This document contains activities to go along with C 4.8 A-D and C 4.10 A-B.  At the end are links to support those benchmarks as well as a section of other Chemistry links that may be useful for teachers/students.

For more information contact:

Connie Kemner – CKemner@lsps.org
Bryan Killingbeck - bkillingbeck@delasallehs.com
Activity 1: Structure of an Atom

Benchmark(s):

C4.8 B - Describe an atom as mostly empty space with an extremely small dense nucleus consisting of the protons and neutrons and an electron cloud surrounding the nucleus.

Materials:

· Meter stick

· Scissors

· String

· Tape

· Tennis ball

· Marble

Directions:

1. Use the meter stick to measure a 5-meter piece of string.  Cut the string and take it to your work area.

2. Use a small piece of tape to attach the marble to one end of the string.  Use another small piece of tape to attach the tennis ball to the other end of the string.

3. One group member needs to hold the tennis ball while remaining in one spot.  Another group member needs to hold the marble while moving, in one direction, around the tennis ball holder.

4. Clean up your materials.  Throw the tape away and return the other materials to the supply area.

Questions:

1. Which is larger, the nucleus of an atom or an electron?

2. Which item represented the nucleus, the tennis ball or the marble?

Activity 1: Structure of an Atom

Benchmark(s):

C4.8 B - Describe an atom as mostly empty space with an extremely small dense nucleus consisting of the protons and neutrons and an electron cloud surrounding the nucleus.

Extensions:

1. Go out to the football stadium with a basketball and several grains of rice.  Place the basketball in the middle of the 50-yard line.  Ask 5-6 students to take a grain of rice and move throughout the bleachers while holding the rice above their heads.  They may move anywhere they wish within the confines of the bleachers.  The remaining students should pick a spot, on the field, to sit while observing the movement.

· Which was easier to locate, the rice or the basketball?
· If the students were allowed to move into the bleachers to observe, which item would be easier to locate?

2. Suspend a golf ball in the center of a hula hoop.  Tell the students that the hoop represents the outer limits of the atom.  Ask students to toss ping pong balls (may be marked “alpha particle” to help students look at Rutherford’s gold foil experiment) and attempt to hit the golf ball.  Fill in the following chart.  At the end, discuss the results (why most ping pong balls did not hit the golf ball).

	Trial (Throw)
	Hit golf ball
	Did not hit golf ball

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	

	11
	
	

	12
	
	

	13
	
	

	14
	
	

	15
	
	

	16
	
	

	17
	
	

	18
	
	

	19
	
	

	20
	
	

	21
	
	

	22
	
	

	23
	
	

	24
	
	

	25
	
	

	26
	
	

	27
	
	

	28
	
	

	29
	
	

	30
	
	


Activity 2: Representing Atoms

Benchmark(s):

C4.8 A – Identify the location, relative mass, and charge for electrons, protons, and neutrons.

Materials:

· Packages of plastic eggs (5 or more different colors/patterns)

· Dried pinto beans

· Dried black beans

· Orzo pasta

· Plastic craft bags (one per egg)

· Egg cartons (one per group)

· Massing trays (four per group)

· Balances

Directions for the teacher:

1. Select five or more elements from the table below.  (The number of elements is determined by the number of egg colors/patterns.  You will need to record which element corresponds to which eggs.)

2. Prepare the “nuclei” by adding appropriate numbers of black bean neutrons and pinto bean protons to the craft bags.  Insert the nuclei into the eggs.

3. Add appropriate numbers of orzo pasta to the eggs to represent the electrons.

4. Label the eggs A, B, C, etc.

Data table:

	Egg color/letter
	
	
	
	
	
	
	
	
	
	

	Element
	H
	He
	Li
	Be
	B
	C
	N
	O
	F
	Ne

	Number of pinto beans (protons)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Number black beans (neutrons)
	1
	2
	4
	5
	6
	6
	7
	8
	10
	10

	Number of pasta pieces (electrons)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


Activity 2: Representing Atoms

Benchmark(s):

C4.8 A – Identify the location, relative mass, and charge for electrons, protons, and neutrons.

Materials:

· Three eggs of different colors
· Egg carton

· Massing trays (four per group)

· Balance

Directions for the students:

1. Pick three different colored eggs, place them in your egg carton, and take them to your lab area.

2. Open one of the eggs over the egg carton so that anything coming out of the egg stays in the lid of the carton.

3. Count the number of each type of particle and record the information in your data table.

4. Separate the particles into groups and put them into the massing trays so that one tray contains only pinto beans, one tray contains only black beans, and one tray contains only pasta.

5. Take the three filled trays and the empty tray to the balance station.

6. Place the empty tray on the balance to get the mass.

7. Place all of the pinto beans into the massed empty tray and get the mass.  Determine the mass of the pinto beans and record it in the table.  (You will need to subtract the mass of the tray from the mass of the beans and tray.)

8. Repeat steps 6 and 7 for the black beans.  Then repeat steps 6 and 7 for the pasta.

9. Put the pinto beans and black beans back into the bag.  Place the bag of beans and the pasta back into the egg.

10. Repeat steps 2 through 10 for the second egg.  Then repeat steps 2 through 10 for the third egg.

11. Return the eggs and trays to the supply area.

Data table:

	Egg color/letter
	1st egg = 
	2nd egg = 
	3rd egg = 

	Number of pinto beans
	
	
	

	Number of black beans
	
	
	

	Number of pasta pieces
	
	
	

	Mass of empty tray
	
	
	

	Mass of pinto beans
	
	
	

	Mass of black beans
	
	
	

	Mass of pasta
	
	
	


Questions:

You must show your work for the math questions.

1. Determine the mass of an individual pinto bean.

2. Determine the mass of an individual black bean.

3. Determine the mass of an individual piece of pasta.

4. What was the most massive (“heaviest”) particle – pinto bean, black bean, or the pasta?

5. What was the least massive (“lightest”) particle – pinto bean, black bean, or the pasta?

6. Each egg contained a bag with pinto beans and black beans.  What does the bag of beans represent?

7. What do the pieces of pasta represent?

8. Was each egg completely filled?  How is this like an atom?

9. Each egg represents an element from the periodic table.  If the pinto beans represent protons, determine the identity of each of your egg elements.

Egg 1 = ________________

Egg 2 = ________________

Egg 3 = ________________

Activity 3: Representing Ions

Benchmark(s):

C4.8 D – Give the number of electrons and protons present if the fluoride ion has a -1 charge.

C4.10 A – List the number of protons, neutrons, and electrons for any given ion or isotope.

Materials:

· Packages of plastic eggs (5-7 different colors)

· Dried pinto beans

· Dried black beans

· Orzo pasta

· Plastic craft bags (one per egg)

· Egg cartons (one per group)

· Massing trays (four per group)

· Balances

Directions for the teacher:

1. Select five or more elements from the chart below.  (The number of elements is determined by the number of egg colors/patterns.  You will need to record which element corresponds to which egg.)

2. Prepare the “nuclei” by adding appropriate numbers of black bean neutrons and pinto bean protons to the craft bags.  Insert the nuclei into the eggs.

3. Add appropriate numbers of orzo pasta to the eggs to represent the electrons.

4. Label the eggs A, B, C, etc.

5. Place the eggs in the cartons so that there is one of each ion in the carton.

Data table:

	Egg color/letter
	
	
	
	
	
	
	

	Ion
	H1+
	Li1+
	Be2+
	B3+
	N3-
	O2-
	F1-

	Number of pinto beans (protons)
	1
	3
	4
	5
	7
	8
	9

	Number black beans (neutrons)
	1
	4
	5
	6
	7
	8
	10

	Number of pasta pieces (electrons)
	0
	2
	2
	2
	10
	10
	10


Activity 3: Representing Ions

Benchmark(s):

C4.8 D – Give the number of electrons and protons present if the fluoride ion has a -1 charge.
C4.10 A – List the number of protons, neutrons, and electrons for any given ion or isotope.

Materials:

· Egg carton with seven different eggs
· Massing trays (three per group)

Directions for the students:

1. Pick up one of each egg color/pattern, place them in your egg carton, and take them to your lab area.

2. Open one of the eggs over the egg carton so that anything coming out of the egg stays in the lid of the carton.

3. Count the number of each type of particle and record the information in your data table.

4. Put the pinto beans and black beans back into the bag.  Place the bag of beans and the pasta back into the egg.

5. Repeat steps 2 through 4 for each remaining egg.

6. Return the eggs and trays to the supply area.

Data table:

	Egg color/letter
	1st egg = 


	2nd egg = 
	3rd egg = 
	4th egg = 
	5th egg = 
	6th egg = 
	7th egg = 

	Number of pinto beans
	
	
	
	
	
	
	

	Number of black beans
	
	
	
	
	
	
	

	Number of pasta pieces
	
	
	
	
	
	
	


Questions:

You must show your work.

1. Each egg represents an ion.  If the pinto beans represent protons and the pasta pieces represent electrons, determine the identity of each of your egg ions.
Egg 1 = ________________

Egg 2 = ________________

Egg 3 = ________________

Egg 4 = ________________
Egg 5 = ________________

Egg 6 = ________________

Egg 7 = ________________

Activity 4: Representing Isotopes

Benchmark(s):

C4.10 A – List the number of protons, neutrons, and electrons for any given ion or isotope.

C4.10 B – Recognize that an element always contains the same number of protons.

Materials:

· Packages of plastic eggs (2-3 different colors)

· Dried pinto beans

· Dried black beans

· Orzo pasta

· Plastic craft bags (one per egg)

· Egg cartons (one per group)

· Massing trays (three per group)

Directions for the teacher:

1. Select five or more isotope groups from the chart below.  (The number of elements is determined by the number of egg colors/patterns.  You will need to record which element corresponds to which egg.)

2. Prepare the “nuclei” by adding appropriate numbers of black bean neutrons and pinto bean protons to the craft bags.  Insert the nuclei into the eggs.

3. Add appropriate numbers of orzo pasta to the eggs to represent the electrons.

4. Label the eggs.

5. Place the eggs in the cartons so that there is one of each isotope in the carton.

Data table:

	Egg color/letter
	AA


	AB
	BA
	BB
	CA
	CB
	DA
	DB

	Isotope
	He-3
	He-4
	C-12
	C-13
	N-14
	N-15
	Cl-35
	Cl-37

	Number of pinto beans (protons)
	2
	2
	6
	6
	7
	7
	17
	17

	Number black beans (neutrons)
	1
	2
	6
	7
	7
	8
	18
	20

	Number of pasta pieces (electrons)
	2
	2
	6
	6
	7
	7
	17
	17


Activity 4: Representing Isotopes

Benchmark(s):

C4.10 A – List the number of protons, neutrons, and electrons for any given ion or isotope.

C4.10 B – Recognize that an element always contains the same number of protons.

Materials:

· Egg carton with 8 labeled eggs
· Massing trays (three per group)

Directions for the students:

1. Pick up an egg carton and take it to your lab area.

2. Open one of the eggs over the egg carton so that anything coming out of the egg stays in the lid of the carton.

3. Count the number of each type of particle and record the information in your data table.

4. Put the pinto beans and black beans back into the bag.  Place the bag of beans and the pasta back into the egg.

5. Repeat steps 2 through 4 for each remaining egg.

6. Return the eggs and trays to the supply area.

Data table:

	Egg color/letter
	1st egg =


	2nd egg =
	3rd egg =
	4th egg =
	5th egg =
	6th egg =
	7th egg =
	8th egg =

	Number of pinto beans

(protons)
	
	
	
	
	
	
	
	

	Number of black beans

(neutrons)
	
	
	
	
	
	
	
	

	Number of pasta pieces

(electrons)
	
	
	
	
	
	
	
	


Questions:

You must show your work.

1. Each egg represents an isotope.  If the pinto beans represent protons, the black beans represent neutrons, and the pasta pieces represent electrons, determine the identity of each of your egg isotopes.

Egg 1 = __________

Egg 2 = __________
Egg 3 = __________
Egg 4 = __________
Egg 5 = __________
Egg 6 = __________
Egg 7 = __________
Egg 8 = __________

2. Compare egg 1 with egg 2.  What do those eggs have in common?
3. Compare egg 3 with egg 4.  What do those eggs have in common?

4. Compare egg 5 with egg 6.  What do those eggs have in common?

5. Compare egg 7 with egg 8.  What do those eggs have in common?

6. Compare eggs 1, 3, 5, and 7.  Did they have anything in common?
Activity 4: Representing Isotopes

Benchmark(s):

C4.10 A – List the number of protons, neutrons, and electrons for any given ion or isotope.

C4.10 B – Recognize that an element always contains the same number of protons.

Extensions:

1. Can repeat (or modify) the lab with an adequate supply of eggs to show relative abundance of the various isotopes.

2. Can give each group of students 20 pennies (some pre-1982 and some post 1982) to represent isotopes of the element, “Pennium.”  (A copy of this write-up is included in a separate file.)

3. Use a variety of M&Ms (minis, almond, plain, peanut, peanut butter, etc.) to represent isotopes of the element, “Candium.”  (A copy of this write-up is included in a separate file.)
Activity 5: How can Protons stay in the nucleus?
Benchmark(s):

C4.8 C – Recognize that protons repel each other and that a strong force needs to be present to keep the nucleus intact.

Materials:

· Four bar magnets per group, each magnet should have the north and south pole labeled.
Directions:

1. Take two bar magnets from the supply area and return to your desk.
2. Place two magnets so that the north pole of one is near the south pole of the other.  Record what happens.

3. Place two magnets so that the south poles are near each other.  Record what happens.

4. Place two magnets so that the north poles are near each other.  Record what happens.

5. Place three magnets so that the south poles are near each other.  Record what happens.

6. Place three magnets so that the north poles are near each other.  Record what happens.

7. Place four magnets so that the south poles are near each other.  Record what happens.

8. Place four magnets so that the north poles are near each other.  Record what happens.

9. Return the magnets to the supply area.
Data table:

	Pairing
	Result

	1 North Pole to 1 South Pole
	

	1 South Pole to 1 South Pole
	

	1 North Pole to 1 North Pole
	

	3 South Poles together
	

	3 North Poles together
	

	4 South Poles together
	

	4 North Poles together
	


Questions:

1. Which pairings were easiest to put together?
2. Which pairings were hardest to put together?

3. If the south poles of the magnets represented protons, would they stay together after you took your hands away from them?  Why do they push away from each other?
4. Go back to your results.

a. Which combinations resulted in the greatest attraction?

b. Which combinations resulted in the greatest repulsion?

c. Which combinations resulted in the weakest repulsion?

5. Protons all have an identical charge.  What happens to two items with identical charge if they get close to each other?

6. In the atom, protons are all located in the nucleus.  If we think of two protons being similar to the south poles (or two north poles) of the magnets, how is it possible to keep them near each other?
7. Since most elements have more than two protons, what does this suggest about the force keeping them together in the nucleus?

Websites to assist in student learning:
Websites to go with C 4.8 A-D and C 4.10 A-B
· http://doyle-scienceteach.blogspot.com/2008/08/why-i-teach-modeling-atoms.html - gives an alternate way to think about C4.8 B (Describe an atom as mostly empty space with an extremely small dense nucleus consisting of the protons and neutrons and an electron cloud surrounding the nucleus.)
“Atoms are mostly space. We say this, but it's mostly words to students, words they will memorize long enough to fill in a bubble with a Number 2 pencil, then forget. This kind of ability will get you far today, as long as no wisdom is required (and it rarely is).

The classic textbook diagram misrepresents the space--the book would have to be the size of a football field to do the atom justice. It's also a generation or two removed from the electron cloud model (never mind quantum field theory). I learned to be careful when discussing pictures of models--some children get upset when they learn that the book "tells lies."


Science is stories framed within empiricism.

I took the class into the hallway to get a sense of how much space is in an atom. I used a wheat berry as the nucleus. Several students volunteered to carry electrons. Each was given a grain of sand from a beach in Cape May, sent to me by my cousin when sister died. I told the class this. 

My electrons were buzzing around the hallway--every now and again I needed to remind a sleepy student to keep moving. We needed about 150 feet, but the hallway was too short. Still, 100 feet between a wheat berry and a grain of sand leaves a lot of space. 

The brightest child in class grasped his head and asked me to stop. "This can't be science!" It was too much for him.”

· http://education.jlab.org/qa/pen_number.html - slightly wordy website that guides students through determining number of subatomic particles in an atom using the periodic table

· http://faculty.clintoncc.suny.edu/faculty/Michael.Gregory/files/bio%20101/Bio%20101%20Lectures/chemistry/chemistr.htm - very basic look at atoms, subatomic particles, and more

· http://web.jjay.cuny.edu/~acarpi/NSC/3-atoms.htm - has some applets that show the difference between ions, neutral atoms, and isotopes

· http://www.colorado.edu/physics/2000/applets/a2.html - periodic table (limited number of elements), has applets that show nuclei view or electron shell view, also has bright line spectrum for each element along with other bits of trivia

· http://www.fearofphysics.com/Atom/atom1.html - takes viewer from the planetary atomic model to the quantum atomic model

· http://www.youtube.com/watch?v=-P4N-0Wbtyk – video that shows representations of various atoms and their isotopes with information about counting subatomic particles and how to write nuclear notation for isotopes

These websites do not go with C 4.8 A-D and C 4.10 A-B, but may be useful in other areas
· http://3d2f.com/pcgi/search.cgi?text=interactive+chemistry+&ll=1 – chemistry software (free?)
· http://biomodel.uah.es/Jmol/radii/jmol_radii.en.html - interactive periodic table that allows user to change views in various manners (atomic radii, group/family classification, etc.)

· http://ir.chem.cmu.edu/applets/pertable.php - interesting periodic table applet (clicking an element shows a plot of the electron configuration), applet is downloadable

· http://orbitingfrog.com/blog/2008/05/13/measure-the-speed-of-light-using-your-microwave/ - determining speed of light using marshmallows and a microwave

· http://orbitingfrog.com/blog/2008/05/13/measure-the-speed-of-light-using-your-microwave/ - determining speed of light using chocolate and a microwave

· http://phet.colorado.edu/simulations/index.php - collection of online science simulations

· http://rubistar.4teachers.org/index.php - free website for creating scoring rubrics, rubrics may be used as is or modified to fit your needs
· http://www.ausetute.com.au/ - links to several tutorials on Chemistry topics, pages are wordy and not very interactive

· http://www.edinformatics.com/il/il_chem.htm - listing with several good science applets
· http://www.svsu.edu/mathsci-center/uploads/science/science.htm - MASER site with links that correspond to MI standards

· http://www.zamzar.com/url/ - a great way to download YouTube videos for use at school (copy the URL of the video and put that in the URL box, select mp4 in the second box, type your e-mail in box 3, and click the button in box 4)

· http://www.youtube.com/watch?v=9PeVHnjqbBc – significant figure video

· http://www.youtube.com/watch?v=0UZ6Nq7rrW8 – another significant figure video
