Endothermic vs. Exothermic Reactions

Content Standards:

C3.4A - Use the terms endothermic and exothermic correctly to describe chemical reactions in the laboratory.
C3.4B - Explain why chemical reactions will either release or absorb energy.
C5.2A - Balance simple chemical equations applying the conservation of matter.
C5.2B - Distinguish between chemical and physical change in terms of properties of the reactants and products.
Background:
Chemical reactions in everyday situations produce or absorb heat. Examples include: Hot and Cold Packs, Toilet Bowl cleaners, Burning, Photosynthesis, Respiration, etc.

Temperature change is one of the ways you know that a chemical reaction has occurred.  Chemists use the term exothermic to describe a reaction which releases heat and endothermic to describe reactions that absorb heat.  We are often more familiar with exothermic reactions whereas endothermic reactions are less familiar to us. 

Quick Demo:
Burn a match & melt an ice cube for an example of each type of reaction. Ask the students to decide which one is releasing heat and which one is absorbing heat.
Initial Inquiry:
On the board, write exothermic (releases heat) & endothermic (absorbs heat). Have the class try to classify the following reactions:

1. Burning wood in the fireplace 

2. Rusting iron 

3. Baking bread in the oven
4. Condensation of rain 

5. Production of sugar in photosynthesis 

6. Evaporation of water

7. Water freezes on the ground and the road becomes icy
8. Add HCl to a flask of water and it starts to feel warm
9. Burning sugar

10. Cooking an egg in a frying pan
Student Activity
Part 1:
Materials: (for each group)

10g of calcium chloride (go to the custodian’s office and “borrow” some deicer).

10g of baking soda

1 small zip lock freezer bag

1 small medication vial 

5g of phenol red solution

Initial Observations:
Describe each of the following:
Calcium Chloride (CaCl2)

Baking Soda (Sodium Bicarbonate NaHCO3)

Phenol Red Solution 

Procedure: (That means what you do)

1. Put a tsp. of baking soda into a zip lock baggie.

2. Put a tsp. of calcium chloride into the same baggie.

3. Put 10ml of Phenol Red Solution into the small vial. Place the vial into the baggie and seal it completely.

4. Mass the entire package of reactants.

5. Dump the contents of the vial into the dry ingredients of the baggie then observe what occurs.
6. Mass the entire package of products.
Observations:
1. Describe any changes that occurred during the reaction.

2. Was this a chemical or physical change? Explain.

3.  Did this reaction absorb or release heat? Is this reaction exothermic or endothermic?
4. What was the total mass of the reactants?  
5. What was the total mass of the products? 
6. Did the law of conservation of matter apply to this reaction? If not, how do you account for any differences in mass between the products and the reactants?

7. For extra credit balance the chemical equation for what just occurred.
Part 2:
Materials: (for each group)

10ml of white vinegar

10g of baking soda

1 small zip lock freezer bag
1 small medication vial (“borrowed” from the school nurse).

Initial Observations:
Describe each of the following:
Vinegar (Acetic Acid): CH3COOH

Baking Soda (Sodium Bicarbonate NaHCO3)

Procedure: 

1. Put 5g of baking soda into a zip lock baggie.

2. Put 5g of vinegar into the small vial. Place the vial of vinegar into the baggie with the baking soda. Seal the bag (completely).

3. Record the mass of the total reactants.

4.  Release the vial of vinegar into the baking soda. Observe and record what happens.
5. Record the mass of the total product formed.
Observations:
1. Describe any changes that occurred during the reaction.

2. Was this a chemical or physical change? Explain.

3. Did this reaction release or absorb energy? Is this reaction endothermic or exothermic?
4. What was the total mass of the reactants?  
5. What was the total mass of the products? 
6. Did the law of conservation of matter apply to this reaction? If not, how do you account for any differences in mass between the products and the reactants?
7. For extra credit, write and balance the reaction that occurred.
