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Air Bags on Mars – Air Bags in Cars – It is the same science everywhere!

This lesson is about how air bags work.  However, it is also a lesson about chemical reactions and the use of measurements and documentation.

When the Mars rover landed on Mars, it was surrounded by air bags as it hit the surface.  It used the same technology and science as the air bag in your car.  

This lesson begins with an Internet exploration of how air bags in cars were developed to solve a very practical problem: saving lives in automobile accidents. It also examines some of the safety issues surrounding air bags. Students do a chemistry lab in which they mix baking soda and vinegar in a Ziploc bag, with the goal of determining the correct ratio of acid and base that leaves no appreciable amount of either reactant behind, yet fully inflates the bag. The inflated bag is analogous to the air bags in cars.  You can even have the students conduct an “egg crash test” with their air bags if you wish.

Before you do this with Students

You can first check out how air bags work by visiting the web site below:  (It is really aimed at adults, so this would not be a website for 3rd or 4th graders to visit.)
http://www.howstuffworks.com/airbag.htm

Then you can decide how much of a project you want to do.  The first half of the experiment is to create an air bag out of Ziploc bags.  The second part is to take your air bags and create an egg drop to simulate landing on Mars.  The supplies you need are divided into part one and part two.
Materials Needed:

Part 1

Build an Air Bag

· sodium bicarbonate (baking soda)

· acetic acid (vinegar)

· Ziploc bags – sandwich size
· Paper towels
Part 2

A Crash Test for your Air Bag

· containers for the eggs (e.g., small cardboard boxes butter tubs)

· tape

· meter sticks

To start this lesson
Distribute the student sheet entitled Create an Airbag. Students are now ready to begin the lab. During the exploration, students will attempt to find the amount of sodium bicarbonate (baking soda) required to react with 40 ml of acetic acid (vinegar) so that the bag is inflated, with no appreciable quantity of the baking soda reactant left. This will allow students to develop some idea of a limiting reactant. (Depending on the atmospheric pressure, the amount of baking soda required to fully inflate the bag should be between 6 and 8 grams. (about 2 teaspoons – ¼ of a teaspoon is about 1 gram) 
In this reaction, acetic acid combines with sodium bicarbonate to form water, carbon dioxide, and sodium acetate. The chemical equation for this reaction is: 

HC2H3O2 + NaHCO3 ---> H2O + CO2 + NaC2H3O2 
The carbon dioxide is the gas that fills the bag, and the sodium acetate will be dissolved in the water. It is important for students to realize that this is not exactly how an air bag works, but is a good analogy that allows them to simulate the inflation of a protective device in the classroom. 
Be prepared for some messes with the egg drop test. It is recommended that a plastic sheet be placed under the "drop zone" to assist in cleaning up. It is important to find a container for the egg drop that is the right size; three-pound butter tubs or small shoe boxes work well. Also be sure that students wash hands well after handling raw eggs. 

In order to summarize, ask the following questions:

How many tries did it take to get to the right amount of chemicals?

Why were air bags developed?

Why are air bags dangerous for small adults and children?
Why is it important to document your experiment?
More advance topic: Discuss Newton’s First Law of Motion
Moving objects have momentum (=the product of the mass and the velocity of an object). Newton's First Law of Motion says that unless an outside force (=a push or pull which causes acceleration, or a change in the shape of an object, or a reaction. A force is measured by the change in momentum produced in one second. A force cannot be seen, only its effects can be seen) acts on an object, the object will continue to move at its present speed and direction. Automobiles consist of several objects, including the vehicle itself, the passengers inside and any other loose objects in the vehicle. Unless the objects inside the car are restrained they will continue moving at whatever speed the car is traveling even if the car is stopped by a crash. 
Changing or stopping an object's momentum requires a force acting over a period of time. If momentum changes instantly, as in a car crash, the force is very, very great! If the momentum can be changed over a period of time, even a fraction of a second, much less force needs to be applied with less damage or injury. 
In a head-on collision, if a passenger flies into the dashboard of a car, their momentum is instantly stopped, and serious injury is often the result. If the passenger is restrained by a seatbelt, their momentum is reduced more gradually by the constant and smaller force of the belt acting over a longer period of time. Seatbelts can reduce the impact of a passenger to one-fifth of the impact suffered by the body of the car. 
Passive restraint laws, combined with an interest in air bags have made vehicle safety a selling feature on automobiles. An air bag is made of a coated fabric and is stored in a module mounted on the steering wheel. Crash sensors, which activate upon impact at speeds of 10-15 miles per hour, are mounted in several locations on the car chassis. 
In a crash, the sensors ignite a chemical, sodium azide, which releases harmless nitrogen gas to instantly inflate the bag. As the driver or passenger is thrown into the bag, it applies a restraining force. Even though this entire process happens in only 1/25th of a second, the added time is enough to prevent serious injury. 
Air bags are not intended to replace seat belts. They are part of a supplemental restraint system. Seat belts are still necessary because air bags only work in front-end collisions of more than 10 miles per hour. Only a seat belt can help in side impacts, rear-end collisions, side swipes and secondary impacts. 
A great example of this is toss a balloon filled with water into the air. Stop and analyze what happens when you successfully catch the balloon. What ways have you helped transfer the momentum?
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Create an Air Bag

Student Lab

Name ____________________________________ Date ____________

Part 1

Background:

When NASA landed the rovers on Mars, they used very large airbags that were inflated just moments before hitting the Mars surface.  They used the same technology as we use in airbags in automobiles.  In a real automobile safety restraint system, the air bag is a large plastic bag of about 65.0 L which fills with nitrogen as soon as a sensor tells it that the car’s forward momentum has been drastically lowered. The nitrogen is produced by the rapid decomposition of sodium azide (NaN3), which produces nitrogen gas (N2).

In this lab, we will create our own air bag technology utilizing sodium bicarbonate (baking soda) and acetic acid (vinegar). Your task is to find the correct amounts of sodium bicarbonate and acetic acid to use to create the right amount of gas (carbon dioxide) to fill the bag. If done correctly, your bag should fill up, but not pop open. There also should not be any sodium bicarbonate or acetic acid left in the bag.  

Procedure:

Before starting, look at the data table on the next page in which you will record the amount of acid, the amount of sodium bicarbonate, a description of how the bag inflated, and whether there was acetic acid or sodium bicarbonate left over.

1. To keep it simple, you are always going to have the same amount of acetic acid in the bag: 40 ml. Add 40 ml of acid to the bag.

2. Then measure 2 grams of sodium bicarbonate (about ½ teaspoon) and record it in the data table. Place the sodium bicarbonate in a small piece of tissue.  You might be able to place the sodium bicarbonate in the top part of the bag without having to place it in a tissue.

3. Drop the sodium bicarbonate wrapped in tissue into the bag. Flatten the bag to remove the air and seal the bag as quickly as possible. As soon as the acetic acid soaks through the tissue, the chemicals will begin to react and bubble; the gas that is produced is carbon dioxide (CO2). The bag should begin to inflate.

4. When the bubbling stops, mix the ingredients around to be sure that the reaction is complete.

5. Then test how inflated the bag is by pinching it. Write a description in the data table. 

6. If all of the sodium bicarbonate seems to be gone, open the bag and add a small amount of sodium bicarbonate to see if more bubbles form. If they do, then there was still some acetic acid left in the bag. If not, then all of the acetic acid reacted. Make a note in the data table if there was acetic acid left in the bag.

7. Repeat this process by increasing the amount of sodium bicarbonate by 2 grams until all of the acetic acid is used up, indicated by the presence of sodium bicarbonate in the bag (because there was no acetic acid left to react with it).
Data Recording Table

Name of Students:  ________________________________________________

Date:  _____________________

	Total

amount of

acetic acid

in the bag

	Total

amount of

sodium

bicarbonate

	Description of Pinch Test

	Acetic Acid

Left?

	Sodium

Bicarbonate

Left?


	40 ml


	
	
	
	

	40 ml


	
	
	
	

	40 ml


	
	
	
	

	40 ml


	
	
	
	

	40 ml


	
	
	
	

	40 ml


	
	
	
	


Landing on Mars
Part 2

Now you will put this knowledge to the test: a crash test. You will design and build a “vehicle” for your crash test dummy, a raw egg. The goal here is to build your vehicle so that it will protect the egg from breaking, even when dropped from a height of 2 meters.   Did you know that it is estimated that the Mars rover bounced 80 meters into the air on it first “bounce” on Mars when landing.

The only materials you can use are:

a container for the egg (e.g., a small cardboard box or large butter tub)

two plastic bags

acetic acid

sodium bicarbonate

tape

a graduated cylinder

a balance

a meter stick

Procedure:

Follow the steps below using the ratio of sodium bicarbonate to acetic acid that inflated the bag, with no acetic acid or sodium bicarbonate left over. (You wouldn’t want acid in your air bag, would you?)

1. Inflate one or both bags, whichever you think would work best.

2. Place the inflated bag(s) and the egg in the container.

3. Drop from 2 meters.

4. Check your passenger. Did it survive the crash?
Analysis and Conclusions:

1. How much sodium bicarbonate had been added when there appeared to be no acetic acid or sodium bicarbonate left after the reaction? 

2. Did this amount of sodium bicarbonate (when there was no acetic acid or sodium bicarbonate left) inflate the bag fully? If not, how could you change the amounts of sodium bicarbonate and acetic acid so that the bag is full, but with no reactants left over?

3. What are reactants? Use question #2 to help you form a definition for “reactants.” 

4. Draw a picture of the vehicle you used.

5. What was the result of your crash test?

6. What changes would you make to your vehicle to further protect your passenger?

7. How is this experiment similar to an air bag in a car? How is it different?

8. How does figuring out the correct ratio of reactants help manufacturers of real air bags?
Cool Fact to know!!!!!
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Each of the airbags on the Mars rover was sewed by hand.  The lady that did much of the sewing was an ILC technician named Eleanor Foraker.  She is really a very famous lady!  Eleanor was the woman who sewed Neil Armstrong’s and Buzz Aldrin’s moonsuits for the Apollo 11 mission.
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