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Understandings:

 Species react as a result of collisions of sufficient energy 

and proper orientation.

 The rate of reaction is expressed as the change in 

concentration of a particular reactant/product per unit time.

 Concentration changes in a reaction can be followed 

indirectly by monitoring changes in mass, volume and 

color.

 Activation energy (Ea ) is the minimum energy that 

colliding molecules need in order to have successful 

collisions leading to a reaction.

 By decreasing Ea , a catalyst increases the rate of a 

chemical reaction, without itself being permanently 

chemically changed.



Application & Skills:

 Description of the kinetic theory in terms of the movement of particles 

whose average kinetic energy is proportional to temperature in Kelvin.

 Analysis of graphical and numerical data from rate experiments.

 Explanation of the effects of temperature, pressure/concentration and 

particle size on rate of reaction.

 Construction of Maxwell–Boltzmann energy distribution curves to 

account for the probability of successful collisions and factors affecting 

these, including the effect of a catalyst.

 Investigation of rates of reaction experimentally and evaluation of the 

results.

 Sketching and explanation of energy profiles with and without 

catalysts.



Studying Chemical Reactions

Chemists are generally concerned with these 

four questions:

 What happens during a reaction? 

 What is the extent of the reaction? 

 How fast does the reaction happen? 

 How is energy involved in the reaction and if 

given enough time could the reaction occur? 



Chemical Kinetics

 The study of rates of 
chemical reactions and 
the mechanisms (or 
steps) by which a 
chemical reaction takes 
place.

 Reaction rates vary 
greatly – some are very 
fast (burning) and some 
are very slow 
(disintegration of a plastic 
bottle in sunlight).



Rate of Reaction

• The rate of a reaction is the speed at which 

reactants are used up or products are formed. 

• Most often considered in terms of ∆ 

concentration

• 𝑅𝑥𝑛 𝑅𝑎𝑡𝑒 =
∆(𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠 𝑜𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠)

∆𝑇𝑖𝑚𝑒

• Units are mol dm-3 s-1 OR mol dm-3 min-1

• If a reaction occurs too slowly, it may not be 

useful for a chemist/industry



Rate of Reaction Graph

Amount of 
product 
formed

Time

Reaction begins 

rapidly

Slows down as time passes as 
reactants are used up

Stops after a certain time – graph levels out as one 

(or both) reactants have been used up. 



Kinetic Molecular Theory

 Model of what happens to gas particles 

during experimentation

 Large numbers of molecules in continuous 

motion in random directions

 Attractive and repulsive forces are negligible 

 Energy is transferred between molecules 

during collisions, but average kinetic energy is 

unchanged, elastic (as long as temp is 

constant)

 Kinetic energy of molecules is proportional to 

the absolute temperature. (in K)



COLLISION THEORY

“For a reaction between two 

particles to occur, the particles must 

collide and the collision must be 

effective”



The Collision Theory

 This theory states when a chemical reaction 

takes place, the reactant particles must…

1. collide with enough kinetic energy, called 

activation energy. 

2. Particles must collide with the proper 

orientation for atoms to come in direct 

contact and form the chemical bonds of the 

products. (steric factor)

Collisions can occur and yet result in 

no reaction if there is insufficient 

energy or incorrect orientation.



Activation Energy

 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.



Activation Energy

 There is a minimum amount of energy 

required for reaction to occur:  the activation 

energy, Ea.

 This energy is required to break chemical 

bonds in the reactants. 

 The energy of each particle is not important, 

it is the energy of the collision.

 If particles do not collide with enough energy 

then the reaction will not happen.



CO(g) + NO2(g)  CO2(g) + NO(g)

A Reaction Profile



2. Particles must collide with the proper orientation for 

atoms to come in direct contact and form the chemical 

bonds of the products. (steric factor)



 If both of these conditions are not met, particles will 

merely collide and bounce off one another without 

forming products.



Collision Theory
Although, the percentage of successful 

collisions is extremely small, chemical 

reactions still take place at a reasonable 

rate because there are so many 

collisions per second between reactant 

particles.

http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/collis11.swf

http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/collis11.swf


Measuring rate of reactions

 Any property that changes between the start 

and end of the reaction can in principle be 

used.

 The larger the changes the better the 

accuracy of its measurement.

 Any other ideas of what we could measure?



Experiments to Measure 

Reaction Rates

Changes in concentration can be measured using:

 Changes in pH (acid-base rxns)

 Changes in conductivity (if electrolytes)

 Changes in mass/volume of solids or gases

 Changes in color of reactions involving transition 

metals or colored compounds)

 Graph change in concentration over time and 

determine slope of tangent to determine reaction 

rate



Experiments to Measure Rxn Rates

 Measure rate of gas produced

 Measure how fast color changes

 Measure how fast reactants are used up

Create graph of Volume gas (cm3) against time. 



Measuring Mass Decrease



Other techniques

 Electrical conductivity

 Presence of ions allows a solution to conduct.  
The reaction rate  may be found from the 
changes in conductivity. – conductivity probe

 Titration

 Allows measuring the change in volume as the 
reaction progresses – titration apparatus

 pH (not great method) because dealing with 
small changes in concentration over the pH 
scale. Useful if there will be a change in [H+] 
or [OH-] – pH probe



Light Absorption and/or Change in 

Color
 If a reaction produces a 

precipitate (an insoluble 

compound) we can time how 

long it takes the formation of 

product to cloud the view of a 

mark made on a piece of paper 

placed under the reaction 

vessel.

 A spectrophotometer

(measures wavelength of the 

color forming in solution)or a 

colorimeter (filters out a 

specific color) could also be 

used



Reaction Rate Expressed 3 Ways:

 Average Rate

 Measure in change in concentration of 

reactant or product in a given time interval

 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑒 =
∆𝑐

∆𝑡

 For a gas it can be the change in volume of 

the gas produced or consumed over time

 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑒 =
∆𝑉

∆𝑡



Average Rate

 Reaction is completed at 

180 seconds

 Average rxn rate = 3.6 

g/180s = 0.020 g/sec 



Reaction Rate Expressed 3 Ways:

 Initial Rate

 lim
∆𝑡→0

=
∆𝑐

∆𝑡
=

𝑑𝑐

𝑑𝑡
when t=t0

 Instantaneous rate = initial rate

 Draw a tangent line at t=0 and calculate slope

Initial Rate =

40 cm3 / 10 s

= 4 cm3 s-1



Reaction Rate Expressed 3 Ways:

 Instantaneous Rates

 Rate at specific time during reaction

 lim
∆𝑡→0

=
∆𝑐

∆𝑡
=

𝑑𝑐

𝑑𝑡
when t=t0

 Draw a tangent line at t and calculate slope

Ex: find the 

instantaneous rate 

after 20 seconds (10,34)

(30,51)

𝑚 =
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
=
∆𝑦

∆𝑥

𝑚 =
51 − 34

30 − 10
=
17

20 =0.85 cm3 s-1



Reading Reaction Rate Graphs

• Which reaction is 

happening at a 

faster rate? 

• How do you 

know? 



Reading Reaction Rate Graphs

• Find the average 

reaction rate

• Find the initial 

reaction rate

• Find the 

instantaneous 

reaction rate at 

t=30s



Rate Equation

 Shows rate expressed in terms of concentration.

 For equation A + B  C + D

 𝑟𝑎𝑡𝑒 = −
∆ 𝐴

∆𝑡
= −

∆ 𝐵

∆𝑡
= +

∆ 𝐶

∆𝑡
= +

∆ 𝐷

∆𝑡

 Reactants are decreasing (-) while products are 

increasing (+) as reaction progresses

 For equation xA + yB  qC + pD

 𝑟𝑎𝑡𝑒 = −
1

𝑥
∙
∆ 𝐴

∆𝑡
= −

1

𝑦
∙
∆ 𝐵

∆𝑡
= +

1

𝑞
∙
∆ 𝐶

∆𝑡
= +

1

𝑝
∙
∆ 𝐷

∆𝑡



Factors that effect the rate of collision, 

effect the rate of reaction

 Concentration of reactants 

 Pressure (rxns involving gases)

 Temperature

 Amount of surface area of reactants

 Catalysts



Concentration

 A higher concentration of reactants leads to 

more effective collisions per unit time, which 

leads to an increasing reaction rate

 We are not increasing the amount being 

made for a given balanced equation with 

limiting reactants, we are only speeding up 

how quickly those products are made. 



Pressure 

 Effects the rate of reaction, when 

you look at gases.

 When you increase the pressure, 

the molecules have less space in 

which they can move. That greater 

concentration of molecules 

increases the number of collisions. 

 When you decrease the pressure, 

molecules don't hit each other as 

often. The lower pressure 

decreases the rate of reaction 

www.chem4kids.com

http://www.chem4kids.com/files/react_rates.html


Temperature

 Temperature is a measure of the kinetic 

energy of a system, so higher temperature 

implies higher average kinetic energy of 

molecules and more collisions per unit time. 



Surface Area

 Reducing the size of 

particles increases the 

rate of a reaction 

because it increases 

the surface area 

available for collisions 

to take place. This 

increases the number 

of collisions. 



Catalysts

 A catalyst is a substance that speeds up a 

reaction without being used up itself.

 Some reactions have catalysts that can 

speed them up, but for many reactions there 

is no catalyst that works.

 How do they work?



Catalysts

 Catalysts increase the rate of a reaction by 

decreasing the activation energy of the reaction.

 Catalysts change the mechanism by which the 

process occurs. (provides alternate pathway)



Catalysts

Two Types:

 Homogeneous Catalysts: in same physical 

state as reactants

 Ex: Chlorine ions from Freon destroy O3

molecules in the atmosphere to form oxygen 

molecules

 Heterogeneous Catalysts: in different state 

than reactants

 Ex: Catalytic converters used in the exhaust 

systems of cars convert CO, NOx and unburned 

hydrocarbons CxHy into CO2, H2O and N2



Catalysts

One way a 

catalyst can 

speed up a 

reaction is by 

holding the 

reactants 

together and 

helping bonds to 

break.



Enzymes 

 Enzymes are 

catalysts in 

biological systems.

 The substrate fits 

into the active site of 

the enzyme much 

like a key fits into a 

lock.





A catalyst lowers the activation energy 

by…

 providing an alternative 

mechanism (step in the 

reaction)

 Reactants require less 

energy to react.

 Sometimes catalysts 

seem to be used up, but 

they will regenerate at the 

end of the reaction 



Maxwell-Boltzmann Distribution

 In a sample gas or liquid, the molecules are 

in constant motion and collision. 

 When they do this, no energy is lost from the 

system - they’re elastic collisions. 

 Each molecule varies in its own energy, some 

have more, some less. 

 Temperature affects kinetic energy



 A Maxwell-Boltzmann distribution curve shows  

how the energy is spread out over different 

molecules

Maxwell-Boltzmann Distribution

Particles with enough 

energy (more than Ea) 

for the reaction to occur

Particles without enough 

energy for the reaction 

to occur = NO RXN



Remember…

 The area under the curve = The total 

molecules in the sample, and it doesn’t 

change 

 All molecules have energy 

 Few molecules have high energies, but there 

is no maximum energy for a molecule.



 If you increase the temperature of the 

sample, the distribution becomes stretched 

out and has a lower peak, but the area 

under the curve remains the same.



Maxwell-Boltzman Curves

 To speed up the reaction, you need to increase the 

number of the very energetic particles - those with 

energies equal to or greater than the activation 

energy. Increasing the temperature has exactly that 

effect - it changes the shape of the graph.

/ Energy



Effect of catalyst



Remember that catalysts provide an alternative

route lowering activation energy needed, they don’t 

magically lower the energy needed.



HOMEWORK

Questions pp. 177-178


