Lesson 2:  The role of energy in chemical reactions

Often extra energy seems to be needed to initiate a chemical reaction.  Consider the following reaction:

e.g., 

2H2(g) + O2(g)  ------(  2H2O
Orally:  Hydrogen gas can be left in the presence of oxygen for hundreds of years without any significant amount of water forming, but if we add a spark the reaction occurs very quickly.

Q:  Why is extra energy required for H2 to react with O2?
Orally: A:  In order for a reaction to take place, reacting particles must collide.  When particles approach one another, their electron clouds repel and the molecules slow down.  Molecules that are not moving quickly enough will simply bounce off of each other.  Therefore, molecules must have a minimum energy requirement before the electron clouds can collide to break bonds and  make new bonds.
e.g., a car that hits an object slowly may just bounce off without any damage, but if we hit with speed we will be able to rearrange the parts of the car.

Collision Theory:
1. A collision between 2 particles (or more) must occur. (No collision, no rxn.)  This is called collision theory.
2. Sufficient energy must be present for the collision to be successful (i.e., to break bonds and  make new bonds). The minimum energy required for a reaction to occur is Activation energy (Ea).  
3. Kinetic energy (energy of motion) of molecules is converted to potential energy (stored energy) as they approach b/c electron clouds repel.  The opposite is true if molecules move away from each other.  Rule:  Total energy of the system (constant) = K.E.  +  P.E.  e.g., compressing a spring and letting it go.
4. A collision that occurs at an angle that is less than optimal will increase the Ea.  Ea is generally measured for optimal angle of attack.  

Orally:  Little kid eating a cookie or driving into a garage.

See collision theory animation. http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/collis11.swf
Provide students with handouts of endo/exothermic energy profiles.

Part II:  Interpreting energy diagrams

A. endothermic reactions - absorb energy, hence the energy content of the products formed is greater than the reactants.
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1. The activation energy for the forward reaction (Ea)

2. The threshold energy for the forward reaction

3. The change in heat energy of the system (∆H).  Referred to as the ENTHALPY

4. The activation energy for the reverse reaction (Ea rev)

5. The activated complex (*)

6. Label reactants (R) and products (P)

Activation energy is the minimum energy requirement for a reaction to start, but we can also quantify Ea as the energy difference between the top of the energy barrier created by colliding particles (i.e., the activated complex) and the original reacting particles.
Ea = Energy of activated complex – Energy of Reactants = 

Threshold energy = Energy of activated complex – Zero = 

∆H = Energy of Products – Energy of Reactants = 

Ea (rev) = Energy of activated complex – Energy of Products = 

e.g., the P.E. profile above could be for the following reaction:
Heat (+50kJ) + NH3  -------(  N2  +  3H2 (Note energy is on the left for endothermic reactions)
B. Exothermic reactions – reactions release heat energy, hence the energy content of the products formed is less than the reactants.
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Exercise:  Label and/or calculate each of the following for the diagram above.
1. The activation energy for the forward reaction (Ea)

2. The threshold energy for the forward reaction

3. The change in heat energy of the system (∆H).  Referred to as the ENTHALPY

4. The activation energy for the reverse reaction (Ea rev)

5. The activated complex (*)

6. Label reactants (R) and products (P)

e.g., the P.E. profile above could be for the following reaction:
CH4  +  O2  --------(  CO2  +  H2O  +  Heat (+50kJ) 

(Note energy is on the right for exothermic reactions and is always ADDED in the equation)
Q:  What’s an activated complex?

An Activated complex (also referred to as an “intermediate molecule”) is simply the species that results when reacting particles contact each other.  Consider:
O + O3  (===(  2O2
Therefore, the activated complex for the reaction above is O4 (i.e., simply add the reactants together and treat them as a single particle.)
Orally:  There are two possible scenarios for an activated complex:
1. Insufficient energy is available for a successful collision so the particles in the activated complex fly apart and reform the reactants. (Show on energy diagram)
2. Sufficient Ea is available and the particles in the activated complex rearrange their electron structure to form new bonds (i.e., they make products).

Activated Complexes:
a. are the highest P.E. particles in a chemical system.

Why?  B/c e- clouds repel the strongest when they are close together.

b. are short – lived (i.e., unstable).  Either new bonds are made immediately or the strong repulsion of the e- clouds causes the complex to fly apart.

Assign:  Hebden pg.23 #35-45
