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     Three nights a week, the nation tunes in to see Who Wants to be a Millionaire, a hit television show on ABC, but what does it really mean to have a million of something?  A billion?  These are numbers our students hear about in their daily lives, but do they have a feeling for what they really mean?  For those who teach chemistry, the challenge of bringing perspective to huge numbers grows even larger when talking about the numbers of atoms and molecules.  
     What is a mole, beyond your typical lawn and garden variety?  A mole is a term used to quantify a specific quantity, 6.02 x 1023 pieces (also known as Avogadro's number).  In the English language, words like decade and a dozen are used to describe specific  numbers.  If Sara has a dozen doughnuts, we know she has twelve.  If she has a baker's dozen, she has thirteen.  If Sara were to have a mole of doughnuts, she would have 6.02 x 1023 doughnuts, enough for everyone in the world to each have over a trillion doughnuts (1.00 x 1024 doughnuts).  The mole is a unit commonly used when describing a number of atoms or molecules (Hewitt, Suchocki, and Hewitt, 1999, 466-9).  Atoms and molecules are so tiny in size, that we need a huge number like the mole to quantify them.  The concept of a mole is difficult for students, not only for its tremendous size, but also because it refers to atoms and molecules which are extremely tiny.  Students in a traditional chemistry course typically have difficulty developing the concept, but last year, after accepting a new teaching position in a district that uses a spiral curriculum, I found myself introducing the concept to ninth graders in Science I (a course that includes nine weeks each of chemistry, biology, earth-space, and physics).
     As a participant in the Educators' Science and Mathematics Institute Series (ESMIS), a National Science Foundation funded institute offered at Michigan Technological University, I created a unit to address the task of bringing perspective to large numbers, including the mole.  In completing the unit, I hope students will gain  a better understanding of the meaning of a mole, making it easier for them to apply large numbers in chemical reactions to calculate the number of moles of reactant and product in reactions.  Assessment strategies included comparison of pretest to post test scores (See Figure 1 for pretest/post test), as well as successful completion of the lab Mass and Mole Relationships in a Chemical Reaction  (Modern Chemistry, 1993, 75-8).  This unit will address the following standards from the 2000 draft of the Michigan Curriculum Framework Standards:  SCI.II.I.3, SCI.IV.II.1,5,6, and MATH.II.III.3-6 (http://cdp.mde.state.mi.us/mcf).
     The unit will begin with an activity designed by one of my colleagues at the institute, Lisa Parolini, called "What is a Million?"  Lisa is a math teacher at Jeffers High School in Michigan's Upper Peninsula and found that her students had very little understanding of what it means to have a million of something.  She begins the lesson by asking students to predict how long it would take to count to a million if they were to increase a number each second.  She then follows with a billion.  Students then use the factor-label method to calculate the times to be 11.6 days for a million and 31.8 years for a billion.
1 million seconds x ___1 minute___ x ___1 hour___ x___1 day___= 11.6 days
                 60 seconds          60 minutes           24 hours
1 billion seconds x ___1 minute___ x ___1 hour___ x___1 day___x___1 year___=  31.8 years
                 60 seconds           60 minutes          24 hours     365 days
     To illustrate a million, I have chosen a Becker Bottle, available from Flinn Scientific (AP4559, $30.70).  The Becker Bottle, "One in a Million", is a 3 Liter bottle containing one million tiny colored spheres.  Not only can you illustrate the concept of a million,  you can also illustrate concentrations and provide meaning to contaminant concentrations such as one part per million (one black sphere inside the bottle), 10 parts per million ( ten green spheres in the bottle), and so forth.  
     Next, students will be asked to determine an accurate estimate for the number of Froot Loops in a box of Froot Loops cereal without counting each piece.  I like this idea because atoms are so small we need ways of quantifying them without physically counting each piece.  This activity gives students a chance to do this first with a concrete object.   With some brainstorming, they should develop a plan that involves each student weighing a small group of Froot Loops.  Each student counts and masses an equal number of Froot Loops.  Students then calculate the class's average mass of  Froot Loops per number of Froot Loops.  Students can make an estimate of the number of Froot Loops in a box, given the mass of Froot Loops in a box using the factor-label method, illustrated below using an example where 15 Froot Loops had an average mass of 3.0 grams and the box of Froot Loops had a mass of 425 grams.  
425 g Froot Loops x 15 Froot Loops = 2100 Froot Loops 
 3.0 g Froot Loops
Then extend the factor-label method a little farther and ask students to calculate the number of boxes needed for a million Froot Loops and a billion Froot Loops. 
1.0 million Froot Loops x_1 box Froot Loops_ = 480 boxes Froot Loops
                       2100 Froot Loops
1.0 billion Froot Loops x_1 box Froot Loops_ = 480 000 boxes Froot Loops
                       2100 Froot Loops     
If boxes of Froot Loops, each 31 cm long, are stacked end to end, 480 boxes would reach a distance of 150 meters, approximately 1.5 football fields.  480 000 boxes would extend a thousand times farther for  a distance of 150 km! 
     It is time to introduce Avogadro's number and the definition of a mole.  From there, determine the number of boxes required for a mole of Froot Loops. 
6.02 x 1023 Froot Loops x_1 box Froot Loops_ = 2.9 x 1020 boxes Froot Loops
                         2100 Froot Loops     
 Stacked end to end, the boxes containing a mole of Froot Loops would reach a distance equal to 7.5 million round trips from the Sun to Pluto! 
     A mole is an incredibly large number because atoms are so very tiny.  Exactly 12 grams of carbon-12 contains one mole of particles or 6.02 x 1023 atoms of carbon-12.  Several comparisons are used by in Conceptual Physical Science (Hewitt, Suchocki, and Hewitt, 1999,433, 467) to give meaning to the vastness of Avogadro's number and the mole.   6.02 x 1023 grains of wheat would occupy the same volume as the Arctic Ocean (Hewitt, Suchocki, and Hewitt, 1999, 467).  A mole of marbles would cover the United States to a depth of 4 meters (Hewitt, Suchocki, and Hewitt, 1999, 433).  Tony Schwaller, a science teacher from Calumet High School, asks his students to prepare similar comparisons with objects and units they are familiar with.  I plan to incorporate this into the unit as well.  
     Now connect the analogy to calculating the number of atoms in a mole of aluminum.  No one  can directly count the number of atoms in a mole of aluminum foil, but If you know how many atoms there are in a certain number of grams, like the Froot Loops, the job can be completed.  Introduce molar mass expressed in grams and its relationship to a mole and Avogadro's number.  Measure 26.98 grams of aluminum foil on a balance, then shape it into a mole.  You truly have a mole of aluminum consisting of 6.02 x 1023 atoms.  Finally, weigh a copper penny, minted before 1982 and ask students to calculate the number of atoms contained in the penny based on the molar mass of copper of 63.546 grams.  Provide additional practice for homework. 
     To build student enthusiasm for the moles, follow up with Moles!  Moles!  Moles!, an activity where students create stuffed moles at home.  I was first introduced to this idea at ChemEd `95 in Norfolk, VA by teachers who presented from Creighton University's Chemistry Teacher Enhancement Workshop.  "Milli Moles" are the brainchild of D. Lieneman of the Weird Science Group from Glenbard South High School in Glen Ellyn, Illinois.  I have found this activity to be very fun and student creativity is endless.  Some of the more memorable over the years include a camouflage mole who sported a hunter's orange nose, a Kenny mole from South Park, a punk mole complete with hot pink hair and a nose ring, and moles with large glasses to help them see.  Moles are often a reflection of their makers personality and sense of humor.  They allow students a venue for telling a little bit about themselves. When finished, moles can then reside in the classroom mole hole and come out as good luck charms for quizzes and tests.  One year, my students even attached pipe cleaner antlers to the moles, transforming them into moledeer that pulled Santa's sleigh for our door decoration. 
     The patterns for making the moles (Figures 2 and 3) allow for a 0.5 cm margin.  Sew the two upper body halves together from nose to tail along the back of the mole with the material facing inside-out.  Sew the bottom onto the two sides leaving a 5 cm margin to fill the mole with stuffing (beans, beads, rice, one student even used flour).  Invert the mole through the  5 cm hole, fill, and stitch closed.  Decorate as desired (Chemistry Teacher Enhancement Workshop, 1995, 21-3).  
     Finally, tie in balancing equations with mole ratios.  Use the mole ratios to predict moles and masses of products from reactants.  For closure, tie it all together with the real-world application chemistry lab similar to Mass and Mole Relationships in a Chemical Reaction  (Modern Chemistry, 1993, 75-8).  Students begin the lab by measuring the mass of solid reactant, sodium bicarbonate.  Hydrochloric acid is added to the sodium bicarbonate until the reaction is complete.  Products include water, carbon dioxide, and sodium chloride.  The carbon dioxide escapes into the room as the reaction takes place, leaving water and sodium chloride.  Water is evaporated and a final mass for sodium chloride can be obtained from the evaporating dish.  Students can calculate the moles of sodium chloride produced and compare it to the original sodium bicarbonate.  Students write a balanced equation for a reaction, then calculate experimental and theoretical mole ratios.  Findings are presented in a formal lab report.  Finally, students complete the post-test for comparison to pretest results as a measure of student growth. 
 [image: image1.png]


Figure 1.  Pretest and post test for teaching unit, Bringing Perspective to the Mole.
Pretest & Post test
1.  If you were given a dollar a second, how long would it take you to have a million dollars?
2.  If you were given a dollar a second, how long would it take you to have  a billion dollars?
3.  What is a mole (not your yard and garden variety)?
4.  Which has more atoms, a mole of helium or a mole of copper atoms?
5.  Which would have more mass, a mole of helium or a mole of copper atoms?
6.  If you had one mole of copper atoms, how many atoms would you have?
7.  If a tin can has a mass of 10.0 grams, how many moles of tin would you have?
8.  How many atoms of tin would be in the can?
9.  In the formula  2H2 + O2 -> 2H2O, what is the mole ratio of hydrogen to water?
10.  What does the size of Avogadro's number tell us about the size of atoms?  Please explain with an example.
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Figure 2. Cut out two pieces like this for the body sides.
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	Figure 3. Cut out one piece for the base.
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Summary
     The ninth grade students found chemistry very challenging as they made the adjustment from middle school to high school.  Many of the mole activities provided variety and helped make chemistry fun.  After administering and compiling pretest results, it was evident that students had little or no prior experience with moles.  I found it interesting 75.6% of the students correctly identified that a mole of copper would have more mass than a mole of helium.  Students used prior knowledge of the periodic table to identify that an atom of copper is bigger than an atom of helium.  Therefore, a mole of copper should have more mass than a mole of helium.
     I introduced the factor-label method to solve how long it would take to accumulate a million dollars if you were to receive $1 per second.  Some of the students were familiar with the method, but for others it was new.  Most students seemed to have little difficulty applying the method to a billion.  Students had a lot of fun with the Becker Bottle, the 3 Liter bottle containing one million tiny colored spheres, available from Flinn Scientific (AP4559, $30.70).  Students liked the idea of holding a million in their hands and especially enjoyed searching for the sole black sphere.  The enjoyment it provided more than made up for its price. 
     I was really pleased with the Froot Loops lab.  It was interesting that class predictions for number of Froot Loops in a box only varied by 100 Froot Loops.  Three of the four were within 40 Froot Loops of each other.  Students were able to use the factor-label method to predict how many boxes would be needed for a million Froot Loops.  It was neat to compare the volume of a million Froot Loops to the 3 L Becker Bottle containing a million spheres.  It provided a nice example of how particles of larger size would take up more space.  
     After introducing the concept of a mole, students were very impressed that a mole Froot Loops in boxes stacked end to end would make over 7 million round trips from the Sun to Pluto.  One student exclaimed, "Wow, atoms must be really small!"  Their favorite analogy was that a mole of marbles would cover the continental United States to a depth of 4 meters (Hewitt, 1999).  This analogy made its reappearance in many of the post-tests.  
     I was pleased at how well students were able to transfer the idea of calculating how many Froot Loops were in the box, to how many atoms were in a mole of aluminum foil and in a copper penny.  They quickly were able to make a prediction for how the Becker Bottle was created. "Mrs. Cerrudo, does that mean that they didn't count each sphere?"  "Did they weigh the spheres?"  "Then there might not be exactly a million?"  Disappointment registered in some of their voices, as though some of the magic had disappeared.  We calculated how many atoms were in a pop can as well.  
     Due to equipment limitations and time constraints with the marking period and chemistry unit ending, I chose to demonstrate Mass and Mole Relationships in a Chemical Reaction  (Modern Chemistry, 1993, 75-8). Sodium bicarbonate was placed on a watch glass on the overhead .  Hydrochloric acid was added to the sodium bicarbonate until the reaction was complete, leaving water, carbon dioxide, and sodium chloride.  I used the opportunity to revisit the concepts of physical and chemical changes.  After some discussion , students suggested that the water could be evaporated leaving sodium chloride.  We repeated the experiment from start to finish in an evaporating dish, calculating how much sodium chloride could be produced from 1.0 gram of baking soda.  A comparison of the final mass of sodium chloride with the predicted value yielded a 0% error.  The demonstration was nice to show an application of the mole, providing a stimulating challenge to my more advanced students.
     Students have been bringing their moles from home and have enjoyed the hourly birth announcements.  My seniors have asked if we are making a mole of moles.  Perhaps, I should do the unit with them as well.
     Post-test results showed much growth.  There was improvement in all questions and I was very pleased with the results of several questions.  In reference to question 4, "Which has more atoms; a mole of helium or a mole of copper atoms?", I will need to reemphasize that a mole of anything is 6.02x1023 pieces.  Students found the problems to be quite challenging, but I had several students tell me they enjoyed the challenge.  I will need to clarify question 9 in the future.  Students interpreted it two different ways, making it impossible to consider the results.  Nearly all went away with an idea of how very tiny atoms are.  In one student's words, "Avogadro's number shows just how small atoms are because 6.02x1023 is an incomprehensible number.  A mole of hydrogen atoms weighs only 1.0079 grams!  That shows just how small atoms are."  Overall, I found the unit to be very helpful and will continue to use it in future years.     
% Correct Responses
	Question
1
2
3
4
5
7
8
9
10
	Pretest
43.6%
19.0%
0%
1.3%
75.6%
0%
0%
0%
8.4%
	Post-Test
79.5%
80.8%
94.9%
48.7%
91.0%
66.7%
52.6%
44.8%
94.9% 
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Figure 1.  Pretest and post-test results from "Bringing Perspective to the Mole."
