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Module 

2.1
Structure and Properties of Atoms
Lessons
A-C
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Instructional Progression: 

In 7th grade, students recognize that matter is composed of tiny “particles called atoms” (7-5.1). Students have no prior knowledge about the structure of the atom.

In Physical Science, students identify and compare the subatomic particles that compose atoms and develop a fundamental concept of the role that these three particles have in determining the properties of the atoms that they compose. The concepts addressed in this indicator are the foundation for the Atomic Theory, the idea that the physical and chemical properties of substances are functions of the particles of which they are composed, and are, therefore, prerequisite for PS-3 (properties of matter), PS-4 (chemical reactivity) and all subsequent study of chemistry. This is an introduction so it is essential to emphasize a concrete, descriptive approach.

Taxonomy level of indicator:

2.6-B Understand Conceptual Knowledge

2.7-B Understand Conceptual Knowledge

Key Concepts:

Sub-atomic particles: proton, neutron, electron

Energy level

Electron Cloud

Nucleus
Content Overview:

It is essential for students to compare subatomic particles by

· Particle type:

Know that the atom is composed of subatomic particles (protons, neutrons, and electrons) that affect the properties of an atom.

· Particle mass:


Understand that protons and neutrons have about the same mass.

Understand that the mass of an electron is much less than the mass of protons and neutrons

(It is not necessary for students to know the exact mass of the particles).

· Particle charge:

Understand that protons have a positive charge; know that neutrons have no charge.

Understand that the net charge of the nucleus is positive and equal to the number of protons.


Understand that electrons have a negative charge.

Understand that there is an attractive force between negative electrons and positive protons (unlike charges attract).

Understand that there is a repulsive force between electrons and electrons, and between protons and protons (like charges repel).

Understand that atoms are neutrally charged when the number of electrons is the same as the number of protons.

· Particle location:


Understand that protons and neutrons are tightly bound in a tiny nucleus.

Understand that the nucleus is located in the center of the atom with the electrons moving in complicated patterns in the space around the nucleus.

Understand that the electrons have energy and that as the level of energy (the energy level) of an electron increases, the electron is likely to (will probably) spend more time further from the nucleus.

Understand that the total region in space where electrons are likely to be found around the nucleus of an atom is often called the ‘electron cloud’.

Understand that as the energy levels of electrons increase, the regions of space where the electrons are likely to be found are at increasing distances from the nucleus.

Electrons with more energy occupy higher energy levels and are likely to be found further from the nucleus.

There are a maximum number of electrons that can occupy each energy level and that number increases the further the energy level is from the nucleus.
Teaching Lesson A:
Build an Atom Activity
Introduction to the lesson:
This activity provides many different ideas for students to build an atomic model.
Lesson time:

1 day
Materials Needed:

Play dough (red, yellow and blue)
Craft wire

Pipe cleaners

¼ in pom poms (an assortment of colors)

Gum balls of different colors

Styrofoam balls

Push pins

Coat hangers

String

Essential Question:

How can common materials be used to construct models of an atom?
Procedure:

	Idea #1
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Figure 1: A model of a chlorine atom using "Play Dough" as protons (red), neutrons (yellow), and electrons (blue) attached to metal craft rings (12 in., 5 in., and 3 in.) 



	Figure 2: Atomic model of a sodium atom using pipe cleaners, ¼ in. pom poms or colored cotton balls (protons are red and neutrons are white), and small beads as electrons. 


Idea # 2
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	Figure 3: Atomic model of an aluminum atom using ¼ in. pom poms as protons (white) and neutrons (black), 1/8 in. pom poms as electrons, and craft wire. 


Idea #3
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Idea #4

	Element Key
	Figure 4:  Require students to attach a key to their models. Assign students a specific isotope in order to calculate neutrons.

	Isotope Notation
	
	

	Atomic #
	
	

	Mass #
	
	

	# of protons
	
	

	# of neutrons
	
	

	# of electrons
	
	


Idea #5
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Figure 5:  Place bowls of candy in stations around the room.  Allow students to use the candy to make models of their atoms.  Students must complete an element key (above).  Once their atom is checked by the teacher, students can eat their candy!
Idea #6
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Figure 6:  Use a Styrofoam ball for the nucleus.  Use push pins for the protons and the neutrons.  Use styrofoam for the energy levels and attach beads for the electrons.  Attach the atom to the hanger using string.

Assessing the Lesson:

Formative Assessment
Teacher Check of Models

Teaching Lesson B:

Atom Musical Chairs Activity
Introduction to the lesson:

This activity is excellent for visual and kinesthetic learners.  Students create an atom using balls, baskets, chairs, and themselves.
Lesson time:
0.5 day

Materials Needed:

· 40 balls of two colors (18 one color = protons, 22 another color = neutrons, ex. Tennis balls, rubber balls, wiffle balls, golf balls, Nerf balls, etc…)

·  2 Small Round Laundry Baskets (1 for the nucleus, 1 to store unused balls)

· 10 – 18 Chairs

· Periodic Tables

· Music

Essential Question:

How can atoms be visualized by playing Musical Chairs?
Procedure:

· Display periodic tables in easy to see locations or have half your students as electrons and the other half holding periodic tables, then switch roles.

· Arrange chairs in concentric circles with rings of 2, 8, & 8. The laundry basket is the “nucleus” at the center.  Each circle is an energy level for electrons. 

· We will add one color ball for the protons, the other color for the neutrons for each atom. We will fill in each atom one electron at a time. Each student will be an electron.

· Have students line up or stand in a circle around the outside of the atom. 

· Have half the students hold a periodic table or have periodic tables that are easy to see and access.

· Choose hydrogen to show students how the activity will work.  The first element is Hydrogen, have the students tell you how many balls to throw into the nucleus. (ex. 1 tennis ball for proton, no rubber balls for neutrons)
Ask the students, “How many electrons should enter the atom?” (just 1)

The first student on line should enter the atom and take a seat in the first energy level.

· Optional:  You can turn on the music; the electron should walk around until you turn off the music, then take a seat. Why? (Electrons are always movin;,
when the music stops, this is just where they are at that moment in time, it’s not a permanent position.) You can turn the music on and off again a couple of times for fun and have the electron seated when the music stops.

· Have the student that was the electron step out of the atom and to the end of the line.

· Now, pick different elements for students to create.   

Assessing the Lesson:

Formative Assessment 
Observations and Reactions of Students

Additional Considerations

Extensions:

· Point out to students that adding another energy level increases the volume of the atom.

· Also, point out to students that the electrons on the outer energy level should be moving faster than the electrons closer to the nucleus.

· Be certain students acting as electrons understand there is a repulsive force between the electrons and an attractive force between the protons and electrons.

· Have students create ions and isotopes for elements.

· Compare the number of energy levels to the periods on the periodic table.

· You can also break the class into two teams and have them compete against each other. You can have one team go at a time and figure out how many protons and neutrons to put into the basket as well as how many electrons need to be in the energy levels. 

· You can play music and the team has to be done before the music stops. (If you have 28 kids, you can do 2 teams of 14 and do the elements Hydrogen1 to Silicon14.)

· Discuss radioactivity by having the nucleus shoot out particles.

· Have an outside force (electricity) knock out an electron from its energy level.

· Have it emit a photon (ping-pong ball) as it drops back in.

· Discuss why groups have the same chemical properties.

· Lead into ionic bonding.
Original Lesson Donated to www.middleschoolscience.com by Marc Bonem of the

Science and Arts Academy, Des Plaines, IL and edited/revised by Liz LaRosa.

Reproduction for commercial use or profit is not permitted © 2005.
Teaching Lesson C 

Flame Tests Lab
Introduction to the lesson:

A flame test is a procedure used in chemistry to detect the presence of certain metal ions, based on each element's characteristic emission spectrum. The color of flames in general also depends on temperature.

The test involves introducing a sample of the element or compound to a hot, non-luminous flame, and observing the color that results. Sodium is a common component or contaminant in many compounds and its spectrum tends to dominate over others. The test flame is often viewed through cobalt blue glass to filter out the yellow of sodium and allow for easier viewing of other metal ions.

Pyrotechnicians will generally use metal salts to color their flames.
Lesson time:

1 day

Materials Needed:

Spectrum tubes (optional)


Spectrum tube power source (optional)

Spectroscope or rainbow glasses (optional)

Cobalt glass plates

Cotton swabs or Q Tips



Distilled water in beaker


Film canisters containing finely ground salts of the following compounds:

Barium chloride
Sodium nitrate

Calcium chloride
Strontium nitrate

Copper(II) oxide
Mixture of sodium nitrate

Lithium carbonate
  and potassium chloride

Potassium chloride


Unknowns (one # for EACH student in the class)

Note:


All salts should be kept tightly capped when not in use.

You may use the metal carbonates, nitrates or chlorides.)

Essential Question:

How can the identity of a metallic ion be determined by its flame color?

Procedure:

Teacher Demonstration (Optional)

Set up and allow students to view two or more spectrum tubes such as hydrogen and neon through a spectroscope or rainbow glasses. Have the room as dark as possible.  Ask students to use their observations to answer some of the questions at the end of the laboratory exercise.
Student Procedure:
Record all data and observations immediately.

1.
Observe all colors very carefully because several will be different shades of the same color such as carmine, scarlet, and brick red. Some vary in intensity and others vary as to length of time the color is visible. Still others will have one color tinged with a second color.

2.
Cut the swabs in half being careful not to touch the cotton. Place the cotton ends in distilled water and allow them to soak. (Teacher may do this ahead.)

3.
Touch one of the wet swabs to one of the salts in a film canister. Hold the swab at the OUTSIDE edge of the Bunsen flame. Do NOT PLACE THE SWAB IN THE FLAME. IT WILL BURN!! If there are cobalt glass plates available, look at the flame through double panes that you hold about 10 cm (4 inches) from your eyes. Dispose of the used swab in a designated trash receptacle.

4.
Repeat for each of the remaining salts with and without the cobalt glass.

5.
Observe the sodium-potassium mixture of salts first without the cobalt glass and then with the two (2) thicknesses of cobalt glass.

6.
If necessary, retest any salts in order to determine the correct color.

7.
Upon satisfactorily determining the identity of all the knowns, check the provided numbered unknown.  List the color of the flame for the unknown and identify the metal from the flame color emitted. (A good idea is to test simultaneously the unknown with the known that you believe it to be.)

8.
After all observations are made, wash your hands thoroughly. Be sure that you have disposed of all

	Compound
	Metal ion
	Flame color with eyes
	Flame color through cobalt glass

	Sodium nitrate
	Na+
	
	

	Potassium chloride
	
	
	

	Lithium carbonate
	
	
	

	Calcium chloride
	
	
	

	Barium chloride
	
	
	

	Strontium nitrate
	
	
	

	Cupric oxide
	
	
	

	Mixture of sodium nitrate and potassium chloride
	
	
	

	Unknown # ____
	
	
	


Assessing the Lesson:

Formative Assessment 
QUESTIONS:

1.
Is the flame coloration a test for the metal or for the negative ion? ____________________________________________________
2.
Why do dry sodium chloride, dry sodium nitrate, and the sodium chloride solution all impart the same color to the flame? ____________________________________________________
3.
What purpose does the cobalt glass serve when both sodium and potassium salts are present? ____________________________________________________
4.
How would you characterize the flame test with respect to its sensitivity?

_______________________________________________________

5.
What difficulties may be encountered in the use of the flame test for identification? (Be specific. Give several examples!)

________________________________________________________
6.
Describe what happens to the electrons in an atom when a substance is vaporized in a flame. ________________________________________________________
7.
What is viewed through a spectroscope and how does this instrument  
serve in identifying substances?_______________________________
Teaching Lesson C (Alternate):

Ooh ! Ahh ! Flame Tests (A Demonstration)
Introduction to the lesson:
A flame test is a procedure used in chemistry to detect the presence of certain metal ions, based on each element's characteristic emission spectrum. The color of flames in general also depends on temperature.

The test involves introducing a sample of the element or compound to a hot, non-luminous flame, and observing the color that results. Sodium is a common component or contaminant in many compounds and its spectrum tends to dominate over others. The test flame is often viewed through cobalt blue glass to filter out the yellow of sodium and allow for easier viewing of other metal ions.

Pyrotechnicians will generally use metal salts to color their flames.
Lesson time:

0.5 day
Materials Needed:


Spray bottles ( 7 )


Small plastic cups  ( 7 )


Distilled water
One gram samples of lithium nitrate (LiNO3), potassium nitrate (KNO3), barium nitrate (Ba(NO3)2), Copper (II) nitrate (Cu(NO3)2), Strontium nitrate (Sr(NO3)2) and calcium nitrate (Ca(NO3)2), sodium nitrate  (NaNO3).


Bunsen burner


Lighter


Heat resistant glove

Essential Question:

How can the identity of a metallic ion be determined by its flame color?
Procedure:
1. Use the plastic cups and dissolve each sample in a small amount of water (about 5 mL); add to spray bottles being sure not to contaminate samples

2. Label each spray bottle with the name of the salt.  

3. Add about 250 mL of distilled water to each spray bottle

4. Light the burner and darken the room.

5. Wearing protective glove, spray a fine mist from one of the bottles into the Bunsen burner flame.

6. Observe the color of the flame.

7. Use sodium LAST.
Assessing the Lesson:

Formative Assessment 
See Lesson C

Summative Assessment

Assessment #1

Quiz – 

Atomic Structure & Isotopes
           
Name:_________________________

Physical Science




Date: _________________________

Use the following section of the periodic table.  Assume all atoms are neutral.
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	1.  How many Protons are in Fluorine: 

2.  How many Electrons are in Fluorine: 

3.  What is the mass of Fluorine?  

4.  How many Neutrons are in Fluorine: 


	


5.  Draw a Bohr Model of Fluorine:

	6.  Is Chlorine – 35 a common or uncommon isotope? 

7.  How many protons are in Chlorine – 35?  

8.  How many neutrons are in Chlorine – 35?  

6. Is Chlorine – 37 a common or uncommon isotope? 

7.  How many protons are in Chlorine – 37?  

8.  How many neutrons are in Chlorine – 37?  

Use this isotope for the next four questions:
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9.  How many protons are in the isotope?

10.  How many neutrons are in the isotope?

11.  What is the mass of the isotope?

12.  Is this isotope common or uncommon?
	____________

____________

____________

____________

____________

____________

____________

____________

____________

____________


Fill in the blanks:

	No.
	Element Symbol
	# Protons
	Atomic Mass
	# Neutrons
	Electron Sequence 

	13.
	B
	
	11
	
	2, 3

	14.
	
	18
	40
	
	


15.  Which particle is always moving? _____________



16.  Which particle is positively charged? _____________

Assessment # 2

Quiz – 

Element Info   


           Name:_________________________

Physical Science



  Date: _________________________

Answer the following questions for the isotope of the element listed below.




ELEMENT: ______________________

1. Atomic number = _________________ 

2. Average Atomic Mass Number = _______________
3. Mass Number = _________________
4. Number of Protons = ____________________
5. Number of Electrons = ___________________
6. Number of Neutrons = _______________
7. Number of valence electrons = __________________
8. Metal, Nonmetal, or Metalloid? ____________________
9. Period Number =________________
10.  Group Number = ________________
11.  Group Name = __________________
12.  Charge as an ion =________________
13.  Did the element lose or gain electrons? ___________

Other Instructional Considerations:
Safety Measures:
Remove all flammable materials from the demonstration area.
Tips:

Flames may start out blue in color but will change to the colors characteristic of the metallic salts (strontium = red orange, potassium = lavender, lithium = crimson red, copper = green, barium =  light lime green, calcium = orange and sodium = yellow).

Discussion:
As the metallic ions are heated, the electrons in the atoms absorb the energy and jump to higher energy levels. When they return to their ground state, the atoms release the energy as light. Different wavelengths of light have difference amounts of energy, and hence exhibit different colors.
Misconception: (Teacher note)

Most students have the misconception that an atom is like the diagrams in their textbooks: a nucleus roughly half the size of the atom, electrons orbiting in perfect circles. Students need to understand that this is a convenient way to represent the parts an atom, but not a dimensionally accurate representation. A drawing such as the one below also gives students the incorrect impression that electrons orbit the nucleus in regular, circular paths.
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It is important that students can visualize the nucleus of an atom as a tiny speck in the center of an atom and the electron cloud as an area outside the nucleus where electrons are moving erratically like bees around a beehive. The electrons with more energy can move further from the nucleus, those with less energy stay closer. The space where the electrons are moving makes up the vast majority of the volume of the atom. In order to visualize the perspective, if the nucleus of an atom is represented by a speck the size of the period at the end of this sentence, the first electrons are likely to be found in a region at a distance away from the speck equal to the length of a football field.

SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended Days of Instruction:  .5
	(one day equals 90 min)

	Standard(s) addressed:  PS-2 The student will demonstrate an understanding of the structure and properties of atoms.

	

	Structure and Properties of Atoms

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS-2.1

Compare the subatomic particles (protons, neutrons, electrons) of an atom with regard to mass, location, and charge, and explain how these particles affect the properties of an atom (including identity, mass, volume, and reactivity).

	SC Science Standards Support Guide www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?
Physical Science Textbook (see appendix for correlations to standards)

Streamline SC

Physical Science Series:

Atomic Structure and the Periodic Table

Element Math Game - http://education.jlab.org/elementmath/
This site allows students to practice determining the number of protons, neutrons, electrons
Proton Don - http://www.funbrain.com/periodic/index.html
This game allows students to determine the number of protons, 
	Module 2-1
· Lesson A

· Build an Atom Activity
· 
Lesson B

· Atom Musical Chairs Activity
· Lesson C

· Flame Test 
· or OOh! Ahh! Flame Test


	Assessment 1

Quiz – Atoms
Assessment 2

Quiz – Element Info

Assessment Guidelines:

The first objective of the indicator is to compare the three primary subatomic particles with regard to

mass, charge and location; therefore the primary focus of assessment should be to detect correspondences between and among these particles with regard to these three properties.

In addition to compare, assessment may require students to

Illustrate with drawings or diagrams that depict the charge, and mass of the three particles;


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	neutrons, and electrons from a given element.  

Atom Information on Slides - http://education.jlab.org/atomtour/
This website features a great slide show on the atom.  Each of the slides could be incorporated into a PowerPoint presentation or copied onto transparencies for use with the overhead.
Tour of the Atom- http://education.jlab.org/atomtour/index.html
Website is a good interactive tour of the atom including protons, neutrons, and electrons and their masses and charges.

	
	Classify the three particles based on the characteristics of mass, location, and charge;

Summarize the characteristics of the subatomic particles; Recognize the role that each particle has in the characteristics of an atom.



Standard:  The student will demonstrate an understanding of the structure and properties of atoms.





Indicator: Compare the subatomic particles (protons, neutrons, electrons) of an atom with regard to mass, location, and charge, and explain how these particles affect the properties of an atom (including identity, mass, volume, and reactivity 


	


Other indicators addressed: PS- 2.2, 2.6, 6.1
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