Physical Science

Science

Module 

2.2
Structure and Properties of Atoms
Lesson

A

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:

2.2-B Understand Conceptual Knowledge
Key Concepts:
atomic number
nuclear decay

mass number
radiation

isotope

atomic mass
Content Overview:

It is essential for students to understand

· Atomic Number:

The atomic number of an element is equal to the number of protons. The atomic number is always the same for a given element.

The atomic number of an element can be found on the periodic table. It is a whole number since it is equal to the number of protons in the nucleus of the atom and is, therefore, the same for all atoms of that element.

· Mass Number:


Atoms of the same element may have different numbers of neutrons.

The mass number of a particular atom is the sum of that atom’s protons and neutrons.

The mass number cannot be found on the periodic table. (The mass number is not the same as
atomic mass and cannot be found by rounding off the atomic mass. The mass number must be given through words or a symbol.)

· Isotopes:

Atoms of the same element with different numbers of neutrons will have different mass numbers.

Isotopes are defined as two or more atoms of the same element having the same number of protons but different numbers of neutrons (and therefore different masses)

· Atomic Mass:

The atomic mass of an element is the weighted average of the masses of the naturally occurring isotopes of an element.

The atomic mass of an element can be found on the periodic table. Since the atomic mass of an element is an average, it is usually not a whole number.
Students must be able to

· Illustrate isotopes (or recognize illustrations of isotopes) with diagrams, symbols, or with words; in each case, the illustration must indicate that isotopes are atoms with the same number of protons, but different numbers of neutrons.

The following are two widely accepted examples of symbols used to illustrate one isotope of carbon:
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It is important that students are familiar enough with the meaning of each of these symbols that they can recognize each, not by position but by logic. (See PS-2.3)

· Understand isotopes with unstable nuclei:

In order for a nucleus to be stable, a correct ratio of neutrons and protons should be present in the nucleus.


An isotope with an unstable nucleus is radioactive.

Due to the unstable condition of the nucleus, radioactive isotopes undergo nuclear decay.

Nuclear decay is a nuclear reaction that involves emission of energy and/or particles from the nucleus, resulting in a more stable nuclear environment.

Radiation is the term used to describe the particles and/or energy that are emitted during nuclear decay. (Three types are alpha and beta particles, and gamma rays)

Nuclear decay occurs naturally in many elements that are common on earth and there is always some radiation present in every environment.

(See indicator PS-2.7 for the effects of nuclear radiation.)

· Use a periodic table to apply these concepts to describe any atom given enough information. For example, given the symbol of an element, with mass number and atomic number, the student should be able to give the number of each of the basic particles (protons, neutrons, electrons) in the neutral atom of any element. The periodic table (revised August 2007) that students will use on the end-of-course test should be downloaded from the following website (see PS-2.3):

http://ed.sc.gov/agency/offices/assessment/programs/endofcourse/documents/periodtablerevised08_14_07.pdf
Teaching Lesson A:
Easter Egg Isotopes
Introduction to the lesson:
Isotopes have the same atomic number and hence nearly identical chemical behavior but different atomic masses. Most elements found in nature are mixtures of several isotopes; tin, for example, has 10 isotopes. In most cases, only stable isotopes of elements are found in nature. The radioactive forms break down spontaneously into different elements Isotopes of all elements heavier than bismuth are radioactive; some occur naturally because they have long half-lives.

This activity is very short. Students can complete the activity in pairs or by themselves. It does require some preparation by the teacher.
Lesson time:

0.5 day
Materials Needed:

· Colored Plastic Easter Eggs

· Two color plastic necklace beads or Skittles
· Easter Egg Activity Student Sheet

· Ziploc Bags
· Balance
Essential Question:

How are atoms of isotopes different from one another?
Procedure:

Teacher Set-up:

Fill the eggs representing element 1(color 1 with 3 “protons” and 1,2,3,or 4 “neutrons.




 Element 2 (color 2) with 6 protons and 5,6, or 7 neutrons.



 Element 3 (color 3) with 9 protons and 8,9, 10, or 11 neutrons.

Suggestions: Have more candies available for students to eat after the lab so that they will not "consume" any of the "subatomic particles." Expand activity by preparing eggs to reflect % abundance. Students can then calculate average atomic mass.

Student Procedure:

1. Make a data table for each of the three isotopes (indicate egg color)of one

     element, their masses, number of protons, and number of neutrons.

2. Obtain a set of three eggs of one color which have been previously constructed to represent isotopes of a particular element.

3. Mass each egg and record the "isotopic mass" for each. 
4. Record in data table.

5.  Open each egg and record the number and color of the candies in each. Students will be told which colors represent protons and neutrons.

6. Replace the candies correctly in each egg, close each egg and return eggs to the provided container.
	Egg color
	Mass
	# of Protons
	# of Neutrons
	Name
	Isotopic Symbol

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Assessing the Lesson:

Formative Assessment 
Questions:

    
1.  What is the sum of the number of protons and neutrons called?

    
2.  Does isotopic mass affect the identity of the element?


3. What is true of the number of protons for each sample of the same element?
4. What is this quantity of protons called?

5. Can different atoms of the same element have different numbers of neutrons? 
6. What are these different forms of atoms of the same element called?
7. Identify each “element” and give its atomic number.

Summative Assessment

See quizzes from Module 2.1 
Other Instructional Considerations/ Misconceptions:
Misconception (Teacher note)

Students often confuse the mass number of a given isotope with the atomic mass of the element. It is important to emphasize that the mass number of a specific isotope of an element must be given to the student in order to calculate the number of neutrons. Students often have the misconception that the mass number of a given isotope of an element can be determined by rounding the atomic mass of the element (found on the periodic table).
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	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 2.2 

Illustrate the fact that the atoms of 

elements exist as stable or unstable isotopes.

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

Unstable isotopes – This site explains why some isotopes are unstable and discusses radioactivity.
http://www.school-for-champions.com/science/radioactivity.htm
Stable and Unstable Isotopes -http://www.colorado.edu/physics/2000/isotopes/index.html
Good explanations of both stable and unstable isotopes.

	Module 2-2
Lesson A

Easter Egg Isotopes

	Assessment 1

Quiz – Atoms (See Module 2.1)
Assessment 2

Quiz – Element Info (See Module 2.1)
Assessment Guidelines:

The objective of this indicator is to illustrate that atoms exist as stable or unstable isotopes; therefore the primary focus of assessment should be to give or use illustrations (descriptions, diagrams, or symbols) of these concepts to show understanding of isotopes. Assessments should test the student’s ability to apply this concept to any element, not be restricted to memorized examples. Students should 


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	Schoolscience.com

http://www.schoolscience.co.uk/content/4/physics/atoms/partch5pg1.html
Site has good detail using lithium. It includes a question for students to work through.
	
	know that some isotopes have nuclei that are “unstable” should have an understanding of nuclear decay as a result of an unstable nucleus, and understand that radiation is a result of nuclear decay.

In addition to illustrate, assessments may require students to

Interpret (change from one form of representation to another), for instance, read a written description of an isotope and produce an illustration in the form of a symbol or a diagram;

Compare stable and unstable isotopes;

Recognize isotopes of the same element.


Standard: 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).





Indicator: Illustrate the fact that the atoms of elements exist as stable or unstable isotopes





Other indicators addressed: PS-1.2., 1.3, 1.9, 2.1








