Lesson 3: Factors affecting reaction rate

The main factors that affect the rate of a reaction are:

1. Concentration (pressure of a gas)

2. Temperature

3. Surface Area

4. Catalysts

5. Nature of the reactants.

1*  Increasing concentration increases reaction rate.

Why?   b/c the frequency of collisions increases.  Note:  sometimes an increase in concentration does not increase rate.  e.g., mosh-pit.

Orally:  mention how compressing a gas brings particles closer together which increases the probability of a collision.
Q:  What happens to rxn rates over time?

A:  Rate decreases b/c concentration of reactants must decrease as they are consumed.
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2*  Increasing temperature increases reaction rate.

Why?  Two reasons:

a. molecules are moving faster so they collide more often

b. molecules have more energy, so more particles have sufficient Ea.

Note:  The primary reason for the increase in rate is B.
Orally.  e.g., gas systems already experience billions of collisions. Increasing temp might only increase the collision rate by 1% but may double the rate of the rxn, b/c it’s the number of particles with sufficient Ea that can react that dictates rate.
Rule:  For a slow reaction, a 10oC temperature increase doubles the rate.

3*  Increase in surface area increases rate.  We can only significantly increase surface area for solids (heterogeneous systems) by grinding them up.
Why?  Grinding up a solid increases the total number of particles that can collide.

e.g., frozen juice vs. powdered juice.

 4*  Catalysts increase rate by providing a different “reaction pathway” with a lower Ea.  A small amount of catalyst goes a long way b/c it is not permanently consumed in the rxn.
e.g., platinum (Pt) and carbon (C) are common catalysts

http://oscar.iitb.ac.in/onsiteDocumentsDirectory/Catalytic%20Hydrogenation/Catalytic%20Hydrogenation/Catalytic%20Hydrogenation.html
Show paper clip demo to show how catalysts are recovered.

Indicate that in reality we never fully recover all catalysts using straw in pop explanation.

Use a stair-case analogy vs. having no stairs to show how a different path uses less energy.
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Note that there should be one additional peak for the catalyzed rxn b/c there is one additional particle involved in the rxn.
Orally:  An inhibitor is the opposite of a catalyst.  i.e., it slows rxn’s down.  e.g., arsenic acts as an inhibitor in the body by slowing down biochemical processes.  In sufficient dose the result is death.
5*  Nature of the reactants refers to the chemical properties of the reactant.  The electrons in reactants play a role in dictating the overall rate of the rxn.
e.g., triple bonds are very strong and difficult to break = slow rxn.

        Single bonds are weaker and easier to break = fast rxn.

e.g., Lithium has 1 valence e- which is close to the nucleus = slow rxn

        Potassium has 1 valence e- which is farther from the nucleus = faster rxn.

(show diagram here).

The following link show the effect on the rate of a rxn by changing some of the factors discussed above.

http://www.kscience.co.uk/animations/collision.htm
Assign:  Hebden pg. 8 #11-22(omit #13), 31, and 32.
