Having Fun with Balloons

Specific Learning Outcomes

Grade 10 Cluster 4: Weather Dynamics

· S2-4-03

Grade 11 Chemistry Topic 1: Physical Properties and Gasses

· C11-1-01

· C11-1-04

Materials 

· Balloons

· Matches or lighter

· Candle

· Water

· Ice Cream Pail or Pan (to collect water if balloon bursts)

· Towels (to wipe up any water that misses the pail)

· Stop Watch

Instructional Sequence

Observe

Students observe as teacher bursts air filled balloon with a candle (hold balloon approx. 3 inches above candle).

Explain

Teacher Question (TQ): What do you think caused the balloon to burst? 

Allow for student responses

Teacher Explanation: When a candle is placed underneath a balloon, the energy from the candle (heat) is transferred to the surface of the balloon. The air inside of the balloon does not absorb a lot of heat from the candle. As a result, the rubber absorbs the heat, which causes expansion of the balloon at this point. The air molecules inside of the balloon are constantly colliding with the surface of the balloon, creating pressure on the walls. The balloon will burst because the balloon has become weak from the expansion of the molecules and it no longer can withstand the pressure from the air molecules colliding inside and with the balloon.  

Prediction

Teacher will fill the bottom of a second balloon with water. 

TQ. Now that there is water in the balloon, what do you think will happen when I place it over the candle. 

Allow for student responses. 

Observe

Balloon does not burst. 

 Explain

TQ. Why do you think this balloon did not burst and the other one did? 

Allow for student responses.

Teacher Explanation: When water is placed in the balloon, it will not burst. The rubber will still heat up due to the candle, but the water pulls the heat away from the rubber surface of the balloon. The water absorbs the heat because it has a higher specific heat then air. 

Specific Heat is the amount of heat per unit mass that is required to raise the temperature by one degree Celsius (the amount of heat a material can absorb). The specific heat of air is 1.0kJ/kg.K. This is a very low specific heat, which means it will not absorb a lot of heat from the candle. The rubber of the balloon absorbed the heat causing it to weaken and burst due to the collision of air molecules with the weakened surface. Water’s specific heat is much higher at 4.19 kJ/kg.K. This means that water will absorb a lot of heat from the candle, therefore pulling heat away from the surface of the balloon, preventing the balloon from weakening and bursting. 

Overall, a material with a higher specific heat will absorb more heat (the balloon won’t burst or take longer to burst) than a material with a low specific heat (will burst instantaneously). 

Investigation

TQ. Having heard this explanation, what does this tell you about the time it takes for the balloon to pop after it has been placed over the candle? 

Expected Response: The longer it takes for the balloon to pop, means that there is a higher specific heat of the substance inside the balloon (it can absorb more heat). 

TQ. What can we do to increase or decrease the time it takes for the balloon to pop? 

Expected Responses: 

· What if we change the liquid in the balloon?

· What if we change the gas in the balloon? (eg. Helium vs. air)

· What if we change the size of the balloon?

TQ. What other methods can we use to investigate the specific heat of different materials?

Expected Responses:

· What if we use a plastic cup instead of a balloon?

· What if we use different materials inside of the plastic cup?

· What if we use a metal cup vs. a plastic cup to test the specific heat of materials? 

Safety Considerations

· Where safety goggles, aprons and gloves.  

· Use caution when around the fire and have a water source near by. 

References 

http://www.coe.missouri.edu/~pgermann/DiscEvent/Heat_Transfer/Don_t_Burst_My_Balloon_/don_t_burst_my_balloon_.html
Student Handout – Fun with Balloons 

Summary of Demonstration

When a balloon filled with air is exposed to a flame, it will pop almost instantly. If we fill a balloon with water, it will take a long time to pop. Why? Air does not absorb heat very well (has a low specific heat of 1.0 KJ/kg.K) and as a result the balloon pops very easily. The balloon took a longer time to pop when the water was added because the water absorbed most of the heat by pulling it away from the surface of the balloon. All matter will absorb heat; however different types of matter will absorb different amounts of heat.  The amount of heat that a particular substance can absorb is measured using specific heat.   The higher the specific heat of a substance, the more heat it will absorb and vice versa. Seeing that a balloon filled with water will take longer to pop than a balloon filled with air, we can conclude that water must absorb more heat than air, in other words, water has a higher specific heat.

The purpose of this demonstration is to get you to understand the concept of specific heat and that different materials have different specific heats. Due to the violent nature of balloons bursting and material from the balloons flying when they burst, you will be using plastic and/or metal cups to investigate the specific heats of different materials.

Part A: Questions for Inquiry

1. What will happen if we change the type of liquid (test water vs. cooking oil) in the plastic cup?

2. What will happen if we use sand vs. water in the plastic cup?

3. What will happen if we use a metal cup to test the materials specific heat rather then a plastic cup?

4. ???
Part B: Investigate differences in materials Specific Heat

In this portion of the exercise, you will investigate a question for inquiry with regards to specific heat. Working in Groups of 4, choose one of the above questions or come up with a question on your own which you would like to investigate. If you choose to develop your own question for inquiry, consult the teacher to see if it is valid, safe and if materials are available. Follow the steps below to design your experiment. Make sure you record your results in the space provided and summarize what you have found at the end of the worksheet.  

1. What will you investigate? (What is your inquiry question)

2. Independent Variable: this is variable (like using sand instead of water) you will change.

3. Dependant Variable(s): this identifies the variables you will measure during the investigation and how they will be measured (eg. I will measure the amount of time it takes for sand to reach a temperature of 30(C using a thermometer and stopwatch).

4. Other Variables: Identify other variables that could affect your investigation (eg. using different amounts of liquid in the cup).

5. Controlling Variables: How will you control these variables so they don’t affect your investigation (eg. use a constant amount of liquid for each test).

6. Equipment

7. Method: The steps you will use in your investigation (use the back of page if you need more room)

8. Observations: The results of your investigation. (eg. Liquid A reached 30(C faster than liquid B).

9. Summary: Describe and interpret the meaning of your results (eg. Because liquid A reached 30(C faster than liquid B, liquid B must have a higher specific heat, which means….). Do you understand what specific heat is? What conclusions can you draw about specific heat and different materials? 
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