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Activity Summary:
This activity allows students to investigate basic principles of thermodynamic chemical reactions. They will observe and perform endo- and exothermic reactions using common laboratory reagents and hot/cold packs. The students will learn that not all chemical reactions are the same!
Subject: 
Science as Inquiry, Physical Science 

Grade Level: 

7th – 8th grade
Time Required:
Part 0: Prepare chemicals. 15 min. (Excluding trip to the local store)
Part I:  Hot/Cold Pack Demonstration: 20 min
Part II: Student activity: 45 – 50 min 

Activity Team/Group Size:
4 - 6 students per group
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Parent Lesson Plan(s): 

Activity Introduction / Motivation:
Depending on the background of the students, the instructor may wish to discuss the differences between a chemical change and a physical change. A chemical change in a particular substance is always accompanied by a release and absorption of thermal energy (a temperature change) as bonds are broken and/or formed. In an endothermic reaction, the reactant absorbs heat energy from the surrounding environment. In an exothermic reaction, thermal energy is released by the reactant. An increase in temperature does not always signify a chemical change, however. Holding an ice cube in your hand melts the water, but no chemical change has occurred.
Activity Plan:
Part I.
         Hot/Cold Pack demonstration:
Start by explaining that chemical reactions are always endothermic or exothermic, depending on whether we are looking at the reactants or the final product. Chemists utilize endothermic and exothermic reactions in a variety of useful manufacturing and household products. Demonstrate the temperature change that occurs when a commercial hot pack/cold pack (available at any local pharmacy) is used.

Chemicals that react with water to release a lot of heat are good candidates for use in hot packs. Conversely, chemicals that react with water to absorb heat are good candidates for use in cold packs. Demonstrate this by adding 50mL of water to two unlabeled Ziplock sandwich bags pre-filled with the following compounds:
1) Calcium chloride (CaCl2) 20g
2) Baking soda (NaHCO3) 20g

Carefully pass around the two baggies while the reactions are still active. Ask the students which would make a good hot pack and which would make a good cold pack. Announce that they will perform their own endothermic/exothermic reactions and determine which compound is good to use in a hot pack and which is suited for use in a cold pack. 


Part II.


Here are the quantities and combinations of reagents to be used in this activity:

Trial #1

    
* 1 level spoonful of NaHCO3 (Baking soda)
   
* 2 level spoonfuls of CaCl2 (Calcium Chloride)
    
* 5ml of C19H13O5S (Phenol Red) (Optional)
Trial #2
* 1 level spoonful of NaHCO3
* 5ml of C19H13O5S (Optional. Water OK)
Trial #3
* 2 level spoonfuls of CaCl2
* 5ml of C19H13O5S (Optional. Water OK)
Trial #4
* 1 level spoonful of NaHCO3
* 2 level spoonfuls of CaCl2
* 5ml of H2O 
Trial #5
* 1 level spoonful of NaHCO3
* 5ml of H2O 
Trial #6
* 2 level spoonfuls of CaCl2
* 5ml of H2O
Notes: Prepare the phenol red solution by adding 1 or 2g of phenol red powder to 2L of water. Water can be used instead of phenol red solution. However, this would eliminate the changes in color. Phenol red is called an indicator because its color reflects the pH of the solution. pH indicator strips may be used instead of phenol red. When an acid is present, the phenol red will change to an orange or yellow color, as should have occurred in Trial #1. 
Calcium chloride comes in all different forms. The pellet type and the flakes are preferred over the fine powder form for safety reasons. The amount of heat produced in the reactions will vary with the different forms of CaCl2. Try not to leave the CaCl2 uncovered for too long because it will absorb the moisture from the air. CaCl2 is also sold at hardware stores for melting ice on driveways, and at swimming pool supply companies. However, in a pinch it can be substituted for the laboratory grade CaCl2.
Safety Issues: 

· Students should wash hands thoroughly with soap and water after handling chemicals. The students may also wear gloves if they are available.

· Goggles must be worn throughout the experiment because the plastic bags may rupture when CO2 is produced! When the students mix the CaCl2 and the NaHCO3 together (Trial #1), a weak hydrochloric acid is produced.  The hydrochloric salts inside are a hazard to soft tissue and especially to the eyes! 
· Be sure to point out the warning labels on the bottle of calcuim chloride and the baking soda. Take care to avoid inhaling any chemical powder or eye contact.

Activity Plan:
1. Allocate the materials for the 6 trials to each group/table. Have each group make a prediction about the first trial combination. Will the two reagents react? What will be the result if they react? Discuss the predictions as a class. Ask the students what may happen if two of the chemicals are mixed together and a chemical reaction occurs. Record their ideas on the board. Make sure certain observations are included e.g. color change, heat, and gas release.  
2. Have the students pour the amount of liquid required for Trail #1 into a small cup. Next, measure level teaspoon(s) of the powder to be used and place the powder into a Ziploc bag. Each group should use a level teaspoon of each substance. Demonstrate a level teaspoon by leveling a spoonful of baking soda with a craft stick. Alternatively, the students may gently tap the spoon until the CaCl2 is level. A good technique to set this up is to put the dry chemicals into labeled, clear plastic cups.  A half of a petri dish makes a great fitting lid to keep the CaCl2 from taking up too much water. Do not allow the students to use their fingers or blow air to level the spoon!
3. Carefully pour the liquid from the cup onto the powder mixture in the bag. Quickly seal the bag shut. Record pertinent observations on the data sheet.
4. For each reaction trial, the students should feel the bag to see if any significant temperature change is taking place. If the temperature is changing, record the reaction temperature maximum or minimum. Assume the starting temperature is 23C (or whichever the room temperature is). Make sure all group members get a chance to handle the bag briefly. Record the approximate temperature change (+/- degrees Celsius) in the appropriate column of the data sheet. Also note whether a color changed occurred and whether gas formed.
5. Repeat these steps for each of the remaining five trials.

6. It is important that the students understand each step and are able to accurately record the data. It’d be helpful to do the first trial along with the whole class, step-by-step. When the first trial is completed, have students share their observations and record the results on the board. Compare these observations to the list of predictions they generated on the board at the beginning. Then allow each group to proceed on its own.
7. Have the students look at their results and determine:

    * Which chemical(s) was responsible for heat generated? CaCl2

    * Which chemical(s) was responsible for the cold “generated”? NaHCO3

    * Which chemical(s) was caused the color change? Combination of CaCl2 and NaHCO3

* Which chemical(s) was responsible for the gas formation? Combination of CaCl2 and NaHCO3
* Which chemical(s) changed color in response to the chemical reaction? Phenol Red
8. When all of the reactions have been completed and the results recorded, collect all the materials. Put all the plastic bags in a bucket and put away any excess materials.
Activity Closure:
1. Students must write a short paragraph summarizing the results of their experiment on their data sheets. Which trials were endothermic? Which were exothermic? Which trial had the greatest temperature increase? Which had the greatest decrease? Which compound would make the better hot pack? Which makes the better cold pack? 
Learning Objectives: 

1. Understand the difference between physical and chemical change.
2. Understand the difference between an exothermic and endothermic reaction
3. 8th Grade Science TEKS:

a. 8.2 Scientific processes: The student uses scientific inquiry methods

b. 8.2 (A) Plan and implement investigative procedures

c. 8.2 (B) Collect data by observing and measuring

d. 8.2 (C) Organize, analyze, evaluate, make inferences, and predict trends

e. 8.2 (D) Communicate valid conclusions
f. 8.4 (A) Collect, record, and analyze information using general scientific tools

Vocabulary: (Dictionary.com)

Exothermic - Relating to a chemical reaction during which heat is released
Endothermic - Relating to a chemical reaction during which heat is absorbed
Thermodynamics - Physics that deals with the relationships and conversions between heat and other forms of energy
Materials List: 

For each group/table
- 50 g of baking soda (NaHCO3)

- 50 ml of phenol red solution (C19H13O5S) (if you buy the phenol red powder, use distilled water to solubilize)
- 50 g of calcium chloride (CaCl2)

- 50 ml of water (H2O)

- 6 resealable sandwich bags (Check for leakage!)
- 6 medicine cups

- 2 measuring spoons (one for baking soda, one for calcium chloride)
- 1 thermometer
- Paper towels

For each student

- Copy of Experimental Data Sheet
Activity Extension:
To make it more interesting, put the phenol red (or water) into a small glass vial or test tube.  Place the vial/tube into the bag where the dry chemicals are.  Keep the vial upright, seal the bag, and then dump the contents of the vial. You may clean the chalky precipitate that forms in the vial with a weak acid solution (e.g. vinegar). You can also compress the chalk to make big piece of chalk that the students can write with!

The students may also practice balancing the equations for the chemical reactions that they performed. Charges are omitted for clarity.
Baking Soda and Water

NaHCO3 = Na + HCO3 (aq)
HCO3 + H2O = H2CO3 + OH

H2CO3 + H2O = CO2 + 2H2O


Calcium Chloride and Water

CaCl2 + 2H2O = 2HCl + Ca(OH)2


Baking Soda and Calcium chloride:

CaCl2 + 2 NaHCO3 = Ca + 2HCO3 + 2NaCl

HCO3 + H2O = H2CO3 + OH

H2CO3 + H2O = CO2 + 2H2O


Internet Resources on Balancing Chemical Equations:

· http://misterguch.brinkster.net/eqnbalance.html
· http://www.chem.vt.edu/RVGS/ACT/notes/scripts/bal_eq1.html
Activity Scaling: (Optional)
If Phenol red is used, the activity can be used to reinforce previously learned pH principles. Trial #3 - #6 may be dropped if time is limited. If Phenol Red is not used, increase the amount of reagent used by one level spoonful for Trial #3 through #6. This should generate a bigger temperature change.
References: 

· http://nobel.scas.bcit.ca/debeck_pt/science/hotColdPack/pack_p1.htm
· http://www.caosclub.org/members/chem3.html
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