Chemistry Lab: Inflating an Air Bag

Introduction:

Ever since cars have been manufactured, safety has been a major concern. Seat belts have been in use for decades and airbags have become standard equipment on all new cars. Development of airbags was a joint effort between chemists and engineers. The basic idea of an airbag is to get it to deploy during a head on collision quickly enough to protect the driver and passenger. An effective airbag should inflate quickly, not deploy accidentally and be inflated with a non-toxic gas.

With these criteria in mind, nitrogen was the obvious choice. Nitrogen can be generated by the decomposition of metal azide compounds like sodium azide, NaN3.
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Sensors that detect an impact activate the airbag system. Current is sent along a detonator, which ignites a small explosion that activates the decomposition. In milliseconds, about 60 liters of gas inflate the airbag. Because sodium metal is highly reactive and therefore an undesirable by product of this reaction, it was necessary to find a way to convert it to a less hazardous material.

The most common additive to accomplish this task is iron (III) oxide, Fe2O3.
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In today's experiment we will be generating carbon dioxide by reacting sodium bicarbonate, NaHCO3 with vinegar (aqueous acetic acid). 
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In order for your airbag to successfully deploy, it should be completely filled. Too much gas will break the airbag and injure the passengers while too little gas will significantly decrease the effectiveness of the airbag.

Objective: Create an airbag that deploys with the correct amount of gas.

Materials: ziploc baggie, vinegar, baking soda, ambient lab equipment

Procedure: Determine how much baking soda and vinegar will be required to completely inflate your baggie.

Notes:

1) To protect yourself from exploding airbags and vinegar flying about, a larger bag will be available to act as a shield.

2) You cannot do this based on trial and error. You must show the instructor your calculations before attempting the experiment.

3) The concentration of acetic acid in vinegar is 0.8 M.

4) There is no penalty for not getting it right the first time, though you may receive a frown and a furrowed brow if you burst more than 1 baggie. You will not be allowed an infinite number of tries. 

