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AIR BAGS ‘R US
John Woolcock
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Scenario:

In this experiment, you have been asked by your boss, .M. Gaseous, of the AIR BAGS ‘R US Co., to
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analysis. These issues, as well as the quest for better and cheaper systems, drive the search for other
compounds and formulations for the gas-producing reaction used in the system.

The Ideal Gas Law and Mass-Mole Relationships

In the reaction shown above, the CO; gas produced obeys the Ideal Gas Law. In fact, at normal
temperatures and pressures, all gases obey the Ideal Gas Law. This law combines together all the major
properties of a gas: pressure (P), volume (V), temperature (T), and amount (n) or moles of gas. The
algebraic expression of this law is:

PV =nRT

where P is the pressure of the gas in atmospheres (atm); V is the volume of gas in liters (L), n is the moles
of gas (mol), T is the temperature of the gas in Kelvin (K), and R is the Ideal Gas Law Constant. The
value of R is 0.0821 atm L mol™ K™'. With this equation and the measurement of any three properties, the
fourth property can be calculated.

In most laboratories, the properties of P, V, and T are often measured in units different from those used in
the Ideal Gas Law. In the lab, pressure is typically measured in mm Hg (millimeters of mercury) or forr.

Volume is tvpicallv measured in milliliters (mL). and temperature is usuallv measured in degrees Celsius

(°C). These units must be converted in order to use the Ideal Gas Law Constant, R.

Conversions: 760 torr = 760 mm Hg =1 atm; 1 L = 1000 mL; K =273 +°C

Once the number of moles of gas needed to fill the bag has been calculated, the exact mass of NaHCO;3;
solid and the volume of 6 M HCI solution to make the desired amount of gas can be calculated. Let’s
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:

mol CO; (g) can be produced from 1 mol NaHCO; (s) and 1 mol HCI (aq). To find the mass of solid
NaHCO; that is required, you’ll need to convert from moles <> mass as we’ve done in class.




n; = number of moles of gas in the standard state (1.0 mol)
n; = number of moles of gas needed for the experiment
V) = volume of a gas in the standard state (22.4 L)
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T, = temperaturé in the standard state (273 K)
T, = temperature of the experiment (current room temperature)

Pre-lab Questions
Comnlete theseproblemsisive the infarmatian ahnve hefore coming tn lah_Showeypurguork

——— = = —
L') _'l_, & b B ) s N2 7T 1. 1 n~ 1 A~ A, Y. Ny 2

-

same as 6.0 mol/L.

2. Use the combined gas relationship and determine how many moles of gas are needed to filla 5.0 L
airbag at 25 °C.

3. Combine the above calculations and determine how many milliliters of 6.0 M HCI and how many
grams of NaHCOj; are needed to generate enough gas to fill a 10.0 L airbag.
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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 below.

¢ The trigger and deployment system should require minimal external parts or assistance.

* You should have the acid and the NaHCO; inside the airbag in a stable configuration that will
survive handling without deployment until triggered.

e You will want to measure the thickness of the bag and how fast it inflates.
Address the following issues:

1. List safety considerations for testing your airbag, including handling and disposing of chemicals.

2. Show all calculations and reaction equations that were needed to predict the amounts of reagents
predicted to fill the air bag.

3. Describe or sketch the design of your airbag, including the mechanism that you use as a trigger in
the deployment. After each test of the airbag, empty all waste into the sink. The bags may be
rinsed in the sink and wiped out with a paper towel to dry them for the next trial.

PART IIL
Optimization of the Airbag Design

Once you have a successful airbag design that you can operate, use your model to determine if changing
the amount of one or both of the reactants changes the speed of inflation or creates a better/poorer
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reactants, then deploy and measure the results (time, cushion). Write the amounts of reactants and the
results of your trials in a table below.




Report

In addition to the tables and information above, explain the experimental variables you adjusted to
optimize your airbag. Include why you chose the amounts you did, and why you think that the best airbag

was made with those amounts (particularly if the amounts were different from those calculated from the
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Sample Assessment
CHEM 113: Grading Rubric for Air Bags 'R Us




2. Summary of the proposed revisions.

1.

Course title change from "Concepts in Chemistry I" to "Advanced General Chemistry I"

2. Pre-requisite addition of minimum MATH SAT score and high school chemistry
3. Catalog Description change

4.
5
6

Change in course objectives to fit expected student learning outcomes

. Minimum Lab Grade of 70% required for passing course.
. Updated course text and blbllography

Y _1__1_ J:ﬁ —al

3. Justification/rationale for the revision.

1.

Course title and pre-requisite changes reflect the target audience for the course. The revision to

Advanced General Chemistry is designed to improve retention of science majors. CHEM 111

(General Chemistry I) is an existing liberal studies Natural Science course for science majors that

does not have any pre-requisites. CHEM 113 (Concepts in Chemistry I) was a Liberal Studies

Science, freshman chemistry course for primarily chemistry majors, with a guided inquiry-based

laboratory program that was demgned to develop critical thmkmg skills. Over time, it has become
o ta L
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pass CHEM 113. Furthermore, well-prepared students are not challenged by CHEM 111. We
frequently see these students transfer to other institutions. Students with high school chemistry or
AP Chemistry and good math skills will be advised into CHEM 113. Less time is needed to cover
fundamentals like dimensional analysis and atoms and nomenclature. The content and problem-
solving of the course will be more challenging; the laboratory program will continue to be based
on guided inquiry. Other students will be advised into CHEM 111, where those without the
chemistry or math background will spend longer in lecture and lab working on basic concepts and
mathematical analysis of chemical problems. Chemistry majors in CHEM 111 will have the
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OLD SYLLABUS OF RECORD FOR CHEM 113
CONCEPTS IN CHEMISTRY

L CATALOG DESCRIPTION

COURSE TITLE:
NUMBER OF CREDITS:
PREQUISITES:

COURSE DESCRIPTION:

CHEM 113, Concepts in Chemistry
4 cr (3c-31-4sh)

Introductory course for chemistry majors.

Topics covered include atomic theory, an
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Liberal Studies Course Approval General Information

1.

This course will have one lecture section. The lecture instructor will serve as course (lecture and lab)
coordinator. All lab sections will do the same set of experiments. There is a department guideline
standard evaluation procedure for all sections that requires a student to earn 70% in the laboratory
portion of the course in order to pass.

Many important discoveries and advances in chemistry come from women and ethnic minorities:
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the 1800s. Georee Washingtan Carver's contribytions tn nlapt chemistrv, the neriadic tahle described
.

by Mendeleev. These landmark scientists and others are mentioned texts and by instructors.

The exception to non-textbook work is made due to the quantitative nature of the course in both
lecture and laboratory. Students perform dimensional analysis, stoichiometry calculations and
thermodynamic analysis. Students are required to use calculators for complex algebraic problem-
solving and for logarithmic functions like pH. In lab, students will use computers for data collection,
and will be expected to use software to graph and analyze their results.







Liberal Studies Course Approval Checklist
Instruction Sheet

- Hﬁ = pahngdintafr mOl S ID0E il 1 P NRR ekl b el i
Il _

—

telephone 357-5715.
This checklist is intended to assist you in developing your course to meet IUP's Criteria for Liberal
Studies and to arrange your proposal in a standard order for consideration by the Liberal Studies
Committee (LSC) and the University-Wide Undergraduate Curriculum Committee (UWUCC). When
you have finished, your proposal will have these parts:

_X___Standard UWUCC Course Proposal Cover Sheet, with signatures and Liberal Studies course
designation checked

_X___Course syllabus in UWUCC format
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