s 

ln([A] t/[A] 0) 

Recall ln[A]t = ln[A]o - kt 

[A] t = [A]0 e
-kt 

Antilog gives:   [A] t 

t / s 

Intercept = [A] 0 



· The first order integrated rate law can be used to determine 
the concentration of [A] at any time. 

· It can be determined graphically 

·Where  
· y = ln [A]  

· x = time  
Åm = -k  
Åb = ln [A]  0 

 

Integrated Rate Law: First Order  



First -Order Processes Example  

 Consider the process in which 
methyl isonitrile  is converted 
to acetonitrile . 

CH3NC CH3CN 



 This data was collected 
for this reaction at 
198.9ÁC. 

CH3NC CH3CN 

First -Order Processes Example  



·When ln P is plotted as a function of time, a 
straight line results. 

·Therefore,  

·The process is first -order.  

·k is the negative slope:  5.1 ³ 10-5 sЖ1. 

First -Order Processes Example  



Half-Life for first order reaction 

For a first-order process, this becomes 

0.5 [A]0 

[A] 0 
ln = īkt1/2 

ln 0.5 = īkt1/2 

ī0.693 = īkt1/2 

= t1/2 
0.693 

k 

NOTE:  For a first -order process, the half-life does not depend 

              on [A]0. 



Second-order reactions   
  
  

Two possible cases:  

Case I :  A + A             Products 

              OR  2A           Products 

Case II :  A + B           Products 

        

2][
][

2

1
Ak

dt

Ad
r =-=

Rearranging  gives:  
kdt

A

Ad
2

][

][
2
=-

At time t = 0, [A] = [A]0 

And when t = t, [A] = [A]t 



Integrating:  
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Integrated form of the 

2nd order rate expression y        =       c            +    mx 



(1/[A] t) / dm3 mol-1 

t / s 

slope = 2k 

Intercept = 1/[A]0 

kt
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2
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y        =       c            +    mx 



Half -Life for second order reaction  

For a second-order process,  

1 

0.5 [A]0 
= kt1/2 +  

1 

[A] 0 

2 

[A] 0 
= kt1/2 +  

1 

[A] 0 

2 ī 1 

[A] 0 
= kt1/2 

1 

[A] 0 
= 

= t1/2 
1 

k[A] 0 



15 Chemical Kinetics 

Variation of Reaction rates and Order 

First order, rate  = k [A]  

k  = rate, 0th 

order 

[A]  

rate 

2nd order, rate = k [A]2 

The variation of reaction rates as functions of concentration for 

various order is interesting. 

Mathematical analysis is an important scientific tool, worth noticing. 

[A] = ___? 


