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STEM Faculty

College faculty can serve key roles in the design, planning, execution and assessment of
STEM education programs on the middle school level. As has been found through the
MSTP program, these roles can take a number of forms that take advantage of the
backgrounds and interests of the faculty members involved. For example, faculty
involved in teaching mathematics or engineering can bring their knowledge of these
fields to development of activities for curricula enhancement. Faculty with
specializations in pedagogical research can directly explore the impact of STEM
activities on both the teaching and learning environments at the middle school level.
Furthermore, college faculty roles in STEM projects are shaped by the program itself, by
the nature and design of teams, and by the college faculty themselves. Roles can include:
participation in Collaborative School Support Teams with middle school teachers,
administrators and social workers helping to provide leadership and create activities
which link learning opportunities and match curricula to State standards; evaluating the
roles of administrators in support and institutionalization of STEM curricula
developments; mentoring both student-teachers and middle school project teachers in
promoting the goals of STEM teaching enhancement; designing and conducting
workshops for middle school teachers and administrators on development of linked
STEM learning experiences; assisting in transfer of such activities to the classroom and
evaluation of the results; and combinations of the above.

The common thread through all these activities is twofold — first, that college faculty
involvement provides multiple opportunities for STEM teaching and learning
enhancement at the middle school level, and, secondly, that through involvement in
STEM teaching programs like MSTP, college faculty can enhance their own teaching and
pedagogical skills at the college level. MSTP university participants have gained an
understanding of middle school learning standards as well as an enhanced comprehension
of student learning styles and exposure to a diverse set of teaching activities. In turn,
these faculty members have been able to incorporate concepts of linked, problem-based
and active learning and student learning-focused pre and post assessment of learning
goals and outcomes into their own teaching and course and curriculum development.
These developments represent institutional change that ensures the sustainability of
project impact on the college learning environment.

The following examples of workshop activities developed by college faculty and
pedagogical developments for college classrooms demonstrate the nature and variety of
college faculty involvement in the MSTP program, and serve as examples for college
faculty involvement in STEM programs in general.
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The Future of Power: How Fuel Cells Work, and How We Can Make Our Own

Gary P. Halada

Department of Materials Science and Engineering
Stony Brook University
ghalada@notes.cc.sunysb.edu

New clean, efficient and cheap power sources will be in high demand in our future, for everything from
our homes to our cars and even our personal electronic devices, such as cell phones. It is important that
these power sources be light weight, safe and cheap enough so that we can afford them. Batteries are a
great technological development to store and transport small amounts of power, but, as we know, batteries
eventually drain and have to be replaced. A petroleum powered generator, on the other hand, will provide
power as long as there is a source of fuel — unfortunately it also turns out a number of pollutants which
can injure us and poison our environment.

A fuel cell can provide the best of both worlds — a simple chemical energy conversion device which will
run as long as there is a source of fuel, but which produces little (if any) pollution. If we supply hydrogen
(either as a gas or as part of a simple hydrogen-containing fuel) to one side of a fuel cell and air or oxygen
to the other side, a simple chemical reaction occurs on surfaces called catalysts which provide ions which
travel through the inside of the fuel cell. The electrolyte, which is the material the ions flow through, does
not allow the other product of the reactions to flow through it — electrons. These are forced to flow
through a circuit on the outside of the cell where they will be able to do work (like run an electric motor,
or light bulb). As long as we can supply hydrogen (for example from the hydrolysis of water by use of a
solar cell), we can get power from a fuel cell.

How a Fuel Cell Works, from http:/fossil.energy.gov/programs/powersystems/fuelcells/

og,, X HYDROGEN 1: Hydrogen gas is extracted from

P L natural gas or other hydrocarbon fuels
and permeates the anode. Oxygen from
the air permeates the cathode.
2: Aided by a catalyst in the anode,
electrons are stripped from the
hydrogen. Hydrogen ions pass into the
electrolyte.
3: Electrons cannot enter the electrolyte.
They travel through an external circuit,
producing electricity.
4: Electrons travel back to the cathode
where they combine with hydrogen ions
and oxygen to form water.

Making your own gas fuel cell:
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For this we need two graphite pencil ‘leads’ (actually made from a form of carbon called graphite --
graphite is important because it acts as our catalyst — a material which enhances a chemical reaction but is
not consumed by it!), a beaker, some salt water (a little NaCl in water), a voltage source (of about 9 volts),
and a simple voltmeter. (Art pencil leads work best, but students can vary the type and number, as noted
below, to ‘optimize’ their fuel cell operation).

The two graphite electrodes (pencil ‘leads’) are situated side by side so only about 3 cm extends into the
solution. They are then fixed at the edge of the glass and connected by clip leads coming at the top. The
electrodes should not be too far from each other (a few millimetres is ideal), but should not touch.

The next few paragraphs are adapted from the website
http://www fuelcellstore.com/products/martin/DL48fuelcellkiteng.pdf:

The electrodes are connected to the voltmeter (polarity is unimportant). The very first time one will
measure no voltage, even in the most sensitive VDC range (except for small effects from stray
electromagnetic fields). On repetition of the experiment, however, the electrodes may be no longer
identical (adsorbed traces of gas from the previous experiment) and one can already see very small
effects. The voltmeter is switched to the 0-20 VDC range and the battery connected to the electrodes (plus
to plus, minus to minus pole). One observes vigourous gas evolution at the electrodes (the chlorine gas
can be smelt when close enough). The gas mixture is in principle explosive but the small quantities make
the experiment harmless. The voltage of the battery is measured on the voltmeter (9 V).

The battery is disconnected, preferably without shaking the glass so that as many gas bubbles as possible
remain adhered to the electrodes. Now we have no more electrolysis but the voltmeter still shows a
voltage of about 1.4 V which slowly sinks (switch voltmeter to a more sensitive range as needed). Our
cell now functions as a gas battery or fuel cell! It is true that it cannot drive anything other than a
voltmeter, but the effect is clearly observable (for higher power, e.g. to drive a lamp or motor, one needs
larger vessels and greater electrode areas). By reconnecting the battery for a short time (after switching
the voltmeter to a suitable range), one can recharge the gas battery as often as desired and repeat the
experiment.

The reactions in the cell are as follows:

First, with the battery connected (to generate our “fuel”):
Anodic reactions

Electron release (oxidation) Cl - -> Cl + 1 e -Formation
of chlorine (gas) molecule 2 Cl -> Cl,

Overall reaction2 Cl - ->2 e - + Cl,

Cathodic reactions

Electron acceptance (reduction) Na++ 1 e -->Na
Secondary reaction: formation of caustic soda Na + H,O -> NaOH + H
Formation of hydrogen (gas) molecule 2 H -> H,
Overall reaction 2 Na++2 e - -> 2 NaOH + H,

And then, with the battery disconnected:

Overall reaction H2 + CI12 -> 2 HCl
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Electron acceptance (reduction) C12 +2e-->2 Cl-E 0 (CI2/Cl - ) = 1.36 Volts
Electron release (oxidation) H2 -2 e - ->2 H+ E 0 (H2/H + ) = 0 Volt (by definition)

This is the reaction that produces our voltage!

Gas fuel cell experiment showing evolution of hydrogen and chlorine gas at graphite electrodes.
Classroom/homework activities:

+ Step one: establish research/design teams
+ Identify experimental parameters: solution and electrodes
« Measure surface area per unit length of graphite electrodes; make notes of any other differences in
the surface texture or shape of the electrodes
+ Calculate the surface area of graphite which extends into the solution.
+ Try creating more surface area under the surface of the solution by
» Using several electrodes bundled together
e Using thinner or thicker electrodes
« Extending the electrodes only 1 cm into the solution instead of 3 cm
+ Keep records — what was the effect of each of these changes on your gas fuel cell performance?
»  Write lab report on the gas fuel cell experiment
+ Describe what was done, what chemical equations/reactions are involved, and what the results
were.
« Include a graph of results, showing the voltage versus time for each change made in the amount
of electrode surface area in the solution.
+ Explain importance of the experiment in terms of improving the fuel cell performance.
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Learning objectives (science and technology):

Understanding how a fuel cell works and how it is different from a battery

Understanding and writing a chemical reaction, including balancing charge and numbers of atoms
Understanding the role of a catalyst and the importance of surfaces in reactions

Understanding design of experiments

Additional mathematical objectives (various grade levels):

Measuring/using a ruler and other measurement tools (length, time, voltage)
Calculating surface area, volume, circumference
Graphing data

5™ _ 7™ Grade Related mathematical standards (from
http://www.regents.nysed.gov/2004Meetings/November2004/mathstandards-part2-nov04.doc

5.M.3 Measure to the nearest millimeter

5.M.6 Calculate elapsed time in hours and minutes

5.M.8 Determine the tool and technique to measure with an appropriate level of precision: lengths and
angles

5.5.2 Display data in a line graph to show an increase or decrease over time

5.8.4 Formulate conclusions and make predictions from graphs

6.G.4 Calculate the area and circumference of a circle, given the radius

6.G.5 Identify radius, diameter, and chords of a circle

6.G.7 Understand the relationship between the circumference and the
diameter of a circle

6.M.1 Measure capacity and calculate volume

6.M.8 Estimate volume, area, and circumference

6.5.6 Read and interpret graphs

6.S.7 Justify predictions made from data

7.G.4 Calculate the surface area of prisms and cylinders, using a given formula and a calculator
7.M.15 Estimate surface area

7.5.8 Interpret data and justify predictions

7.5.10 Predict the outcome of experiments

7.S.11 Design and conduct an experiment to test predictions

7.5.12 Compare actual results to predicted results
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