
STOICHIOMETRY: AIRBAG INFLATION 
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Scenario: In this experiment, you have been asked by your boss, Iam Gaseous, of the AIR BAGS R US Co. to investigate the design of an small-scale airbag system they want to produce as a child safety device to put in baby carriages. Because of sodium azide’s toxicity, he suggests you use the reaction of NaHCO3 with an aqueous solution of HC2H3O2 to produce CO2 gas to test your engineering design. 
Background Information
Chemists can use concepts like stoichiometry, molar mass, and balanced chemical equations to predict just about anything about a chemical reaction. The invention of the automobile air bag, for instance required consideration of not only the chemistry, but economic and environmental factors.  The automobile air bag is a remarkable device. It is simple in concept, but the design requirements of the system are actually very demanding.  When a crash occurs, an air bag must inflate rapidly (within about 40 milliseconds), cushioning the occupants against impact.  The gas produced must be nontoxic, odorless, and cool enough to avoid burning the occupants. You’d also like the compounds used to be stable, and nontoxic; so they don’t expand unexpectedly and are easy and safe to dispose of and don’t create hazards in a land fill or junk yard.

 

Sensors detect impact and electrically initiate the reaction to activate modern air bags.

Sodium azide (NaN3) is a stable solid and a small pellet can easily be stored in air bag compartments. A huge volume of nitrogen (N2) gas is produced rapidly and is nontoxic and relatively cool. Sodium azide itself, however, is pretty nasty. Toxic chemicals like sodium azide are a major concern in landfills where undeployed air bags are discarded. These issues, as well as the quest for better and cheaper systems, keeps open the search for other compounds and formulations for the gas-producing reaction used in the system.

Standard Temperature and Pressure

STP is commonly used to define standard conditions for the temperature and pressure which allows chemistry to talk about measurements of chemical and phsyical processes. It was defined by the IUPAC as conditions at 273.15 K and 1 atm. Standard volume for a mole of gas at STP conditions is 22.4 L. This means for any ideal gas at 0.0°C and 1 atm of pressure, a single mole will fill a volume of 22.4 liters. This is a useful conversion for gas production and volume determination. 
*Technically we are not at standard temperature, but the error is less than 5% so we will assume STP

The Mole
The mole is a quantity of measurement used by chemists for amounts of chemicals in a reaction. A mole now has 4 conversion factors you should know.

1 mol = molar mass of the chemical

1 mole = avagadro’s number of particles

1 mol of gas  = 22.4 L of gas at STP

Molar Ratio from balanced chemical equations 
Objective: Your main objective is to design a model airbag which expands to the largest possible volume without breaking the seal on the bag. To simulate the airbag we will use a zip lock bag. To simulate the human head we will drop an egg onto the airbags you create to check their efficiency.

LAB- AIRBAG INFLATION 
Procedure: Using the information collected from pervious experiments, your group needs to design an experiment to fill the volume of the bag so it will support a falling egg. Write your procedure in your lab book.You’ll have the following to work with:

·  Zip-loc bags



·  Acetic Acid


·  NaHCO3
·  Scale
·  Graduated Cylinder

Using your calculated values of NaHCO3 and vinegar, test your hypotheses by experimentation to determine the best amounts of vinegar and baking soda to use in your airbag.  Record all ideas, procedures, calculations and investigations results in your lab notebook.  

Design of the Air Bag
The specifics of the design is up to you, but we suggest the following:

· You should calculate the exact amounts of solid NaHCO3 and HC2H3O2 solution that are needed to produce just enough gas to create a cushion of the largest possible volume without breaking the seal on the bag. Record the amounts you use in your lab notebook.

· You should have the acid and the NaHCO3 inside the model air bag in a stable configuration that will survive handling without deploying until triggered.

Calculations and Data Analysis
· Calculations for the volume of the bag.
· Balanced chemical reaction
· Correct calculation of the mass of NaHCO3 and mL of HC2H3O2 needed to inflate the bag using the stoichiometry of the reaction.
· Calculation of the moles of CO2 in the bag using stoichiometry under STP conditions
Post Lab Questions: Applying Gas Stoichiometry 
You do not need to write the questions, but number the problems and solve in order. 

1. Suppose a model air bag contained 5.00x103 mL of gas at a temperature of 25°C and 780. torr. Show how to convert these measurements to units of liters(L), degrees kelvin (K) and atmospheres (atm). 

2. An alternate reaction for an airbag is hydrochloric acid and sodium bicarbonate 

(a) Write the balanced chemical reaction including state signifiers.

(b)Use the volume of gas that fills a sandwich bag to calculate the mL of HCl (6.0 M) needed to fill the bag with gas. 
(c) If 2.01 g of NaHCO3 is used with enough vinegar will you produce too much, just enough, or too little gas to fill the sandwich bag with gas.

Based on experiments developed by Jim Klent and Angelica Stacy (ChemConnections)
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