
Big Idea #4 Kinetics
Rates of chemical reactions are determined by

the details of the molecular collisions.



Enduring Understanding Standards

4.A: Reaction rates that depend on temperature and other environmental factors are determined by 
measuring changes in concentrations of reactants or products over time.

4.B: Elementary reactions are mediated by collisions between molecules. Only collisions having sufficient 
energy and proper relative orientation of reactants lead to products.

4.C: Many reactions proceed via a series of elementary reactions.

4.D: Reaction rates may be increased by the presence of a catalyst.



Collision theory

• A reaction requires a collisions:
• Collisions must require a minimum amount of energy.  (Energy activation)

• Collisions require a specific geometry during the collision. 



Factors affecting the speed of a reactions

Relate to collision theory:  

Increased number of collisions
- Increase temperature

- Concentration
- Surface area

- Concentration

- pressure 

More energetic Collisions

-Increase temperature



Add a catalyst

• Creates a different pathway which has a lower activation energy. 

Note: 
-- Lower activation energies mean faster reactions!
-- Actually a different mechanism!  
-- Same start…  
-- Same end…
-- Same Enthalpy H

-- Not consumed in the reaction
-- Can not make impossible possible



Rate with in the reaction

• 1X + 2Y  3Z

• If Z is being produced at 1.5moles/hour 

• Then Y is being consumed at -1.0 moles/hour

• Then X is being consumed at -.5 moles/hour

• Simply stoichiometric ratio



Initial rate and the Rate law

• Objective:  Create a mathematical formula to predict initial rate

X + 2Y  3Z

Initial Rate = K[X]m[Y]n

Order of reaction (m & n)

• These orders must be determined from 
• Experimental data

• A confirmed reaction mechanism



Example

X + 2Y  3Z

Rate = K[X]1[Y]1

- If you double the concentration of X what happens to the rate? 

- What is the order overall? 

- What is the order with respect to the X? 

**only gives initial rate!!   



Concentration vs. Time



Should be able to interpret these graphs



Half life

• Most Half lives are 1st order.

• T1/2 = 0.693/K



Reaction Mechanisms

• Should be able to write out a 
rate law from elementary steps

• Slow step and any prior step will 
increase slow step. 

• Be able to identify catalyst and 
intermediates



Multiple choice 



Multiple choice 

• D.   Answer is based upon 
collision theory



• Determine the answer? 



• D:  Reaction mechanisms.  Slow 
step is increased by 2 NO and 1 O2.  
NO increases concentration of 
intermediate which increases slow 
step!



• Determine the Answer



A:  Cl is a catalyst.  And therefore 
should increase the rate of the 
reaction.





• Looking for a consistent change 
that would indicate a constant 
slope….  Which would indicate the 
correct order. 

• Zero is decreasing in half every 
time (exponential)

• 2nd is doubling every time. 
(exponential) 

• 1st order is showing consistent 
change every time.   8 units


