Physical Science
Module 

PS-2.4
Structure and Properties of Atoms
Lessons A-B

Instructional Progression:
Students have not been introduced to this concept prior to Physical Science. Indicators PS-2.1, PS-2.2 and PS-2.3 are prerequisite for this indicator. Students must have a firm grasp of atomic number, mass number and how each of the three subatomic particles contributes to these values. It is also essential that students can interpret the mass number and the atomic number from the symbol for an isotope of an element. When given the symbol of an element, students must be able to determine the element’s number of protons and electrons from the periodic table (PS-2.3).

Taxonomy level of indicator:
3.2-C Understand Procedural Knowledge

Key Concepts:

Mass number

Atomic number
Content Overview:
It is essential for students to

· Use a periodic table and the equation: mass number = number of protons + number of neutrons to perform the following calculations:

When given the symbol for an isotope of an element (which includes the element’s symbol and the mass number of the isotope), determine the number of protons, neutrons, and electrons:
1. Determine the number of protons and the number of electrons from the periodic table

2. Calculate the number of neutrons from the equation.

When given the mass number and the number of neutrons for a particular isotope of an unknown element, write the symbol for the isotope:
1. Use the above equation to calculate the number of protons.

2. Use the number of protons to determine the number of electrons, and the identity of the element.
3. Write the symbol for the isotope
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Teacher note: The mass number cannot be determined by rounding off the atomic mass.

Teaching Lesson A:
Isotope Notation

Introduction to the lesson:

An interactive video program is 

http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/nucnot.html
Lesson time:

0.5 day
Materials Needed:
None

Essential Question:

How can an interactive video program teach the concept of isotope notation?
Assessing the Lesson:
See program.
Teaching Lesson B:
Elements and Isotopes in a Cup
Introduction to the Lesson:

Students will build the nucleus of atoms in a cup using marbles or candy. Then the students will build isotopes of different atoms.

Lesson Time:

0.5 day 
Materials Needed:
Clear plastic cups
Marbles (10-15 each of two different colors) (or colored candy such as M&M's or Skittles) 
Periodic Table of Elements 
Essential Question:

Can marbles or candy and cups be used to study the nuclei of elements and isotopes of elements?

Procedure:
Part I:  Creating a nucleus
1. On the board, assign one of the colors of your marbles to represent protons and the other color to represent neutrons. 

2. Explain to your students that the number of protons in the nucleus determines the identity of an atom. This number is called the atomic number. 

3. Place one of the marbles that represents a proton into the flask. Ask students what kind of atom this represents and what its atomic number and atomic mass are. (Hydrogen; 1; 1). 

4. Place another "proton marble" into the flask. Again ask students what kind of atom this represents and what its atomic number is (helium; 2). Also ask them if there is anything missing (the neutrons). At this point, ask students how many neutrons helium should have (Helium has two neutrons). Go ahead and place two "neutron marbles" into the flask. Ask students what helium's atomic mass is. (Helium has two protons and two neutrons so its atomic mass is 4). 

5. Continue for the first 10 elements or further if you have enough marbles. 

6. Point out to students the charge of the nucleus.  If the nucleus contains protons and neutrons, then the charge is positive,

7. Also, point out to students that the protons is the nucleus have a repulsive force between them because like charges repel.

8. Students should also understand that the total number of protons and neutrons in the cup represents the significant mass of an atom.  The mass of the electron is so small, it is insignificant by comparison.

Part II:  Creating a nucleus for an isotope
1. Place 6 "proton marbles" and 6 "neutron marbles" in a flask. Have students identify the element. (Carbon, specifically carbon-12). 

2. Add another "neutron marble" to the flask. Again ask students to identify the element. (It still is carbon, specifically carbon-13). 

3. Again add another "neutron marble" to the flask. One last time, ask students to identify the element. (It still has 6 protons, so it is still carbon, specifically carbon-14). This is a good time to discuss isotopes. 

4. Work through some other common examples of isotopes. 

Hydrogen-1, Hydrogen-2 (Deuterium), and Hydrogen-3 (Tritium) 

Helium-3 and Helium-4 

Nitrogen-14 and Nitrogen-15 

Oxygen-16, Oxygen-17, and Oxygen-18 
Assessing the Lesson:

Formative Assessment
Isotope Practice Worksheet


Use the atomic number and the mass number to calculate the number of protons, number of neutrons, and/or number of electrons for a given isotope of an element.  

Name ______________________________

	Example
	Mass
	# of Protons
	# of Neutrons
	# of Electrons

	Uranium – 235
	
	
	
	

	Phosphorus -32
	
	
	
	

	Silicon -30
	
	
	
	

	58

Fe

26


	
	
	
	

	26

Mg

12


	
	
	
	

	10

C

6


	
	
	
	

	Helium – 4
	
	
	
	

	Lead – 210
	
	
	
	

	60

Co

27


	
	
	
	

	Strontium - 90
	
	
	
	

	97

Mo

42


	
	
	
	

	Tellurium - 98
	
	
	
	


                                         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.                                                  Science  Physical Science

	Recommended  Days of Instruction:  1
	(one day equals 90 min)

	Standard(s) addressed:  PS-2.4 The student will demonstrate an understanding of the structure and properties of atoms.

	

	

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS 2.4 

Use the atomic 

number and the 

mass number to 

calculate the 

number of protons, 

neutrons, and/or 

electrons for a 

given isotope of an 

element.


	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

Isotope Notation – This site has a great graphic to use to discuss isotopic notation.
http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/nucnot.html
jlab.org

http://education.jlab.org/qa/pen_number.html

This is a good demonstration of how to calculate number of protons and electrons for a given element.

	Module 2-4
Lesson A

Isotope Notation

http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/nucnot.html
Lesson B 

Elements and Isotopes in a Cup


	Assessment 1

Isotope Practice Worksheet

Assessment Guidelines:

The objective of this indicator is to explain trends in atomic structure that are revealed by the periodic table, therefore, the primary focus of assessment should be to construct cause and effect models that how that if an element is found at a particular location on the periodic table, then certain characteristics of that element’s atomic structure can be described relative to the other elements on the table. The cause-and-effect for this indicator only refers to knowing 






	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	
	
	that an element has a certain position on the table because of its atomic structure. The reasons for the trends are beyond the scope of this course. Assessments should test the students’ ability to apply this concept to any element or set of elements (other than those noted in the instructional guidelines as not essential). Assessment should not be restricted to memorized examples.

In addition to explain, assessments may require students to

Exemplify trends on the periodic table;

Infer some aspects of atomic structure of an element based on its position on the periodic table; compare some aspects of atomic structure of two or more elements based on their relative positions on the periodic table.


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








Indicator:   Use the atomic number and the mass number to  calculate the number of protons, neutrons , and/or electrons  for a given isotope of an element.


Other Indicators Addressed:  PS-2.1, 2.2

















