(ADD END NOTES INTO REGULAR NOTES)XXXX
Chemical Kinetics

A study of the rates and mechanisms in chemical reactions

(just remember molecules are moving all the time)

Remember the term kinetic molecular theory
Reaction rate- The rate at which products are formed  (How fast a reaction occurs)

Reaction Mechanism- the actual physical collision that rearranges the atoms.  (They need to make a successful collision in order to react)

Factors that affect the rate

1.Temperature is directly related to the rate (higher temp. = higher rate)

Why? 

Molecules move faster so they collide harder and more often!

2. Surface area The more surface area the faster the reaction proceeds.  (a crushed up powder reacts much quicker than a solid chunk)

Why?

The more the reactants are exposed to each other the more will collide!

How do you start a fire?

3. Catalyst (inhibitor) – The presence of some substances can speed up (or slow down) chemical reactions.

How?

By lowering the energy required to break existing bonds and form new ones.

Simplest way to imagine this is think of a catalyst like a razor…

4. Concentration for gases and liquids the more concentrated the reactants are in the solution the faster the reaction.

Why?  
A concentrated solution has more solute (which are reactants) and therefore do not have less solvent in between them.

5. Nature of reactants- varies greatly but here are some general guidelines

a) ionic solutions are usually the quickest reactors- oppositely charged particles that are free to move attract and combine quickly.

b) molecular reactions are normally slow because it takes a lot of energy to break covalent bonds.  (Organic reactions are often very slow because organic molecules are large with a large # of covalent bonds.

Reversible reaction – a reaction that can be reversed to reform its original reactants. (most reactions are reversible)
The products become the reactants and the reactants become the products in the reverse reaction.
Equilibrium- 

When the rate of a forward reaction = the rate of a reverse reaction  

When products and reactants are produced at the same rate

NOTE: The amount of the products and reactants, remains the same.
but, the amount of products is usually not equal to the reactants. (demo)
3H2(g) 
+ 
N2(g)


2NH3(g) 



The double arrow implies a reversible reaction

Imagine: production of ammonia gas in equilibrium (note very little of the container is ammonia, because ammonia is kind of unstable)

Le Chatlier’s principle- When a stress is introduced on a system the system responds to reduce that stress. 
Do the opposite!   

Chemical reactions can shift how quickly its forward and reverse rates occur to reduce their ‘stress’ we often call this: 

shifting left- which means the reactants are produced faster until a new equilibrium is established 

or

Shifting right – products are produced faster

Note: The shift is temporary until a new equilibrium is achieved

1. Changes in concentration:

When the concentration of one of the substances in the reaction is increased, the equilibrium will shift to decrease it.


  





Since hydrogen is more abundant there is a better chance it will collide with nitrogen and create ammonia 

3H2(g) 
+ 
N2(g)


2NH3(g)

The reaction shifts to the right, momentarily.  This uses the excess hydrogen, uses some nitrogen and creates more ammonia until a new equilibrium is established.  After enough hydrogen is used and ammonia is formed the rates become equal again.

If ammonia is added the reaction will shift to the left to:
Use ammonia

Create hydrogen

And Create nitrogen

2. Temperature- Temperature increases the rate of both the forward and reverse reactions (of course)… but, not equally!

Example:  What happens to [C],[B] in

A
+
B


C
+
D + Heat
When the stress is an increased Temperature?

*The equilibrium will shift to reduce the temperature.
*A reaction can do this by storing energy in chemical bonds. (i.e. it favors the endothermic reaction.)

*This is the reverse reaction

Answer: since the equilibrium shifts left

[B] increases

[C] decreases  
The rate at which the reactants are being produced _________.

INCREASES

The rate at which the products are being produced _________.

INCREASES

The rate at which the reactants are being formed is increased_______

MORE
3. Pressure- pressure only has a significant impact on reactions containing gases.

· an increased pressure will cause the reaction to produce fewer moles of gas

· A decreased pressure will cause the reaction to make more moles of gas

Ex. What will the following reaction do when the stress is a decreased pressure?

Li(aq)
+
F(aq)


LiF(aq)

Answer: Nothing (there are no gases)

Ex. What will the following reaction do when the stress is a decreased pressure?

2N2(g)
+
5O2(g) 


2N2O5(g)
Answer: Shift left. Create more N2 and O2 since this involves 7 moles of gas vs. only 2 moles of N2O5.

Ex. What happens to this physical equilibrium when pressure is decreased?

H2O(l)


H2O(g)

Answer : Shifts right producing more H2O(g)

Ex.  Which way does C(s) + O2(g) 

CO2(g) shift when the pressure is decreased.

Answer: It does not shift, the reaction con not produce fewer moles of gas!

4. Catalyst- speeds up both forward and reverse reactions equally.

*Does not change the equilibrium point (concentration of reactants or products stay the same)
*But, they help a reaction establish equilibrium faster.

5. The common ion effect- by adding a common ion to an ionic solution the equilibrium still shifts

This is solubility equilibrium equation for barium sulfate

(Used in diagnosing stomach disorders)

(Ba+2 ions are very toxic, but Barium sulfate salt is not)

BaSO4(s)


Ba+2(aq)
+
SO42-(aq)

By adding Na2SO4(s) to the digestive tract it shifts the equilibrium to the left!

Why? Because Na2SO4(s) dissociates:

Na2SO4(s) 

2Na+2(aq)
+
SO42-(aq)

*You must recognize that adding sodium sulfate you increase the concentration of the sulfate ion.

*Which shift the equilibrium to the left!

*The amount of BaSO4(s) increases(non toxic)

*The amount of Ba+2(aq) decreases (toxic)

The Haber process-  In World War I an allied naval blockade cut off Germany from getting nitrates from Chile.  No nitrates=No explosives.  Fritz Habor (A German professor) figured out how to manufacture ammonia gas, which can then produce explosives.  Unfortunately this most likely prolonged the war for several years. 

3H2(g) 
+ 
N2(g)


2NH3(g) + heat

Nitrogen comes from air (Air is 80% nitrogen gas)

Hydrogen can be electrolyzed from water

Germany had plenty of air and water so they had a virtually unlimited supply of explosives!

What Fritz had to do:

1. Both forward and reverse reactions are too slow and it would take forever to reach equilibrium! – Fritz added a catalyst (Fe)






  





  Fe
3H2(g) 
+ 
N2(g)


2NH3(g) +heat

2. The reaction is still too slow!  - Fritz then did the reaction at a really high temperature. (which speeds up the reaction of both forward and reverse reaction), but this presents problem #3
3. The increased temperature shifts the equilibrium to the left, meaning ammonia will be used to make hydrogen and nitrogen (oops)– Fritz cranks up the pressure to shift the equilibrium back to the right.

Aah! Fritz wins a controversial Nobel prize.  Too bad (for the Germans) that Germany kicks him out of the country in WWII for being Jewish, and they lose that war II as well.  (Not everyone in Germany is smart!)  After that they used their engineering prowess designing unequalled steel and automobiles.

Now the Habor process is used peacefully to make fertilizer.
Heat in Chemical Reactions

Exothermic: Potential energy from bonds is released in the form of heat (light, etc.) (reaction is hot!)

Endothermic: Heat (light, etc,) energy is used to form chemical bonds with higher potential energy (reaction is cool)

Heat for Phase changes: Are these exo or endothermic?

(s) to (l)

(g) to (l)

(s) to (g) *sublimation

Boulder on a hill analogy


 Boulder has PE 

(Exothermic reactants)

Coverts 
into KE





















Exothermic 










products

How do you get a boulder up the hill?










Endothermic

Endothermic


Product
Reactant





PUSH

Nature prefers exothermic reactions. 

and the increase of Entropy. 

Entropy- disorder or chaos 

(A Strong drive in nature is to create chaos)
Example: Where is all the stuff in your messy room?

*Endothermic reactions occur only by the addition of energy or chaos.  (You can make things more orderly, but in the process you make your surroundings more disorderly)
s to l to g – increase





g to l to s – decrease

s to aq - increase

See reference table I
Heat of reaction ((H) the amount of energy released or produced in a chemical reaction.  

(H = Hproducts - Hreactants
the heat term goes on the left in an endothermic reaction: 

((H is +)
NaCl(s) +3.88kJ  

   Na+(aq)+
Cl-(aq)

On the right for an exothermic reaction

((H is -) SAYS SO UNDER TABLE I!!!
CH4(g)+2O2(g)
   CO2(g)+2H2O(l)+890kJ
Question 1: How many moles of methane must be burned to produce 1000KJ of heat?


1000kJ 
X 1 mole CH4 




890.4 kJ

=1.12 moles CH4
Question 2: How many grams of oxygen would be necessary to produce 1000kJ of heat?


1000kJ
X
2 moles of O2
X
32g O2






890.4 kJ


1 mole O2

=71.9g O2
Potential Energy Diagrams – shows energy changes during a reaction









Activation energy(forward)


PE


(H

 Activated


Activation energy






 complex


          (Reverse)



PE of reactants




PE of products


Reaction coordinate (OR TIME)
2NO(g)       N2(g) + O2(g)  + 182.6kJ


Activation Energy- The amount of energy needed to start the reaction.  (Even TNT needs to be lit with a match.)  There is a forward and reverse activation energy. (find them both in the diagram)
Energy of the Activated complex- The total amount energy needed for the reaction to take place.
PE of reactants- the potential energy of the reactants (In this reaction 2NO(g)) 
PE of products- the potential energy of the products (In this reaction N2(g) + O2(g)) 
This is exothermic because products have higher energy than reactants. 

(H = Hproducts - Hreactants




smaller # 

- 
larger # 

= 
negative #
THE REVERSE REACTION
*Almost all reactions are reversible so when the reverse reaction is referred to we have to look at the diagrams backwards.

Products are the reactants in the reverse reaction

Reactants become the products etc…

The Reverse reaction is endothermic because products (2NO)  have higher energy than reactants (N2(g) + O2(g)).  (be sure to rationalize the switch between the products and reactants)
The Catalyzed reaction (Note the dotted line)Review what a catalyst does…
It may be helpful to note a catalyst changes anything starting with ‘act’ and nothing else
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PE


(H

 Activated
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PE of reactants




PE of products

Reaction coordinate

N2(g) + O2(g) 
+ 182.6kJ

2NO(g)

This is endothermic because products have higher energy than reactants. 

(H = Hproducts - Hreactants




large# 

- 
smaller # 
= 

postive #
Concept map








Concept map








Name:_____________________________
Le Chatlier’s principle

The stress for each reaction is indicated.  Answer the questions below.

CaCO3(aq) +
2HCl(aq)


CaCl2(aq) + H2CO3(aq)


1. HCl is added to the above system in equilibrium

a) which way does the reaction shift?

RIGHT

b) What occurs to the concentration of CaCO3?

DECREASE

c) What occurs to the concentration of CaCl2?

INCREASE

d) What occurs to the concentration of H2CO3?

INCREASE

e) What happens to the rate of the forward reaction?

INCREASE

f) True or False:  You can determine which there is more of, products or reactants, once you understand which way a reaction has shifted.

FALSE
O2(g) + N2(g)


2NO(g) 

2. NO is added to the above system in equilibrium

a) which way does the reaction shift?

LEFT

b) What occurs to the concentration of N2?
INCREASE

c) What occurs to the concentration of O2?

INCREASE
A
+
B

C
+
D

3. D is added to the above system in equilibrium

a) which way does the reaction shift?

LEFT

b) What occurs to the concentration of A?

INCREASE

c) What occurs to the concentration of B?

INCREASE

d) What occurs to the concentration of C?

DECREASE

Name:____________________Le Chatlier’s principle (P&T)

It helps to determine which way a reaction shifts before answering questions.

CaCO3(aq) +    2HCl(g) 

CaCl2(aq) + H2CO3(aq) + heat

4. Pressure is increased to the above system in equilibrium

a) What occurs to the concentration of CaCO3?

DECREASE

b) What occurs to the concentration of CaCl2?

INCREASE

c) What occurs to the concentration of H2CO3?

INCREASE
5. Temperature is now decreased in the above reaction

a) What occurs to the concentration of CaCO3?

DECREASE

b) What occurs to the concentration of CaCl2?

INCREASE

e) What happens to the rate of the forward reaction?

DECREASE

f) What happens to the rate of the reverse reaction?

DECREASE
2A(g)
+
2B(g)
  +  101kJ/mol

4C(g)
+ D(s)

3. The pressure is increased on the system shown above

a) What occurs to the concentration of A?

NOTHING

b) Explain

THERE IS 4 MOLES OF GAS ON BOTH SIDES, THE REACTION CANNOT CHANGE THE PRESSURE
4. The temperature is now increased.
a) What occurs to the rate of the forward reaction?

INCREASE

b) What occurs to the rate of the reverse reaction?

INCREASE

c)  Why does the equilibrium still shift / Which rate increases more?

FORWARD REACTION

d) What occurs to the concentration of C?

INCREASE
5. A catalyst is now added.

a) How is the reaction’s equilibrium affected?

EQUILIBRIUM IS NOT AFFECTED

b)  When a new stress is added how long will it take to establish the new equilibrium compared to an uncatalyzed reaction?

LESS TIME

Pg. 2
2CO(g) + O2(g)



2CO2(g) + 566kJ

Adding Oxygen



Right 

Removing CO



Left 

Increasing pressure

Right 

Adding heat 



Left

2H2(g) + O2(g)



2H2O (g) + 483.6kJ

Adding water



Left
Removing hydrogen

Left 

Increasing Pressure

Right 

Cooling Reaction


Right

KNO3(s) +
34.89kJ


K+ (aq) + NO3-(aq)

Removing KNO3

Left 

Adding KNO3


Right 

Adding NaNO3


Left
(must understand NaNO3 dissociates: NaNO3


Na+ (aq) + NO3-(aq)










(so NO3- is being added, and sodium does nothing)
Pg. 3

1. B

2. E

3. F

4. EXOTHERMIC

5. B,C,E

6. 2

7. 5

8. 3

9. ENDO

10. 2,5

PG. 4

1. 9

2. 16

3. EXOTHERMIC

4. 2C8H18
+
25O2


16CO2

+
18H20

5. 5

6. 4

7. 2

8. LiBr

9. KNO3
10. 252 kJ

11. 123.5 kJ

Pg. 5

Temperature

Concentration

Surface area 

Catalyst

Decreasing energy required (activation energies and activated complex)

Alternate Pathway

Increase reaction rate

Pg. 6




1. .

2. Equal

3. constant
Pg. 7

1. Right

2. Left

3. Right

4. Left

1. Right

2. Left

3. Right

4. Right

1. Right

2. Left

3. Left
Pg. 8 (note: packet is missing the word energy after activation in #1 and #2)

1. D

2. C

3. B

4. EXOTHERMIC

5. C,D
Heat comes out (may feel warm)





Exothermic





(H = negative





Heat goes in gets stored as PE (may feel cool)





Endothermic





(H = positive








