Factors that Affect the Rate of Reaction, the Collision Theory (6.2 and 6.4)
[bookmark: _GoBack]Introduction: The speed of a reaction is called the rate of the reaction.  The rate of a reaction can be explained with the collision theory (page 383).  Reactions will only take place if there is an effective collision between reactant particles.  An effective collision happens when particles collide with a certain amount of kinetic energy and with the correct orientation (angle). The actual rate of a given reaction depends on the frequency of collisions and the fraction of those collisions that are effective.

Anything that increases the number of effective collisions between reactant particles will speed up the rate of a reaction. (Anything that decreases the number of effective collisions between reactant particles will slow down the rate of the reaction.)

The factors that affect the rate of the reaction are: 
· Nature of the reactants
· Temperature
· Concentration of dissolved reactants / Pressure of gas reactants
· Surface area
· Catalyst (inhibitor)
The Nature of the Reactant
No two reactants are identical.  They contain different numbers of bonds that must be broken in order for the substance to react.  For example, during combustion of methane (CH4), four bonds must be broken, whereas in ethane (C2H6), seven bonds must be broken during combustion.
Not only are the numbers of bonds different for different substances, but so too are the bond types.  When molecular substances undergo chemical changes, covalent bonds are broken, whereas metallic bonds are broken in the reactions of metals.
In addition to the number and types of bonds that must be broken in reactions, one must also consider bond strengths.  Bonds between different combinations of atoms have different strengths or bond energies.  A double bond between two carbon atoms (620 KJ/mole) is stronger than a single bond between two carbon atoms (347KJ/mole), and a double bond between two oxygen atoms (498.7 KJ/mole) is weaker than one between two carbon atoms.
Without knowing all of the various parameters surrounding the reaction of specific reactants, it is difficult to predict their impact on a reaction rate, however it is possible in view of all of this, to simply say that a reaction that involves no bond breakage will be fast at room conditions.  Remember, in this regard that solutions of acid, bases, and salts contain ions that will react readily since no bond breakage must occur.
The Effect of Temperature on Reaction Rates
One explanation of the effect of temperature on reaction rates is given by the Collision Theory.  
One of the things that this theory states is that in order for a reaction to occur the reactant particles must first collide with one another.  Particle collisions are thought to be bimolecular (i.e. to involve only two particles at a time). And any factor that will alter the number of collisions will also change the rate of a reaction.
By combining the Collision Theory with the Kinetic-Molecular Theory the effect of temperature on reaction rates can be explained.  If the temperature of the reactants is increased, the reactant particles will gain kinetic energy, move fast, collide more frequently, and therefore react more quickly.  The opposite effect is seen if the temperature is lowered.
Just because molecules collide does not mean that a reaction will occur.  It is estimated that 1028 collisions occur in a 1 mL volume of gas in 1 second at certain conditions.  This would lead us to expect that reactions of gases would be instantaneous, but they are not.  
Collision Theory Summary
Molecules must collide in the right combination for an effective collision to occur.
Molecules must collide with the right orientation (angles or geometry) for an effective collision to occur.
Molecules must collide with the necessary energy to break the bonds.  This minimal energy requirement is called activation energy.  
When a collision meets all of the condition above the reactant particles will temporarily fuse and form a particle called the activated complex.  This particle is formed by the temporarily fused reactant particles while they are undergoing bond breakage and then forming the new bonds of the product particles. 
REACTANTS		ACTIVATED 		PRODUCTS
			COMPLEX
A─A    +  B─B    →    	A─  ─ ─ A	→	A	A
		     				       +
B─  ─ ─ B		B	B
The stage of the reaction during the formation of the activated complex is called the transition state.  The energy of the activated complex is greater than that of either the reactants or the products as shown on a Potential Energy Diagram. (Recall, how the PE diagrams for endothermic and exothermic reactions differ)














The Effect of Concentration on Reaction Rates
	The Rate Law or Law of Mass Action
The rate of a chemical reaction is proportional to the product of the concentrations of the reactants OR The rate, r, will always be proportional to the product of the initial concentrations of the reactants, where these concentrations are raised to some exponential values.  
For any general reaction:   a A + b B  (products)
	This can be expressed as r α  [A]m[B]n
the Rate Law Equation is: r = k [A]m[B]n 
where A and B represent the molar concentrations of A and B. m and n are the powers to which the concentrations must be raised. “k” is a constant of proportionality known as the rate constant. Data show that the rate constant is not affected by concentration changes but does vary with temperature changes. The values of 'm' and 'n' are not the stoichiometric numbers obtained from the balanced equation; unless; the equation is deemed to be a one-step reaction, but more on this later. The only valid way to obtain the values of m and n is to use experimental data (empirically).
The exponents, m and n may be zero, fractions or integers.






Concentration is a measure of the number of particles per unit of volume.  The greater the concentration, the greater the reaction rate should be since if there are more particles per unit of volume, the particles are closer together and should collide more frequently.

Consider the probability of an effective collision in the reaction of A and B.
Case 1:  [A]  =  [B] 						Case 2:  [A]  is doubled

A   								CV
CV

		Rate = x						Rate = 2xCV
CV

B    								 
CV
CV

CV


Case 3:  [B] is doubled						Case 4:  [A] and [B]  are  doubled
CV

  							
CV
CV

    		Rate = 2x					Rate= 4xCV
CV


CV



The rate of a reaction is affected by reactant concentrations.  The Rate Law states that the rate of a reaction is proportional to the concentrations of the reactants.  The rate law expression for the reaction above is:

Rate α [A][B]
Rate = k [A] [B], where k is the rate constant 
Rate = k [A]1 [B]1 as figured out from the info above.




[image: ]
The rate of a reaction may not be affected by the concentrations of all reactants in a reaction and experimental data must be examined in order to determine the rate law expression. The overall reaction order is the sum of the exponents in the rate law expression.

Example 1:  For the reaction:  A   +  B  →  products, the data is 

	Trial
	[A] (mol/L)
	[B] (mol/L)
	Rate

	1
	0.1
	0.1
	X

	2
	0.2
	0.1
	2x

	3
	0.1
	0.2
	X

	4
	0.2
	0.2
	2x



Since changes in [B] do not affect the reaction rate, but doubling [A] doubles the rate, then the rate law expression is Rate = k [A], and the reaction order is 		 . Since the coefficients do not match the exponents, this is not a one-step mechanism.

Example 2:  For the reaction:  2A   +  3B  →  products, the data is 

	Trial
	[A] (mol/L)
	[B] (mol/L)
	Rate

	1
	0.1
	0.1
	X

	2
	0.2
	0.1
	4x

	3
	0.1
	0.2
	X

	4
	0.2
	0.2
	4x



Since changes in [B] do not affect the reaction rate, but doubling [A] has a quadrupling effect on the rate, then the rate law expression is Rate = k [A]2, reaction order is 		.  Since the coefficients do not match the exponents, this is not a one-step mechanism.

Example 3:  For the reaction:  A   +  2B  →  products, the data is 

	Trial
	[A] (mol/L)
	[B] (mol/L)
	Rate

	1
	0.1
	0.1
	X

	2
	0.2
	0.1
	2x

	3
	0.1
	0.2
	2X

	4
	0.2
	0.2
	4x



Since doubling both [A] OR [B]causes the rate to be doubled, and doubling both [A] AND [B] has a quadrupling effect on the rate, then the rate law expression is Rate = k [A][B], the overall reaction order is 	, an d the reaction is said to be first order in A and first order in B. Since the coefficients do not match the exponents, this is not a one-step mechanism.
(this is like the diagrams on the previous page)








Experimental Rate Data:  PRACTICE

Determine the rate law equation for each of the following systems at the specified temperature. 
1. 

For the reaction  at 

	Trial
	

Initial  
	

Initial Rate of Formation 

	1
	0.45
	


	2
	0.90
	


	3
	1.35
	




2. 

For the reaction  at 

	Trial
	

Initial  
	

Initial  
	

Initial Rate of Formation 

	1
	0.10
	0.10
	


	2
	0.20
	0.10
	


	3
	0.10
	0.20
	




3. 

For the reaction  at 

	Trial
	

Initial  
	

Initial  
	

Initial Rate of Formation 

	1
	0.10
	0.10
	


	2
	0.10
	0.20
	


	3
	0.20
	0.10
	




4. 

For the reaction  at 

	Trial
	

Initial  
	

Initial  
	
Initial Rate 

	1
	0.001
	0.004
	0.002

	2
	0.002
	0.004
	0.008

	3
	0.003
	0.004
	0.018

	4
	0.004
	0.001
	0.008

	5
	0.004
	0.002
	0.016

	6
	0.004
	0.003
	0.024



Putting it all together
	1.   H2(g) + I2(g)  2 HI(g) 

	r = k[H2][I2]  

	This is a second order reaction. The sum of the components is 2.  

	In this case the values of 'm' and 'n' just happen to be the same as the stoichiometric numbers in the balanced equation. Therefore it must be a one-step reaction. i.e., there is only the one reaction step needed to convert reactants into products.  

	This is not always the case and a simple reaction may proceed through a number of intermediate steps. 







2.  2NO + H2  2HNO2
	Remember, the balanced chemical equation will not give you the exponential values unless the equation is a one-step reaction). 
Rates of reaction between NO and H2 at 800oC 
 

	Experiment      NO            H2         Initial Rate of Reaction 
Number        moles/L     moles/L        moles/L sec 
   1                 0.001      0.004               0.002 
   2                 0.002      0.004               0.008 
   3                 0.003      0.004               0.018 
   4                 0.004      0.001               0.008 
   5                 0.004      0.002               0.016 
   6                 0.004      0.003               0.024 
----------------------------------------------------------------- 
 From the equation we can write a partial rate law as    rate = k[NO]m[H2]n
What is the rate law?



The Effect of a Catalyst on Reaction Rates

A catalyst is a substance that speeds up (or slows down) the rate of a chemical reaction without itself being used up.  A catalyst that slows down a reaction is called an inhibitor.

A catalyst works by lowering the activation energy required for a reaction to occur.  This can be observed from the diagrams below.

		A Potential Energy Diagram to Show the Effect of a Catalyst on the Rate of the Reaction. 
											Reaction Progress




Potential Energy (KJ)











		
A Kinetic Energy Diagram Showing The Effect of a Catalyst on the Rate of the Reaction






Number of Molecules




Kinetic Energy (KJ)

The Effect of Surface Area on Reaction Rates 
Surface area is the exposed matter of a solid substance. 
Imagine that you are holding a perfect cube of sugar. The surface area is the sum of the area of all six sides of the cube. The surface area of the cube can be increased by dividing the cube into smaller cubes or even individual sugar crystals. Surface area is maximized when a single large cube is crushed to fine powder.
The rate of reaction of a solid substance is related to its surface area. In a reaction between a solid and an aqueous/liquid/gas species, increasing the surface area of the solid-phase reactant increases the number of collisions per second and therefore increases the reaction rate.
In a reaction between a sugar cube and water, or a Mg cube and HCl(aq), magnesium atoms must collide with the hydrogen ions. When the magnesium atoms form one big lump...
[image: https://www.cdli.ca/sampleResources/chem3202/unit01_org01_ilo03/u1s1l3_fig02.jpg]
however, ...
[image: https://www.cdli.ca/sampleResources/chem3202/unit01_org01_ilo03/u1s1l3_fig03.jpg]
The number of collisions per second between magnesium and hydrogen is higher, and the rate of reaction is faster. By increasing surface area, there are more collisions per unit of time. That's why many solids are powdered using a mortar and pestle before being used in a reaction.
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Hydrogen ions can hit the outer layer of atoms...

~.but not these
in the centre of
the lump.
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With the same number of atoms now split into lots of smaller
bits, there are hardly any m:gntslum atoms inaccessible to
the hydmgtn ions.
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