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Kinetics 

• Considerations of the rate at which a chemical 

process occurs. 

 

• Besides information about the speed at which 

reactions occur, kinetics also shed light on the 

reaction mechanism (exactly how the reaction 

occurs). 



Factors That Affect Reaction Rates 

• Physical State of the Reactants: 

• In order to react, molecules must come in contact 

with each other. 

• The more homogeneous the mixture of 

reactants, the faster the molecules can react. 

• Concentration of Reactants: 

• As the concentration of reactants increases, so 

does the likelihood that reactant molecules will 

collide. 

• Temperature: 

• At higher temperatures, reactant molecules have 

more kinetic energy, move faster, and collide 

more often and with greater energy. 

 

 



Rates of reaction can be determined by monitoring 

the change in concentration of either reactants or 

products as a function of time. 

 

Reaction Rates  

 In this reaction, the 

concentration of butyl 

chloride, C4H9Cl, was 

measured at various 

times. 
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Reaction Rates  

 The average rate of the 

reaction over each 

interval is the change in 

concentration divided by 

the change in time: 
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Reaction Rates  

• 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. 



Reaction Rates  

• 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. 



Reaction Rates  

• All reactions slow down 

over time. 

 

• Therefore, the best 

indicator of the rate of a 

reaction is the 

instantaneous rate near 

the beginning. 



Reaction Rates and Stoichiometry  

 
C4H9Cl(aq) + H2O(l) = 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. 



Reaction Rates and Stoichiometry 

• In general, for the reaction: 

 

 

 

 

 

 

• The Rate Law for this reaction is: 

 aA+ bB® cC + dD

 
Rate = -

1

a

d[A]

dt
= -

1

b

d[B]

dt
= 

1

c

d[C]

dt
= 

1

d

d[D]

dt

  Rate = k[A]a[B]b



Rate Laws 

• A rate law shows the relationship between the 

reaction rate and the concentrations of reactants. 

 

• The exponents tell the order of the reaction with 

respect to each reactant. 

 

• The overall reaction order can be found by adding the 

exponents on the reactants in the rate law. 

 

 

 

 



Temperature and Rate 

• Generally, as temperature increases, so does the 

reaction rate. 

 

• This is because k is temperature dependent. 



The Collision Model 

• In a chemical reaction, bonds are broken and new 

bonds are formed. 

 

• Molecules can only react if they collide with each 

other. 

 

• Furthermore, molecules must collide with the correct 

orientation and with enough energy to cause bond 

breakage and formation. 



Activation Energy 

• In other words, there is a minimum amount of energy 

required for reaction:  the activation energy, Ea. 

 

• Just as a ball cannot get over a hill if it does not roll 

up the hill with enough energy, a reaction cannot 

occur unless the molecules possess sufficient energy 

to get over the activation energy barrier. 



Reaction Coordinate Diagrams 

 It is helpful to visualize 
energy changes 
throughout a process 
on a reaction 
coordinate diagram 
like this one for the 
rearrangement of 
methyl isonitrile. 



Arrhenius Equation 

 Svante Arrhenius developed a mathematical relationship 

between k and Ea : 

     

     

    

    A is the Frequency Factor, a number that represents the 

likelihood that collisions will occur with the proper orientation 

for reaction. 

 

    Ea is the Activity Energy, an important characteristic of the 

reaction/process that indicates the temperature dependence 

and suggests the mechanism of control – e.g., mass-transfer 

versus chemical-reaction. 
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Arrhenius Equation 

 Taking the natural 

logarithm of both sides, 

the equation becomes: 

y   =   mx + b 

Therefore, if k is determined experimentally at several 

temperatures, Ea can be calculated from the slope of a 

plot of ln k vs. 1/T. 
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Catalysts 

• increase the rate of a reaction by decreasing the 

activation energy of the reaction. 

 

• change the mechanism by which the process occurs 

but are not changed themselves . 


