
KINETICS OF CHEMICAL REACTIONS

How do reactions occur?

-According to one theory-a COLLISION is 

needed in order to have chemical reaction
• In order to have a chemical reaction, there

MUST BE a COLLISION between the 

Molecules of REACTANTS…

• Must have an effective collision between reacting 

particles for reaction to occur.  “Collision Theory”

– Collision must be energetic in order the

chemical reaction to take place.

– Collision must occur at an effective angle.



Presentation of a collision between two molecules

that leads to a chemical reaction





Particle Diagram of Collision

Activated complex or transition state.
Reactants

Products

NO   +   O3 → NO2 +   O2

Activated Complex is NOT in equation!
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Effective vs. Ineffective Collision

http://cwx.prenhall.com/bookbind/pubbooks/mcmurrygob/medialib/media_portfolio/text_images/FG07_02.JPG


Most 

collisions are 

NOT 

effective!

http://images.google.com/imgres?imgurl=http://itl.chem.ufl.edu/4411/matter/FG14_013.GIF&imgrefurl=http://itl.chem.ufl.edu/4411/2041/lec_m.html&h=400&w=600&sz=49&tbnid=InNrrU4WEr8J:&tbnh=88&tbnw=132&start=16&prev=/images?q=reaction+coordinate&hl=


Activation Energy & Reaction

→what do we understand under the term 

“Activation Energy” in theory of collision?

-imagine that we have to come from place 

“A” to place “B”

http://itl.chem.ufl.edu/4411/matter/FG14_013.GIF


Energy Diagram of a Reaction

Reaction Pathway
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What is Activation Energy
• Energy needed to initiate the 

reaction.

• Energy needed to overcome 
the reaction barrier.

• The difference between the 
top of the hill & where you 
start.

• Difference between activated 
complex & reactants.

http://itl.chem.ufl.edu/4411/matter/FG14_013.GIF


Activation Energy in everyday life

• Using a match to start a fire.

•

• The spark plug in a car engine.



Why does the collision have to be 

energetic?

• The kinetic energy of the reactants is 

used to overcome the reaction barrier.

• The kinetic energy is transformed into 

potential energy.



Why Do Collisions  Have to be “Highly 

Energetic” in order to have a chemical 

reaction?
No chemical reaction

Because reactants have 

Low energy

Chemical reaction takes place

because reactants have 

high energy



-

Activation Complex

Activation Energy is an ENERGETIC BARRIER that
MUST BE OVERCOMED via collisions between the reactants 

molecules in order to obtain PRODUCTS created via chemical 
reactions of the reactants



Factors that affect the rate of 

chemical reactions

• Nature of the reactants (ions vs. 

molecules)

• Temperature

• Concentration

• Pressure (for gases)

• Surface Area

• The presence of a catalyst





Nature of the reactants:

Ions or Molecules?

• Ions in solution react quickly.

• Covalently bonded molecules react slowly.  

It takes time to break all those bonds!

• 2 gas phase reactants tend to react more 

quickly than 2 liquids or 2 solids. 



Temperature

• Rule of thumb:  

• Increasing the temperature 10oC 

doubles the reaction rate.



Temperature

• A measure of the average kinetic 

energy of the molecules in a system.

• The faster they are moving, the more 

often they will collide.

• The faster they are moving, the more 

energetic the collisions.



Maxwell-Boltzmann Distribution
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Increase in Temperature

• Increases the frequency of 

collisions between the reactants 

molecules

• Increases the percentage of 

collisions that lead to reaction.



Concentration

• Increase in concentration means 

more particles per unit volume – so 

more collisions in a given amount 

of time.



Pressure

• For systems involving gases.

• Analogous to increasing concentration.

•  Pressure,  number of particles per unit 

volume.



Surface Area

• Higher surface area – more 

particles exposed for reaction.

• Higher surface area means smaller 

particle size.

• (For heterogeneous reactions.)



Catalysts-are accelerators of the 

chemical reactions

• Substance that increases the rate of reaction 

without itself being consumed.

• Provides an alternate reaction pathway with a 

lower energy barrier.



http://www.columbia.edu/cu/biology/courses/c2005/purves6/figure06-14.jpg


Catalytic Converter in Engines
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Hydrogenation & Surface Catalysis
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Surface Science

http://images.google.com/imgres?imgurl=http://www.chem.soton.ac.uk/research/profiles/physical/hayden/images/hayden4.gif&imgrefurl=http://www.chem.soton.ac.uk/research/profiles/physical/hayden/hayden3.htm&h=387&w=300&sz=19&tbnid=QlH1n3wrA-MJ:&tbnh=119&tbnw


Enzymes are bio-catalysts!

Enzymes are PROTEINS that have so-called ACTIVE SITE in their

Structure. In this active site, ONLY a given molecule named

SUBSTRATE can be accommodated, and it can be transformed to

final PRODUCT.

ENZYMES are SPECIFIC systems---it means in given enzyme ONLY

Defined MOLECULE (substrate) can undergo chemical reaction

Example: Glucose-oxidase is specific enzyme for Glucose only!





Inhibition of the

Enzymes

is a way in which

given enzyme

gets inactivated



Which conditions affect the activity of the enzymes?

All parameters that can affect the

Active site of the enzyme will

Affect its activity…these are

→pH

→Heavy metals

→Temperature

…
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